% 44 K% T Ik AR 2015 4 7 A
Vol.44 No.7 Infrared and Laser Engineering Jul. 2015

E T 3ot 80 51 31t iR/ N AL & B9 BB 2 T
HRE T HRETLERR T &, Gmi

(1. PEAHRFREELFHEIRSE WA R, T H K& 130033;
2. PEAFRKF, LT 100049)

 OE. REH R EAE AT AR ERD T T Mie #4 f» Rayleigh #4609 B8 5 %, K
Mie # 4% 22 & % Rayleigh X 4% 22 & 49 Matlab #1445 R 5 Wiscombe % R 3t b 5 #7, £ T 2t Matlab
W EAE, ke b AR T S FEERLAF x<0.3 B R A Rayleigh #5226 & #4 & 47 1 3k —
BB ARSI LA, AP RFFEGERR Do H, BA I Mie #4326 5 ik b ik M 09 4F
B E TR A RN R (HL 5 RARAR ISR BEA R )R D BRGNS
BT R I,

X At AL F; Pk, Atd Ti#EdE;  Matlab

hE S XS TN247;0436.2 XEFRERD . A XEHRS: 1007-2276(2015)07-2189-06

Numerical analysis of small particle measurement based

on the theory of laser scattering

Shi Zhenhua'?, Lin Guanyu', Wang Shurong', Yu Lei', Cao Diansheng'

(1. Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: According to the accuracy, stability and fast property of algorithms, the numerical algorithms
of the classical Mie scattering and Rayleigh scattering were presented in this paper. Compared the
numerical results acquired from the Mie scattering theory and Rayleigh scattering theory by using Matlab
with Wiscombe’ s numerical results, the results acquired from Matlab programs were also accurate.
According to Matlab numerical results, the forward light scattering distribution in a certain angle can be
determined by Rayleigh scattering theory when the size parameter x is less than 0.3. The size distribution
can also be determined. The algorithm of Rayleigh scattering theory is more efficient than the
corresponding algorithm acquired from Mie scattering theory. This simplified method can provide
theoretical support for online measuring micro particles when some test objects (the relative refractive
index, particle type) are determined.
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Tab.1 Comparison of results of extinction coefficient and scattering coefficient between Matlab and MIEV(

No. m X . ken . hes . ks . ko
Wiscombe this paper Wiscombe this paper
1 0.75 0.101 8.033 54x107° 7.962 594 11x107° 8.033 54x107° 7.962 594 10x107°
2 0.75 10 2.23226 2.27121918 2.23226 2.27121918
3 0.75 1000 1.99791 1.997 902 95 1.997 91 1.997 902 95
4 1.33-107% 100 2.101 32 2.100 813 22 2.096 59 2.096 088 80
5 1.33-107% 10 000 2.004 09 2.004 355 27 1.723 86 1.718 033 95
6 1.5-i 0.055 0.101 41 0.100 879 66 1.131 69x107° 1.122 605 7x107°
7 1.5-i 100 2.097 50 2.094.412 26 1.283 70 1.284 741 05
8 1.5-i 10 000 2.004 37 2.004 367 64 1.236 57 1.236 574 40
9 10-10i 100 2.071 12 2.071 15501 1.836 79 1.836 902 51
10 10-10i 10 000 2.00591 2.005914 33 1.795 39 1.795 393 04
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Tab.2 Execution time of different programs between

Mie scattering and Rayleigh scattering

Time/s Time/s

" * oz Mie  Rayleigh
1 0.75 0.01 200 0.200195 0.161 445
2 0.75 0.1 200 0.21489  0.160 139
3 0.75 0.1 2000 0.805583 0.215331
4 0.75 0.1 20000 7.29027  1.31165
5 1.33-10%  0.01 200 0.206956 0.171231
6 1.33-10% 0.3 400 0.293869 0.172 862
7 1.5-i 0.01 200 0.226695 0.164 339
8 1.5-i 0.3 200 0.212415 0.159273
9 10-10i 0.01 200 0.211763  0.160 63
10 10-10i 0.1 200 0.20811  0.149 327
11 10-10i 0.1 20000  7.8829  1.31855
12 10-10i 0.3 200 0.207384  0.154419
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