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Analysis the Persian Gulf turbulence effects on partially coherent Circular
flat-topped laser beam propagation by regarding the reciever optic

E. Kazemian®2, B. Ghafary®
1- Physics Department, Iran University of Science & Technology

2- Science Department, Maritime University of Imam Khomeini

Abstract- In this paper the analytical expression for the elements of the cross-spectral density matrix of a partially coherent
circular flat-topped beam propagating in northern part of the Persian Gulf turbulence has been derived. In calculations we
have used the extended Huygens-Fresnel integral and variation of the rate of dissipation of turbulent kinetic energy of Persian
Gulf. The turbulence effects on beam spreading and the aperture and lens effects on spot size and the detector’s received
power are calculated. The results may be useful for underwater optical communication systems.

Keywords: Underwater optical propagation, flat-topped beam propagation, spot size, underwater optical communication.

Yvyv
ASb g yiawd BB WWW.OPSILIT Colu o 4 cuwl jliel gl)ls a0 0 dlin )


http://www.opsi.ir/
http://opsi.ir/article-1-480-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

Lo uT o glogmls géLa).w ¢ p LSl =Y
3 Slonls U8 b Blo s g 5l (AU (S Sl Glage
S plie fgeme Dygo a4 (e |, 7=0 axio
2,5 Sl laslginl Slabue i ;0 cwglS slogs

N ( \n-1 2
000 - A S0 o |

n=1 Wo

ol aals Slas cs s N g Wy (A ] 0 a8
wil N=1 (85wt (Bloyw az )0 9 4y )k 005
F=(X1Y) wpiier bass coslf 5in & (1) aba,
LS g el oaiian b a0 abli 5 olSe oy
ool g5 Ll Glnl) p o sgee gom 9o JUSH sy
Dypar odiiuw b dmbo 3 (el (S8 e polie

il 2

Wij (Fl',Fz’,O;a))z
<EiN (Fl’,O) Ein (Fz',O)gij (rl’ —rz’,o)>

cSly cadle gl zgoie Slis o)ln cudle
Sllae bl degerme 59, 15 Sl Silis
bl ge (ol B (sl 50 pwgden 4yl 50 S xSl
O oS Cwl olad swgaes a4z gij(Fl’_FZ"O)

M

IV s 0 ol 23 @50

2
N (7 -5
! ! 1 1 2
9ij (rl -5 ,0)= Bijz_exp —
iz N 20 gjj

D)
i= j —> BIJ =1
when<
1+ ] —)|B|J|§1
Eke (wgdan az,0 gldd Fge (Sye Ogi o] o oS
b B Gl beg (SaSly g ode 88
() aasly 398 0)lge (28,5 S o bogd oo (e 00
9 Z axho o o syl o9 B9 Ly

YYA

St S e oKssls N YAY oLo..{O YO LYY

doddio —)

Slple 3 69 Fn ol ) e slasls Sl S
Sl b glasb sl obdis slalaswe g ol;l glad
oot Gl sl Blojw slagin ol b g
Sl e b o S @Sl Jde 5 aes
2l @b lasl bame 5l (g5eS (603 50
eise IRiags | s M sl 3 sl
) pbdie Glso 5l Sloyw g5n e il dasie
Dl sslesls J8 daxgi 5490

5 8 Fr solanl )18, 9y obW b e
Py JiSm i o Lo i gble ol 56
o s olis g, p [V]cwloas wyp owslS
Fn 89 by 2l Wb Sl egaz o laslas
edosti B Lol mls s lopls Gl
2L Lt ) sds aslllae alie ol Gas ol
sy 2 sslite ol sl e Sl 0355 L
bl b (J&e pmple polie (3L 6l (el
S ome 5o lopls Bloyw g5 pugsen 5n sy
Jih eiSpn ol oslisal b o s olodlie (sl
Sad idsS alaly sl eolainl b s ewloas al )|
005 5 Sl 5l yeee 1 e 5l KnT A oo, g5
4 1 8en (qwse g oo g glad 4 gl Jold
A0 g celoads aulbrs yie gl ow S55 alold
St g, aS) il ay b (sligy abar, 51 oolizal L
oSl dslur (g5, 5 00ipS dmio (55, odd
A Pl )y Ban a5 Sl ol 5l calond aloxe
ST 5l wilbee il Al (oS G 2
# ) Ol Gla peizmes g Lelse ple 80
sl b g ([Ywleas aculxe L3 ola )5
Sl Sl heb miei 5 oad Jlasdyo T J5 e
25 Sopd g b Sllugs 5l (LAU 8 CeSl o8
e S lad (1) USE Casloadams S L
ams o bt | anlllae 950 (5 ,Li

