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Laser Beam Propagation Process in Atmosphere
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Abstract One scheme of the space solar power station (SSPS) is based on the laser beam for energy transfer from
space to the earth. In order to demonstrate the feasibility of laser energy transfer, the analysis of the propagation
process of laser beam in atmosphere is needed. Modeling and simulating processes are conducted. We analyze the
effect of atmosphere towards laser beam at different heights, simulate the intensity profile of laser beam, and
discuss the change of atmospheric temperature and refractive index at different heights. The results show that in
order to reduce influence of atmosphere and avoid energy loss, the laser power density should remain within a certain
range. Increasing the laser beam size can reduce the laser power density at a certain power level.
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Table 1 Refractive index module of different wavelengths

Wavelength /pm 0.55 0.98 1.06 1.55 2.00
N, 277.9770 247.2476 273.9922 273.2418 272.9765
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Table 2 Gladstone-Dale constant of air and its compositions in 2002

Composition CH, O, H,O CO, CO H, N, Air
kep /(107" m®/kg) 6.15 1.89 3.12 2.26 2.67 1.54 2.38 2.26
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Fig. 1 Absorption coefficient of atmosphere for different wavelength at different height
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Table 3 Simulating laser parameters

Wavelength Average intensity Central intensity Spot radius Laser power Radiation time

980 nm 6800 W/m? 4.56 10" W/m® 100 m 439.6 MW 1s
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Fig. 3 Intensity distribution at different height
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Fig. 4 Laser spots at different height. (a) Initial laser spot; (b) laser spot at 40 km; (c) laser spot at 1 km
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Fig. 5 Profile of temperature variation
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