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Abstract Using a continue-wave semiconductor laser as transmitter and a charge-coupled device (CCD) with a fish-
eye lens as detector, a set of polar nephelometer is designed for measuring angular distribution of light scattered by
atmospheric molecular and aerosols. The device can observe the scattering image of the atmospheric sample in real
time, the scattering angle observation range is 14°-162°, and the polarization angle observation range is 0°-360°. We
use this device to observe pure nitrogen and water vapor in real time seperately, then obtain their scattering images.
The nitrogen scattering light shows good correlation with Rayleigh scattering theory and the linear fitting R-square
of sacattering intensity varied by polarization angle with calculation is 98% . The variation trend of water vapor
scattering light with scattering angle is in good agreement with Mie scattering theory. The results show that the
device has potential application value in quantitative observation of aerosol scattering light.
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Fig. 1 Design of polar nephelometer based on imaging
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Table 1 Parameters of the electrical mirror mount

Parameter Value
Resolution /[ (°)sstep '] 0.00125
Maximum speed /[ (*)es )] 25
Positioning accuracy /(°) <0.005
Radial jump /pm <20
Horizontal jump /pm <20
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Fig. 2 Images captured by CCD at (a) grade 2, (b) grade 4, (c¢) grade 6, (d) grade 8, (e) grade 10, (f) grade 12,

(g) grade 14, (h) grade 16, (i) grade 18, (j) grade 20, (k) grade 22 and (1) grade 24 light intensity of integrating sphere
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Fig. 3 (a) Linear fitting curves between light intensity grade and grey scale of center point in the scatting image;

(b) linear fitting curves between light intensity grade and grey level of scattering beam region
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Table 2 Linear fitting parameters of the photoelectric

conversion at scattering beam region

Intercept Slope Statistics
Standard Standard )
Value Value R*
error error
—183.902 752.6943 2757.653 51.13551 0.996231
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Fig. 4 Imaging of beam (dotted line) with a CCD
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