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Propagation of high power laser beams through atmosphere
Hossein Siampoor, Naby Hadilou and Mahdi Alavinejad
Photonics Laboratory, Physics Department, Iran University of Science and Technology, Tehran

Abstract- A numerical method for simulation of high power laser beams propagation through atmosphere has been presented
under conditions that include spatial coherence of laser, linear phenomena and nonlinear thermal blooming. The simulation
technique involves a sequence of phase screens for creating partially coherent beams and modeling effects of aerosol, optical
turbulence and thermal blooming. The approach can be used to analysis and evaluate propagation of laser beam in different
environments.

Keywords: Partially coherent laser beam, Atmospheric turbulence, Absorption & Scattering, Thermal blooming, Phase
screens

V-0
ASL g yawd B WWWLOPSIIT ol o a5 cul jliel gyl S g0 j0 alin oyl


http://www.opsi.ir/
https://opsi.ir/article-1-474-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

35 b JeSge 9 Blae D)5 iz pelol> &j50 4
doJgSge 9 Blao DS (SasSly oo @ggbio
W 50 CwSd cope Slpeas A, i, dp
Bl OIS g ¢ 3yl 5548550 onudy w9z (5,5l
30 a5 Cenl (i et (55 Aotz lae U ol

A ] YRR N SRR TPRECIPE

u(x, y,z = 0,t) = up(x,y,z = 0,t) xexpig(x, y,1)] M)
Sl dedz b Geate (698 Glase Up(X, Y, 2=0,1)
GSM JJA )‘ as 6‘0)9315 )LS @(X, y,t) 9 J.ALY Ov9Sed
(Y] a5 g0 iy 25 000 41 5 035 e g9 e

o(%, Y, 1) = (X, y)®r(x,y,t) )

6 b F(XY) s S g yao G olael 5l glo)slS )b
Y] el 35 @ g0 0 (owsS Slo,lS

2., .2
X +y
] )

1
f(xy)= ol exp[-

IO § (o

0 ool 7,5 (1) USE 55 3 ,Lasl alolas > s,
5145 SVC iloysils 5 cloamio 7 =0amio ;5 ol
S5 dedz ol Glp WS som () b,
Aol LLaal leand S J8 Gz esse
Lo ool ol 92 )0 (G2 pvgden )3
AZ st Caalies b laayY 5l clacgome 4y 5 Ll
e (51 Slxio alwy 4 AY 2 0 pdoe D)9
Bl Dh3 B Sy (Gl (GiaSL o> 68
hid a0 ) Olaee 5 0edioe sileand
PG Aeda Gl ogbie o3l bl Sbgsius
s Y e 0 Jlp g b Slxie cpl s

2 2l Glapsg 8l Oyg0 4 a5 9> (5,95 pbW
& e Sel Sedioe iyl g2 CeSd Gy
g Sy Sl ipab) iy (Sabig «Dad
6 amio o Y je ly ol gileand Caz oeb o
o o o obml B lilazél b giaie (glo,gilS

St S e olKisls VA YAY ols ©o YOLYY

doddio —)

o) 4l lasl paS el gloazy e (e 92
g5 b0 (Jlo)l slapins aige 3o (izeen
oS WS o) ol Sl 5 AL s
) sloyils bl izl Wb oo jlacil 5> 3o (5,5 4S5 )L
A8y Sl &S WS oo 4S9 pbM e @
5 IS s Bap amio o 5 g oSS gloygls
BT slad o ol Glies 51 Gt g3 sk (tal3dl
S Sl e IS aliws 4 (ST 0sh o
Oy el Gries 5 gn SWAow i JS5
SHeSh ondy il Gl RlB L s Jlo)
boosd (b (b e GiSen e 50 Sl
(EiSa (ol Azt 50 Wl o 257 57 LA L
by SIS iz et o i il i
g Oud i Rl (Sadie e 5 WS
23,50 Sy Ak Sal mg 0 Saes
03 g WEed (Six uases Joo ;3 6y el
Snboe Coeal g9bg0 (nl e Olgn sla)id
B9y Ol 4 ) (plad ugdes alS s )b
2 ol w85 15 azg 590 92 SIS S Cyx
5 or O @l s Dllug Laulyl o oS win
e L e
297 L8, 5l Gl S0 Chxr (9SS Wl oo

e @) 5 Elooguas

2 O1F x5 &l LT g5l Jue Y
¥

@SSy 5 ol (s glaonsy ;85 5 0 L

oy 9 92 Pk (Blae SIS g Lo JsSUge aliws

57 00 ol Sk el (Sl (Siasess as e

BB 5 9o 4«5 y97el pm e Wslee 3 soliial L

2ik%‘:+viu—k(5m + &g + Np) +ik(a)u =0 M)

