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Abstract

To address the challenge of calculating light scattering for large-scale non-spherical particles, this
study proposes a vector ray tracing model. By constructing a three-dimensional geometric model of
bubbles, we establish a vector light field propagation model under Gaussian beam illumination, en-
abling the tracking of reflection and refraction paths on the bubble surface and within its interior.
A one-dimensional piecewise cubic Hermite interpolation algorithm is employed to achieve coherent
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superposition calculations of the full-angle scattering field. Numerical simulations demonstrate
that when the waist radius of the Gaussian beam exceeds the bubble diameter, the beam degener-
ates into a collimated beam with negligible wavefront curvature. In this scenario, the phase results
from the vector ray tracing model align with those derived from geometric optics theory, validating
the model’s applicability. As the bubble size increases, the scattering intensity significantly en-
hances, and the distribution curve of scattering intensity exhibits oscillatory behavior. This model
proves suitable for analyzing the optical field characteristics of bubbles.
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Figure 1. Schematic diagram of the bubble light scattering model
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Figure 2. Comparison of scattering angles vs. incident angles between Geometric Optics Approximation (GOA) and Vector
Ray Tracing (VRT)
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Figure 3. Phase difference of optical path length between GOA and VRT methods
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Figure 4. Relationship between average scattering intensity and scattering angle for bubble radii a = 25, 50, 100 um
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Figure 5. Comparative analysis of scattering intensities for ellipsoidal ratios ratio = 0.5 and 1.01

[E 5. Ratio =0.5, 1.01 Bi&3E32%TLEE

[RIAE A6 v e AR AR EE A, AL RT DUKE SR A6 2B 155 145 21 1 et O R 22 S I AR £
EIRIBATHIEL, X p=0, 1, 2, 3 HUBLRS BT

JURD 62U TT A5 B ) G RE 22 SR A A 4

gy

DOI: 10.12677/app.2025.154015 152

IAREE7/EL


https://doi.org/10.12677/app.2025.154015

H, PIREB TR ZE SRR Z S R 3 s, S9REA Bk, RiE 7 REHNLIBET T
SEARASL f A

BRI AR O TETT R, mDEHR AT B HEEDEA, Bt =R 5 AN 22N 1Z 8 0, BT H s
SN ECE AT AR, ST BT R SR AR oG T 0, SRS RMYIE, B PRIE TREH LB
BRI SR AL O HERf 1

B TGRIRSE, i GRRE HIUR R sz, dnls] 4 s, BEE RS RO, BUsHt s
SRR, R PR R RS R Fe VR BE 2 SO RN S e i s ik RS e i x5 A 281 1 [ TRt
705 AT BLE BB OE IR AT 5 R MR € R R, BB GERSTIER,  BUe R A th 2 2
B . RSB T IEAS B HUR G 5RA Mie B THE 25 BUAH LUAE I SR f 82° PRz HH L BA 12
U 5 UL AN AR oL — 7], SRR A AR A S B Eh N, B B RS AR T Y
M o

HAHHERIE a=25, b=a/ratio, f3BIHAEIRAIEL, M 5 AT, W x HlAL R IMEERAE x J5
[ SER, B ERDERE A, BT EBE S 5 N, 86 E y-z P il AR BRI, BER T
TR, AT O SR R AR AR o

4. g

AT FUIE I AR BN LGB B R T T R OGRS T ROCHUN R, S 7B B AR
e, FEMEEDECHRARRAE T, RENLIB B 5 U223 U M 20 A MG RE 2 T 5575 1 i FE W)
B IR U AERA . HK, I SIS T LB IR RGRAE TR R SR A A A R AL . Bl
REAEE KRN, HUEE 5 GERIRSHAAAE B3 00K LG RSHERES, BHE iR 2 AR Vg o
HaHh s T REAE WAEREENE AN, A1 ) AN 52 5 B R 3G K AR BRI SR RO i it T RE TR
BCRAE I RIS SR B A EE N UME . Je S O S GRS, i IR THHUN R i
HRGIE

SE

[11  XNEFF, ¥or, LRI, & A EROEOCEURRHE]. Bt 544, 2003(4): 265-267.

