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Influence of Atmospheric Turbulence on Far-Field Beam Quality
of Coherent and Incoherent Combined Laser

Zhou Pu Liu Zejin Xu Xiaojun
( College of Optoelectric Science and Engineering . National University of)
Defense Technology . Changsha . Hunan 410073, China

Abstract Propagation of coherent and incoherent combined laser beams in atmospheric turbulence is numerically
calculated by using extended Huygens-Fresnel principle. With beam propagation factor (BPF), the influence of
atmospheric turbulence on far-field beam quality of coherent and incoherent combined laser beams is evaluated
quantitatively. The investigation reveals that the far-field coherent combining irradiance distribution have the
multiple side-lobes pattern of non-Gaussian character while propagating in free space with weak turbulence, and it
have the advantage of high peak intensity over the incoherent combining counterpart. With the coherence length
decreasing, the far-field coherent combining irradiance distribution gradually evolves into the pattern of its incoherent
combining counterpart. The quantitatively calculation shows that for laser arrays with different laser number or
different laser wavelength, the coherent combined beam quality is no better than its incoherent combining
counterpart when propagating in stronger turbulent atmosphere. The mathematical model and calculation result can
offer a reference for choosing and evaluating different combining schemes.

Key words atmospheric optics; atmospheric turbulence; coherent combining; incoherent combining; extended
Huygens-Fresnel principle; beam quality
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Fig. 1 Schematic diagram of the laser array

with ring distribution
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Fig. 2 Contour of the far-field irradiance pattern for coherent and incoherent combined beam propagating

in atmosphere with different coherence length ;. (a) coherent combining; (b) incoherent combining
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