~— @)
m /,J;_.IE
- / Detector

Lens

Transmitter

——
Oceanic turbulence

Aperture plane


http://opsi.ir/article-1-480-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

f(x.0,27)= (11 /o)

)
x(mze‘AT +e A0 Zwe‘ATS‘S)

5 =8.284(xn)"* +12.978(xny *)

Depth average of Turbulence Kinetic Energy

o

"ﬂKE)(m:s-)
oM e >
|

-
gt

10

0 30 60 90 120 150 180
Days of running

Sl Gas )5 b3 iz (5551 I 5 Slyeais ¥ S

DT lsls b e 51 oyl mals Jlos o

S99y 4lBd) dijg, Axho 4 odew, gip Dud
3 eslaiwl b .cawlonds dwlxe [¥] &>y (oo, I
s 0355 3ls slp Jibr 9 0y ol b,
ales (59, wad ol Jo] clulxe o Sl
ools (Vo) alal, b 63g,5 Sets) il by 5l ST
- oo Gy 3 Oy a4y eles alal, [F] 5pn s

D¢

Wrz(z)zzﬂ(XZerZ)l(x, y, z)dxdy @
”I (x,y,z)dxdy

Lo ,glws -¥

30 5 Slawbxe,s ool colawl B8 iw polae

moad &l asie Do a4 5,500 lade a5 (50)lge
e B BT

W, =0.0045(m), z =100(m), 6 =1.5 (mrad)

P =0.2 (watt), A =532 (nm), o= —2.5,1=10"%(m)

Gxx =Oyy =Oxy = Oyx ZV%O (M), Byy =Byy =1

n=1.345 A; =1.863x10%,Ag=1.9x10"*

x7 =107 (kZ),Aperture radius = 0.05(m)

Oy 05 wilas g5, WE(2) ast ojlul (F) USo
G’eLo)M @lize gladz o slp g el alols ;) Lsz.gb’

Yva

L S o251 AYAY oless YO LYY

aibos (F,2) ahais & (F,0) adais 5 Jame ;0 onigd
Dl

Wij (Fl'rzlz):(noko/Z”Z)2 _Ud rfjjd r
Xexp[(jnoko/zz)(rllz —2F1.F1' + I’12 ):|
><exp[—(jn0k0/22)(r2’2 — 20 ) +17 )}

xTij (H, Fz',0)<exp[y/(ﬁ, Kz)+y" (6,1, Z)Dm

9]

ol g S

<exp[y/*(Fl,Fl’,z)+y/(F2,F2’,z)}>m =

exp| [ (-5 +(7-5)-(F-5)+(5-5) | @

x[(—47r4z/3/12 )T K (K)dl(}

0

oy Sllug glad Sy b gy (x) o 0 o8
0)-‘-»-'-‘-4 9o 6‘4.1.0? S )‘ @)bsb? aS el CanSs
2 2P Sildae ol )3 aBlios 6598 9 Lo Sllag
2 IS cul S ganSs b og ative

dn (1) =0.388x1078 Y3, 1Y3

*)
x[l+ 2.35(/(77)2/‘1 f (k.0 27)

Al ;o cebd cia> g5 BWl F & ol a5
on o)l s Jled Glesl o a5 cl o)ls o>
0.4x1072 m?/s® 15 layliws; ,» 0.1x107% m?/s?
O gedans o andl (V) S8 S oo et Laliasls o
b b 5o 03x1072 m?/s® o, ol
whie 7 Ivlewd st s 06x107 m?/s®
WO sl Bx107°M s a8 Ceul B SeedsS S0
AT S (oo S dond obX 6l 0.0IM G 58
It S casles mpe eSke M|
@l 1074 K2/ b Gipns Wb (gl 71070 K2/s
V) ably US54 58 Fm) 59,00 58 b2
b polie A g Ag o A o] po 4 gl e el


http://opsi.ir/article-1-480-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

4210

—Summer, N =1
---Summer, N =5
3.5[| —Winter, N=1
-=-Winter, N=5

L L L | L L .
10 20 30 40 50 60 70
Propagation path length (m)

