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And the four winds, that had long blown as one, 
Shone in my ears the light of sound 
Called in my eyes the sound of light. 

-Dylan Thomas, "From Love's First Fever 
to Her Plague" 

In 1896 Henri Becquerel discovered that a uranium salt 
could darken a photographic plate, and from this effect 
he went on to discover radioactivity. In 1934 H. Frenzel 
and H. Schultes1 exposed a photographic plate to acoustic 
waves generated in a water bath and also observed a 
darkening of the plate. They attributed that result to 
luminescence from the sound field-an effect that has 
come to be known as sonoluminescence. The luminescence 
they observed did not result from the sound field directly 
but arose through a process called cavitation, in which 
voids filled with gas and vapor are generated within the 
liquid during the tensile portion of the pressure variation. 
The subsequent collapse of these voids during the com­
pression portion of the acoustic cycle can be extremely 
violent and represents a remarkable degree of energy 
concentration-as high as 12 orders of magnitude.2 This 
energy concentration results principally from the fact that 
cavitation-bubble collapse obeys spherical symmetry, at 
least until the final stages, when instabilities in the 
interface may develop. This spherical symmetry is ap­
parently preserved to submicron-size dimensions in sin­
gle-bubble sonoluminescence,3 resulting in another re­
markable phenomenon: Extremely short bursts of light 
are emitted from the bubble with clock-like precision. 

Multiple-bubble sonoluminescence 
When the local acoustic pressure in the bulk of a liquid 
exceeds the threshold for cavitation, a zone develops in 
which many cavitation bubbles are activated. In a lab 
this cavitation is typically produced within an acoustic 
resonator or cell in which geometric focusing generates 
high acoustic-pressure amplitudes . (See figure 1.) If the 
cavitation is sufficiently intense, sonoluminescence occurs. 
In such "multiple-bubble sonoluminescence," many bub-
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Acoustic cavitation and Sonoluminescence. This acoustic resonator consists of two 
transducers separated by a thin glass cylinder. Standing waves with frequencies from 
about 20kHz to over 100 kHz and acoustic pressures up to about 3 bars can be 
generated in the liqu id. If the acousti c-pressure amplitude is sufficiently large, many 
cavitation bubbles can be generated near the pressure anti nodes of the standing-wave 
system. If the pressure is considerably lower, it is possible to "acoustica lly levitate" 
individual gas bubbles, which under conditions described in the text can generate 

light each acoustic cyc le. Graduate student Sean Cordry watches the blue 
sonoluminescence from such a bubble. The red streak is an artifact of the lighting. 
Figure 1 

bles grow and collapse throughout the regions of most 
intense acoustic stress. Figure 2 shows typical MBSL, 
with a relatively large area of sonoluminescence activity 
containing many separate cavitation events, each emitting 
discrete bursts of light. 

Sonoluminescence has been poorly understood be­
cause it is associated with the random growth and collapse 
of large numbers of cavitation bubbles. Moreover, the 
spatial scale of an individual event is on the order of a 
micron, and the temporal scale is on the order of a few 
nanoseconds. Thus, until recently, studies of sonolumi­
nescence involved the time-averaged analysis of a cavita­
tion field. Such a field contains many bubbles of various 
sizes, probably loosely coupled to each other in their 
dynamic behavior. These analyses were helpful in under­
standing gross aspects of the phenomenon, and proved 
useful in sonochemistry; however, because of the random 
nature of MBSL it was difficult to learn much about the 
physics of not only the individual cavitation events but 
also the resulting electromagnetic emissions. 

