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Mysterious Blue Light of Minute Bubbles Now F\inding Practical Uses
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By MALCOLM W. BROWNE

For 62 years physicists have
marveled at the mysterious light
emitted by microscopic bubbles
when liquids are bombarded by
blasts of high-pitched sound.

The cause of this eerie blue
light remains uncertain, but ex-
periments capable of solving
some of the mysteries of the phe-
nomenon, known as sonolumines-
cence, now seem within reach.
Moreover, sonoluminescence ' is
beginning to find practical appli-
cations.

Speculation in recent years
that sonoluminescence might one
day be used to force hydrogen
atoms to fuse and yield immense
amounts of energy has so far.
come to nothing, aside from its
use as a plot device in a recent
science fiction movie, “Chain Re-
action.” Dr. Seth. J. Putterman of
the University of California at
Los Angeles, a leader in sonolu-
minescence research, has a low
opinion of the movie. “It’s amaz-
ing that Hollywood can throw $40
million at fictionalizing sonolu-
minescence when scientists have
to struggle to come up with
$100,000 to keep their research
alive,” he remarked.

But some less spectacular ap-
plications of the phenomenon
than hydrogen fusion have turned
up, and sonoluminescence, once a
mere laboratory curiosity, is ma-
turing as a serious and useful
branch of science. :

At a meeting of the Acoustical
Society of America in Hawaii this
month, scientists presented rival
theories in an effort to explain
sonoluminescence. The organizer
of the symposium, Dr. Robert E.
Apfel of Yale University, collect-

ed 11 different hypotheses sub--

‘mitted by physicists specializing
in sonoluminescence, along with-
their proposals for experiments
to test them. Fresh experimental
results will highlight two major
meetings on sonoluminescence
scheduled for 1997. }

Certain features of sonolu-
minescence are clear. One is the
tremendous concentration of en-
ergy the phenomenon can
produce; acoustic energy in the
form of ultrasonic waves pumped
into oscillating microscopic bub-
bles 'is concentrated up to one
trillion times to produce pulses of
brilliant light lasting only a few
trillionths of a second.

The violent collapse of such
bubbles produces effects other
than light. A closely related phe-
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nomenon called cavitation is a seri-
owpmblzm for boats using high-
speed propellers. If the blade of a
propelier is moving through water
too fast for the water to keep up with
it, 8 vacuum created by the moving
biade takes the form of myriad
short-lived bubbles. The continuous
collapse of these bubbles almost as
{ast as they form imparts tremen-
dous destructive energy to a cavitat-
ing blade, and the propelier rapidly
wears away unless it has been spe-
clally designed to reduce cavitation
effects.

*Two somewhat different forms of
soncluminescence are known.

In one, an intense sound “field”
created by the equivalent of loud-
speakers surrounding a test cham-

causes clouds of microscopic
0 to form ty and
collapse. The bubbling liquid in the
ciamber emits a steady sonolu-
minescent glow.

lnt.be“slngle bubble” version of
sonoluminescence, one small bubble

L §

and force it to pulsate rhythmically.
As long as the sound continues to
excite it, the rapidly expanding and
collapsing bubble emits pulses of
tight in time with the frequency of
the sound, up to 100,000 times a sec-

temperature higher than that of the
Sun’s surface. At this temperature,
the compressed gas radiates both
vlslbleummmahmergynlmw
olet radiation.

Dr. Putterman said no one has yet
proved by photographs or other
means that shock waves are the
cause of the phenomenan,
the indirect evidence for shock
waves is

There are many variations of the
imploding shock wave theory.

At the meeting in Hawail, Dr. An-
drea Prosperetti of Johns Hopkins
University and Dr. Michael S. Lon-
guet-Higgins of the University of Cal-
Hfornia at San Diego, tly
proposed that jets may play a role in

sonoluminescence.

Based on his research, which was -

tured that an oscillating bubble
ina-
wave might develop a jet shooting
inward from the bubble wall. The
violent collision of this jet with the
wall at the other side of the bubble
would produce a flash of light, he
hypothesized. The jet, moreover,

would be aligned with the direction of
up-and-down motion of the oscillat-
ing bubble.

