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Abstract Based on the generalized Huygens—Fresnel principle and the modified Von Karmon spectrum mode,
the analytic expression of mean intensity of partially coherent Gaussian—Schell model (GSM) beam, which is
propagating in the atmospheric turbulence along an uplink path, is derived. The analytical formula of mean intensity
of GSM beam which is echoed through corner reflector and propagated along a downlink path to the receiver is
obtained and normalized. The change of mean intensity of GSM beam when it is propagating along an uplink and
a downlink path is analyzed, in the case that the transmitter and the receiver are located on the same height. The
results of numerical analysis show that the influence of turbulence to collimated beam is smaller than it is to focused
beam, when they propagate along a double slant path in the atmospheric turbulence. On the receiver, with the
increase of corner reflector radius, the axial normalized intensity first increases, and eventually tends to be constant.
The axial normalized intensity decreases with the increase of turbulence inner—scale, but nearly has no change with
the increase of turbulence outer—scale.

Key words optical communications; atmospheric turbulence; propagation in the slant path; mean intensity;
corner reflector

OCIS codes 010.1330; 010.1350; 010.3310; 270.3430

1 51 5

Rt A O U TR T S T S W L D R A O Ik R A S A T B R S S
R 222 B R T BFSE I C E  43 R T 8 30T S8 (1 o I S e ) RS T R A R TG R i
Vi B L 3 A 1

rfs B HA: 2015-04-08; Y 2l & 2 F5 A H#A: 2015-05-28
HEL2TIH: BX AR 254 (61377080,60977054 ) B PE 45 “ 131157 BF 5 45 2 31 %1 (2011KTCQO1-31) B PU & £ & /7 7=l
A3 A4 (2010JC17) (7Y 22 TR MR % Bk 4 (CX12165) PR PG 4 B AR 2 Bl WF 50 11400 (2013JQ8011) (PR 75 44 & T AL
W33 H (2013JK1104) VT3 48 48 7 IE M0 98 & 101 % 4 (B —#it)(BE2013088)
YEE B A A ER B (1962—), T, B4 W LA 0, E 2N F LA BOGE A 7 H A58 . E-mail: xzke@263.net
*EEBER A, E-mail: jiaolun216@163.com

1001001-1



Dl R R

T H AR L R PR IS T DB I ) B2 B N AR Kravisov SEE — 58 A% AR X - 1 45 A
S5 T8 (Y (190 i i) 398 56 O A T R R e AT 5 TR S AETRHT)T SCHY Huygens—Fresnel JEHL 4 G T i 70 K<
H S S A YT B AR A IR UESE T A S e SO R T AT AE A AR 5 R BT HE T O R TR
5383 it L AR HP A2 B P T B S 3 [ 90 B9 DG SR R S IO I A T i U DR PR SRR S [T 3 B B 3k A
AR K55 Andrews F5 125 8T A LA AN RUBE B2 WAL, 3 AT TR 30T e BT BIR RS T L RS A
J S5 1813052 F) B 1 R BORI [0 R ORARE P 5 5 22 A IR AR A b B G B Il R R R AT TSR 4
HICBE 377 14 5 A 5 o B3O 538 52 P J7 22 9 2k 25 2 00 [ 25 T Rytov T 3k 2545 ABCD f& 5 AR B B8 3150 T
it UL AT BR RS B ~F- T 5 [ 904 1)~ 49 50 B K% i 1o B i AR K AR, 0F T AR R e A S AR A AR I
B ST ARG A0 (ELEAT g B S5 i 9 2 1) S SR AR A A JOG T8 15 b R S )™ 32

ASSC AR 43 AR T v 397 — 1 K R R (GSM) ' s O A R 4 5 1 R Ui W R R A i P O SRR R e L A A
R W S P - 249 ' 5 2 2 5, I AU — AR O 58 19 £ BE R GE 20 BT 1 OE A T BE A B A R AR DL i I R
JBE 25 2% T 2 BN - 2 0 58 1R