Single-bubble sonoluminescence 
This situation was substantially improved in 1988 when 
Felipe Gaitan,3 after a painstaking search, discovered 
the conditions under which a single, stable cavitation 
bubble would produce sonoluminescence each acoustic 
cycle. The achievement of repetitive single-bubble sonolu­
minescence enabled this phenomenon to be examined in 

considerable detail . That analysis has led to some re­
markable discoveries.4 

To attain SBSL, it is first necessary to drive a single 
bubble with an acoustic field intense enough to lead to 
relatively large radius excursions yet not so intense as to 
lead to self-destructive instabilities. The procedure Gai­
tan followed was to levitate a bubble in an acoustic 
standing wave. AB the acoustic-pressure amplitude is 
slowly increased, a levitated gas bubble progresses 
through an evolution of states that can lead to SBSL; 
figure 3 diagrams this evolution. The "equilibrium radius" 
is obtained in the limit of no bubble oscillations. For 
relatively low pressures, the bubble undergoes low-ampli­
tude radial pulsations and is positioned between the nodal 
and antinodal regions of the standing-wave field, where 
the buoyancy force is balanced by the acoustic radiation­
pressure force. As the pressure amplitude is increased, 
the bubble moves closer to the antinode and eventually 
undergoes nonspherical pulsations (surface oscillations 
evidenced by a type of dancing motion of the bubble), 
which typically split the bubble into a number of small 
microbubbles. However, if the liquid is sufficiently de­
gassed (say, to 10% of saturation), the dancing motion 
suddenly ceases. For an air bubble in pure water this 
happens at a pressure amplitude of about 1.1 bars. The 
bubble then becomes remarkably stable and emits a faint 
glow. This glow becomes brighter and brighter as the 
pressure amplitude is increased, eventually becoming 
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bright enough to be visible even with the lights on in the 
room. (See figure 1.) When the pressure is increased 
above about 1.5 bars, the brightly glowing bubble suddenly 
disappears. 

It is likely that diffusion of gas through the liquid­
bubble interface plays an important role in bubble stability 
and restricts the conditions under which SBSL can oc­
cur.5-7 Consider an oscillating bubble in a liquid that 
contains dissolved gas. When the bubble is in its expan­
sion phase, gas will diffuse into the bubble; conversely, 
when it is in its compression phase, gas will diffuse out 
of the bubble. For small-scale oscillations and linear 
excursions of the bubble radius, the total acoustically 
induced mass flux of gas over one complete cycle will be 
zero, and the bubble will dissolve slowly as a consequence 
of surface tension. However, for larger oscillations (at 
higher acoustic-pressure amplitudes) there is considerable 
temporal asymmetry in these radius excursions: The time 
that the bubble spends in its expansion phase is large 
compared with the time it spends in its compression phase. 
Thus over a complete cycle, more gas will diffuse into the 
bubble than will diffuse out, and the bubble will grow. 

This "rectified diffusion" is reduced if the amount of 
gas dissolved in the liquid is less than the saturation level. 
Consequently, if the liquid is considerably undersaturated 
with gas, stable bubble size can be achieved only for large 
displacement amplitudes. Of course, a balance of diffusion 
should occur only for a unique pair of values of the 
dissolved gas concentration and the driving pressure am­
plitude-which implies that the equilibrium is unstable. 
However, apparently because of nonlinearities in the bub­
ble response, stable equilibrium conditions can occur.5•7 

Hence greatly reducing the dissolved gas concentration 
makes it possible to produce a single, stable cavitation 
bubble that undergoes large radius excursions each cycle. 
Gaitan was able to find the conditions necessary for these 
radial excursions to produce sonoluminescence in each 
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Multiple-bubble sonoluminescence produced by an 
ultrasonic horn at a frequency of 20kHz. This is a double 
exposure: The thin, filamentary lines ex ist when the horn is 
driven at low acoustic intensity (2 W/cm 2) and are 
assoc iated with microscopic cavitation bubbles located near 
the anti nodes of the standing-wave pattern. The bright, 
tri angular-shaped area directly below the horn exists when 
the system is driven at a higher acoustic intensity (7 W/cm2); 

in this case there are no stand ing waves. For these 
photographs, Lu.minol was added to the water to produce 
more light in the visible region of the spectrum. Each 
exposure time was about 5 minutes at f /2.8. Figure 2 

oscillation. Once those conditions are achieved the system 
is amazingly robust: Unless there are significant changes 
in the acoustic or liquid parameters, SBSL can be main­
tained for unlimited periods of time. 

