57 2008 6 Vol.57 No.6 June 2008
1000-3290/2008/57 06 /3629-07 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.
. *
Mie
[
200092
2007 10 8 2007 10 22
Mie Mie
OR
30°—50° Mie Rt
Mie
Mie
PACC 4330 4225G
1.
single bubble sonoluminescence . Rayliegh-Plesset
SBSL R-P
RO . Mle
R 1
1 SBSL
80°
CCD R 1
R i Mie
2
0.5—2000 pm
. SBSL  Mie
Mie i Rt
80°
Mie
SBSL
Rt Mie
* 10474073 10434070
T . E-mail mlqgian @ mail . tongji . edu.. cn



3630 57

Mie
A
1
R-P
. Mie
SBSL . ,1’\/ 0 o\1"
URE Nipyae ) B )
) 1+n 2ncos ) nsin{ >
2. 2
1
A oR
R 2R/ A 6/7° 30 32 34 36 38 40 42 4 46 48 50
> 10 OR/pm 4.1 44 49 53 59 6.5 7.2 8.0 9.0 10.111.4
67 2 OoR 0
90% -1
959% 0 n=1.33 A =0.633 pm OR
6 . Mle
3.Mie
X
Bgor —» /;—-/-
Mie
8—11
! 9 A X I,
z
A n
R 1
: ]V sca III sca
0 12 Isca = IV sca + IH sca 3
0 Mie 51
1 2
: AT,
0 Iy .. =4Tt2r2 irlyo
A
Iy = mlleo 4
_ ) g) . (g) A
A—zR[\/l+n—2ncos(2 - nsin| 5 +2
1 Iyo = Iysid Iy, = Iycos™$
A2 . i =1B 1> i,=1B,I".

B, B



6 Rt Mie 3631

z a;, = —11+12(p+l—%)z_1 =12 u.
]SCa 0 R
r |P
|
o I 1
0 | - -0 )
- i v I, 0 :J,de | B, 0+ y I7sing, x
¢ AN | 20
Sol I +J Ay 1By 0+ Vsing, y
\\\l -4
Iy P 5
* A0 AO X 0
2 Mie %o
Mie
B A M _
L= a,w, cos + b,r, cosl . m; =
—pp+l
. 1.33 m, =0 A =632.8 nm.
B, = 2p+ L a,r, cos + b,m, cosl
o1 PPt 1
T, T, A0 =0.3°. 0
7, cosl =pr - m, , cosl 0.05 pm 0 80 pm
1 R I R
7, cosl :s+(L; 1)r. 3
r=s—m,; cosl s =cosbr, cosl ;=0 3 a 0 = 30°
Us =1. a, bp IR . R
_ A, mx /Im+p/x Re {,  —-Re {, |, «
@ = A, mx /m+plx §, x —§,, «
mA, mx + p/lx Re {, x —Re {,_, « .
b, = mA, mx +plx §, x —-§ | «x 30 0 80 pm
_ . 19 19
m=m, - jm,
R x=2nR/A Re 2
J 1 mx
__ P P
4, my T o J,. L mx
3b 0 = 40° I R
0 80 pm 11
]p_% z _2( i) B -
J,H% L =2\n+ 5z .
| OR . 2
O R e
Y 5 o ° OR
2l p + 5z
OoR
=a; + 1 1 OR 5?
Gt 30°—50° 3 o

= a, a, a



3632 57

2 0 =30°

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

/pm 5.9 10.0 14.2 18.4 22.3 26.4 30.5 34.4 38.5 42.6 46.9 51.1 55.2 59.3 63.5 67.3 71.5 75.5 9.7

800 | ” P r 600 |
600 |
it b
e 5 400
g 400 | §
B 7
= Z 200
200 |
@ | ()
0 j s s 0 A . .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
R/10*m R/10™*m
3 Mie IR a 0=30° b 0 = 40°
3 Mie oR
0/ ° 30 32 34 36 38 40 2 44 46 48 50
SR+o/pm  4.1:0.1 45+0.2 4.9:0.3 54%03 6.0£0.2 6.6+0.2 7.3:x0.2 8.1+0.2 9.1+0.2 10.2+0.3 11.6+0.4
oR 1 3
SBSL Rayliegh-Plesset ”
%
<
.. 3 ., 1 ) S
RR + ER + ; Py, + P sinwt — P,
Ro)”] 26 4uR
— Pgo (f pR + {OR = 0 6
0.0 1.0 2.0 3.0 4.0
P, @ Py 8] /10 s
P, R, P,
RO o /l
0 6 R ¢
Mie 0
E
It .
4 0 =300 40° =
I ¢
P.¢,0:1.35><10S Pa f=26.12 kHz
Ry =4 pm. R-P 0.0 1.0 2.0 3.0 4.0
Rt . /1075
4 Mie R-P
RO Rmax
It