2 GSM G AR AL i s =X
HA T GSM G HUAE 9 T 8 1 e ik 58 g

win=on - <7 i) 0

0

K r=(a,y) , HTE LI O T BT OCHALRE 7 im0 1 B 4B R, o, o F 50 ACER AR A2 R0 I i %
AR k=2w/ A g2 A PR, explio, (r) FRFRAINLBUS SR M/NEEHLRIR . 2 F— o B, I EHR N
FOGH Y F<0 B IR R A R BOEH ;2 F>0 0, ESOGHC R EE R . GSMIEHRTE L=0 &b 138 i
7 R AL (CSDF) AT DL 7R )
ri+rl ik'rlz_rzz rl_r22
Wo(rl’rz;o) =< uo(rl)uZ(rz) >= expl:_ : +2 == (ZF ):lexp(_| 2 | ] ’ (2)

w; 20,

A o, BRI TRE, o, WAOCHRBHTRER K, R2Z MR, 8 o, — o i, WG N 54
TR - AOEH, <> Fon REPFRIE.

1023 AT GSM D't AR 7 R i it P NURHER A& i i B AN 181 1 B o 181 1 Lo AR R B B, 1 Oy A bR B9 3R
WS A S EAT A S A F AR o SO DA e B e Y 2 DR AR S B AR AL [l S AH [
A (] 3] 122 A

corner
reflector

P T R U H OO A i B A8 7 2
Fig.1 Double passage of propagation in the slant path atmospheric turbulence
R A B TR A H b AH X AL S A4S EL /N 1 T S Huygens—Fresnel JEES ] 1, 56 08 28 A 0 A% i
Je e Hbp EAE R — B3 ] LR 7R

1001001-2



DI S R

iklp-rl
u(p;Ll)= ZiI;Lexp(ikL)fdruo(r)exp[ |I;L | +¢;(P7T):| , (3)

K p JEAE AR LA e R B, o (pr) TR TR S LA (r;0) (£ 46 2] H bR L5 (p; L) BYER A
WREBENLIL N . GSM G BTk 2 H s kb ) CSDF AT LIFRIR
Wp.po:L)=<u(p )u(p.)>=

(ﬁ)z [dr,[ (1r2{< uy(ruy(r) > exp[%g po=rf=lp.-rf))x
<exp[tr(p 1)+ (p.r)] >} @)
2 A i S S 1 A2
w(psL)=r(pu(-p;:L), 5)
X r(p) 9 #8 S A AT SCHR MR B S 2 880, A3 r(p) MR e i A, 3k 50 r(p) = 6Xp(—2| PP, |2/h)2) 1T
BB AR5 i1 X Huygens—Fresnel [0 ] 1B 4

( ) (2 L) fdrf(lp{exp[_ |p 02po ] 0(, eXpLZL(|p p‘ +|p+r‘ ) exp[wr(p,p)+¢i(—p,r)]} , (6)

Kb p BAEHMCF | B0 e R, ¢ (p.p) A2 i WA BN F bR B (s L) B9 3K T 5 1% B 4 U fL AR
(p:0) bivii i 5 B L BEHLIE S . BE P11 L=0 EOLH A CSDF Al AR 7R

2‘pl_po|z_2|p2_po|2 %
ry

mmMWWMJ<>UMﬂm%m@®<Uva—

exp[z%(ypl P ’2 + |P tr |2 - ‘Pz _pz‘z - |p2 +r, ‘2)}<exp[d/r(Pnpl) + llji(_pI?rl) + l»[/:(szpz) + lr//i*(_p zvrz)]>}' (7)
é\
M, = <exp[¢( 1) + lp'(_pl rl) +¢*(p2 pz) +$f(_p2 rz)]> (8)
MR SR B BR T AH T pR A B R A% 5 o R T N IR AT SRR R HL 2 T T L ) B AR i U Y
FH A U (8) 2K T LA e Ak Ay
ML = exp[_%Dsl(pz P rz) - %DSI(Pl ~P2:P _pz) + 4C)(u(p;P):| s (9)
K Dy(P,Q) KR WPEEHIREL, C, (p:p) J2 o ] B AR 5 I 1) B A% b 0F B el B 1 07 22 pRAC . R R L i
Dy(P.Q) "] K A"

