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Abstract Beam wander and beam spreading are two important effects for beam propagation in the atmospheric
turbulence. Collimated Gaussian beam propagation experiments by means of CCD technique are conducted under the
sea, the beach and the road surface environments in the region of Yantai. Beam wander, beam spreading and
refractive index structure parameters are measured, and the characteristics of beam wander and beam spreading are
analyzed based on measured data. The results show that the fluctuating amplitude of beam spreading and beam
wander is the largest on the sea when the refractive index structure parameter changes a little. The fluctuating
amplitude of them is 0~1.5 cm and 0~0.6 cm, respectively. The relative error of beam spreading on the beach
surface is the least, and it is less than 10% . The refractive index structure parameter on the road can be one order
larger than those on the sea and on the beach. The variation tendency of beam spreading and beam wander is the
same as that of refractive index structure parameter.
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1.2 km on the sea
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Fig. 1 Aerial photo of the laser propagation path on the sea (picture from Google Earth)
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Fig. 2 Aerial photo of the laser propagation path on the beach (picture from Google Earth)
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Fig. 3 Aerial photo of the laser propagation path on the road (picture from Google Earth)

22 HXEREBMARTEBHUNERE

3 S0 R A I A A B AR A A A AR AR MR I AT SOR M R AL R 2 5 AR B A 1R
DSRS0 5 T D RS RO BE Y R AR . BT O ORI R MUOLBEY A I BTk AR 2 £
B TPEEE I HEE EAIE K L e B 1/ AL ik STy R T DLV At D R O R IR ROL Y R . AR
TR W B v BRI Ty ) B — L o AL A B AR S R A [ (s y a2, WIH
SRS B B AR bR = By A T KR

ijl(x ,v)daxdy

X = ’ (D
JJI(I sy )dxdy

Uy[(x »y)dxdy

JJI(JK sy )dxdy

080101-3

, (2

<2
[



53, 080101(2016) BYMSHEIZHE www.opticsjournal.net

J38h 2 My Ti AR W R W i, lIRE AT T (o y o) 19 B GR  H3Ok

Wi, = : , (3

WLT.y - o (4)

2.3 RAREBMAHY REBILEER
KIWPDEHR Y 42 1w W i e 2L

W[,T:W«/1+ ] (5)
A
1 oo 2 &2
T:4n2lz2LJ J qu(,c)[l—exp(—m‘z ¢ ”dxds, (6)
0J 0

Horb L HAEHEE RS e =2/ G A R, @ (o) RIITH BRI F5k, e 25 I E A =

ZL N L 2\ 2 g 2o N N A} >, Qe A
W X EE SRR W =W, /1+ (2L /eW?§)* S80S0 1 A 25 [ o B 42 W, o & 5 o 19 ok
R . DR AR () fif A 2 ik =
(¢2) =W?*T5 :47[2]82W2JLJDCKZ®(KZ)HLS(K,Z) [1 —exp(— ALk’&*/k) ] drdz, D)
X B WO R A
His(k,2) =exp[— "W ()] =exp{— Wi [1+ (22/kW)* ]}, (8
2R FE 8L 1 Kolmogorov D)3 i Zms T A i it A9 P RUBE AR RUBEE (L, =0, L, =00) , X A}
@ (k) =0.033Cic "3, €D
A CL RIS R FE K9 AA ) A7) AT IS K G BEY ™ F o s R 11 Fe ik ot
WI‘T:WA/l_’_l.gSU?{AS’/’G ’ (10)
(c2y =2.42C LW, V3, (1D

