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Squashing Sound into Light

Sonoluminescence. The faint, but definite glow of light coming from tiny bubbles suspended
in water. The bubbles emit light in the presence of an intense ultrasound field. Sound is
turned into light as immense pressures created by the sound waves cause the bubbles to
implode violently, emitting light and heating the bubble to more three times the sun’s
surface temperature. The immense energy focusing power of these tiny imploding bubbles
converts sound into light.

Sonoluminescence was accidentally discovered in 1934 when researchers attempted to use
ultrasound to speed up photographic development. Tiny dots were recorded on the
photographs and the researchers realized that the fluid was emitting light. It proved
extremely hard to analyse what was happening because there were so many bubbles
emitting light simultaneously. It was not until 1988 that a simple, controlled process for
creating sonoluminescence was devised. Felipe Gaitan created a system in which a single
bubble could be trapped in a standing wave, giving stable and reliable light emission. This
method of generating sonoluminescence is known as single bubble sonoluminescence or
SBSL.

SBSL paved the way for detailed analysis of the phenomenon. The duration of the light flash
is shorter than 50 trillionths of a second; the actual time is too short for modern equipment
to gauge. The period between flashes is extraordinarily consistent and repetitions occur
even more precisely than the sound wave that generates it. As the surrounding water is
cooled, the centre of the bubble burns hotter. Temperatures as high as 30,000 degrees have
been observed. The intensity of the flash depends greatly upon the amounts and types of
gases dissolved in the fluid and the presence of a noble gas is vital to sonoluminescence.

The mechanism by which imploding bubbles can create temperatures and pressures
extreme enough for light emission has proved hard to pin down. In a popular model the
implosive collapse of the bubble happens too fast for any heat to be transferred to the
surroundings, causing rapid heating of the interior. However, the predicted temperature
caused by this process alone is not high enough to explain the emitted light. In addition, the
supersonic speeds of the collapsing bubble wall are thought to create a shock wave. The
shock wave forces atoms and molecules towards a single point at the bubble centre causing
extreme temperatures and pressures which rip electrons from the gas atoms.
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An ambient bubble begins to expand as the pressure of the standing wave drops into the negative
region of the cycle. As the pressure increases again the bubble collapses so rapidly it becomes
thermally isolated. Shockwaves concentrate the interior gas in the centre of the bubble, causing

ionisation. Sonoluminescence is observed.

The stable and predictable bursts of light produced by the repetitive, violent, supersonic
collapse of micrometer-sized bubbles appear to be caused by highly nonlinear processes,
which are proving to be very hard to understand. If the mechanism behind such a
remarkable process is pinned down, parameters could be tweaked so that the temperature
inside the bubble reaches billions of degrees, hot enough for nuclear fusion to occur.