D,(P.Q) =87k sec ej,:fxd)n(x,h){l -1 (1-6)P+eQ \K]}dxdh , (10)
A Do B — R DUIE IR SR, o, (i, h) AR FEN WA T 4T S5 2 2 FE R 8. €, (p:p) IRBUE RN
C,(p:p)= 0.132w2k2Lj01dzcj(Hz)j:{du—u3- sinz[ul(lz]:t)L}Jo[ﬂpt -p(1- z)”} . (11)
TR &, (10)= b i DL ZE R pR E50nT ) FH A 9 200k 3 4B, 91k faf nl 4%
D(P,Q.2)=M P>+ M,P-Q+M,Q° , (12)

M, =2k sec O], [, (k.h)1 - &)k drdh
M, =47k sec j” [, (k)1 - §)éx’ dredh . (13)
M, =27 sec 0 [ b, (. )€ K dredh
AT A T AT EE S ERE: £=1 —(h—h(,)/(H—hU)i'%/?Lﬁ%%Au- £=(h=h)/(H-h) #mRT
it b H N MRS E, b, MRS EE SR, YK AR A M =M,=0,

1001001-3



DI I
—w K[ 1, ()i o GAE A AR M=Mo=M=00 X o, (k.h) L SCHR RS Y SN R 2%
J*ﬂfVﬂE’WzEVon Karmon 3%, H. 3 ik
&, (k.h)=0.033C (h)exp(—k* /K> )(K* + k2", (14)
Kk, =592/, k,=2m/L, , L, B L, 43 50 F 06 50 00 P9 AR, C2(h) 1R 38 KR 45 0 HORE A, 33 BEOR )
ITU-R 7£ 2001 4F 7 42 H 14 I 5 3 28 Tk iy A5
C2(h)=8.148 x 1002, 1" exp(=h/1000) + 2.7 x 107 exp(=h/1500) + C, exp(~h/100) , (15)
KA vy = 0] +30.690, +348.91 & T PL AR KK , o, AT 1T KU L €, 1R 3 T T K AT ST SR A
BRI C,=1.7x10" m™"
FIH9)2  (12)3 0% (7) 2R A7 AR 6, 6 )2 A B0 (7)300, 7T 7%

rl ike(r, +r1,
WR(PUPZ ) Kz LJ ,fdr Jdrljdp f(lpz{PXp[ ]w+2 - (2F )}X

0
r-nf 2lp-p[  2p.-pof i >
exp(— 102 ‘]exp[— ’ 12 o| _ | 2r2 o’ xexp[%(‘pl_pl‘z+‘pl+r1|2_‘p2_p2‘2_|p2+r2‘)}X

Ty 0

eXp{_%[Ml,dwn(pl _Pz)2 + Mz,dnwn(pl _Pz)'(P 1P 2) + Mz,dm«n(p 1 _pZ)Z]} X

exp{_%[Ml_up(pl _p2)2 + Mz_up(pl _p2)°(r1 - r2) + M3_up(rl - rz)z] + 4CX"}}7 (16)
Xob oM, FoR TR (1=1,2,3) . M, #m BRI (=1.2.3).
3 JGuR A Re
L o=r, =1 0(2)= AT A5 K I s )1 1258 B Oy
<I(r)>= Wo(r,r;O)Zexp(— i)r:j . (17)

[, 4 p,=p,=p U@ 0T LIS A G B bR AL 145658 50 46
2 4r? r? ik r,r, rj H )
<I(p;L)> = #Idr(.fdrd exp(— 2;(2) < - F( : ]exp(— QUZJGXP[Z{C(T"U —prd)} X exp(—%MUPrdj , (18)

K S8r. =1/2(r,+r,) ,r,=r, -1, ",
PR % — 45 1 06 () = exp(—ap”) B9 — 400 LI 25 3l

?{g(p)} = f_:oexp(—axz)exp(—iZ'lwax)dx'f_j[exp(—ayz)]exp(—iZﬂTw) y)dy =T exp(—ﬂzawzj . (19)

M9 AT LIS (18)zh e T2 8 r Al r AR %ﬁ?k KA, BB F AR AL 349558 70 A ik X

I LTI 2
(1ps1))= 57 ( j (20)
A A
1 1 M, kT
A_2wﬁ+202 e Bl 1)
4 po=p,=p R 16)2AL T T AT DL 2 s 5 - 24 0 A A R ak 2Uh
Kl 416 ). K |20-4) gz
(1(r))= 32L4A1A2A36Xp{[r§ ’ réAz]pO 4A3[r§LA1A2 Pot | 4G 22)