2 2
2 0 0 2
Vi=—F=+—= 7o oae k=" alal, pl o
6X2 6y2 TP 1 2 G2

45;.)» w}o Qg 9> ‘5")...0 w}o azaa+as


https://opsi.ir/article-1-474-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

@, 1

=Ll 5
ot X CSZ a )

Vg o> ;0 g jladl cepw Coalaly pl o 4

sl X gm0 dlael jo ol 59 s yu

el lee @l Jols Loz S o 45 &5 oKim
Olye 4 0ph o Az (SusSly eviws wbiee
adsl Db @iy Wllasr Sasly ol S S
Pl iloand 09d 0 2la2 g plgly Sl
L oS coul 36 bramio odsi oluly Glee &3
G35 Al ol ed e ol owsS B &l 5l eslinl
2 i) ALl gl S S sbul 4 e
4 a5 Spbioe Bl S alewg 4 (SuiSly axs

AT o sy 53 50

0% ==(0%) *)

3

sty slonl Sy als e oles (0) ol

‘:‘:Uj‘) ‘;J..S‘J.a w).m Cod g9 00g2 dlx.c u‘)b .‘a.ms.:

oo (6 lwanls Y

S egded (55 a5 L Ll 9> (5,98 DG ]
slo G5 B 0 e s S e oS alei
Sl 00l o0l ULM M) JS.M; B L&:o\.b..b

N
N

o
s

Free Space Intensity
o o
p
\\
"

-
(
-
-

o
&
)
&
So
o
o
o
@

o
o

Instantaneous Intensity Distribution
~ -
Average Intensity by
< o o
&

o
c

o
@

NN
_~

|

|

|

0 05 05 05
x(m) x(m)

wbdie 52 )0 (i (ugden ()5 4oL el S

<o
o

Wy =10cm (5,5 deiiz sla sl (oilwal cpl jo
pbMie 9> Glaxie 3 o0 =1cm,A=532nm

AR

(it S oKasls AYAY oo (g0 YO LYY

o 050 e Jao oS e pS e e il
[f-0]ass o cons

SVC phase screens Turbulence screen Aerosol screen

g

¢ | iFreediffraction
£

wle F 1

v ‘\ Z~L

Thermal lens screen
bosr 0 i il laome eeeds by, Suiled Joo o) S

Sy e (5 ded

st i emny s a4 3 olg ol L
Gtk 4 55 655151 (ciu (Blae S g o J9Ssa
Ll Jame oads Cax (65, (pl 0gd o0 i lae
Sees jled mlBl o cel 5 WS 05 ) 5
SelS e dge (JBx azil 0 05d o0 (S50
& 5 5l el b (adge Sl o b0
il g ol S Aetiws 3 el JBs L el
Ol (V) JS8 55 oS aigfilen CanSldh upo (G55 50
aiigy IS o Subis rlrsel el sl o ool
Delee Sy Al Sl mg je (Sae 5 Dl
2y Oype & lsme JBs g caSl oo G bLS)

1#] 3,5 o iy yaS

n=ng +(ny _x 2R )
£o

2l S pp g lep CeSl oy Mg Baka o
ol glez o lastinl Layl

AL
x4 Itensity  x JTemperature  « PRefractive  y [Distorted
Tndex Intensity
- i :

To n,
Wind
v v

Sy S 3 ey (548555 ey Siles b Y S

dolee J> aiejls Sl (9548550 ey owy
Sl iogs JB 3 Oj90 4 a5 ol Sslinngyone
Ls-v]


https://opsi.ir/article-1-474-fa.html

[ Downloaded from opsi.ir on 2026-02-04 ]

S8 Sl s J s wbie GelS 5 zee
S ool 0503 i j3d zge Job Gl L Sl

S S azii -

(Sl 5 i s gleessy (85 L o L
(Sl SSL sl enny s 92 gl
$2 5% G ot 5 Olin )R Sl jladll
el Glgsse sy ol 5l eslitul b s 5 5l e
el g ol g ase oglate Lylys o 1, 5
Lo sbaso)l el ez 05 ile]oe

25 il |) ol (olad (wgien g lagsles

&=l o

[1] Sprangle S., Renano J.R., Ting A., Hafizi B., and Gordon
D.F., Propagation of short, high-intensity laser pulses in
Air, J. Dir. Energy. 73 (2003).

