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A key parameter underlying the existence of sonoluminesc@rcgl) is the time dependence of the radius
R(t) of the collapsing bubble from which SL originates. With regard to the use of light scattering to measure
this quantity, we wish to note that we disagree with the statement of Gompf and Pecha—highly compressed
water causes the minimum in scattered light to occur 700 ps before SL—and that this effect leads to an
overestimate of the bubble wall velocity. We discuss potential artifacts in their experimental arrangement and
reply to their criticisms of our experiments on Mie scattering.
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SonoluminescencéSL) occurs when the energy density the complicated angular distribution of the Mie scattering.”
of the contents of a bubble are rapidly concentrated by it§his statement comprises an inaccurate description of past
implosion[1]. The implosion dynamics are an important as-experiments. The complicated angular distribution can be
pect of SL and so various techniquigs-10] have been ap- seen in Fig. 6 of4], which was taken from our first paper on
plied to the experimental determination of the bubble radiusvie scattering from SL3]. One of the steps that enabled us
as a function of timeR(t), and the response of the water. to obtain quantitative information about bubble radii from
Various realizations of Mie scattering—10| in particular ~ Mie scattering was to simplify the scattered intensity as a
have proved useful in obtaining bubble parameters. Mie scafunction of R by collecting light from a large solid angle:
tering occurs when variations in the index of refraction causesuch as 30°—8018] or 46°-94°3]. In this case the intensity
light to be scattered out of the direction of the incident beamof light scattering is within 20% oR? for bubbles bigger

In a recent papdrll] Gompf and PechéGP) have used a than 0.6um [8], or 1 um [3]. These corrections and their
streak camera to image Mie scattering. We wish to reply taonnection to the “complicated angular distribution of Mie
statements of GP that are critical of our work, and disagrescattering” were discussed in these papers. A plot typical of
with our published results. calculations that formed the basis for these corrections was

In the Abstract GP claim that “In the last nanosecondspublished in Ref[8]. The strong deviations frorR?> Mie
around minimum bubble radius most of the light is scatteredscattering displayed in Fig. 5 of GP results from their col-
at the highly compressed water surrounding the bubble ankkcting light in a small solid angl§14°-369 near the for-
not at the bubble wall. This leads to a minimum in the scatward direction. On page 5255 GP state that our papers ne-
tered light intensity about 700 ps before the SL pulse is emitglected the effect of changes in the refractive indices due to
ted.” They go on to say that “neglecting this change leads tathe implosion. This is true; the index of refraction inside the
a strong overestimation of the bubble wall velocity.” bubble was reckoned to unity for the purpose of deconvolv-

We disagree with a number of aspects of these statementgsg the scattered intensity. Light scattering techniques have
The 700-ps interval that GP quote is specific to their particunot yet reached the point where changes in the index of re-
lar experimental arrangement and is unrelated to the physidsaction, due to say the formation of a plasma, can be ex-
of a bubble collapsing in highly compressed water. In Fig. ltracted. Analysis of our data also neglected the effect of
of Ref.[8] the flash will be seen to occur 100—-200hefore  bubble asphericitysee discussion relating to Fig. 6 of Ref.
(not 700 psafter) the minimum apparent radigse., y axis), [5D).
which for this experiment is the minimum in total light scat-  The time scale of 700 ps enters GP in two entirely differ-
tering. We agre¢8] that light scattering is due to index of ent contextsi(l) it is a “pronounced minimum in the scat-
refraction changes at the wall of the bubble as well as theered light intensity 0.7 ns before the SL pulse due to Mie
highly compressed water. But in this case, attribution of thdobe clusters” and2) “from this time on most of the light is
Mie scattering exclusively to the bubble wall would lead to scattered at the highly compressed water around the bubble
an underestimateof its velocity, not anoverestimate as leading to a strong increase in the scattered light intensity
guoted above from GP. Perhaps the observation that the fladlefore minimum bubble radius” which is the moment of SL.
precedeghe minimum in light scattering could be due to this For the choice of angles over which GP collect scattered
effect. light we agree with(1) but emphasize that a different choice

