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Abstract. Simple models of clarinet instruments based on iterated maps have been used in the past to successfully estimate the threshold of oscillation of this instrument as a function of a con-
stant blowing pressure. However, when the blowing pressure gradually increases through time, the oscillations appear at a much higher value than what is predicted in the static case. This is 
known as bifurcation delay, a phenomenon studied in [1] for a clarinet model. In numerical simulations the bifurcation delay showed a strong sensitivity to numerical precision.
This work presents an analytical estimation of the bifurcation delay of the simplified clarinet model taking into account the numerical precision of the computer. The model is then shown to 
correctly predict the bifurcation delay in numerical simulations.

Question. Does the system follow the bifurcation diagram 
when the mouth pressure parameter     is increased ?
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Assumptions
• The reed is assumed to 
behave as an ideal massless 
and undamped spring
• Plane wave propagation  
cylindrical resonator is without 
losses and dispersion
• Pressure (p) and flow (u) 
decomposed in incoming (p-) 
and outgoing (p+) pressure 
waves

 
Iterated map

Control parameters
     : pressure inside the mouth of the 
musician.
ζ : related to the lip force on the reed

Output variables
p : pressure inside the mouthpiece of the 
instrument
u : flow created by the pressure imbalance 
∆p =  − p between the
mouth and the mouthpiece.

The time step n corresponds to the 
round trip time τ = 2l/c of the wave 
with velocity c along the resonator of 
length l.

The system
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Bifurcation diagram Answer :
No

Why ?
Because of

BIFURCATION DELAY

Bifurcation delay 
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Bifurcation delay 
=

The dynamic oscillation threshold       is larger 
than the static oscillation threshold   

Bifurcation delay is very sensitive to noise. Even numeri-
cal noise due to finite precision simulations (i.e. round-off 
erros of the computer).

Results
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Analytical expression of the dynamic oscillation threshold               
=

Prediction of the bifurcation delay of simulations signals

Bifurcation delay is very sensitive to noise. Its properties depend on whether the noise can be neglected or not. 

Two operating regimes  =  Two theoretical expressions of      found

Noise has no influence [1]
Properties of     :

No dependence on the slope 
ε of the mouth pressure   ;
Dependence on    , the ini-
tial value of    .  

Noise has influence [2]
Properties of          :

Dependence on the slope ε of 
the mouth pressure   ;
No dependence on     , the ini-
tial value of   .
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      : dynamic oscillation threshold calculated on simulated signals
Analytical work presented in [1, 2] is based on a general method proposed by Baesens [3]
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Dynamic threshold vs.     Dynamic threshold vs. ε

Dynamic oscillation threshold       :  value of the pa-
rameter     for which the difference between p+ and 
the fixed points curve of the function G becomes 
significant.
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*Precision : number of decimal digits use by the computer  

*

When the pressure is increased at a con-
stant rate the oscillations appear at a 
much higher value of the pressure.
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