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Experimental study on the self-coupling characteristics

of Gaussian array beams
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Abstract: Based on the generalized Huygens—Fresnel principle and the modified von Karman spectrum
model, the analytic expressions for intensity distribution of radial Gaussian array beams after incoherent
combination that propagation in the atmospheric turbulence were derived. And the self-coupling
characteristics of array beams was analyzed numerically with the change of transmission distance and the
radial radius. Finally self-coupling characteristics of array beam of different radial radius with the change
of the transmission distance had been measured by using a beam analyzer. The experimental results show
that when Gaussian array beams propagate in atmospheric turbulence horizontaly, array beam will
combine a beam from a certain distance with the increasing of transmission distance. And the average
intensity of the combined beam is like-Gaussian distribution; under the same transmission conditions, the
smaller the radial radius, the better the self-coupling characteristics of the array beams is.
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Fig.1 Radial distribution array beams schematic diagram

P 5 85 (2=0) o 85 DA
Ei"(x’y’0)=zEn(x’y’O) (1)

X E(x,y, 00 R S EHR 88 n o Bl
HL 3% o SR R M 1Y) B oS it s G R A 2=0 P T
1 L 37 AT DL 2R

E.(p;,0)=exp _m;#_%(p“_’ W’ (2)
L pe=(x, y) F s POF T — 50 A 05 K 1 28 o
&7 HE L 0T B 0 O0 R B SRR AR s k=2m/A (A Ry
P )2 A A s n RN DGR BE S h 25 n )
O B B K5 AR B r=(rcosay, , rising,) , o, =nag
(n=1,2,,N); Fy R PR 2242, F>0 B, &
SR O AR Y Fo<O B, & B R Oh & Ok
W52 Fooe I, KGPDEHRNMEEDOEHR . il T 3Ch o
T 2 UE B W SO, i B F B TE 55 K.

R, 454 A ) AA X (2) A LG 3], 42 1 4
Aii = Wi BE AN G AR AE 2=0 V-1 E i 3R] LR

( s n)2
_JJT] 3)

N
Ein(-x ,,‘/' ’ Z=O)= Z exp
n=1

0

0822003-2



bk TR

% 8 i www.irla.cn % 46 B
L4 75 00 91 5 7 2=0 P 0% Ui R o

ik, 2
WOpy . posz=0)=(E (py,2=0)E(po,2=0))  (4) M@=+ 0 +izMZf 10)
T B, 9522 0 43 A 5 9 B 3 o AT | -

B HL A AT A U 2=0 T £ 50 i i e =M, BMz (11)

B H

N 2 2
_ (psl_rn) +(Prz_rn)
W(O)(psl ) psZ 5 O)= 2 exp (1)2
n=1 0

= tPsiPs2 43 5] Sk VS T TR L A AR B R i

HL 48 X i Huygens—Fresnel J5 B | 25 55 K i
AL 2 JE B IR O T K (p, 2) B (pe, 2) 9 28 X
Tk R pR BT DL R

()

2
k)

Wipr,pos2)=| g | | @0aW(py pas 0)x

exp|—%[(P1—Px1)2—(Pz—sz)2] x

(expl¢(p1, pa D+ (s, pa,2)]1) (6)
KAy pe 43 I F R T TH A BR R R A s
(P, py,2) A2 i I A 0T H ANk 5 AL AR (p, s O) 1% 45 21 B A5
M(ps2) B BRI P 2 BE LA 8 5 Ron B L8 (- )&
78 X8 Jifd LA B R 2RO
s 15 S i A s AL A I Bl R Tk T Y, X
B 2R (R AT LA AR RS, b o i A i R R )
R385 43 B DA e e
(exp[ih(pi1, pa, )+ (p2, pe,2)]) =
exp[=M[(pi=p2)*+(pi=p2) (Pa—p2)+(pa—pe)?1]l  (7)

A M= dowke | 0D, Godw SR I P,

ST 5 Bk B 0 Dy R

X i R T M B 3 T LR SRR A
N A RO ¥ 2% 8 A P9 (4% IE von Karman i | 3% ik
i,

®,(k, h)=0.033C" (h)exp(—k/K. )x(K+K.) " (8)

