[ Downloaded from www.opsi.ir on 2025-11-08 |

e, 5 Olnl Sgigd 5 Sl Gl S (el 9 Cannns
IRl SE9558 (59l g (e (el a8 o3l
i OlRl OlRe (so)lss ol

VYA e 1510

<
e
D 0N
\

U’/./'}:’oz’)

295 Oloo 33 S 53 Oy 9 b @39 2 SUIP Glowe 53 b A,k @398 0928
tﬁ)}t?" gSUb &)b ungmb' 9 PSR w_f)_, 39

* 69 g%umme Loy (5Ll o Slobw LwgiT ( ood plins « cigolw poli

Ol l o) Je ¢ Sy s oAG1D cLowwdly g 3 00l g

n.siahvashi.r@gmail.com, moslem.hamdami@gmail.com, a_arabaninan@sbu.ac.ir, *r-massudi@sbu.ac.ir

iz 0955 5 (g GialyT bl (o0 (635 Gl Al S B (51 pRetes elio CokeS 5 YU Ol bl AL & (ol — oSy
b 90 chad ST (5 gleg 4 gle Gyl 0 1 Sl (6505518 b 00 (o A kS 50 (NS 1 jlnny (S (Gl Al )0 b 4S5

2 owlb alas 50 a5l 29395 095yl oudlie axbo (5 0ehS V.0 alold gl g Jb ailds ;0 Gilge s g g (5)lg0 b aw (55lg0
U] B 43|)‘ <J> 90 3 6')‘? 399 9 J.mf u‘M [WIR W) &Y )515.1.0 Q" ‘5‘).3 RO PR ey 7 ASJ)L wsmu 9 QU9IeR g.us)a

o el onds wyp b dl'..ﬂ).i olod (51 590 Glowo H0 cudline axdio 35 w0 40 0y e lgi Hladie uww jO lgi HI0g05 &I, b Crusoen
Cons 41 1 4S50 &2595 ot b 9 ol A0 50 B (T (s Aliold 5 9 b 4S5 0,508 o3Il (38,5 S5 50 Culi L 45 w0 (00 (LS Jol>

39 b (oo B A jo S (635 p0 B (gl ud 29595 Sl 9 Sl A g0 90 I ey 590 Gl 3O w5 (g Hlade (e i)yl
ol Gl ailas jo b asly 5l a b alieo (G505 1)1 (o led (o 57 4505l By 5 a5 wpd oo oyl s culed

U"""b FHEX PR é:)y o yO L)‘?" da dSJ)lJ wsmb 9 Mg ga.»S).o (WD Lf""‘)." _°j‘3 KWLy

The effect of beams distribution in the near field on the intensity distribution
and power in the bucket in the far field in laser beams combination

Naser Siahvashi, Moslem Hamdami, Atosa Sadat Arabanian, *Reza Massudi

Laser and Plasma Research Institute, Shahid Beheshti University, G.C.Evin, Tehran, Iran

Abstract- Achieving a high power and high quality beam is the most important purpose of laser beam
combination. The geometrical arrangement and the beam distribution in array aperture have effective role in
beam combination quality. By applying the beams in the side-by-side arrangements of a single line, two parallel
lines, three parallel lines, and six parallel lines in array aperture, and with 2.5 km distance of observing plane, the
effect of the beam distribution at array aperture in coherent and incoherent combination has been examined. For
this purpose, the distribution of near and far field intensities for two modes is presented. Also by presenting the
power in the bucket diagram, the amount of power localized at the center of the far-field observing plane for all
arrangements is investigated. The results show that for a constant beam waist and constant distance between
beams in array aperture, the amount of power in the bucket increases more than two order of magnitude, and the
intensity distribution width of central peak decreases more than one order by changing the beam distribution to
the square arrangement. Finally, the results show that the profile of the combined beam has the same symmetry
as the beams are arranged in the array aperture.

Keywords: Geometrical array, coherent and incoherent beam combining, power in bucket. Intensity distribution, array aperture

Yo
Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


mailto:n.siahvashi.r@gmail.com
mailto:moslem.hamdami@gmail.com
mailto:a_arabaninan@sbu.ac.ir
http://www.opsi.ir/article-1-2167-fa.html

[ Downloaded from www.opsi.ir on 2025-11-08 |

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYA Crage 151D el eyt ez o olStils

9 S5 e Sud gje jsbaie (nl (6l Sl 00l (o)
&8 Sl o b olyn U oad I il e sl 90
e Sged &l | alisee gl u,....")—l Ot 8 Al (s
Ao 35 50 ;0 0 B0l led ade w0 (lgd Jloges aSlIL
Sl 00 r > wul)] ‘SALAJ LS‘)" 99 Q‘M B oo lie
S99 9 Joe!

amio ;0 o 4ok oo 5l ol Dl 98 el (1
i8S 5l 0 py Sype 4 4l e (Sl Gl waalis
el o0l

En(x.yz)=Ap(xy.z)xexp[-ikz +idh (x.yz)] 1)
aSo,b o a by ye 51 a5 4 (1) yloue aials xy 565 An (1) oS

98 w25 by b sl aSi )b gl il (oo (597l y

:M)lo

A (xy2)E Wo ., (_(x —xOn)2+(y—y0n)2) o
nx.y2)= Ow(z)\'p w(z)?
2 2

Dn (x.yz) _exp{—{k (X “*on )2R+((Zy)y0n) -&(z )J } (€)

=98 4,k by n 350 505 18 e Kon, Yon) &5
el [l las s 6N

Olye 35 9 (o255 AL CudsS sy p jokaie 4 uizen
50 odnlie amio oo ;o ialyl a5l 6l ens il g
aS ol 0ads oslazwl (PIB) o 30 ol sl 5190 lawe

