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Simulation of atmospheric transmission characteristics of laser at 1. 06 um
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Abstract: To study the atmospheric transmission characteristics of laser, the laser power attenuation formula was
established at a certain distance based on the general model of laser atmosphere transmission. The laser atmospheric
transmittance at 1. 06pum and the power onto the target were calculated with MATLAB software. Results show that the model
provides the reliable theory basis for laser influencing space probe and remove of tiny pieces, and certain reference for

further study about laser atmospheric attenuation characteristics.

Vol. 38 ,No. 2
March,2014

Key words: laser technique; laser transmission; atmospheric attenuation ; simulation ;space debris

51

T

1960 4=, 3L [H ) MAIMAN 1§ o fE 5050 & FZL
AARTE THOEHTH, WEEANTEET IS T X HOEER
BRI o IS AE AR HOBHE AR I
WOCAFEA T8 WA KR o X SE R I T 5]
T BRI E B CEM BRI S o 2T
FHIBOETE BR 25 R E A © 28 0 — WU 21 T B,
IRZ EGHERAEATHIFE . A Sandia SLH % | O-
RION 4] F&[E[ () DLR ) BLAF 58 I S5 042 Hh 1 A
I RO BR 25 A1 R 7 SR o (HEHOEIEME
22 FURZ N R B2, 5l 0L d R
AL I 552 B R0 1 R L5 B MR AT
S ) SR DR AR R AL 1 A ) i 9L A A 5

VER TR RIS (1988-) , 55, WP 5 A, A
Ji 1 s R G BRI S E

# IR & N, E-mail ; chenyongl990@ 163. com

Wk H 191 :2013-04- 12 Y BB Bk H 197:2013-05- 14

TIPS T RN o A AT A
e SOOI R U A T A 1, A S
LA 1. 06 m S0 R 1], S 45 1 3O6 R UL i 14— e
BERGEPEAT T 055, SRS 1HE T OGN .
1 HERRSEERE
1.1 BMAKRSRE

R B R P SR 1% iy T3 3 8 A2
RGN B oA PR U5 R R
3, LR IR (SRS BT Y)) it <
VAR 01 ) WSO S 5 | S SO B i Y 3
B, 1 B S ARG 5 R L 5 DS B0 AR 1) i 5%
gy KRS, O Y 2 (A A 1R T B, S0 3
S FE BRI

AR A s AR R v O R
RAELRT(v) N

T(y) = 1)

_[0(7/) ()

= exp[ - LLk(V)dL]



F38 4% H2H)

Bt 1. 06pum MO IR LA LB 267

Kb I(v) Gk L ¥R e B ROeaR; 1, (v) WG
5o X TSI A
T(v) =" (2)
b SRR AR 7 =k(v) L, K k(v) 2
TR, R TR o, R TS
o, FTEBWBRE o, T BEHU 28
oL 1B
k(v) =0, +0u +0., o,  (3)
A RLREE R k(v) =7, + 7 Hof 7, 9ol o
FHC T, R E S R X T IOk U, R/
F 0. 3pum AYERIMERR T A9 A L A o3 15 N
W, TR T 15 um B L5056 JL-T- 9 R B9 KR
A S AR A AR, A AT UG  Twm B3
3pum ~5pm,8um ~ 12um ZLANEIRILAR >, HAA R
R AE T R, X BB Ry R E AT,
1.06wm FBOGHEE T o s 110 N A Rk
Xy AT LA 423 o TR T U 7 5t R ECk
Y, 73 HOH T B A BT BE SR AL BE, X B SR A
o, KIS THIH RS o, ATER N
0. =C, N (4)

stofr, ¢, = SIS (0030) ¢ gsi ot

30TV
B, N Ny B B AR B ) 3 8, p o 1B e PR
T, —MIBUE N 0. 035, n S 4T 53, A ORI,
T R AR BERE A1 AN B Ve, S B 1
It R AR e 2 o 30 S R R LA e ok 8L (H
HRAKXIKE R, SH R 6] h B4 TR