One can determine the conditions for the bubble 
dynamics that lead to SBSL rather straightforwardly with 
light-scattering techniques.3.8 Using a laser, a photo­
detector and the applicable Mie-scattering algorithms, one 
can invert the scattered intensity and obtain a radius-ver­
sus-time curve for the bubble. One finds that the light 
emissions occur on bubble collapse and that the phase of 
those emissions stays rigorously fixed over a number of 
acoustic cycles. (See figure 4.) 

A group headed by Seth Putterman at the University 
of California, Los Angeles, has used the constant-phase 
result and a much improved light-scattering technique to 
obtain radius-time curves for SBSL. to a high level of 
precision.8•9 These curves, shown in figure 5, illustrate 
the transition from a nonsonoluminescing bubble to a 
sonoluminescing one and are very useful for under­
standing critical aspects of this phenomenon. As the 
acoustic-pressure amplitude is increased, there is a tran­
sition point at which the bubble's equilibrium radius 
(apparent at early and late times in figure 5), its maximum 
radius and its rebound from implosive collapse are all 
suddenly reduced. At this pressure sonoluminescence 
emissions begin to occur. Computations of these radius­
time curves using standard models of nonlinear bubble 
dynamics predict the rebound reduction at the reduced 
bubble size; however, the sudden decrease in equilibrium 
radius is still not clearly understood. It is known that in 
most cases surface waves exist on the bubble just prior 
to the onset of sonoluminescence. However, when sonolu­
minescence conditions are met, the bubble becomes amaz­
ingly stable and shows no evidence of shape instabilities. 
The parameter space for SBSL occurrence is a topic of 
current interest. To date, no liquids other than water and 
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glycerin-water mixtures have been shown to demonstrate 
this phenomenon, although there is no a priori reason 
why it shouldn't exist in many liquids. 

Putterman and his colleagues have examined SBSL 
in some detail and have discovered some of its remarkable 
properties.2•6·B--11 One particularly interesting discovery 
arose from their attempts to measure the pulse duration 
of the sonoluminescence flash. They found that as they 
selected photomultiplier tubes with increasingly faster 
response times, they continued to measure only the im­
pulse response of the tubes. Even when they used the 
world's fastest microchannel-plate photomultiplier tube 
they were unable to obtain a direct measurement of the 
SBSL pulse duration.2 Furthermore, when they compared 
the impulse response of the SBSL flash with that of a 
34-picosecond pulsed laser, they determined that the SBSL 
flash is extinguished faster than that of the laser, probably 
due to some residual ringing in the laser that is absent 
in SBSL. Attempts to measure the pulse duration with 
streak cameras and other high-speed devices have been 
unsuccessful. Although a precise value for the pulse 
duration has not yet been obtained, Putterman's group 
estimates an upper bound of 50 psec (see PHYSICS TODAY, 

November 1991, page 17). This extremely short time (as 
compared with the acoustic period of about 40 microsec­
onds) is difficult to explain in terms of our conventional 
understanding of bubble dynamics. 

A second remarkable aspect of SBSL is the degree of 
synchronicity of the flashes. If the relative phase angle 
between the zero-point crossing of the acoustic field and 
the emission of the sonoluminescence burst is measured, 
it is found to be stable to within a degree for periods of 
several minutes.3 When the pulse-to-pulse jitter was 

Pressure regimes of single-bubble sonoluminescence. The 
behav ior of an acoustical ly lev itated bubble in an aqueous 
liquid changes with acoustic driving pressure, as shown 
schematica lly at left and described in the text. A 
photograph of SBSL (above) shows light emissions from a 
single, stable cavitation bubble that is oscillating about an 
equi li brium radius of a few microns and emitting blue light 
each acoustic cycle. The sonoluminescence appears to be 
coming from the very center of the bubb le. The diffuse 
background light shows that the maximum radius of the 
bubble is on the order of 50 microns (the outer fiducia l lines 
are 1 OS JLm apart). Over this 1-second exposure, the 
bubble underwent about 20 000 complete cycles. The 
horizonta l white line is reflected light from an ill uminator 
aimed directly at the bubble. Figure 3 

measured,9 the standard deviation of the Gaussian curve 
that defines the jitter was on the order of 50 psec. This 
remarkable clock-like synchronicity is amazing when one 
considers that the jitter in the synchronous output of the 
frequency synthesizer used in the experiment was on the 
order of 3 nanoseconds. Phase-locking of the flashes is 
no longer guaranteed, however, if the levitation vessel is 
driven slightly off resonance.12 In fact, for that case 
analysis of successive intervals between flashes shows 
period-doubling, quasiperiodic and even chaotic behavior. 

