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Spreading and Wander of Partially Coherent Beam Propagating
along a Horizontal-Path in the Atmospheric Turbulence
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Abstract Based on the formula of beam width of Gaussian-Schell model beam in strong turbulence, the expression of
wander variance for a horizontal-path propagating partially coherent beam in the atmospheric turbulence is derived
using the general expressions of the beam wander variance models of Andrews and Philips, and the spreading and
wander of a partially coherent beam through the whole atmospheric turbulence are discussed. The results show that
the partially coherent beam is less affected by turbulence than the fully coherent beam. The smaller the initial beam
radius of partially coherent beam is, the more seriously the beam may be affected by turbulence. Within the short
propagation distance, the beam wander caused by different wavelengths has little difference. which can reduce as the
initial beam radius increases. When the propagation distance is further than 2 km, beam wander in both strong and
weak turbulences is related to the wavelength, which is more obvious in strong turbulence. When the spatial
coherence length is greater than 0.005 m, it has little effect on the beam wander in propagation distance of 10 km.
Key words optical communications; beam spreading; beam wander; beam wander variance model; Gaussian-Schell
model beam; atmospheric turbulence

OCIS codes 060.1660; 270.5565; 010.1330

1 8 VR K T £ 2 O£ B

H T ST B R B LR MO 7 h s e RIRSRE R R TERE. 90 AE AU, Wu i i
RIS 2 AR DU Db R AR Rk M AOP AT R T AR (GSMD SR KU U

KRS HER: 2014-04-22; WEIEKFSHER: 2014-05-31

HE&TH: BFHAAR¥I4 (61377080,60977054,61271110) \BEFE 48 “13115” B4 55 211 %1 (201 1KTCQO1-31) | B 7§ 44
HHET AR T R4 (2010JC17) PRV B AR FHA FERIAT 7831 R (2013JQ8011) | B 7 48 B & JT FHIT X1 (2013]K1104) |
P48 Tlb 75 56 3130 3 H (2013K06-08) | 74 2 1 Bkl i R 4% 3 43 (CX12165)

fEER v FEREL (1962, 55, #dR  EE N F LA WOLE A 7 WY TFSY . E-mail: xzke@263. net

1106003-1



e ¥ ¥ i
Tt ST, B 5 5 N L3R4 o\ 2 2 2q1/2
':P'fg%]%]‘}%lbﬁﬂ K "ﬁm%*ﬁjﬁfﬁ*ﬁ‘tlﬁ vix w:w{(lié) " (CSJFZIE) )(/aZzZ) ] ’
T2 PR DX — B 3K — R B ov J \kws
SO A o S 4 TR f il R 10 BF ST R §:@+@ﬂ 2

#0 Shirai %7 LI GSM A ) F R TR
PR O O RA 1T (I B (o870 N W A0 b A
R, Ji 500 X0 38 4 AT B K o 07 0 SR R O
PR I SR G SRS A i AT T S R B R
T P 9% 6 SR 6 32 it B I /)N, Cheen 250
S T AT ROBE SR GSM 6 s 7 K AU i v
4 O ST RS B BN ] 3% . Qian 577 5 ik B AL A
(7R BN T R [ e SRR T JE e e i ok
FUAS DL KGR IR 16 A T R 25 OB
W 3 O SRV A% 2 6 SO T 0 B B W T
ST IR 4 A B R JEE X8 55 i O R GSM G B J
FERNERS AT T HFST A5 UM T P B 2% L R
TR AE e . AR Yo S0 R TR
HHCEGSMD B 8% ik A7 BF 55 15 th 5 Sk C11 T
RIS . AR SCHRC10 — 12156 TR a6 s -+
JE I B BF 9T 45 R A 22 5. 3 4h. Andrews Al
Philips"* K # Rytov i ol il JL AT 3 2 T ol 44 3] —
AN A F 95 T T A RS ARR 3 A T T R RE R O
OL3fE 5 9 S SR I8 2 A 2 D LA ) 303 3 O A
PET . AR i A T 22 A R R A Rt F
S BOBHUN B IR . JE 4Ok, Wen 207 S A
JHZARR % 3C B R A RS AT T 5T, DA b AR
B BB 43 KT 1 6 TR AR il L A %
3 O P 0 O SR R 1) AT 7 3 — B BT

A% SCARSE IR A AR T GSM 6 okt 76 38 3 7 F (9%
PR F AR, M Andrews Fl Philips £ #7555
7 2R ST IE A T O 95 3 O AR Y T RS
%32t X 1 B D LR SR T R TR K 0 B R
A LA B AT 2 BT 134340 O ol 1o
R 0L i B B S R o e L5
TS I 5 DA 45 SR AT P

2 WY E
B4 HH T GSM YR 78 KA I T AZ 3G B
= B 2 WA A S 34 5 ] L3RR oA
I(p) = K, %exp(—%’e}) (D
A p MEEE SR PO RN KT, H— 455
K, =w!/w;w, AZHEHF VAR w, HHIRIEHR
2 BERECR PN TR B o 47

A FRARMAME KR F=co(MEENF) 00 N
BRm OB oW R AT K e =
(0. 55C3k* L)~ JForp C 3T 5 R 454 5. k ok
BRI E . L R IR 8.0 AR T34 B A
W g =10 = 1EDGROE e M Tt ¢ > 1 i
BT > oA T . L s )
TR EE L BN AT TR 2E . Y Lol J2 58 42
TG L —0 Bk M T,

