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Simulation of the off-axis irradiance of 1.06 micrometer laser scattered
from the aerosols in the Persian Gulf

Roghaye Afshar, Mohsen Hatami, Mahnaz Zahedi
Department of Physics , Shiraz University of Technology , Shiraz

Abstract - In this work, Off-axis irradiance of a 1.060 pum laser beam scattered from the aerosols in the Persian Gulf in the

presence of humidity is simulated numerically for all seasons of the year. The result of this investigation can be used for
protecting and alarming systems in Persian Gulf.

Keywords: Simulation of the off-axis irradiance of laser, Mie scattering, aerosols, 1.06 um laser

AYY
Db g yiwd B WWWLOPSEAT coles 1o 4 el jliel glls 5 yg0 4o allie oy


https://opsi.ir/article-1-777-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

sloslugy Jow ool 5o wnl p ggfl s (e
Lo 5 ot a5 Sl 9 wa J Jiies ST,
Cosdgo VUSS o ailoads Lo wsly SauSTy o,
el oals ools iolad 3 g5y (gl ST g SausT
Frt obb odiSTy 5l AU a5 T )0 00l gex (g
o0l gl ddlle )0 ogzge Glee OIS lawgs 5
¥ g¥Tog co (3 5me 5 dolan alonsg 4 2
Pscat = Pcat (4 Ztot » doff » B) = Foco
><-I—sys_det-l-noobtured Fpulse Foeam
X Tmol Taer€Xtaer@oPaer- )

H o ool o 3l 1 st ablo 5,1 U5 5Py
Jsb 52 0SB 5d alols Zigr «@se Jsb 4 e
§ g ey C ( SuSlp agly B 5l 4K e
Sled g =scategr () extear () o db sl
3 lan S5 51 ol ol a2l e Lo S
syt o Tmo s Taer J! sl U LasSye
Sy slo (6,95 5l 45 el (FaiSTn 51 &b Paer
5 9l cuye extger(4)
W Toys gt -wblboo (S5 oo SCAlger(2)
ol Gt g ewae) eyl s 51 ol

il o Sy 5 abaly olesl » Thoobtured
7(D/2)*xF,

dZ /sin? B

[f]w‘ OM]

Thoobtured =

M
o0 roz gl 55l 68 Fr g dll cnl 5o
00 S ales s D g ould dgdue &S Cwl (5,48
W PSS BAR VA
s 3 08 mez Hid b 1 ST Fpyee
1yl ge o Al Sl g Sl (6550 58T

Fpulse = éx Ly

1 dog x xsinoy )

=—x

€ sing —%d) xsin(8 + "7") '

F
Tnoobtured

4 odd )Li.iﬂ Sord &o,L Job Ly akl, opl o
o.)dﬁf AR Qb.,,n Od 9 6)}:; )\m ow’ﬁf Lgd.l,:.wj
Sob e 65 Jlaie

s 5> 03 oz 5l &Sk 5l 65 Feam
elise oy 5 alaly b g il oo (590 sl 800

AYA

St S e oKisls A YAY oLo..{O YO LYY

doddio —)

o IR L ks a4l ead yanne lag
9dso JXE g peiians s i 55 L8]
slo (b Jods 4 55 5l S8T joome 5l 2 0 aSL
sailes g oad oasSly i) lagiy g de)
el g3l ST L8 INES Bleo D535 5 (25
@ e 5l 2B il KaT 5o Jalge onl (cond o
Lilid sy oanS aex Slakie Gl (S
3 )0 (K &3 (JBs 5 Sloj uaBye (oulillen
79> 4lad 5l (A6 (SuiSly e (Slinios ) ol
A 50085 (858 52l 1) ae) o 6 9 )3
ool 0 43,5 5 0 lae 3 5] Lol SaiST,
chee Blao 05 Sl Jol> (SaiSTn ) e Jelse
Slee 5 Bl Sl S5 4 S 4] 45 el JIE
Stz 5 ol o Dlsyls Koiny lga cond Cugbs,
S9) 2 IV B TF oo Cugby Sl gy p b B
o oSy (5 ey S Vot e 5l jme 5l )5 ad
sibaia s Jlo Giliie gl Jad (sl c3las 1,5 5|
Jlys "o 5 vsz) oleiin Joe 5l oolial b o 2o

