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Measurement of particles by optical fiber coupling
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Abstract: By using an optical fiber coupling structure, a new particle measuring method through intro-
ducing Lorentz classic dispersion formula and multi-wavelength processing was proposed to amend the
scattering influence of a sample cell wall and the change of the refractive index. Firstly, the theory of
total light scattering for the particle measurement was introduced, and the problems existied in the
sample cell and measurement method were studied. Then, the Lorentz dispersion formula was intro-
duced to process the refractive index changes caused by dispersion and the multi-wave length process-
ing was taken to obtain the average particle size and particle size distribution. By establishing an object
function,a method based on the genetic algorithm was proposed to implement the inversion of particle
refractive index. A new sample cell was designed and manufactured with the end face coupling of opti-
cal fiber, and the particle sample dripping placed the end face between two optical fibers was scanned
by a spectrometer in multi-wavelengths. Finally, through the algorithm of the computer, the average

particle size and particle size distribution were measured. The simulation and experiment result indi-
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cates that the average particle size and particle size distribution can be well determined by this method

in the case of unknown refractive index. Furthermore, this method has advantages of reliability and

stability. When a 2% random noise was put in the transmission extinction measurement values at two

wavelengths, the inversion errors of average particle size and refraction index are less than 1% and

that of the particle size distribution is less than 5%. It can meet the needs of national standard for

mean errors and repeatability errors.

Key words: particle size measurement; particle distribution measurement;optical fiber coupling; multi-

wavelength scanning; Lorentz dispersion formula; fiber sample cell; genetic algorithms
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Tab. 2 Inversion results of average particle size and refractive index
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Inversion results in dependent model(R-R)
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Fig. 1 Inversion results in dependent model(R-R)
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Tab. 4-1 Testing value of sample 1
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Tab.5 Ds; of different sample cell spaces (pm)
W 8] B SRR (REdh D SERRR (BESY 2)
10 2.477 4.614
20 1. 645 2.951
40 0. 981 2.028
100 0.974 1. 985
180 0. 689 1. 546
300 0. 564 1. 278

JLi K

10 20 40 100 180 300
/nm
1000 0.922 30.85940.71550.677 30.323 50.179 2
1050 0.927 40.862 60.725 80.686 90.341 30.183 5
1100 0.932 50.867 00.737 50.695 20.350 60.186 5
1150 0.938 70.873 10.749 10.707 70.361 90.190 2
1200 0.94540.87930.761 50.717 90.372 20.194 8
1250 0.949 60.88560.774 10.728 50.383 90.199 0
1300 0.958 80.893 20.787 30.741 40.394 70.215 3
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Tab. 4-2  Testing value of sample 2
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/nm
1000 0.942 00.826 90.771 90.712 20.316 20.171 7
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1150 0.924 90.817 50.73510.682 40.290 90.1557
1200 0.918 20.810 30.720 70.670 60.278 90.150 0
1250 0.909 60.803 70.704 30.661 10.267 40.144 6

1300 0.901 30.791 20.691 40.649 70.25520.139 9
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Tab. 6 Measurement results

AR =745 o s 1 3 5 R Ak 3107 3 m] 2353t
SR L RN AR 7R A [ 3t ) BE T A B0RL - 2R AR
Dy, W13 5 IR .

. ) D32/ pm (B 5) D32/ pm CH#LE)
£ YR AL - S : :
B 1 B 2 B 1 B 2
1 0.9809  2.017 9 0.9627 1.9829
2 0.958 7 1.987 0.9143  1.928 8
3 0.9635  1.9913 0.901  1.9215
4 0.990 2 2.046 2 0.9712  1.996 4
5 0.9721  2.021 4 0.9255  1.906 3
6 0.9917  2.0352 0.9179  1.907 2
M 0.9761 83 2.016 5 0.932 1 1.940 517

FRUEIRZE % 1.373 09 2.350 762
EEMEY  1.406 59 1.165 763

2.826 454 3.924 026
3.032 35 2.022 155
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