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Intensity fluctuation of laser beam transmitting through ground to satellite
induced by atmospheric turbulence
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Abstract This paper reports beam wave intensity fluctuations of ground-to-satellite up-link caused by
atmospheric turbulence. An intensity fluctuation in strong region seemed to be induced at a measurement of
up-link beam in a past experiment. Beam wave fluctuations are estimated by numerical calculations carried out
using the moment equation analysis by the thin phase screen approximation together with the conventional
perturbation analysis. Beam profile and scintillation index for up-link beam are calculated as a function of a
parameter concerning intensity of atmospheric turbulence. Transmitting beam radius dependence of scintillation

index is also presented.
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Table 1 Major specification of
laser beam transmission.
Ground laser transmitter

Wavelength 514.5 nm
Transmitting power 71W
Beam radius 38.9 mm (1/e intensity)

Satellite optical receiver
Telescope aperture diameter 75 mm
Optical detector Si-APD
Data sampling interval 2ms
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Fig. 1 A sketch of ground-to-satellite
laser beam transmission.
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Fig. 2 Measured up-link intensity fluctuation on Jan.
24 1996, 21:17 (JST).
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Fig. 3 Measured up-link intensity fluctuation on Jan.
27 1996, 21:25 (JST).

Table 2 Measured intensity variances of the up-link
and stellar scintillation.
Date Range[10° m] El.[deg.] o1 up/Pomp 0% star/Vostar
1996/Jan./24 25.9 55.0 1.97 0.17
1996/Jan./27 27.8 56.5 0.75 0.060
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Fig. 4 Provability density function of the up-link
intensity fluctuation shown on fig. 2 and fig. 3.
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Fig. 5 Altitude dependence of C,? using calculation
of atmospheric turbulence compared with H-V(s
model.
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Fig. 6 Calculated optical flux nearly the satellite as a
function of range from the beam axis for the two value
of C,? and for free-space.
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Fig. 7 Calculated scintillation index of the up-link for
thin-screen model of atmospheric turbulence as a
function of C,? using the Rytov approximation
analysis and the moment analysis.
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Fig. 8 Beam waist radius dependence of scintillation
index of the up-link beam for the two value of C,’
calculated using the Rytov approximation analysis.
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