RAJ WA SRV

S Sle Y
0aiS Ty 2l s ot 3590 50 o0l eolatul Jow
05 1S 50 od HILET ol [ (Blae OIS lawgs oals
@l Joe )5 Homme Sl )l 50 Cé‘ﬁ\cé)}fj Slaia
oad 2,9 Jow ol 48 el Yoo A Jloys 0y, 9 S,
5 SSESe @iE Gl g 69 Bl ol aS el

aerosol '

Roy '

Reid "

Laser Warning Receiver (LWR) *


https://opsi.ir/article-1-777-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

g(RH):DL(RH)

Dary \)

oy 9 Gjlw amd Y

Sezge Blae Bl ol (gile 4l @l isw (ol o
e Jeb 9 () )l mds ddhie (o
Jead 10 laote s Cosb el ool plosl 1.064m
S50 polie ] oo L Y Jga o Jl calize
plas)le ) 4 beye Glayelly jo el ad s
«c=3x108m/s Ry =30[mJ /laser] .A=1.06m
Teys._det =045 (¢ =1.3x10"8s
.04 =0.0654rad «Frnoopured = 0-9395
Tol =12 <D =0.04572M 64y = 0.00013rad
Cagb, g @l Ol sl ol mjer yel)ly polie ) Jeus
TPl gl Jomd 5o (o

N, | [um] 1 | RH®) | &

Sle | eerye Y. Y | -vf.
Ol ey Y.AY FA AAdd
b ..o q¥ YV £0 .59,
Ol LR Y.of Y- - YOy

solae ¢ Blae SIS o3lail mjei sle el a4 5B AU
D3 yge 50 o)l (S 8L oS g zse Job
dsle lo (555 (sabwy 4 Wlgi o 5B R 59,5
Gleo 3 gl esle Slaslms 5l ol ¥ SS9

e o L ) )8 s adlaie jo Lo Joa

Phase Function

0 50 100 150
Scattering angle[deg]
L SuSly saely cas 38 SasSTy b loges ¥V S5

o gl dilate Jlo Jpad 0 7V B P Cugb, do o

FE zse Jsb b agin SoSly 0 a5 ol Jds o
‘L’/_w‘):;..i;ﬂ.go)é(_gﬂ?)é‘;d.f|ﬁ‘0)50)“..&3”.34\.“.:&0

AY4

St S e oKisls A YAY oLo..{O YO LYY

z gbeam R 9d I:rnoobtured

7(26beam)’ 14

Foeam ~

26beam )
Rxoy 22x60eqm <l oad 5,8 YU akl) o

S9dsr ply Fpeam U R o oelnle

LWR [ . doff
Blee S alows 4 i) a0l (ST Coadge Gialed i) S5
o alols o dOFf U j9me 5l )5 alols 5 o5 (g5le (ST

Jsb 0 0ai S b 5 Aol R oy oS g (SosSTy, alais
Cewl 00l ools u‘“l-“-’ Ztot )).J AS;)L Py

SIS 59y 21y (o Cagh,y 1L A oS sl
Ol el aS el Bl Sl bwg 6
SIS p ope Camd Oyge 4 a5 Sl (SuSly
b (SoSTn coye @ RH s cosb) b b

0logs go iy gl gy

scat(4,RH)

F(%.RH)= scat(A)

)
Jled g (SaSTy copo (o Cugb) (58,5 s o L
Wgd oo lo p) bils, b cws g s (SasTy

Vs
scat(4,RH) = EJ‘D Qscat(a,m(RH)) xD

«(gRH)? x NP 4
(g(RH)) i &

B f (RH) x scat(A4)
~ f(RH) x scat(4) + abss(A)

@
)]

D s lee b o)yl @=2D/A ¥ alal, o

0y g Qscat(a,m(RH)) 9 dl‘“ “:")‘5 )“‘5
Lol Cobo e bae (SaSTy

Sed oy LSl b Ol Qi s 4 lee o3 L
Sis 4 ogbpe jhd Cowd Oye0 4 a5 g(RH)


https://opsi.ir/article-1-777-en.html

[ Downloaded from opsi.ir on 2025-07-14 ]