TERA S BRI AT, =exp| - JOB(A,h)dh] ,
Horp T 2R R BAESE 5 L AR L B(A L h) 3R
AMERBR A FEEERE b LR T
5 M A I DAL DA o 3 J3E A B0l A S B i
A, TR EH O Mie U254 RTHH

et o 3.91(0.55\
Mie Heit R EO o =2 (007

g = 0.58V7,(V < 6km)
{q 1.3,(6km < V < 50km) (5)

g =1.6,(V=50km)
Kb,V oRREILEE
JIr AR T=exp(olL) (6)
MO T L R R RAEUHE R T(v)
L 3.91(0.55)"
R T R

1.2 EHABRT
H T 7E KA B Hhid 25 52 31 K I 1 5%
], O R B f R AR BB R B3 4
WAEBOE R 4T — B B L MG 2 )5, el H AR
W B AL O E R A AR D AR
D =16 (8)
K, 60 G AU (rad) |, AL 45 6T S K B
0, KA WS T 8BUH 6, MEOelEE sl 6, 19
AU TR
0=(6"+6"+06,)" (9)
XHr,0, =1.22(A/D,) Q, Q F OB 1, A
—h 1.5 ~3,D, HEOGE LS N2,
HOEIE R HE 2 5 BRI K 5 BRI A 1
SR O X BLRRE 60, = 0,720 BRI 3000 o
SERDEHRY B R 60,7 ,0, = kA/ry,ry WKW

TR EY Horg = 10,423 (27/A )Zsec(lfdh X
C,>(h) |77 Jrp Q Jpg s R T fA , €2 (h) M
FE b Wi TS A5 H A . — A Hufnagel 1545 .
C7(h) =2.72 x 1073072 (h/10) " x
exp( —h) +exp(-h/1.5)] (10)
Hufnagel-Valley £ .
C2(h) =5.94 x 107 (v/27)h" exp( - h/1000) +
2.7 x 10"%exp( = h/1500) + Aexp( — h/100) (11)
b o AR B 2Im/s,A=1.7 x10 “m ",
Hufnagel-Valley Biggffsizy .
C(h) =8.16 x 107™*h"exp( = h/1000) +
3.02 x 10 7exp( = h/1500) + 1.90 x
10 Pexp( - h/100) (12)
FIHZ 230K 3 ] v T 2 B R ] B 45R 15 0 11
Ho WTE L &b, EBERST S 24
S = wD*/4 = (“TLz) (6, +6° +6,°) (13)
1.3 INEZRHE
B A BB, it Do Py WO R HE
R 6, KB R T(v) 516 L bY)5h P, M
X ZRBEFE R py B4 Py =P T(v) ,p, =¢P,/
(D) b W53 A 76 R BE SR — 5 30 Y B 1 6 g
A3 El, — W HLH % 0. 838, T LA A 45 B 41 3y % 5%
N
p, =0.838P,T(A)/[w(LO)*] (14)
1.4 (RHEHEESH
BWOGL R KA i J5 Bk 25 ), 4 s 44



268 B

Jt R

2014 =3 H

TSR R FERPIIRE H AR A —
ROV o AR A el F RSSO ) BI{EA BT 225 . 3R
1) Y ) — S A 2 ] PR LA A LA BB A
PR OCA , ANfl NIRRT A5l 2 BRI

Table 1  The space target damage threshold

name of the object thermal damage threshold value

multi-spectral CCD

2
array device temporary damage threshold 1.43W/cm

mixed InSh

infrared/Si-CCD temporary damage threshold 1. 73 W/cm?

photodiode temporary damage threshold 1.73W/cm?

L . evaporation vaporization threshold
space is tiny pieces
P ve 0. IMW/em? ~ 1MW/ cm’
arrays of avalanche

photodiode temporary damage threshold 1.73W/cm?
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Fig.1 Relation between atmospheric transmittance and visibility
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Fig.2 Relation between power density and visibility
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Fig.3 The increase in power density with height from Okm to 80km at
different visibility
a—the power density variation with height at 3km visibility b—
the power density variation with height at 30km visibility —c—

the power density variation with height at 60km visibility
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Fig.4 The target power density curves at different visibilities
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