Sonoluminescence spectra 
Because sonoluminescence is indicative of the high tem­
peratures and pressures generated by cavitation collapse, 
measuring the spectrum of this light has been of interest 
for many years. Figure 6 shows some representative 
spectra. In the spectrum of MBSL generated within an 
organic liquid such as dodecane, one sees well-defined 
spectral bands that are characteristic of the host liquid. 
For example, the well-defined peaks in the dodecane 
spectrum shown in figure 6 are associated with diatomic 
carbon. By generating synthetic spectra that closely ap­
proximate the measured spectra, Kenneth Suslick and his 
colleagues13 have obtained the "effective temperature" of 
the constituents that give rise to the sonoluminescence. 
This technique depends upon the ability to resolve recog­
nizable emission bands generated by atomic and molecular 
transitions. Indeed, in hydrocarbon solutions containing 
dissolved metallic compounds or salts, one sees discrete 
metal line emissions. When the spectrum of dodecane 
was measured, with argon as the dissolved gas, the syn­
thetic spectrum indicated that the effective temperature 
of the C2 excited state was 5100 K. These measurements 
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were all performed under conditions of MBSL, as in figure 
2. In this case bubble-bubble interactions are likely to 
occur. 

Figure 6 also shows the spectrum of water generated 
under MBSL conditions.14 This spectrum is considerably 
different from that of dodecane and shows a well-defined 
peak at 310 nm. This peak can be associated with mo­
lecular bands of the OH free radical, which is likely to be 
produced by the high temperatures and pressures within 
the bubble. 

Extensive spectroscopic measurements of SBSL in 
water have also been undertaken11 and show some in­
triguing results. For example, the SBSL spectrum is 
remarkably smooth, containing no significant peaks, and 
can be fit quite closely by a blackbody curve-giving an 
effective temperature as high as 30 000 K under some 
conditions. Furthermore, the sonoluminescence intensity 
of a pure nitrogen bubble is only a few percent of that of 
an air bubble, but with the addition of only 1% argon (its 
approximate abundance in air), the sonoluminescence in­
tensity returns to that for air. With a pure xenon gas 
bubble, a broad maximum in the spectrum is observed 
near 300 nm. No such maximum is observed for a pure 
helium bubble. For both pure Ar and He the intensity 
increases with decreasing wavelength until the ultraviolet 
cutoff for water is reached. These results suggest that 
complicated physical chemistry is occurring within the 
sonoluminescing bubble. 

A typical spectrum of SBSL in water, obtained by 
Anthony Atchley and his colleagues, 15 is shown in figure 
6. When one compares this spectrum with that of MBSL 
in water, one sees that the 310-nm peak is barely visible 
and that the spectrum now extends deeply into the ultra­
violet. In fact, there is still uncertainty about whether 
the peak at about 230 nm in the SBSL spectrum is real 
or is simply the result of the uv attenuation within the 
water and the measurement apparatus. 

The SBSL spectrum doesn't appear to have any spec­
tral bands or emission lines indicative of well-known 
atomic and molecular transitions and thus doesn't lend 
itself to a comparison with synthetic spectra. (Perhaps 
the bands are there but are so broadened by the high 
temperatures and pressures that they aren't recognizable.) 
It may be that the spectrum is more closely approximated 
by that of a blackbody and that the temperature of 
sonoluminescence is relatively high. The blackbody fit15 

of the SBSL spectrum in figure 6 indicates an effective 
temperature of approximately 16 000 K. When one lowers 
the temperature of the water, the SBSL spectrum shifts 
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Synchronous relationship between the 
acoustic field (top), the measured 
radius-versus-time curve (middle) and 
the SBSL emissions measured with a 
photomultipl ier tube (PMT) (bottom). 
The emiss ions occur at a fixed phase of 
the acoustic field. (Adapted from ref. 
3.) Figure 4 

toward shorter wavelengths; indications of temperatures 
as high as 30 000 K are then found, provided the blackbody 
assumption is made. 11 This issue of the temperature of 
sonoluminescence is still unresolved. Of course, whether 
one can even have a "temperature" (which implies some 
sort of equilibrium) of 30 000 K for 50 psec is debatable. 

