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Numerical simulation and analysis of annular beams propagation
through atmospheric turbulence
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(School of Optoelectronic Information, University of Electronic Science and Technology of China,Chengdu 610054, China)

Abstract:In order to study the effect of the atmospheric turbulence on the annular laser beams, propagation of annular
beams through atmospheric turbulence is simulated using multiple phase screen method. The wandering root mean
square (RMS) of beam centroid and mean power density on the far-field target are computed quantitatively for differ-
ent atmospheric turbulence strengths and propagation distances. With expressions for characteristic distance in the
propagation path of annular beam described , influence of atmospheric turbulence on average intensity in far-field is al-
so analyzed. Numerical simulation results show that the beam wander centroid displacement of annular beams in-
creased as turbulent effects increased,and the far-field beam quality was degraded with the increase of obstruction ra-
tio. The atmospheric turbulence can largely reduce the far-field beam quality when obstruction ratio was smaller than
0.5. This method of numerical simulation could be used for analyzing and evaluating the propagation effects in the
field of laser engineering such as high energy laser.
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Fig. 1 initial normalized intensity distribution of annular
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Fig.3 target intensity patterns over a propagation distance of 2 km

for different atmospheric turbulence strengths
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Fig.5 far-field beam quality of annular beam versus obstruction ratio
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for different atmospheric turbulence strengths
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far-field for different atmospheric turbulence strengths



140 ot 5 4 sh

5415

5 % #

FHEE RN I 25 0 BRI S o 7 Rl
T R A, 38 A AR AR i U R B A% B P
FAESH E IR T A RL A1 T B R
Yl Gy BARMIRE IR A, 45 & B E R R
TIECH A T AR R B, RS RR %A
FRUC SRR S FAEL BT 8 B S, 40T 1 R X 3
T CHIE G - Y4 G5 o A W52 e . 25 R, IE
T ATE R kP A% i B IO U 2 R 349 1 M I i i A
O i 9 B B A 0GB 8 ) G iR T 3 K, s 37 Y R o
TP LR . Y PR TE G IRTE A 25 1]
LR R AR IR B B, rhC Gk i KAE, Ak 2 1% 1
HG SRR IME R SEBERE I L RS E . BEE K
A L R E ) 3 0, R E O W 37 7 4 01 5 O

UEEAE YR/, YE A L in , B s i oA
ﬂ?ﬂ%ﬁﬁm%%ﬁ%ﬂfﬁ,” %ﬁ‘éb‘%ﬁ:‘tﬁ%ﬁff
WOE TRE N FH HE AT BE 40 B F AL B PR AL, A —
(=98

S EE

[1] Wu Jian, Yang Chunping, Liu Jianbing. The theory of light
propagation in the atmosphere|[ M |. Beijing: Beijing Uni-
versily of Posts and Telecommunications Press,2005. (in
Chinese)

R A, XU R R e [ M. L
A1t s AL LK S AL, 2005.

[2] Rao Ruizhong. Light propagation in the turbulent atmos-
phere[ M ]. Hefei: Anhui Science and Technology Press,
2005. (in Chinese)

e b ORI R P LR [ M . S HE LR
Hi A ,2005.

[3] Cai Yangjian,He Sailing. Propagation of various dark hol-
low beams in a turbulent atmosphere[ J]. Opt Express,
2006,14(4) 1353 - 1367.

[4] Y Chen,Y Cai,H T Eyyuboglu,et al. Scintillation proper-
ties of dark hollow beams in a weak turbulent atmosphere
[J]. Appl Phys. B,2008,90(1) ;97 -92.

[5] H T Eyyuboglu, C Z Cil. Beam wander of dark hollow,

(8]

[10]

[11]

[12]

[13]

flat-topped and annular beams[ J]. Appl Phys. B, 2008,
93(2) :595 - 604.

L C Andrews, R L Phillips.
through random media,2 nd edn[ M ]. Bellingham ; SPTE
Press ,2005 ;720 —729.

Laser beam propagation

Chen Xiaowen, Ji Xiaoling. Influence of turbulence on the
spreading of annular beams[ J]. Acta Phys. Sinica,2009,
58(4) :2435 —2443. (in Chinese)

WRIGESC, 22/ INES . i i 0 BRAPROC A IS i [T ] 9
47 ,2009,58 (4) 2435 - 2443,

Zhu Wenyue , Huang Yinbo,Qian Xianmei, et al. Code for
laser atmospheric propagation and its applieations [ J].
Journal of Atmospheric and Environmental Optics,2007,
2(6) :451 —458. (in Chinese)

ARICHE, BEEP I, BRAN AR, 55, WOL R AL B R
CLAP R LN T[T ] R 3 B0k 2 7 4l , 2007,
2(6) :451 —458.

J M Martin, S M Flatté. Intensity images and statistics
from numerical simulation of wave propagation in 3-D ran-
dom media[ J]. Appl Opt,1988,27(11) :2111 -2126.
Zhang Huimin, Li Xinyang. Numerical simulation of wave-
front phase screen distorted by atmospheric turbulence
[J]. Opto-Electronic Engineering,2006,33(1) :14 - 19.
(in Chinese)

KRR, AT B i W W 7 AR A5 £ R R AL
s (1], e TRE,2006,33(1) 114 - 19.

F Gori. Flattened Gaussian beams [ J].
1994 ,107:335 - 341.

Opt Commun,

Liu Zejin,Zhou Pu,Xu Xiaojun. Study on universal stand-
ard for evaluating high energy beam quality[ J]. Chinese
Journal of Lasers,2009,36(4) :773 —778. (in Chinese)
XA, JAAD VR ZE. i REMOE ' A B 1l A A
HER T[], P0G, 2009,36 (4) (773 - 778.
Zhang Yongli,Pan Liuzhan. Propagation properties of Bes-
sel beams through a hard-edged annular apertured ABCD
optical system [ J ]. Laser & Infrared, 2009, 39 (2):
204 —206. (in Chinese)

KA B o DL 2RO AR i PRI A ' B Y AB-
CD e R Gt [ ], Wot 5 405h,2009,39 (2):
204 -206.



