Is Cavitation Noise Governed by
a Low-Dimensional Chaotic Attractor?
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Abstract. Using the example of periodically driven multi-bubble systems we demonstrate that
it may be misleading to conclude from a successful low dimensional delay reconstruction that
the underlying dynamical process is indeed governed by a low-dimensional attractor.

INTRODUCTION

Periodically driven nonlinear oscillators possess, even in the presence of chaos, a cer-
tain phase relation or coherence with respect to the driving force. As a result of this co-
herence, when chaos in an ensemble of oscillators is excited by a common periodic force,
the cross-correlation between responses of two uncoupled or weakly coupled chaotic os-
cillators may not decay to zero but may become periodic for large time shifts. When this
occurs, the average response of an ensemble of K such oscillators does not vanish but
at large K becomes periodic. At intermediate values of K, time-delay reconstructions
based on this averaged signal may appear to be noisy periodic, quasi-periodic or low-
dimensional chaotic attractors and the true high-dimensionality of the signal is hidden
in small scale oscillations of the measured quantity which are often experimentally not
accessible. To give a concrete physical example of this general phenomenon, we con-
sider an ensemble of micron-sized gas bubbles in water driven by an external sound field.
These bubbles oscillate (chaotically) and the superposition of the sound waves emitted by
the bubbles is measured with a hydrophone. The experimental data are compared with
data obtained by numerical simulation.

NUMERICAL SIMULATION

Let us consider a system of K spherical gas bubbles, driven by a stationary sound field
with wavelength large compared to the bubbles’ radii and the distances between the bub-
bles. For simplicity, bubble-bubble interactions are neglected, but can be included with-
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