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Accurate Determination of Scattering Angle and Magnification Based on
Scattering Spectral Particle Refractive Index Measurement System
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Abstract On the basis of the particle scattering imaging, the refractive index of the particle can be obtained by the
distance between the zero-order and the first-order spectra on the focal plane. The influences of the received angle
and the magnification deviation of the imaging system on the measurement accuracy of the particle refractive index
are analyzed. And the ranges of the received scattering angles and the magnification are given. An experimental
method based on linear fitting is proposed to accurately determine the scattering angle and the magnification. The
refractive indices of standard polystyrene (PSL) particle with diameter of 45 pm and glass particle with diameter of
19.1 pm are measured with the proposed method, their relative measurement errors are —0.19% and 1.53%,

respectively. The experimental results verify the effectiveness of the proposed method.
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Fig. 3 The zero-order and the first-order spectral intensities vs scattering angle for particles with different refractive

indices and diameters. (a) 2a =20 pm; (b) 2a =45 pm
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Table 2 Numerical relationship between dimensionless
distance L, and scattering angle for particle
with different refractive indices
Scattering Lo
angle /() n=1.195 n=1.330 n=1.429
30 1.8608 1.7365 1.6631
35 1.8858 1.7840 1.7177
40 1.8973 1.8163 1.7584
45 1.8990 1.8360 1.7868
60 1.8643 1.8409 1.8150
65 1.8433 1.8292 1.8095
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Fig. 5 Refractive index error caused by scattering angle deviation of particles with different refractive indices.

(a) n=1.195; (b) n=1.330; (¢) n=1.429
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Pulse parameters
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Width /ps  Amplitude /V
3.2 10 17.3 0.10 0.58
9.8 10 19.7 0.09 0.46
16.0 12 22.5 0.14 0.62
23.2 15 27.6 0.29 1.05
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Fig. 8 Experimental results of the zero-order and the first-order spectra of standard PSL particle.

(a) 2a=15 pm; (b) 2a=21.3 pm; (c¢) 2a=25 pm; (d) 2a =30 pm
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Fig. 9 Experimental results of the zero-order and the first-order spectra of WD particle.

(a) 2a=17.3 pm; (b) 2a=19.7 pm; (¢) 2a=22.5 pm; (d) 2a=27.6 pm
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Fig. 11 Experimental results of the zero-order and the

first-order spectra of two samples. (a) PSL

particle with diameter of 45 pum; (b) glass

particle with diameter of 19.1 pm
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