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Cavitation Luminescence

Though highly localized both temporally and spatially, the extremely high temperatures and pressures
that can occur in the noncondensable gas during collapse are believed to be responsible for the phe-
nomenon known as luminescence, the emission of light that is observed during cavitation bubble collapse.
The phenomenon was first observed by Marinesco and Trillat (1933), and a number of different explana-
tions were advanced to explain the emissions. The fact that the light was being emitted at collapse was
first demonstrated by Meyer and Kuttruff (1959). They observed cavitation on the face of a rod oscillating
magnetostrictively and correlated the light with the collapse point in the growth-and-collapse cycle. The
balance of evidence now seems to confirm the suggestion by Noltingk and Neppiras (1950) that the phe-
nomenon is caused by the compression and adiabatic heating of the noncondensable gas in the collapsing
bubble. As we discussed previously in sections (Ngd) and (Nhc), temperatures of the order of 6000◦K
can be anticipated on the basis of uniform compression of the noncondensable gas; the same calculations
suggest that these high temperatures will last for only a fraction of a microsecond. Such conditions would
explain the emission of light. Indeed, the measurements of the spectrum of sonoluminescence by Taylor
and Jarman (1970), Flint and Suslick (1991), and others suggest a temperature of about 5000◦K. However,
some recent experiments by Barber and Putterman (1991) indicate much higher temperatures and even
shorter emission durations of the order of picoseconds. Speculations on the explanation for these obser-
vations have centered on the suggestion by Jarman (1960) that the collapsing bubble forms a spherical,
inward-propagating shock in the gas contents of the bubble and that the focusing of the shock at the
center of the bubble is an important reason for the extremely high apparent temperatures associated with
the sonoluminescence radiation. It is, however, important to observe that spherical symmetry is essential
for this mechanism to have any significant consequences. One would therefore expect that the distortions
caused by a flow would not allow significant shock focusing and would even reduce the effectiveness of the
basic compression mechanism.


