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Abstract

Space Optics System

Propagation Properties of Partially Coherent Array Beams in Free
Ke Xizheng Zhang Ya

College of Automation and Information Engineering, Xi'an University of Technology, Xi'an, Shaanxi 710048, China
Based on the generalized Huygens-Fresnel principle and the modified von Karman spectrum model, the
analytic expressions of the intensity distribution, the root mean square beam width and the power in the bucket of

mutually-independent partially-coherent Gaussian-Shell model (GSM) array beams in the free space optics system
Key words

are derived when the beams propagate in the atmospheric turbulence. The self-coupling characteristics, the power in

the bucket and the beam spreading are analyzed numerically under the influence of different factors. The results
show that when the partially coherent GSM array beams propagate for a certain distance in the atmospheric

turbulence, they will be synthesized into a flat-topped beam which then evolves to a Gaussian beam. Moreover, the
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self-coupling characteristics of the array beams in atmospheric turbulence are better than those in free space. The
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influence of turbulent outer scale on the intensity distribution and beam spreading is very small, and can be ignored.
Compared with the partially coherent single GSM beam, the partially coherent GSM array beams have stronger anti-
turbulence properties, which is beneficial to realizing long-distance communications.
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Fig. 2 Normalized intensity of GSM array beams versus propagation distance z

B, 7 A e 5 2R A ) B D DR R < TR A TR i 2 PR R [ 10T SR B o7 B R BT L 7l b B S i 0 B 2 Tl
EOGIR AR BES DM A R — A, AR S AR . I 4a) L (o Bl RO BLG AL E S 0.075 IS
JERAE R BTN A 2 ) i) U —AOGsR a0 A . X HE 1B 4 Cad (o) AT LA HY 5 24 B 2] Ol o 150 0 32 8 AH [R]
W RN B SR E 258 26 W0 1 Wi A H 2 () b 4 5 50 5 o R 4 AR 10 33 18 B B 31 Dl TR0
TERAA BT i B RS R L LU TR B il s [P 45 2, B AR 20 A T GSML B SIDL SR i F AR & e PR AR KRR
JE b2 ol R AL AR A 3k 5 SCHR 211 ] v 388 20 1 v J8 0 8 9 270 DG SR A T S 45 3R XM B K. 7 A 1% 4
F18 0 BT DR 2« R 0 I SR T R U A i I I TR R R RS PR R e L BIDIRAE A i s )Y AT S 45 O]
o MIEL4Ca) (o) T LAE W RHET A b 2 18] B A7 5 07 J  JR AU U X 9 270 01t R 1 R 3 R A 1) 52 o K
33IMTFRE AXSHFXEEMEHRNLESBNERSHENZN

K5 iR A = =4000 m B A [a] A BT &R 40 AH 1 GSM. FE 51 B A — 1k 16 38 Bl R ST 5 A8 45 4 3 %k
A AL AE DL Fevh 18T 5 Ca) L (b) 23 ) 27 [ ) DG RTE R ST B 3R A5 A0 W BN ¢ = 1.0 X101 m 7 {9 R
WA TR 0.01 m A1 0.2 m F I — AL E 38 20 A 5 18] 5 (o) L (d) 23 ) 3R KA I RETH B8 e =

100601-5

Normalized intensity
I, (p,?)
Normahzed intensity

<
'S

z 5000 m

o S99
O = DN W
(@1

0.5

Normalized intensity
I (p,2)
Normalized intensity
IN (p, z

0 0
Yy -05-05 gk



53, 100601(2016) BHSNBEIZHE www.opticsjournal.net

05¢m Intens(;tg 8'5 Intens(;t5y0 05 Intensity
0.4 J 4 - 0.4
0.3 0.8 0.3 e 0.3
0.2 0.7 0.2 0.35 0.2
0.1 0.6 £ 0.1 0'30 = 0.1
£ 7 05 = 0 095 S 0
>_0.1 04 -01 020 >-0.1
-0.2 0.3 -0.2 0.15 -0.2
-0.3 0.2 -0.3 010 -0.3
o4 k1 02 2=3000 m J|_ [OECHIYE
20.5 0 0.5 ~0.5 0 0.5 0.
x/m Intensity
0.4 ) 0.4 322 0.4
0.3 0.8 0.3 0.40 0.3
0.2 0.7 0.2 0.35 0.2
0.1 0.6 0.1 0.30 0.1
E 0 05 & 0 025 £ 0
>-0.1 04 =>-0.1 020 >-0.1
-0.2 0.3 -0.2 0.15 -0.2
-0.3 0.2 -0.3 0.10 -0.3
:8-g 8~1 :8~g 2=3000 m 8-05 :8-‘51 2=5000 m

-04 -0.2 0 02 04 -04 -02 0 02 04 -04 -02 0 02 04
x/m x/m x/m

3 FEHEHR S B H I — b OGIR B A IR B = 938k, (@) (b) (o) FEFIDEH; (D (e) (D Boki
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Fig. 7 Beam width of GSM array beams versus propagation distance at different beam waist widths
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Fig. 8 Beam width of GSM array beams versus propagation distance at different coherence lengths and structure constants
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Fig. 9 Beam width of GSM array beams versus propagation distance at different inner scales and outer scales
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Fig. 10 PIB of GSM array beams versus propagation distance at different center positions and structure constants
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52 MHEFKEMEFEEI PIBH RN
K11 fros A4 AT GSM B8O B FE AN [R) A 21 42 T A8 K BE X PIB A9 52 il 2k (0 R 45 7€ il 19 2
) Xk E P bR TR AR TR B A [ 2 B il 26 R LR B T e A I A T BE XS PIB A R I 5 T A%
B B A A B L FEA AR — S O L R T B R R PIB R R a2 PR R A A AR B AR AR R LA T K

100601-9



53, 100601(2016) BHSNBEIZHE www.opticsjournal.net

R o B 5 6 TR 8 R PR B, D' TR 32 i WAL 14 52 W B/ T LA A% i A (] B 8 I P 57 56 SRR PIB R . X L
HORH ) 2 B A il 2 0T LAFR H S AR B — 5 I AR SR AR B, BB DG SRR PIB R, 77 AR IX — 45 2R /Y 1) B i
P2 TR B 25 PF TR AR AR B, DU A 25 78 A P B OB 22, A b D 0B, G o R DR T 23 FEABOR
BT LA PIB sl #R , W BRI 5t B X — B AR AU 25 2R 5 SE B A AT

1.0
a a 2 . A Ug:OAOI m
0.9 i N = 0,=10000 m
0.8 - .
0.7t 1 -
m 06 va L .
05 A A
b=0.12m A . a
0.4 / N .
0.3 5=0.08 m N .
0.2 -

% 1000 2000 3000 4000 5000
Propagation distance z /m

11 ARME TR EAARERT GSM FEFIETR PIB BE1E 4 FE 2 1 28 1k

Fig. 11 PIB of GSM array beams versus propagation distance at different coherence lengths and bucket radii
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