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Abstract Thermal blooming has great influence on high power laser propagation in the atmosphere. It is very
important to find a sacling law to evaluate the performance of adaptive optics compensation for the high power laser
propagation in the atmosphere. Adaptive optics system with different spatial bandwidths has been simulated and phase
compensation for focused beam under thermal blooming with different transmitter apertures and propagation lengths
has been numerically calculated by four-dimensional propagation codes. The results show that the spatial resolution of
adaptive optics system has little influence on the target beam quality. The target beam quality can be scaled by the
thermal distortion parameter N.

Key words adaptive optics; thermal blooming; phase compensation; scaling law

OCIS codes 010.1080; 010.1285

1 5 5 m»ﬂﬂ??ﬂﬁgliéﬂﬁuﬂﬁ SR AR BRI R

=]

WO R P % — ROl g Ak 0 IO LA R Sl — AR AR S AT
P 5 2 1 2 A O O SR R B Efﬁﬁﬁfﬁﬂﬁ*mxvhﬁﬁﬁﬁmﬁﬂ?@ﬁﬁﬁﬂ

PERRAL N REHOL G R, gtk T FIERDEE R MR At R

I R T 5 9 R 3 SR A H QT SR RN A (4RO BFIE O 22 v 22

I LI D% RG0S0 4 TR e SLPRPERGIABUTT (MR th TR 4 210 5 ¢
ATt SR TR T4k 2R b s o e b ey DU RSP 7 R B 52 2% HE 4 E 6 99

Wi EHEE: 2011-09-01; YK EIMEMFmBEHE: 2011-10-25
BEWE: P EAEEANEY BTR= 058 b AR AR TR AA £ 4 (Y03Re21121) B B PR,
EE B A oKME®A985—), 55 I L Fse AE . EENFHOL RS 5 B 3E W68 E 7 1 BEsE .
E-mail: zhpf0530@163. com
SRR A £ 1963, 5 BEFE G 1 AR S, E N EOLR SR S B 350G BOE S T R FoE

E-mail: wyj@aiofm. ac. cn

0213002-1



i

# ot

Praf Rl uaE il . O ot s B A A 2 BF 58 N B AR B
J17F TR E RSN PEAY PR AR LA X HOE TR
IO FH B2 MR PR b O 2R . AR TR 2 e P ST A5 0o v
FOEHRK P BAR T 0 A 47 T B E R 5 0
67 P 7 b 2 AT LA T o i 3 v O AR (57 A B2
PRALAE . (EUR RO A5 O AR AN (R B A% i
P o A A 0T 5 58 1) 2 R AN ) i L AR AR
DM AL LA T S 22 5 9 TG TR A A R AR
FEXF B O OGRS S A A TE A AR 9 A 4K R
PES L R MEEDE R E AR S E A S TR

RSO IO R A i 0 2 5 Ry T 2 2
PR AN R 25 AF A TR) 3 T AR 9 S T Y 9 2
7R BRI S P R M AL AME AT T RE R

2 BUEAER
38 2 R G 3 A A A SR
SR R ) = A E . kT HEBR Shack-
Hartmann #5015 22 %F #2245 1E 8508 /9 52 00, A SC
O 30T PHAR P WA DN 2% L A% AT ) P E AR sy
J7 Il R ] 2Ry
JT, =arglU" (0, UG+ 1,5)]
1T, = arglU" G.pUG.j+ D]
K U N EIRIE, « R ILPRAT, arg HHRMA
BEAF T, T, NI x.y A,
T T 2 D T R A o T B R R
$=DB"'T, (2)
K ¢ MU HTH . T i Shack-Hartmann 75 3| 1y
RERHE B AT I AR FE, B O I A B A R
FR ) S, 7 SO A T 5 AT LA GE 2o e /s ok S
Xof % Sk 22 10 43 57 WK Bl AR T B R St Dk A A A
S R AT AR R A
B =R, (R)7, (3)
R, Ry i N pR B B L (R, L., A IR R BB sy
5 ISy (ROTL (RO, W SGE R R, A8 T
B AR DL 10 s S 2R e 3, o KA
R, (x,y) =
[x—x. (] +Ly—y. G ]
Kb 2. () s ye () TR G n D YRB & (1900 E AL R
R UK B W E BRI, p o SR

oy

exp{ln P , (D)

3 i EER Ko
AR PO A 1 U 2 MEADLRR B 77 48

Bl BTSRRI . EROUCY R &t
WL 1315 pm, K42 0.6 m A1 1.2 m. {545
NAEAEERR B R EROL . A B R A I R 5 HE
25 5 1% B % A2 R KO- 3 53 R0 KU 2.0 m/s s
Z$00.033 km ' EHIEEES km 110 km; # 6 1%
B SR e AT Bl b e e sl R R AR AL UL
1) AR K 256 256, BRI 0. 01 mo AH A
BB 500 350 A5 B R i T B E DG R
GEH A R A Sty 5 i A B[] HE 3R