1001001-4



I - R
_1_1
=%1
ZkZT M .
Q:wim " (23)
1_1 1
Errs
0 g
M wzszz
Mot 24)
kZ
AT (25)
1
M,y M., ok @ KFQ-A)
AT 2 Tsr aA T qeriala, (26)
R T A3 BT R R O SR Y6 43 A R W 2 SO I — 1R
(1(p)) -
<]fs(p:0)> o, =0

St (1)) o R AEBUCT B L (1p=0), .oy o584 T SEAE 11 2 I o o AR

i st A 2 AT Tl ) 0 O SR A R WA T 3 D 9 52 i AL ) B T N R 2 IR A el S RSP B8R g
Aii i LA U3 — P R LA S St 0 DB i 0 X - 247 006 56 4 A1 B8 52 0

4 e B

4.1 HITHRAEB M

AR (17).(20) 20, B 38 43 BT 45 300 2 Boxd & 5 s A GF B H bR AL P OB R 0 . 2 A =650 nm
0,=0.02m , L=5km , [,=0.01m , L,=10 m i X T A [ P A 42, % G s f 47 1 5 21 A AR 1A F- 340t

I3 LA 2 R .

TEHE b, SOUACEAR S T 1 m I ARLIA S S~ 11 3, T 9 4 JR S8 R AR /N B o TADRE P 2(a) A (b) 3
Fr X He T R B, 4O R AR BRI, bR A il O 56 SR s R, D SR RN U e A58 SR B . TR 2
(b)b &, B DSR2 A I/, 3R £ G TR B9 - 4 0l 55 S Dol T G T 9 EDERIESF A S . BV B R %
i L F) 582 M) R T 9B OB AR . OSSR 5 SOk 7] I 2 B A AR — B

1.0 1.0
(a) = 0,=0.1m ®) 0,=01m o =0.05m
0.8 ©.20.05 m 0.8} —- - collimated beam
o GTH - -o focused beam

A 0.6 | A 0.6 F~
8 & g
S 04l S 04f \\

02} 02} \\

0 0f =

0 005 010 015 020 025 0.30

r/m

0 005 010 015 020 025 0.30

p/m

P2 AT ol A2 T R i R F bR b B BB 0 A o (a) 5T (b) AT 2 A brab

Fig.2 Mean intensity distribution on emission and target in different beam waist radius.

FIE B R AT e B 2 B bR AL B9 21658 40 18] 3 i .

1001001-5

[,=0.0l m ,

(a) Transmitter; (b) propagation along an uplink path to the target
24 A =650nm , 0,=0.02m ,wo=0.1 m, L=5km ,

Ly=10m B, FEA AL R T, RAEOLH



DI S R

w collimated beam focused beam

0 005 010 0.15 0.20 0.25 0.30
p/m

B3 G5BT Hbs b o 2608 4 i
Fig.3 Intensity distribution on target with different propagation distances

AT 3 n] DL Y B 2 A2 i P 0% 38, SR AR O ORI G A ST B H bRl B S 8GR Bl T R
BAOLHR e BGOSR TR, 75 (1)U, 2 F>0 i, BN B, Y F— o i G M MEEDE R .
i (20)F 2 D)2 B, F>0 B B AR b ARSI ORI AR B, 0y LA R S B T A — 2K
4.2 BEBURKES WM

Fr (22) 20 A1 (27) 3 0] DU 11 53 40 B 4% 00 2 B0 42 0o )3 — AR OB R A i S ma . 24 A =650 nm
0,=0.02m ,w,=0.1 m, L=5km , [,=0.01m , L,=10m , i, st il i) b 00— 1k 658 17 (p,0) Bifi 1 S 5T 752
ALK 4 iR .