Jj.!a o> p )LM:)&...:T axao (59, <J o)‘|..x3| X 4.&.]9.,4 :f JS...:

Spot size in x direction on detector (m)
~

s L
80 90 100

o
S
=

—Summer, N=1
0.12 "’Su_mmer, N=5
—Winter, N=1
-—-Winter, N=5
0 20

Detector's recieved power (W)
2
>

40 60 80 100
Propagation path length (m)

5 L8 s J5b ey Lo IS8T asgs (285 (s 20 JSC
ol g Gl o Galisee lo p Sl o sl

S5 a5 —F

Sl aln (sl il Sllad b ol 2
by 5o edigd yaiie lopls CBloyw o Sul
Wo S aasMe 00,5 dewlxe ()b zds) bl
Slgin b awlie o YL (Blojw az o b slagiyy

5SSl Foml (Blojw Slrpo b alie
55U Gl Jad jo ol cdalin aijls obye oY
P SN e p b s 5 B2y
L;"BLo)...u a0 L: 6L°’55)1f. Alodsd Cypie el pre-ae
Ayl bye b L;Le‘):l 30 GBS (Sab e SV

&=y

[1] Ghafary B., Kashani F., Kazemian E., Reliability Analysis
of FSO Communication Links Using Aberrated Divergent
rectangular Partially Coherent Flat- Topped Beam,
1JEEE. 9 (2013) 13-19.

[2] Kazemian E., Kashani F. D., Reliability analysis of
underwater optical communication links in different
location through Caspian sea, Optik, 124, (2013) 5184—
5188.

[3] Mosaddad S. M., Delphi M., Numerical simulation of
turbulence in northern part of the Persian gulf, Indian
Journal of Geo-Marine Science, 43 (2014) 252-257.

[4] Kazemian E., Ghafary b., Circularflat-topped beam
propagation in turbulent seawater, 2nd International
Conference on New Frontiers in Physics (ICNFP 2014),
267.

[5] Wen J. J., Breazeale M. A., A diffraction beam field
expressed as the superposition of Gaussian beams, J.
Acoust. Soc. Am., 83, (1988) 1752-1756.

YA

L S o251 AYAY oless YO LYY

Ax A: (4dlxd2x - d32x )_1

)
NN (4agay ~17 o )(471crax 75

XGXP(—kgrz (dlx +d2x _d3x )/Blz (4d1xd2x _dgx ))

Ay Ay 4y, dy — )_1
y Ay | FUiylay — U3y
(4061y052y —Iz/agy)(471y72y _732)’)
exp(—kgr2 (dly +dyy —d3y)/312 (4d1yd2y _dgy))}

)

X

Ol )l s Jlad jo s Jgad o (Sl
Ot bl y8lo s slagiy a5 cul maly aes o
979 L 055 o0 alamMe (rizmed Al (55T (Sod
S sl y8loym slagy Jsl yie aiz y0 oSS
Sloyw Sl o b slogin 5,90 Jolsd jo Ll iyl
MalS Sy o0 (SBipe )l eatrin Hlade 4 Gl
R e R N
& Npdyee obW ke b o e slagi
bW siix (65, BW # 5 0ed oo cdnlive ogdle
ailsog, 51 lee OIS jiion 8955 Judos Lilinw; o

200 Fp (SAD Gy 5 S RS
Sl g azm s 5l s 5l om B sl (F) US55 50
0) o jo caloadosls lis sl K61 (g9, 0 S
sl e Job o L) ICET 4 e, ol
b 0gd s camline IKLT casloaiosls  islad
Sl s8lS SUlys a8 sas bl (5,9b 003 S S
Iy Sglae Jolgd jo 5 calides @l o b CBlo pus slogi

sl s YU s |

b=

o
=
&

— Summer, N=1
---Summer, N=5|
——Winter, N=1
-=-Winter, N=§
80 0 100

Spot size in x direction on aperture plan (m)
= £
s
2

L L L L L L L
10 20 30 40 50 60 70
Propagation path length (m)

Jsb s 003 15 (605,9 ailed (g9, a8 o3l X adlge ¥ IS
bl g Gl o alize Slo s Ol o sl jlissl s


http://opsi.ir/article-1-480-en.html
http://www.tcpdf.org