5 1PD o Sosb, bl g jmb 4 Cad LY 5 TFA

sl ey 18Y
10"
»— Winter
E) " —— Summer
=10 —+—Spring
g —o—fall
g 10"
o
K
E 10° N
B L L L
10 o] 50 100 150 200

Scattering angle[deg]

970 )| C)l’.' alold o> p o..xj).sf Ls._él;)o Ol )‘Q}AJ. HA) JS...:
el F0° STy al;

SrSams -f

Tl ol caenl Jdo 4 Slages 5 cpl o
Colan slaSige 5l eslitul Jlis! logas 5 o)

s 3l B Dol Glad Gt 5 55 bl
ads Glae 3 5l oad 0aiSTy (6 yteg e Ve Fe 5
OB o by Jle it sladad sl el
5 o 250 ol Els e ool Cusb, wo)o
Slidss I8l 5l Jols bt .ol 43,5 1,3 aslllas
509 e Sl gyl kol (IRl L o el ol Siky
ool loows 5 (28,0 Dad (e ((SaSTn sl
aeS 107 B Y laangly 4 Sy wad b e

dame o Casb) il L il 2yl ol ok
w00 oég}é‘ Lmoddﬁf @Sb)é (R

&=l

[1] shettle ,E.p., Fenn ,R.W., Models for the Aerosols of the
Lower Atmosphere and the Effects of Humidity on Their
Optical Properties Environmental research
papers,676.,(1979)

[2] Roy N., Reid F., off-axis laser detection model in coastal
areas, Opt.Eng. 47(8) (2008) 86002,1-11.

[3] Michulec J.K., Schleijpen R., Influence of aerosols on off-
axis laser detection capabilities.;Proc. SPIE 7463, 1-12
(2009).

[4] Bohren C.F., Huffman D.R., “Absorption and Scattering of
Light by Small Particles”; 550 pp., John Wiley, New York,
(1983).

[5] Zieger P., Fierz-Schmidhauser R., Weingartner E.,
Baltensperger U., Effects of relative humidity on aerosol
light scattering: results from different European sites,
Atmos. Chem. Phys., 13, (2013)10609-10631

[6] Slutsker I.; Atmospheric Aerosol Optical Properties in the
Persian Gulf .; Journal of Theatmospherics 59 (2001).

A¥ -

St S e oKisls A YAY oLo..{O YO LYY

Ol § Gl slohad gl g 095 g0 00 107 5
S (SAS T o)ls (i Cagby oy hae oS
P Lol eSS B bl el ol
&b Jdo 4 ol g ams o lad VY7 Soop slaaygl;
Sy 6,05 5l a5 el Blae ol STy, 5B

] o.xJ WJQJLSLO
ol @ Cand 05 Sy oad Sl s VO SS
a9l5 0550 (pl o el unlS poal a1y jee 3l 2,

LSLQJ»AB ).) w‘ o c\..ﬁ)f )JaJ )\b \’O édj‘f
9 PN (i Cogby oSS a4 AT Gl g oLl

Gl L Ss el gillae 5 (6 i Sl wenl TV
ol 4l 2alS Bad e 5l g5 salold

10 —
T “—Winter ¢
107 —*—Summer
—+—Spring
—e—fall —

Irradiance[W/m2]
3

0 05 1 15 2 25 3 35 4
off-axis distance[m]

By )l C)lé alold [emiwe e a&).:f k5.;!1;).) R W) )loj.oj Al JS...:

)+ FaS1y 4l

Al»aléwﬁl) o.\.S).:f 50 ol by sud FOSs
asly dy0 (nl 0w s ) e 5l g)l5
09...;640 odalive .ol 00l M)f )Jd-i )'5 fao ;‘A—'S‘)”
4 Sl (§ A Rl Dal (SaSy aly mlBIL

Db e Vo7 SasSTyy asgl;

Winter

Irradiance[\W/m?2]
K

T 10}

1075 L *\wF\}M

0 05 1 15 2 25 3 35
off-axis distance[m]

gzl gl Alols cavs oS S8l s ad loges F JSS
el $0° _S0S1 4l

o 1y eni S S8h e sal ol 0SS
5O ¢ dl”“’ Ql)f) )‘ IR 0&5‘).4 dS_,)L, )l J,.al> IR
TP o Saghy w )0 bl g Ll g


https://opsi.ir/article-1-777-en.html
http://www.tcpdf.org