But severat physldstsc-stdaubt
on the jet theory, citing the results of
recent experiments inside a KC-135A
_plane used by the National Aeronau-
tics and Space Administration for

training astronauts.

. By first climbing steeply and then
gradually curving over into level
flight and then a dive, a pilot can
cancel the effect of gravity inside the
plane for a few dozen seconds, dupli-

cating
aboard o
Dr. Thomas J. Matula, Dr. Ronald

A. Roy, Dr. Larry A. Crum and Dr.
David L. Kuhns, all of the University
reasoned

bubbles.

the weightlessness of objects .

minescent
larty shaped and not perfectly spher-

cence emitted from a single bubbie
in & test cell was not uniform in all

ydrogen
first step toward fusion.
The
bubble would offer

minescence tests under three differ-
ent gravitational conditions: in the
microgravity of the KC-135A air-
plane, at rest on the ground and in &
centrifuge that doubled the force of
normal terrestrial gravity. No differ-

Gravity therefore has no evident in-
fluence on sonoluminescence, the sci-
entists concluded, and the existence
of a jet therefore seems unlikely.

and thus there is no way to detect
them outside the test apparatus.
lution to this prob
wns sugwted by Dr. thp L. Mar-
ston of Washington State University
at Pullman and his colleagues. They
proposed a system for injecting a
surface-active agent (similar to a
detergent) into the surface of a sono-
bubble. A flnorescent
dye sensitive to X-rays could be
bonded to the surface-active ageat,
they said, so that X-rays emitted by
the gas in a bubble would not need to
penetrate any water to excite the
fluorescent chemical to emit visible
light. This light tould be detected and
measured outside the test vessel.
the sclentific tools applied
to fathoming the secrets of sonolu-
minescence are powerful computer
codes developed for the design of
hydrogen bombs. A group from Law-
rence Livermore Laboratory headed
by Dr. William C. Moss applied some
of these codes to compute the likely
behavior of sonoluminescent bubbles
and to make some predictions that
un be tested in future experiments.
ical model, which Is

panlybasedontheb&avlarofmer-
suggests that

shock waves are the likely cause of
Among other

gen or its isotopes.) But even if X-
rays are produced, the rays from
such tiny sources cannot penetrate

the water in which the bubbles form,

things, their model predicts that son-

oluminescent flashes caused by

shock waves will produce no after-
- glow.

- Dr. Kenneth S. Suslick, a chemist

at the University of Illinois, Cham-

paign-Urbana, reported that his

group had (ound' a method usmg son-
-mi-
croscopic clusters of iron atoms that
can be used for the magnetic imag-
ing of the human body, channeling
therapeutic drugs to specific siles,
coating magnetic recording ditks,
making loudspeakers and many 0th-
er applications.

In Dr. Suslick’s system, sound
bombards a chamber containing a

- liquid similar to gasoline, in which a

volatile iron compound, iron penta-
carboayl, is dispersed. A cloud of
oscillating bubbles forms in the fluid,
and as the bubbles violently collapse,
the pressure of the gas inside them
rises to a level some 1,000 times
greater than that of the atmosphere,
and the temperature reaches 9,000
degrees Fahrenheit.

At this temperature, Dr. Suslick
said, molecules of iron pentacar-
bonyl split up, lose carbon monoxide,
and form clusters of iron atoms only
one ten-thousandth of an inch in di-
ameter. A feature of these micro-
scopic iron clusters is that the mag-
netic “spins" of all the hundred or so
iron atoms in a cluster are aligned so
that each cluster behaves as {f jt
were a tiny magnet. By coating these
clusters with a chemical stabilizer,
they can be dispersed in lubricants
and magnetic fluids called “ferro-
fluids’’ with many potential uses. .

“Ultrasound can break carboriip-
carbon bonds very efficiently, apd
interesting chemistry is certain to
evolve from ultrasound experi-
ments,” Dr. Suslick said.