Some basic theory 
The theoretical analysis of acoustic cavitation and bubble 
dynamics in general is reasonably mature, 16 having been 
initiated, in some sense, by Lord Rayleigh. While MBSL 
is complicated by the presence of many bubbles, SBSL, in 
which a single bubble is driven into spherical pulsations 
at a relatively low driving pressure, seems to represent 
an idealized case that would be adequately described by 
existing theoretical models. Hence the discovery of SBSL 
has provided an exceptional opportunity to test existing 
theories of bubble dynamics. 

Because the gas bubble is an inherently nonlinear 
system, the theoretical treatment of cavitation-bubble dy­
namics is necessarily complicated and is best approached 
through numerical methods. These analytical-numerical 
approaches usually involve an equation of motion for the 
bubble interface, an energy equation for both the liquid 
and the gas, and the application of momentum conserva­
tion across the gas-liquid interface. These coupled non­
linear differential equations are then solved, using an 
equation of state for the gas in the interior of the bubble. 
The solution describes the motion of the interface and 
allows one to infer values for the internal pressure and 
temperature.5•16 Using such an approach, Bradley Barber 
and Putterman8 obtained excellent agreement with their 
measured radius-time curves. (To be sure, because nei­
ther the equilibrium radius of the bubble nor the acous­
tic-pressure amplitude at the site of the bubble can be 
measured precisely, these variables were treated as ad­
justable parameters.) Thus it seemed reasonable to as­
sume that the temperature and the sonoluminescence 
pulse duration also ought to be describable with this 
theoretical analysis. 

Unfortunately, there is a major failure in the analysis. 
Figure 7 shows the predicted behavior of the radius and 
temperature as a function of time for typical conditions 
that give rise to SBSL: an acoustic-pressure amplitude of 
1.3 bars, an equilibrium bubble radius of 5 microns and 
a driving frequency of 25 kHz. The initialS-micron bubble 
radius expands to nearly 40 microns and then rapidly 
collapses to a value on the order of 0.1 micron. The 
temperature within the bubble is predicted to rise to 



values on the order of 7000 K. These numbers are in 
reasonable agreement with the measured or inferred val­
ues; the predicted duration of the sonoluminescence pulse 
is not. It can be seen from the expanded portion of the 
graph that the temperature is expected to exceed 2000 K 
for about 20 nsec. By·contrast, it would be impossible to 
draw a line on this figure that would accurately represent 
the upper bound on the measured pulse duration of 50 
psec! How can the contents of the bubble remain com­
pressed for such a long period of time and not radiate? 

Imploding shock waves 
There are a variety of competing hypotheses that attempt 
to explain the observed behavior of both SBSL and MBSL. 
A particularly intriguing interpretation, proposed by the 
late J ulian Schwinger,l7 is based on the dynamic Casimir 
effect. So far, this mechanism exists principally in mathe­
matical form and has not been tested against experiments. 
A second hypothesis involves an electrical discharge mode 
in which asymmetric bubble collapse brings about charge 
separation.18 This hypothesis can explain several ob­
served phenomena of both SBSL and MBSL, but the model 
involves complicated bubble dynamics that do not repro­
duce the high level of synchronicity observed in SBSL. 