[2] Gogoi, A., Choudhury, A. and Ahmed, G.A. (2010) Mie Scattering Computation of Spherical Particles with Very Large
Size Parameters Using an Improved Program with Variable Speed and Accuracy. Journal of Modern Optics, 57, 2192-
2202. https://doi.org/10.1080/09500340.2010.533206

[3] Simpson, S.H. and Hanna, S. (2011) Application of the Discrete Dipole Approximation to Optical Trapping Calculations
of Inhomogeneous and Anisotropic Particles. Optics Express, 19, 16526-16541. https://doi.org/10.1364/0¢.19.016526

[4] Hoblos, A., Suarez, M., Guichardaz, B., Courjal, N., Bernal, M. and Issam Baida, F. (2020) Revealing Photonic Sym-
metry-Protected Modes by the Finite-Difference-Time-Domain Method. Optics Letters, 45, 2103-2106.
https://doi.org/10.1364/01.386845

[S] Mishchenko, M.I., Travis, L.D. and Mackowski, D.W. (1996) T-matrix Computations of Light Scattering by Nonspher-

ical Particles: A Review. Journal of Quantitative Spectroscopy and Radiative Transfer, 55, 535-575.
https://doi.org/10.1016/0022-4073(96)00002-7

[6] Ungut, A., Grehan, G. and Gouesbet, G. (1981) Comparisons between Geometrical Optics and Lorenz-Mie Theory.
Applied Optics, 20, 2911-2918. https://doi.org/10.1364/a0.20.002911

[71 He, H., Li, W., Zhang, X., Xia, M. and Yang, K. (2012) Light Scattering by a Spheroidal Bubble with Geometrical Optics
Approximation. Journal of Quantitative Spectroscopy and Radiative Transfer, 113, 1467-1475.
https://doi.org/10.1016/j.jgsrt.2012.03.011

[81 Yu, H., Shen, J. and Tropea, C. (2015) Application of Vector Ray Tracing to the Computation of M&bius Shifts for the
Primary and Secondary Rainbows. Applied Optics, 54, 9093-9101. https://doi.org/10.1364/a0.54.009093

[91 Van de Hulst, H.C. and Twersky, V. (1957) light Scattering by Small Particles. Physics Today, 10, 28-30.

DOI: 10.12677/app.2025.154015 153 I EEY/BEH


https://doi.org/10.12677/app.2025.154015
https://doi.org/10.1080/09500340.2010.533206
https://doi.org/10.1364/oe.19.016526
https://doi.org/10.1364/ol.386845
https://doi.org/10.1016/0022-4073(96)00002-7
https://doi.org/10.1364/ao.20.002911
https://doi.org/10.1016/j.jqsrt.2012.03.011
https://doi.org/10.1364/ao.54.009093

https://doi.org/10.1063/1.3060205

[10] Chevaillier, J., Fabre, J. and Hamelin, P. (1986) Forward Scattered Light Intensities by a Sphere Located Anywhere in a
Gaussian Beam. Applied Optics, 25, 1222-1225. https://doi.org/10.1364/20.25.001222

DOI: 10.12677/app.2025.154015 154 I EEY/BEH


https://doi.org/10.12677/app.2025.154015
https://doi.org/10.1063/1.3060205
https://doi.org/10.1364/ao.25.001222

	基于矢量射线追踪法的气泡光散射特性研究
	摘  要
	关键词
	Research on Bubble Scattering Characteristics Based on Vector Ray Tracing Method
	Abstract
	Keywords
	1. 引言
	2. 基本原理
	2.1. 高斯光束
	2.2. 散射角
	2.3. 相位差
	2.4. 高斯光的衍射
	2.5. 散射场振幅

	3. 分析与讨论
	4. 结论
	参考文献