Hrrof =1.23CLE" L & Rytov Jr %,

3 s

DL 2015 4% 5 140 19 52 50 B3040 o S, 5 AS [R] R ST IR EE T WO SRR OB BREYT R DL KA T G R A5
R AR L AT A BT S DA R) A EAARAE BN R . 1D AT IR R AR S A AR I, BE BT T 1.2 km
DB 3% AR A 485 A0 il o S 36 e R AU 0 A T S T L £E 2015 4F 5 1 3 H 9:40—16:40 HH], RN
Bz FHRGE S 1.65 m/sCiE KO IR BETE 13.2~13.9 C 2 [a], 2) V¥R EE T A% o 35 25 48 1k Il ik,
TE 2015 4E 5 H 7 HAY 18:20—19:10 #4T 7 HEREIE B 0.7 km (19 52 46 00 12K, AR F5 050 45 2005 ol xof S92 9 i K
BRI R AT BER R o SRR RE N 1.3 m/s CBROXD L i B AR 13.7~15.9 “C 2 0], 3) 2 BRFR 45
THOCRS BN, 765 H 1 HE 17:20—19:10 PE4T 7 BERKIE 254 0.9 km A S2E6 IR, % 0 B K<
i B RGHE N 1,33 m/sCRRD S EAE 16.5~18.4 ‘CZ ],
3.1 AETEEMAEREBFET L

ST WEGE U L XA [R] R S AR R RS R . T 2015 5 A3 HOS A1 HMIS H 7 HEE=
SR SE i L HEAT T ARSI, 15 3] T AR RS b v 25 B ST S R A5 0 BB A A A s L O S B
WIS AT T XFHe L I 4 B .

B4 Rl RUE 1,5 A3 H A v b S Bl e i ot SRR b v 22 A8 AR B AE 0.98~1.82 em Z[H],
PEE TI0IE ) A2 A B TE 0.8~1.3 em Z ] 5 Bl 2 R AT 569 258 25 1) 5 B0 i) 15 RO R B AL A 1 A8 Akt s

080101-4



53, 080101(2016) BHSNBEIZHE www.opticsjournal.net

Lsf@ . 0.75F (b) 56l© i
. i 0.70f -
1.6k . e 0.65f . * . ' 24f o
. . . 0.60} . .
14F " 4 0 ko L 0.55F "* . " e 2.2
= R L g 0.50F . 0 - =
k3 PR Wy < % - @ 8 207 -
s° 1.21 “u e ;h;«- A =" v 045} " . o
S, L o40f ot omt oL 18}
1.0f Y »experiment 0.35 o » experiment ;5‘\‘." « experiment
o -theory 0.30F - theory L6p i > theory
oar 025F ¢ , 1 o
2.0 253.0 3.54.0 455.0 5.5 6.0 6.5 2 10 3 4 9 10

i, 6 8 5 6 7 8

C, /(107" m?) C?/(10-1 m2%)

R B TR b2 5 KRR R E B ER, () 2015465 A 3 HITEEHRE (L =1.2 km);
(b) 2015465 A 7 HYMERREE (L =0.7 km); (¢) 20154E 5 A 1 HAMKAEE (L =0.9 km)

Fig. 4 Relationship between standard deviation of the beam wander and the refractive index structure
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parameter under different underlying surface environments. (a) May 3™, 2015 on the sea (L =1.2 km);
(b) May 7™, 2015 on the beach (L =0.7 km); (¢) May 1*', 2015 on the road (L =0.9 km)
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Fig. 5 Relationship between the beam spreading and the refractive index structure parameter under different
underlying surface environments. (a) May 3™, 2015 on the sea (L=1.2 km);
(b) May 7*, 2015 on the beach (L =0.7 km); (¢) May 1*, 2015 on the road (L =0.9 km)
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Table 1 Test results of beam wander and beam spreading under other underlying surface environments

Date Time Length /km Underlying surface C%/(10 " m **) 6. /cm o, /cm Wir/cm
2015-05-25 12:40—16:40 1.2 Sea 1.5~5 0.7~1.1 0.4~0.7 11.6~12.2
2015-05-27 17:10—18:30 0.7 Sand 2.1~11 0.4~0.7  0.2~0.5 6.8~7.5
2015-05-28 17:35—19:10 0.9 Road 1~10 1.3~1.7  0.9~1.5 12.2~16.2
2015-09-13  16:10—17:40 0.7 Sand 3~9 0.5~0.9 0.3~0.7 7.2~17.9
2015-09-15 18:05—20:35 0.9 Road 0.9~7 0.8~1.5 0.6~1.2 11.5~14.6
2015-09-18  15:30—16:05 1.1 Sea 0.8~3 0.6~1.2 0.4~0.7 11.2~12.4
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