K1 k,=5.92/1y, ko= 27/Ly, I, F1 Ly 53 53 48 3R it I 19
VAN RBE . 1 F SCH IS 1 KA i, T LR R
A7 5 S5 4 R C (LA 3650, T LR ¢ 3675

2 pi=pe=p, AKX G) (DG LA LK (6), #F
TRy SR, AT AS A5 m) 43 A i 30T B4 5 6 TR G S e 4y
mFREAN

2
20 Ar, 2r,
e A ()
o,N(2) 0, () o

1P 2= oy 2P|~

0

szf; A%(z) szi A*(z)
I F(O) AT LUE M, 42 10 43 A1 e 357 [ 3 O o1
DB A 5 i 5 BE N A RUBE A R O Ao
EAL R B AF SR OG0 4 N=1,r,=0 i}, BRI AT 134
B AL T A b L Y B g 30T 6 AR DR AU It R R O B
3 A i A 5

2 HESH

PAER SORE TR FR=Y T ]IP W N R R/
o A — Ak O SR 43 AT R R R T B A S R AR
] 2 45 1 AR AL AT T R 53 AT o
21 EHEENSHEIXRNERESEERNRE

P2 2 7 A 1) 23 A e 30 B 20 Ol o T A% i e
7 0.120,240 360 m 2b 1) 5 — fk OG5 4 A = 2 1A
SR 43 34 :1,=0.01 m; Ly=10 m ; 0,=0.01 m; A=
650 nm ;=17 mm;N=4, Hrph K 2(a)~(d)& & W %
B S A B U 3R B co=1.0x107" m™"* {1 K I
1% B R G R I B AL R R AR f s B 2(e)~(h)
J2 15 0 B A O R TE B A8 [E) (co=0) 1% i B 6 B B
ab 8RR R AR AL

XF LGB 2(a)~(d) AT LLF Y« Bl & 1% R B 0 3
K v A T O R A 4 Ok B K 15 i & 360 m
Ak B AR [0 43 A B D R TG R RE B AR A R
X Ul BT T RS DGR B B G RE . anlEl 2(a)~(d)
JIE 7 e 397 B 4 0 SR AE U5 3 (2=0) B, DY 3RO 2 A4 Bk
ST Y AR A A 120 m, B R B AT B A AT R
Y W 5 6 AR DU R 5 AR A R K, L Bl AR
FEBI R, W OE & B A S, HE &0 % Wi
K5 M A% 4 2 240 m B, 588 AT DUA 02 DU Ok |
HEMHCAEME MLkt 2 360 m if, /] LLE
MR EB L 2aG T —4, HaR0otHR
A2 R m oA, XAEESDER T B S
Rk, B BE 7E 1o i it B b B AR G i — HOk . A
XM R R BRSO A R A i A%
T b A2 B0 R I S s R AR R Ok
DEIE RS 55 B4, 3 5L {8 O o A0 2% 23 Ok B O, TE A%

0822003-3



b ok T2
% 8 i www.irla.cn % 46 B

=
o

e
>

Normalized intensity N(p,z)
S (=]
SRS

Normalized intensity N(p,z) Normalized intensity N(p,z) Normalized intensity N(p,z)

Normalized intensity N(p,z)

Normalized intensity N(p,z)
Normalized intensity N(p,z)

y/m -0.10-0.10 x/m

[ 2 4% 1) 43 A1 fe W7 B 20 16 o A — £k D' 5 B 12 4 BE 29 A9 28 161 BE(a) L (e) z=0m; (b) ((f) z=120 m; (c).(g) z=240 m;
(d) . (h) z=360m; (a).(b).(c).(d) ¢;=1.0x10""m™>? (e).(f).(g).(h) ¢=0
Fig.2 Normalized intensity of radial Gaussian array beams with the propagation distance:(a),(e) z=0m; (b),(f) z=120 m;
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Fig.3 Normalized intensity of radial Gaussian array beams with the propagation distance in different radial radius:(a),(b),(c),(d) r,=9 mm;
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Fig.5 Experimental figure for self-coupling characteristics of radial Gaussian array beams in different radial radius: (a),(b),(c),(d) r=9 mm;

(©).(0),(g).(h) r=13 mm; (i),(j).(k).(1) =17 mm; (a),(e).(i) z=0m; (b),(),(j) z=90 m; (c).(g).(k) z=180 m:(d),(h),(1) z=270m
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