[2] Ricardo B., Federico D., Exponentiated weibull fading
model for free-space optical links with partially coherent
beams under aperture averaging, Optical Engineering.
52 (2013).

[3] Xiao X., Voelz D., Wave optics simulation approach for
partial spatially coherent beams, Optics Express. 14
(2006) 6986-6992.

[4] Sedmak G., Performance analysis of and compensation for
aspect-ratio  effects of fast-Fourier-transform-based
simulations of large atmospheric wave fronts, Applied
Optics. 37 (1998) 4605-4613.

[5] Carbillet M., Riccardi A., Numerical modeling of
atmospherically perturbed phase screens: new solutions
for classical fast Fourier transform and Zernike methods,
Applied Optics. 49 (2010) 47-51.

[6] Youkuan Y., Donquan C., Xislien X and Xinwei Z.,
Numerical simulation of thermal blooming in atmospheric
laser propagation, Atmospheric Propagation and
Remote Sensing. (1993) 424-434.

[7] Chun-ping Y., Yan Z., Mei-lin K., Jing G., Wu-guang H.,
Jian W., Numerical Simulation for Effects of High-Power
laser propagation atmosphere over land, Proc. of SPIE,
(2011).

[8] Ishimaru A., Wave propagation and scattering in random
media, Academic Press, (1978).

[9] Deepak, A.; Zardecki, A.; Farrukh, U.; Box, M. A,
Multiple scattering effects of laser beams traversing dense

aerosols, VA: Spectrum Press. 1982.

ARZA

St S e olKisls VA YAY ols ©o YOLYY

o2 = 4km,C2 =1x10"m=2/3 15 =1m, 1y = 5mm
EET RGN YETVIR- B S ORIV BN WP I g oY
ksl s jo ol mje e b USKS g oo 3
iy a0 g€ el S wms e Lt |, olT glas
Db g5 g gl Dad @sg ek eaies plas
4 Sl bl g2 50 0 piite 3 g (S
&g st Sl 92 (6598 pb A5 058 00 0 (9>
oy Sob G mizen g (CUSE) (6,5 4o,
d gb JSo anslio L) oljT glad o bl ke 51 i

el 00

Intensity Distribution

05- ﬂ
0|
0;% 5 05

0
x(m)
c: d:
Intensity Distribution
-0.5 1 -0.5)

| 7

035

Intensity Distribution
-0.5)

0]

y(m)
y(m)

05 0 05
(m)

Intensity Distribution

y(m)
y(m)

0]

1

0.

0.

10.

0.
0.%

05 0 05
x(m)

0
x(m)

20 edd e olg )5 AL Gl g5 Dlyess o S
Gyl dedz 5 92 fhe glo onuay (85 Sl o b g

05

$p skl p I8 S gleessay ple (28,5 Ll o L
el She a3 g e sileand Ol
b oy5d 4ol sl (F) S8 ooyl cany g2 L3,
sz 5 1, P=5S0kw olys g 1=106um zoe Jsb
Gyl ple was e olis @ =65x1072km L
(1) S ales 52 5 g5 antz b bye
D g Hlid | ediw 8 Ao 0 Cul auje A S
odd oals s h USe o Sl (o) 488 onsyy
&9 oy pl A 0 A 00,5 o cuslin ol
e Sl iy i B 3 5 03,5 el 53y ok
JS 53 (55 4858L p ogdle 92 (5,5 b ST 09l o
d J 50 50 sleoasay oljen 4 lee lyd Sl g C
G5 b a5 0ed oo oS 25 4 Cowl ool bl
Soid Sk Sab @y s Sl Bl D3 g 92
el Gl glooasay (58 il Cooal ailoas
wly )3 Slasuin 4 Grizmes o jLasl Lo 4 )50
sk 131 L 5z 5,55 b 1 ol ol 2 2

i
! . 0.
0.
0.
0.
0.5! ﬂ

8

6

4

2

8

6

4

2


javascript:searchAuthor\('Dayton,%20D'\)
https://opsi.ir/article-1-474-fa.html
http://www.tcpdf.org

