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Fig. 1. (color online) Normalized path weighting func-
tion of two-aperture differential scintillation method

versus aperture diameter.
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Fig. 3. (color online) Path weighting function of two-

aperture differential scintillation method versus bea-

con altitude.
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Abstract

We report the basic theory and first horizontal results of a method called two-aperture differential scintillation
method which is aimed at monitoring the vertical profile of atmospheric optical turbulence strength. The method is
based on irradiance fluctuation of active light source, but can extract the optical turbulence information in the single-
passage path. In this paper, the theoretical principle of two-aperture differential scintillation method is derived in
detail. A concise expression is proposed for irradiance fluctuation structure function with differential aperture in the
Rytov approximation under a weak fluctuation regime based on the cross-path theory. The mathematic relationship
between irradiance fluctuation structure function and atmospheric optical turbulence strength is then developed. The
effects of beacon aperture and beacon altitude on path weighting function of this method are analyzed for Kolmogorov
turbulence. In order to test the validity of the new method, the experiments are conducted to compare the two-
aperture differential scintillation method and single-aperture scintillation method in atmospheric boundary layer over
2 km horizontal single-passage path. In this arrangement, we employ a differential image motion monitor system to
measure differential scintillation. Simultaneously, a large aperture scintillation instrument is placed 5 m away at the
same altitude to measure the single-aperture scintillation. It is shown that the results of atmospheric refractive index
structure constant deduced from the two methods are in good agreement. The measurements of atmospheric coherence
length for spherical wave corresponding to the two methods indicate a linear correction factor (R2) of 0.96, in a slope
of 0.98 with an offset of —0.09 cm. Feasibility and effectiveness of two-aperture differential scintillation method are
thus verified experimentally. The novel method can separate single-passage scintillation information of active beacon
double-passage propagation, thereby providing an accurate technique for measuring the atmospheric turbulence of active

beacon.
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