On page 5254 GP discuss our previous experiments oaf angles eliminated this artifactual minimum. Regard(2g
Mie scattering[3,4,5 and state that “In...former investiga- we reiterate our disagreement with GP’s Abstract.
tions...the scattered light intensity was assumed to be propor- At more than one location in GP it is claimed that “the
tional to the square of the bubble radius that totally neglect®ubble wall velocity 1 ns before the SL pulse is about 950
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m/s. This value is much lower than the values found by
Weninger, Barber, and PuttermafRef. [5] this comment
First, the bubble wall velocity 1 ns before collapse, whigre

is about 1.7um, is for our data 900 m/s], which is in good
agreement with the results of GP. Second, the 500-ps timing
resolution of GP means that a 500-ps smoothing function has
been applied to their rapidly changing data. There can be no FIG. 1. Single shot streak camera shadowgraph of a collapsing
question that their value of 950 m/s is an underestimate dfubble launching a pulse of sound into the surrounding water. The
the bubble wall velocity in their experiment. Furthermore, aimage of the bubble is the center line, and the radiated pulse of
statement claiming a significant discrepancy between experbound moves at a supersonic velocity relative to the speed of sound
ments would have more weight if it were accompanied by dn water. As this particular bubble is not centered on the entrance
discussion of “error bars.” The paper of GP contains no suctlit its image is lost during the indicated 1-ns time span. The
discussion. An example of experimental “error” is shown in €xPerimental details and a photo lacking this artifact can be found
Fig. 6 of [5]. It has sources in the various processes dis!" (8].

cussed above, gas concentration, and also run-to-run varia- (2) As the GP images are magnified and averaged, small
tions. translational motion and concentric pulsation of the bubble
The data of GP foiR(t) cut off at about 1.7um up t0 .44 throw its image off the sI[tL2].
which point they are largely in agreement with our previ- (3) The |evel of scattered laser light is less than the inten-
ously published resultf4—6]. There remains the issue of sity of SL, obscuring dynamics neR.. In Fig. 1 one sees a
whether the bUbble wall' yelocﬂy for some systefs-6| very common example of the image of an imperfectly cen-
approaches higher velocitiés.g., in excess of 1200 m/or - yeraq pubble falling off the slit during that portion of the
smaller radn._ Systems are charactt_arlzed by the gas mlxturgyde that surrounds the minimum by about 1 ns. Improved
used, aCOUSt.'C frequency, and amb_|ent tempera(Bie. 1% measurements dR(t) should be carried out on a shot-by-
Xe 99%.Q dlssolve_d at 150 Torr driven at 40 KHz at 20 C, shot basis[8]. Signal relative to noise could then be in-
the maximum velocity was actually f~ound to be less than 95Q,0 5564 by averaging together only those photos that do not
m/s[8].) In the range 1. Zum>R>R~0.5um, whereR.is  gigpjay the artifacts discussed above. We also suggest that
the collapse or minimum radius, GP provide no dataRor ¢ jndex of refraction inside the bubble be measured with an
They claim that this is due to the difficulty in subtracting out optical probe(such as Thomson scatterintpat is sensitive
a large signal due to scattering from highly compressed wWag, iqnization.
ter in a 5 ns gaparoundR.. Except for @ much smaller |1 js good news that the action of an audible sound field on
window (~200 ps aroundR. we disagree. We suggest SOme \yater has led to a debate about experimental techniques on
possible complications that may affect their experiment ina scale of 100—700 ps. A determinationR{t) will help

this range. ) . resolve the existence of shock waves or other energy focus-
(1) The GP choice of angles leads to Mie lobes that arGng effects inside the bubbl@3—15.

sufficiently complicated that the intensity of scattered light is
not monotonic with radius, so that deconvolution is difficult. ~ This research was supported by DARPA.
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