T A2 AR P L R AR L T 19,37
61,127 BT AR B 85 . kA3 07 X O = MR HE A L 52
ECE M 0. 15,

Xt T RACH AL I WG SO AR
ZHCN 2 bR S A0 R i IR B RO 1Y) 5 5 . T R OR
j:,UOJI,

N = N.f(Ng)q(Ng), €))

A Ne = o L L HERIEE RO FR AR 1
S(Ne).q(Np) 4351 K

S(Ng) = (2/N)[Ng —1+exp(— Np) ], (6)

g(Ne) = [2N2 /(N — 1>[1 — (li]n ﬁm.m

ARSI T RIS S50 N R % B
EEEiEA R

TERUE T3 O R A% i AR AL A 22 1 R0
T CBEY R A% 5 W (E 0 R R OR LR IR . Ok
DEY” A EL B g Oh £ T B A B OGO 9k 43 A 36 ot
0 63. 2% R RE 1R 5 AL & F T 63.2%
WHIfg R ERZIL., BHIIRHERW S, & h#
ST AV B AL L A R I Ol BRE W (5 S S AR g Ak
T BRI EEZ L.

Bl 1.2 4350 45 8 T AS [l A2 i 45 A o AN [) 25 [
FE Y 3G NOGE RGEAME T I (E RS R L S, A
63. 200 PRI RE 9 SR AL K B BE T SR AE S RN
AL OC Z . i i O i AR etk i/ e LA
BRI . S, MIlAERBXH

S, =1/ +0.104N""), (8)
BHEN WA KRN
B=140.34N —0.45N"*, (9

M 1.2 AT LU A [ 23 [0 47 58 0F $4 4% 2500
A AR A 22 50 R . IR R O L 2 R AR D ROKF
RTINS S ' B A A A S 37 5 1) I A 07 8 i)
PR AR A T AL i OB AR U
LRy GRS (B ITPEE R K ok SR IE i ERAAVAN
JE PR IR WO 58 A R R 3 AR (R TE X A

0213002-2



TS KA

LY L ORI KN =k 2 e Tl

5

SR e ]

1.0

0.8

0.6

0.4

Peak Strehl ratio

0.2}

>
. I %&ﬁggw ﬂi

D, =19, =5 km, D=0.6m
D, =37, 2=5 km, D=0.6 m
D, =61, 2=5 km, D=0.6 m
D, =127, 2=5 km, D=0.6 m
D, =19, 2=5 km, D=12m
D, =37, 2=5 km, D=12m
D, =61, 2=5 km, D=12m

D, =127, 2=5 km, D=12m |
D, =19, 2=10 km, D=0.6 m
D, =37, 2=10 km, D=0.6 m
D, =61, 2=10 km, D=0.6 m
D, =127, 2=10 km, D=0.6 i |
D, =19, 2=10 km, D=12m
D, =37,2=10 km, D=12m
D,=61,2=10km, D=12m |
D, =127, 2=10 km, D=12m
5,=1/(1+0.1036N"4%)

TR X TG 300

dPpoEXErRRADPODIID>OD

0 10 20 30

N

40 50

Bl 1 TR R L S, BT AR S8 N ARG
A (D, FRAETL B AITR = AR IR . D o 4 0

Fig. 1 Peak Strehl ratio S, versus thermal distortion

parameter N(D,,, 2 and D represent the number

of deformable mirror

actuators,

propagation

distance and aperture diameter, respectively)

20

T

D, =19, z=5 km, D=0.6 m
D, =37, 2=5km, D=0.6 m
D, =61, 2=5 km, D=0.6 m
D, =127, 2=5 km, D=0.6 m
D, =19, 2=5km, D=12m
D, =37, 2=5km, D=1.2m
D, =61, 2=5km, D=1.2m
D,=127,2=5km, D=12m
D, =19, 2=10 km, D=0.6 m
D, =37, 2=10 km, D=0.6 m
D, =61, 2=10 km, D=0.6 m
D, =127, 2=10 km, D=0.6 m

15

D,=19,2=10km, D=12m
D,=37,2=10km, D=12m
D,=61,2=10km, D=12m
D,=127,2=10 km, D=12 m
B=1+0.34N-0.45N"*

dPOEAXERIXNADOT 4> @ B

B2 SEBEY RARE B RE)T LML S BN B R

Fig. 2 Energy beam spreading radius 8 versus thermal

distortion parameter N
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Target beam quality versus thermal distortion parameter N
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Fig. 4 Target beam quality versus thermal distortion parameter N for focused Gaussian beam
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