L4 )L S PR IERID A TR, Y r ) BRI ZED RS RAVE, 2SR e o= 5 em
BRI R 2 TRE . Y r, < 0.5 em B ZERNIA— (AR IAS AR AEAR L, IEA n] USE A RO 2 B 1
SEPR. GRS E RO AN SR DR, A — O ERAE TR—ME. 2 r, > 500 em B, I — 0GR M T
R ARG T LA R ICTF R B H 2 AR G, R A G L EDC AR A — OGS RAZ I R A R R

FZJEM A =650 nm ,we=0.1m, L=5km , [,=0.01 m , L, =10 m I, A~ [7] SHFE A% iy B 25 0 206 18 1 I —14k
S 43 A B 5 0 A0 S R o

1.0 1.0
collimated beam turbulence free space
0.8 P 0.8 - = L=10km
s e —h— L=5 km
_ 5 « L=lkm
g 06 free space / = b
z, 04 S
A 2, 04
0.2 \d
focused beam 0.2
07 turbulence 0 .
100 102 10t 100 10t 107 0 005 010 015 020 025
Radius of corner reflector r /m p/m
Pl 4 fh ) B OH— ARG B A S AR 2R R A2 AL Pl 5 AN [ A i 2 1 A — AR DG 5 43 A
Fig.4 Normalized intensity of axes with the radius of corner Fig.5 Normalized intensity distribution with
reflector different propagation distances

MNIELS BT LAt : 75 AR XS A A% i I, A% i B 2 B, ISP 10 b 1 05— A IG5 43 A 8 B, 1 ™
o A i BE BB/ i i AL it 2 5 B H s T A S A, D A i R R BN 2400 5 A2 i U Y 5
M) FC A /) o a2t SR A 0 B SR TR kg G TR R i B P A% B P A2 80 AT S R Rl s R A B R
A= 118 0 TR S W 7 2 T 2% i P 3 %) 86 o ™ R, DT e 45 D' T 52 31 T 19 5 Tl K

AN T) R T Ay i, 42 05 09— Ak 58 23 A B R T8 A0 A0 181 6 B o IR Y 2 BIE g A =650 nm
0,=0.05m,r,=02m, L=10km, [,=00lm, L,=10m ,

P 6 b SRR B B K TOUA 086 R, 78 Ui Dt Hh A% i I [0 3B 05— AR 6 20 A 5 vh s 1) 4 i i [l g
A G o3 A 22 B AR R[] I R T A B il O ssoB /N . RTBUM 0= 0 ), BT B A% H , Y o0 A i Ry 4
e, F T T A b OGS B s R TBUA 0= /2 I, BIVK P A% B, D658 2 A1 o 0 1, 5 SO T il OB RR AR .

1001001-6



F A

o = W
A 2 R 1) 3 B R DR R T S RS R R R C(h) A BE AR T 10 km B B R R B B 0T k0N, 7E R
F 10 km B, C2(h) 1T 1525 KU 18 52 1) 2 0 A 185 TR0 /0N, DT R 260 6 S A e BeF ) R /£ 108 7 5 0 el 1T, 32
30 i YL 52 M B A, BIY SR 0T A B K, K5 43 AT B 43
ZEM A=650nm , 0,=0.05m , r,=0.2m , [,=0.01 m , L, =10 m B}, 3 U0CF i 1 049 5 — 1k 5658 43 3 [
KA G54 B [F] A2 A an 1 7 s

1.0 1.0
turbulence free space slant horizontal
08} o - 0=0 0.8 - (O =1.7X10"
- + b=npt s+ C=LTX10M
=T e -15
= 0.6 : o=n /2 6:06 -o- - C=1.7X10
S S
z, 04 g, 047}
0.2 0.2
0 . Q\f‘*ﬁ : 0r
0 0.05 0.10 0.15 0.20 0.25 0 0.05 0.10 0.15 0.20 0.25
p/m p /m

F6 Al R BMA T IH— 1t oA

Fig.6 Normalized intensity distribution

7 AT 5 R 44 5 RO VA — A i o3 A
Fig.7 Normalized intensity distribution with

with different zenith angles different refractive—index structure parameters

M7 AT LU 76 K T3 0 25 0 A9 R A% i 00— ' o 43 A 8 B K 112 i i 3 O 4 b Bl ol sk
XS T R AT B ARG H B C2(h) A5 BEAR T 10 ke IF, 6 35 15 2 B384 100100 9 /0N , DT AT 290506 5 4% o st
N W (=B =2 T L LTI N OR8N 1 = 8 2 T S s 05 2. N 1 0 104 NS > s P
JCHAE AT P i B, AT S S A B LR TR £ 5 B0 A B A R AR A TR A% e — R
FEASEHYT R DT Rl b o A 5

AR R A T AN RO & Bl T B — et A S S B 8 ik . SR E K
A=650mm , w,=0.1m , r,=02m , L=10km .