max RO



6 Rt Mie 3633
. 30°  50° 20
SBSL Mie 0.3°.
6 30° Mie
26.12 kHz
R 1.36 x 10° Pa.
OR g Mie
n A
Mie 8 = 300 RIH&K
R 1 9 2 R, =38.5 pm.
OR. N
. 2 leax 3 8R
4. Mie
RN = N-1 x6R + R,,.. 7
SBSL Mie 5 0= 30° 5
100 ml -
2B Mi Ri= 5.9 pum 3 OR =4.1 pm N =
1e
34 7.8 Rt 30.5 pm.
’ 5
He-Ne S M, M, 4 1.36 x 10° Pa
PMTI R
. Rmx Rmax
39.4pm o 0.8 pm.
HP3325A BK2713 Mie
PMTI -
gt
&
SBSL %
. S
M, PMT2
Tektronix TDS 3034B
Mie
He-Ne ¥t a% M, o
70 e ié
\/\/ PestH e
=
%M\Tz =
HP3325Af S RER TDS 3034B
BK2T13Zh A% b S VI
|
5 Mie
6 0=30° Mie a
. Mie b Mie I R
Mie PMT



3634

57
t;
SBSL R, R t R-P Rt
Mie R,.
4 Ry
0/ ° 30 32 34 36 40 44 46 48 50
N 9.0 8.2 8.0 7.0 5.6 4.5 4.0 3.5 3.1
R/ prm 38.5 38.7 41.4 40.1 39.3 39.5 39.5 39.2 39.2
5.
400 -
L 7 Mie
300 | SBSL Mie
L\E I
S 200}
~
& | OR
100 | A
0 - . R
0 1 2 3 4 Mie
IR /10%s
7 0=30° t
30°—50° Mie
7 0 =30° Mie
RHIHX R-P
f = 26.12 kHz R
1.36x 10° Pa Ry =3.7 ym. R, Mie
Mie
Mie
Mie
R, .

1 Qian M L. Cheng Q Ge CY 2002 Chinese J. of Acoustics 21 296
2 Chen WZ Huang W Liu Y N Gao X X 2006 Science in China

Series G 36 113 in Chinese

2006

3 Barber B P Putterman S J 1992 Phys. Rev. Lett. 69 3839
4 GeCY LiTB Cheng Q Qian M L 2004 Acta Acustica 29 429

in Chinese

29 429

G 36113

O 2004

5 Wang N N 2000 Optical Measuring Technique of Particle Size

Beijing  Atomic Energy Press pl67—210

2000
167—210

Bachalo W D Houser M J 1985 Optical Engineering 23 583
Glantschning W ] Greenleaves 1 1981 Appl. Opt. 20 2499
YuQZ MaGQ LiuXY 1987 Journal of Harbin Engineering

University 3 21

in Chinese

1987



6 Rt Mie 3635

321 11 Hayashi S 1999 J. Appl. Phys. Japan 38 6562
9 WangSM ZhuZ YeM IuY LuY G XU Y Q 1999 Acta 12 Qian M L Gao W Hu W X 2001 Acta Acoustica 26 97 in
Met . Sin. 20 279 in Chinese Chinese O 2001 26 97
1999 20 279 13 WuXM Qian M L 2000 Technical Acoustics 19 83 in Chinese
10 Wiscombe W J 1980 Appl. Opt. 19 1505 O 2000 19 83

Forward Mie scattering method applied to the measurement
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Abstract

In single bubble sonoluminescence SBSL  the forward Mie scattering signal of the bubble which is waved due to the
interference between the scattered light components provides a scale for measuring the change of the bubble radius. The unit of
the scale is decided by the scattered angle 0 the optical wavelength A and the relative refraction index n of the fluid and the
scale marks are the peaks and valleys of forward scattered light which correspond to specific radius values. The forward Mie
scattering method has been applied in measurement of the R ¢ curve especially the maximum radius value R, and further
in the fit of the equilibrium radius R, of bubble in SBSL. and is proved to be a feasible and convenient technique in the study of
the bubble dynamics in SBSL.
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