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The current work focuses on the acoustical and nonlinear dynamical aspects of sonoluminescence (SBSL).
Several hydrodynamical instabilities in parameter space are analyzed in detail numerically. Their occurrence
in experiments is discussed especially in the context of period doubled unisotropic light emission. The acous-
tical emissions during stable and unstable oscillations show characteristics of shock waves. The emitted sound
generates a complex acoustic environment in the driving cell leading to backreactions to the bubble. Char-
acteristic dynamical effects during unstable sonoluminescence are clarified. Chemical processes during high
temperature and high pressure, spatial translations, gas diffusion, the highly nonlinear bubble oscillations
and acoustic emissions are attributed to oscillations and modulations of bubble dynamics outside the range of
stable SBSL. In particular reasons for quasiperiodic oscillations with incommensurate frequencies in different
setups are found.
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