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Air Bubble in Water
Li Wei
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Abstact Most of the former studies on characteristics of scattered light on large bubbles in water are based on Davis
model, in which a bubble is regarded as an uncoated spherical object. However, most of the bubbles in water are

uncoated bubble, we discuss the parameters that influence distribution of scattering light on a coated bubble, such as
coated bubble while strengthens the backward scattering.
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Distribution Characteristics of Scattered Light Intensity on Coated

(School of Optoelectronic Science and Engineering, Huazhong University of Science and Technology

coated with oil layer, which surely influences their scattering characteristics. We establish a simplified equation to
calculate how a light beam is scattered when it enters a coated bubble. A two-dimensional curve, namely volume
scattering function (VSF) is plotted, that models the angular distribution of scattered intensity by a coated bubble
with a diameter far larger than wavelength of incident light. The curve reveals the far-field characteristics of light

scattered by the coated bubble, as well as the main influence on scattering intensity. By comparing with VSF of
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Fig. 1 Refraction path of an incident ray entering a

coated bubble
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Table 1 Exit position, angle and intensity information for rays reflected once

Ray 1 2 3 4 5
. boo—>ao —>ay —> boo—>ao —>ay —>b1,—>
Light path boy—>ae —>a,;—>b;;  Relected on by, boo —>ae —> by,
as —>by, Q13> az;—>by,
Exit position  xyo =rn—i— Ty =m0 Ty =m0 — T2y — Ty —
(Ry s Timyen) ny n, n—2(x—20,) — nr—2(x—20,) —
> T m 2(—’tan02> 2<ftan02> 1 1
n. n. 71} "
2<f’lanz92> 4(*’1an€z>
n. n.
Exit direction  rayo =n— 20 — Ty =n— 20, Ty =20, — e — T Y — T
(Ry srman ) ny, n, 200 —2(x—20,)— 20, —2(x—20,) —
’ 2<ftan02> 2<flan02> ! : ! :
N, ne n n
b b
*2(*‘(&1102) *2<ftanﬁz>
n. n.
NP : — 2 2 ’_ — 2 — 2 2 _ 2
Exit intensity  Ioye = lozazy I'=1Ilywp Ios = Iy pati Ly = lopazizh Ty = lopvzath
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Fig. 2 Volume scattering function curve of a coated bubble

shown in polar coordinate
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Fig. 3 Valume scattering function of a coated bubble with A of 0, 0.06, 0. 15 respectively, shown in polar coordinate (a)

in Cartesian logarithmic coordinate (b)
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Table 2 Typical value of scattered light intensity on bubbles of different thickness of oil layer (relative intensity)

Scattering angle
Thickness 0 19 20 50 99 /10" 150 160 180
of layer (h)
0 0.01107 0. 00845 0.00822 0.00343 2.93X10 " 1.40X10" " 1.40X 10" * 1.40X 10"
0.01 0.01219 0.00836 0. 00804 0.00327 3.79X107" 2.52X107* 2.55X107* 2.60X10~"
0. 06 0.01190 0.00824 0. 00805 0.00338 3.81X107" 2.40X107* 2.46X10"" 2.50X 10"
0.08 0.01189 0.00822 0. 00799 0.0034 3.76X107* 2.36X10"* 2.41X10* 2.42X10"*
0.10 0.01188 0. 00817 0.00793 0.00337 3.79X107" 2.34X107*2.35X10"* 2.41Xx10™*
0.12 0.01184 0. 00816 0.00795 0.00342 3.77X107* 2.29X10°* 2.34X10"* 2.34X10"*
0.15 0.01179 0. 00824 0.00794 0.00345 3.72X107* 2.24X10°*2.27X10* 2.32X10"*
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Fig.4 Valume scattering function of a coated bubble with n. of 1.43, 1.47, 1.53 respectively. (a) Shown in

polar coordinate, (b) in Cartesian logarithmic coordinate
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Fig. 5 Comparison of forward (a), backward (b) scattering distribution of coated bubble when 7. equals to

1.43, 1.47, 1.51, 1.55, respectively, shown in Cartesian coordinate
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Fig. 6 Comparison of valume scatting function among coated
bubble of different diameters: 10 pm, 100 pm,

200 pm, respectively, shown in Cartesian coordinate
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