It was suggested more than 20 years ago that MBSL 
originates from a shock wave in the gas contained within 
the bubble rather than from the adiabatic heating of the 
gas.14 This concept has received renewed interest with 
the recent discovery of the extremely short duration of 
the SBSL flash. Theoretical studies of the generation of 
an imploding shock wave within the gas that gives rise 
to SBSL emissions give results consistent with much of 
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the experimental data.19·2° For example, the measured 
luminosity of the SBSL emissions for an air bubble in 
water is on the order of 30 mW. The luminosity calcu­
lated19 on the assumption that the emissions are thermal 
bremsstrahlung is on the order of 100 m W. The velocity 
of the imploding shock wave has also been calculated; by 
finding the distance from the center at which the gas is 
heated to luminescence temperatures, the researchers ob­
tained a pulse duration on the order of tens of picosec­
onds,21 in good agreement with experiment. However, 
they provided no information on the shock rebound, and 
whether or not this model would lead to the observed 
rapid extinction of the SBSL emissions remains unclear. 

The strong probability that SBSL results from an 
imploding shock wave has now made this curious phe­
nomenon one of considerable interest. Because the bubble 
is relatively far removed from the symmetry-breaking 
container boundaries, is driven at a relatively low acoustic 
pressure and is small enough that surface tension tends 
to force it to remain spherical, the imploding shock wave 
very likely remains symmetrical until the final stages of 
collapse. This spherically symmetric implosion has the 
potential for creating some exotic physics and chemistry. 
Calculations suggest that temperatures as high as 108 K 
are to be expected.19 This result has in turn prompted 
calculations of the possibilities of inertial confinement 
fusion with a deuterium-tritium gas mixture, which yield 
a qualified estimate of 40 neutrons per second under ideal 
conditions.9 While the possibilities of actual fusion in this 
system are remote, the likelihood that the gas in the 
bubble remains relatively cold until the final stages of 
collapse suggests that one could use this simple and 

SBSL intensity 

Conditions for SBSL. These 
I ight-scattering measurements il lustrate 
the change in the behavior of the 
rad ius-time curve when 
sonolum inescence condit ions are 
achieved. The unshaded reg ions are 
for a nonsonoluminescing bubb le; the 
blue-shaded regions are for a 
sonolum inescing bubble. For pressures 
insufficient for sono luminescence, there 
are significant rebounds in the bubb le 
rad ius. After sono luminescence is 
achieved, the rebounds are nearly 
absent. Note also the sudden shift in 
the equi librium radius (apparent at 
ear ly and late times) to smal ler values 
when sonoluminescence conditions are 
met. As the pressure is increased 
above about 1 .3 bars, the bubble 
sudden ly disappears. (Adapted from 
ref. 9.) Figure 5 
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Sonoluminescence spectra. The red curve is for MBSL in dodecaneB The blue 
dots are for MBSL in water at a frequency of 16 kHz and a temperature of 
25 °C. 14 The green curve is for SBSL, also in 25 oc water, driven at 43 kHz; 15 the 
smooth curve is the tail of a blackbody curve for a temperature of 16 200 K (the 
maximum is off the scal e) . The scale on the left applies only to the green curve; 
the scales for the other two curves have been arbitrarily shifted for comparison 
purposes . Figure 6 

inexpensive system to obtain information about inertial 
confinement fusion. In both cases, the stability of the 
imploding shock wave limits the ability to concentrate 
energy. 

The imploding-shock-wave hypothesis has been criti­
cally examined only in SBSL, because this simple system 
lends itself much more readily to experimentation. The 
acoustic-pressure amplitude that drives the bubble in 
SBSL is quite low by cavitation standards-on the order 
of 1 bar-and a barely discernible shock wave is generated 
within the liquid.7 

If the microscopic inhomogeneities that serve as cavi­
tation nuclei for MBSL are removed from the water, 
dynamic tensile strengths as high as 250 bars can be 
momentarily achieved. Then when cavitation does occur 
(nucleated by an adventitious cosmic ray, for example), 
the "event" typically lasts for only a few acoustic cycles 
(it quickly destroys itself) and can be extremely violent. 
For example, at this level of acoustic pressure the shock 
waves generated within the liquid as a result of bubble 
collapse are occasionally so intense that they can even 
destroy the resonator that produces the acoustic field. 
Such shock waves are often credited with the destructive 
effects of cavitation, such as the erosion of metal surfaces. 
If imploding shock waves exist within cavitation bubbles 
driven at these very large pressure amplitudes, then 
temperatures and pressures should be expected that 
greatly exceed those achieved in SBSL. Of course, if the 
shock wave is not launched before the inevitable insta­
bilities in the air-liquid surface develop, then a focused 
shock-wave implosion in the gas probably will not occur 
and the contents will be heated by an adiabatic compres­
sion of the bubble itself. Thus one should expect MBSL­
type behavior in that case. However, it seems likely that 
in at least a few of these events internal shock waves 
would occur that would be similar to those postulated for 
SBSL but driven at much higher initial velocities. Be­
cause of the transient nature of the phenomenon it would 
be very difficult to determine if and when these "super 
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shocks" occurred. Perhaps by-products of such cataclysmic 
events could be detected. 