1.0 1.0
08 (a) - 1,=0.001 m g (b) -a-1,=0.001 m
’ -+ 1,=0.01m : —+-1,=0.01 m
= 0.6 —-[=0.1m =06 - [,=0.1m
S 4 l=1m S 4-l=1m
S 04 =04
0.2 0.2
0 , ‘ : ; 0
0 0.05 010 0.15 020 0.25 0 0.05 010 0.15 020 0.25
p/m p/m
1.0 1.0
d
08 © - =000im @ -=-1,=0.001 m
£ —— l0=0_01 m : +l0=0.01 m
506 - [=01m | 06 }=01m
S l=1m S -l=1m
~
0.2 0.2
0 0

8 Al N AR T I — ik o A1

0 005 010 0.15 020 025
p/m

0 005 010 015 020 0.25
p/m

Fig.8 Normalized intensity distribution with different sizes of inner and outer scale.

(a) L,=200m; (b) L,=100m;(c) L,=10m;(d) L,=1m

(a) L,=200m ; (b) L,=100m;(c) L,=10m;(d) L,=1m

B8 i R 1 X TR — S BT, R MO, 5 i T A9 U — A ot 9 o A B v Bl b Ol 55 B 5 T
TEA RSN RUBE T, H U — A5 B2 23 A1 il 28 A 8 H2 30T, ohy 0 mT A0, 6 RUBE S 7 40 A DR i I o 16 SR AR A2 i [l

1001001-7



Dl R R
WA — A 58 A R R B R WA I, T 2 AT o X LR AL R N B SR AR AL 7 AR R A R Y T B
PR T i PR JRE /N S TR T, 57 14 /0 i A 90 22, RS 7 ok e ey b 30 1 O R A AR T R A AT
S5 B0 Al 0 A5 D' TR B4 i R 7 A ) R T L BB AL A S R AT 5 OGS AR A S B g R AN UL
MR, 2 (O SROAE H AT A AR ™ B T X D' 5 0 A AR R WA AR D

5 4 ©

NERIS 143 BT &8 43 4H T GSM Y 78 R A i i AR P AT - AT A& i A v F 2 065w i A8tk o & S i A
P 7 [R] — 55 BE o BB A3 BT 1 R i R Y G5 A S M, AT A AT A5

1) A i A R A% din e B b v L' PR AZ i U A S R N R ARG

2) KA i UL AR SRR A i v, B WACOT T 7 A UH — Ak G R B A AR ST AR AR AR A A B A e, Y
RS B AR S B 32 P B AR ROR o TR — s M A R S BRI KE AR, LAk
.,

3) FE B I i KA AR i, AN R L AT B B bR & T AT A% B 0o , OG5 43 A0 A2 i T N R
B 5 0 A, i 9 7 RUBE L P TG 52

g5 LTIk e SEBR N, T 5 S BEEA 5 Ok B PR I A W e R R e A 1 H AR RS, Rm L A ok
T T AP O AROBURERE % Hin 19 S B0 25 SR LU R D BRS WF IR 38 A R S IR UE o RO AF X OGS L H AR R
PRS2 B H .