FIA X NE 1 R Bl A=0. 63 pm,
VA TS ¢ =3 AF A L=2 km, AT LLEH,
IEGE S EY VNP Sl X EL R RN 0R AL N
553m I BT REEAR LT AN Bl A i U ) 3 5 L O
WA BRI 3 A AR A A B S L Ak —
I, W R 2R w, =0. 01 m, & 2 51 T GSM Yk
i (Co=10"" m **)FM AW\ [ (C,=0) T &
B2 km BIEHRY R, ATLLE L E M TOREA

0.25
w,=0.01m

. wo:0.05 m f
g 020 —+—w=010m ,,,-"
S &
S et
T (.15pe0ecececceccccoccesescecess
E
2 0.10seeeseseenesnennanananaseess’

0.05———

o e v o o
Refractive-index structure parameter Cf /m-3

BT Sl s A2 B 4 5 A 454 i o A8 1k
Fig. 1 Beam width versus refractive-index

structure parameter

0.25

turbulence

) free space
E
8
= 0.15
5
5
5 0.10
[
m

0.05 ==

T _C-s: 1 (coherent)

0 05 10 15 2.0
Propagation distance L /km

Bl 2 o A% i 4 R A A2

Fig. 2 Beam width versus propagation distance

1106003-2



oy R A

PR3 AT DEAE A U P K P i e A b G SR 9 S TR AR

Hy 25 ) A G TR TR AR X R B S8 4 A0 O™ FL A
Z HBEE ¢ MR (go=1 W o 58 e 1) R
TRURH s 2 o 2 i B A 7 A ol B
YOI 5 58 A T A EL , #820 HE TG O R e %
KA AR/ o 3% 5 SCRRES b RLEE 70 4 T
JE A T i 6 R 45 1 S5 AR AT

3 HHER

Andrews Fll Philips 3% F JL fi] 5% 2% it £ Al
Rytov 3Bl 51 A i 397 08 i ok 50005 21— 4> 55 0 o T
B R AL

I

<,0§> = 47r2/€2w2(L)JJM#N(K)HLS(/C,Z) X

{1 —exp[—Apla* (1 —2/L)*/k]}drdz, (3)
AP PR b = 20/ XA A o RS TR L
SRy i 3P i A AT i 2 T T BB = Ol A% i RS L RN
N0~ Low(L) 5 A s 8] th i L ARG
1o His (ko) o I 38 P A » AU T M BEHL AN 1y
(3 TR A L AN i 3 a1 Nl o % Sy NN 7 D G B
P IRA TR X HL Hos(k,2) FikXH
His(k.2) = exp[— k' w’ (2)], (4)
AP w2 A GSM 1E KA Wi T R 2
FRLEN2) X PRBFFEEE AN T R IES . Ar 2
b 2

2L
Ap = . (5)
T kw? (L)
7
a
- 1=0.63 pm @)
S 6 ¢ 2=1.06pm ’
~ 2=2.80 pm
&5
S
g4 w,=0.15m
g ’ *‘. I
;2 w,=0.01m ]| #
: 4/
= 1 ”.,“‘*,‘o’.
e o
"Iﬂ:“'

{)0’16 10 10 10 10-*
Refractive-index structure parameter C? /m**

TR YRl T m i KRG &
(1 30 5 FH 2% 1 R RLBE 1 i

¢, (k) = 0.033Ck " [1 —exp(—«*/s) ]+ (6)
K wo A INREE Lo X0 25 () 5 e = 1/L0
Co AT I AR G50 1 %0 FRAE T It 19 58 55, 78 K P %
sy g RGO A iy i Je — s LA
IR

1—exp[—Apls*(1 —2/L)" /b )=~

APIJCZ(I*Z/Il)Z APIJCZ
k k

He () ~ (DA GO AT RS A

< 1. (7

b

L

oy =1.25CL [(1= £ ) w2 (2) %

0

Kkew (2) 1
{1 [lJr/cng(z)M ds.

— O T . (8) A rh & A LA R B O T fiE
T3 X H AT BUE AR R AT IR B DGR AR
TZHEMERIEBLMN LW, RSN v =
0.3 m ', g =26,/ [m P B OGBS X L K] a0
3R, M 3R LR AR L=1 km
BF L PR OB R R S AR /N . DGR RO R AR
Ol N A NP B & S N TR QR R 2= |
& 3(b)H B w, =0. 01 m, 58 3Ca) X} )5 &P,
1% i B 4 R st i R AR XS O 25 I G L i
AP SERA G, HI KM R,

(8

025
1=0.63 um ®)1
. e =106 ym J
Y 020 1=2.80 pm
.
<]
2 015 J
£ L=5km |
2 0.10 ¢
@ .
E L=2km [0
E 005
----".. :.ﬂ..oié‘."

0
101 10 104 1032 1012
Refractive-index structure parameter C> /m%

Wl 3 BRAS 5 22 B AT A AR A5 RO A2 Ak

Fig. 3 Beam wander variance versus refractive-index structure parameter
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Fig. 4 Relationship with beam wander variance and the spatial coherence length
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