Applications and future perspectives 
The amazing robustness of SBSL suggests that there may 
be technological applications in a variety of disciplines. 
Consider the measurements of the synchronicity of this 
phenomenon, which demonstrated that the stability of the 
system is on the order of 5 parts in lOu. Those meas­
urements were made without knowledge of the origin of 
this stability and there were no serious efforts to improve 
it. That suggests that it might be possible to develop a 
cheap precision frequency source based on SBSL. 

Although sonoluminescence is intriguing in and of 
itself, this phenomenon is primarily a diagnostic indicator 
of the enormous energy concentration that can arise from 
the implosive collapse of a cavitation bubble. The tech­
nological use of this energy concentration has great prom­
ise. For example, there is considerable potential for in­
fluencing chemical reactions in an extended region of 
violent cavitation activity, as in the MBSL shown in figure 
2. Research in the relatively new discipline of sonochem­
istry suggests that many chemical reactions can be influ­
enced by ultrasound-a technology whose potential for 
industrial applications is gradually being recognized. To 
take one example, the conventional reactor process for 
reducing potassium iodide to iodine takes hours; when 
ultrasound is used at a frequency of 20 kHz the reaction 
time is reduced to a few minutes; when a combination of 
the frequencies of20 kHz and 1 MHz is used the reaction 
time is reduced to milliseconds. Industrial-sized reactors 
that take advantage of these gains are being developed 
for commercial use.22 

Sonochemistry takes advantage of the unique charac­
teristics of acoustic cavitation to concentrate mechanical 
energy onto microscopic scales. When a cavitation bubble 
collapses, the resulting high temperatures most likely last 
on the order of nanoseconds or less. In standard chemical 
procedures a short-lived, newly created high-temperature 
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(Resu lts courtesy of Vi nod Kamath.) Figure 7 

species will revert back to its initial constituents before 
the high temperatures can be reduced. In acoustic cavi­
tation, on the other hand, the rapid quenching of the 
reaction "freezes out" the new species. Consider the pro­
duction of amorphous (noncrystallized) iron, a product of 
considerable commercial interest for its catalytic capabili­
ties. It is difficult to cool a liquid metal rapidly enough 
to prevent crystallization. However, in the chemical re­
actor within a cavitation bubble, ferrous compounds can 
be decomposed into free atoms and then quenched on such 
short time scales that solidification of the iron can occur 
before crystallization.23 Amorphous iron is easily pro­
duced on a laboratory scale by this technique. 

To date, SBSL has been demonstrated only in water 
and mixtures of glycerin and water. It is known from 
MBSL studies that the intensity of sonoluminescence 
scales with u 2/pv, where u is the surface tension and P v 
is the vapor pressure.24 MBSL is known to occur in liquid 
metals such as mercury. If SBSL could be demonstrated 
in mercury, and the uZipv scaling parameter holds, then 
one should expect sonoluminescence intensities nearly 
10 000 times greater than what one finds for water. 

Energy concentrations of 1011 , temperatures of 
30 000 K, optical pulse synchronicities to a few parts in 
1011 , pulse durations of 50 psec, production of exotic 
chemical species and imploding shock waves- all this from 
a simple mechanical system costing a few hundred dollars 
to construct! Although the phenomenon of light from 
sound has been known for 60 years, the recent discovery 
of single-bubble sonoluminescence has enabled us to access 
a remarkable laboratory for physics and chemistry. 

* * * 
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the years of the Office of Naval Research, Physics Programs. 
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