2 E XMk
1 Andrews L C, Phillips R L. Monostatic lidar in weak—to—strong turbulence[J]. Waves Random Media, 2001, 11(3): 233-245.
2 Kou Tian, Wang Haiyan, Wang Fang, et al.. Research on pulse echo characteristic of airborne laser detecting[J]. Acta Optica Sinica,
2015, 35(4): 0414001.
o W, i, £, A MU0 RIS B AR K e TR TSE )], e A A 4R, 2015, 35(4): 0414001
3 Wu Dongsheng, Bai Tingzhu, Liu Bingqi, et al.. Dynamic imaging detection and target recognition for cat—eye effect echo[J]. Acta
Optica Sinica, 2013, 33(8): 0811003.
ARA, FIEAE, X f7, 25 A MR 0N 71 9% 1) 30 25 AR -0 5 H AR IR B D] a4 244k, 2013, 33(8): 0811003.
4 Yi Xiuxiong, Guo Lixin, Wu Zhensen. Study on the optical scintillation for Gaussian beam propagation in the slant path through the
atmospheric turbulence[]]. Acta Optica Sinica, 2005, 25(4): 433-438.
Dy G e, S8, SRAR AR e S I AT Tt DK R £ i v A DAL TR RELRTT (D). D7 274l , 2005, 25(4): 433-438.
5 Lu Wei, Liu Liren, Sun Jianfeng, et al.. Change in degree of coherence of partially coherent electromagnetic beams propagating
through atmospheric turbulence[J]. Opt Commun, 2007, 271(1): 1-8.
6 Wang S C H, Plonus M A. Optical beam propagation for a partially coherent source in the turbulent atmosphere[J]. ] Opt Soc Am,
1979, 69(9): 1297-1304.
7 Ke Xizheng, Zhang Yu. Scintillation of partially coherent beam in atmospheric turbulence[J]. Acta Optica Sinica, 2015, 35(1):
0106001.
FTEGEL, 3k 5% #0H T O6AE KA i B 6B IN MR RL R [J]. 6% 24 4], 2015, 35(1): 0106001.
8 Kravtsov Y A, Saichev A I. Effects of double passage of waves in randomly inhomogeneous medialJ]. Sov Phys Usp, 1982, 25(7):
494-508.
9 Feng Yuezhong, Song Zhengfang. Beam spread induced by atmospheric turbulence in a folded path[J]. Acta Optica Sinica, 1987, 7
(9): 844-850.
I A8, RAE DY i i AT SO OGS T R[], D62 2% 4k, 1987, 7(9): 844-850.
10 Zhang Yixin. Beam spreads upon specular reflection of laser beams in a turbulent atmosphere[J]. Laser Technology, 1990, 14(6): 14-21.
S IR BT i YRR OGSO [T]. OEEEAR, 1990, 14(6): 14-21.
11 Zhang Yixin. Angle—of-arrival fluctuation of reflected laser beam in atmospheric turbulence[J]. Laser Technology, 1997, 21(1): 25-29.
5 I8 BT i U R R O R B Ik AR AR D], BOBEOR, 1997, 21(1): 25-29.
12 Andrews L C, Miller W B. The mutual coherence function and the backscatter amplification effect for a reflected Gaussian—beam

wave in atmospheric turbulence[J]. Waves in Random Media, 1996, 5(2): 167-182.

1001001-8



DI S R ¢
13 Andrews L C, Phillips R L, Miller W B. Mutual coherence function for a double—passage retroreflected optical wave in atmospheric
turbulence[J]. Appl Opt, 1997, 36(3): 698-708.

14 Wei Hongyan, Wu Zhensen, Peng Hui. Scattering from a diffuse target in the slant atmospheric turbulence[J]. Acta Physica Sinica,
2008, 57(10): 6666-6672.
Tz, RYRAR, M. RVRER A T S H AR A SO AR PE )] B2 iz, 2008, 57(10): 6666-6672.

15 Wu Yingli, Wu Zhensen. Study on statistical characteristics of rough surfaces scattering in double transmission[J]. Laser
Technology, 2011, 35(2): 234-239.
T, S PR AR OBURE A& i m RS DI 3 e T R OS], BOEHE R, 2011, 35(2): 234-239.

16 Wang Liguo, Wu Zhensen, Wang Mingjun. Second-order statistics for wave reflected by a plane mirror with a finite aperture[J].
Acta Optica Sinica, 2013, 33(11): 1101002.
FERNE, IR, T2 i AT B9 A BR LA - 1 48 S5 U A B ST R ()06 24 24 3], 2013, 33(11): 1101002.

17 Andrews L C, Phillips R L. Laser Beam Propagation Through Random Media[M]. Bellingham: SPIE Press, 2005: 671-680.

18 Wang Liguo. Characteristics of Reflected Wave from Targets Illuminated by Laser Beams in Turbulent Atmosphere[D]. Xi’ an:
Xidian University, 2014: 127-134.
A i R O R AR [0 S (D). TG % 7Y 28 TR R, 2014: 127-134.

19 Shirai T, Dogariu A, Wolf E. Mode analysis of spreading of partially coherent beams propagating through atmospheric turbulencel[J].
J Opt Soc Am A, 2003, 20(6): 1094-1102.

ERERE: £ #

1001001-9