A oss oo cinyms 5 alal, &g &
2 RB

P= (5 I(x.yz)dA (4)
00
FE TR L R PRGNV TSP | g S gl Rel> ol e as

D5 00 0318 ) Do 4 A Conl osalin
I(x.yz)=(ZEp(x.yz))x(ZEp(x.yz ))* (5)

b 5 g3l 4t
sy B9y 4 ) b ALl S 0w ol &S jshailes
2 0yeS 0jlail g 1o ol o alold o 4oL @595 0925 sl @
Ol 5 Db @ 59, (Seop ) (b alaes 3 4y L
slopls &ly o b ailas .l S5e oy (oS 5 400
oz Gl ol 3b e aS b a5 qwain ()] 2 oo ol
alas )0 b 4k @5 0928 ;U (o yskaie & il oud
(b sl Gl 5o SlsslS Y (gpd 55 AL YE (b
Sibe dd Silge b il g ilse b3 aw slse LS g0
T ooles (sl ol (gla (g3l dds S il o

doddo
20l olshd Gl )5 9 V48 gams o 5 gl sl 5l e
i 092 cnl Ol Kty Blaal 5l (S wilizie sloojs>
o35 0] el 039 SYL Olg 5 CedeS b 55 slaaSi b
Oszed iz mbio ) (gl 1 Ol 2 655 o aSu L
= 5 ol mlee () Ehgw ()5 ir )5 e
) s (hozmen (yozmen ol pole (sla oy jo BglS
Sle oy sla b [V]ewl a5 )13 ooliiul 890
Sl by, 9 Senl a8 S S50 (655 slaaSo b Gy Rl
b conlio Jles oole il a5 ol o 481, 55 godnio
Obogs oSy Sl eslinul 55 5 an eoik 5 2L
aex> 5 (MOPA) g soasS cusii- Lol goaisS
@B Sz 5 OIS adlanil (oo v (B9 (nl (et
Sl 595 5 @le S SIS b (55l SaE Cagaze (y97xen
abaigy ol 5o Ol (goaiiS sgamme Jalse aloz 5l (o>
Cilo el wlge co B wliwl T 5 ogdle g, o0 Lo
Py Saled )0 ke (oo Sen et VL CSle Gl b il 5
Lol vz colo g (2hb o (5 o Sl oS 5
5 oA Olyie 4 bagl oSS e s Fomb o8
oo &l YL 0lei b slas )b (ol (g, (25 0,
sl 55 sleaSi )l S5 (59, p asllas [F-Y]cu
ssbie a4y oly (58l (sl M (g 5 05 5110 (gans
0575 3,5 My elol (S5 AL CuleS 5 003k IS
b S jolaie 4 laygiS B o et 5 (Ko o oS5 L i
ssbie cnldr Bl (oo coslio CelsS 5 (g b (oS 5 aSo b 4
ol g pe goae Slowlore g (5,90 3ILT V-4 Jlo o
oo i 5 ugted S sln oilo A0 sl il
g 48,5 )18 addllas 590 (ALSe 5 (J Sg5 Sk Lawgs
ol (wyp 4S5k SS9 (SaiS )0 (ezes pla il
Ao L Y leslaial b Ll SKen g 8 Yo Ve Jlo o [o] !
&5 Salr Ol owyn 4 2bo b Gl 5 6554
Jo 5 aelal o [Flasl wsloyy oS5 4ol 6350 g 5o
5 klon g9 Sl owin 4 LK 5 (Seple YoOR
ol 4oL sley @ sy o5 5 9 Shes (59, (owgded 4 )3
Gz 58 e sl alex 1 [V]wl asly 65
756 ok @ slep Ghg) 4 Seap Gl o o AL (waia
b alio ol o cansd il ailas 5 4l o 605 15 ol
b g s S5l o sk @ sher o Gyl o
S0k @)% 0978 15U Sl o AD 5 (S5lge baS k(s lge

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl


http://www.opsi.ir/article-1-2167-fa.html

[ Downloaded from www.opsi.ir on 2025-11-08 |

Olnl Sgisd (5)5l8 5 (ewiige RS Gredjles g (lpl SEgig8 5 Sl (S el 5 Cenn
VYWAA crage V81D il el ooanslss oSl

Db x5 Sl (GRE ales o o 4L ms 092 i
lo oS0,k @398 0970 4z 2 (@8ly )3 by (o0 28 (90 (e
) e i o 45 o il (o] 45 & b alas s
oS 5 AS,L Sh e sl il sailigy |y Ll ailas
2l Ll ads Gl God ald olal Ll wul oo alS
b (nl g Sl line jlade sl lo Lo 85 ¢ ugaenl oS 5
VO alols b ugond i slo 4ol Lanl b 1y e
I 5 0,00 0929 Lo aSG )l e (e (stio 2 Lot o6 yesleS
cels wialys golie Sos als

ez Ol aed S 5 sl 590 e Dol e (V) S5
alie (> pl Gl bajloges L8, ans o lid |y il
30 o > slo sl sly (e Ol oo wadeal oS S
Sod x5 sl (-l gla &) (s3lge b il g an
S ol jo gl cuS 5 O Lol cunl jialS @ o,
gt oS 5 0 aS gl aiss 4 cl olidlay g, Sul ald
(e Lol ugden U oS 5 5 15555 45 50 g3 (ol a8
iz g w35 0 Al SO sl oo AL ad e
0ijls S35 31 56 L all (] il o g, iS5 ol
55 51 (20 5 (555 0 a8 B IS (518 5 Lo 45,
Sk s5lpe b et il (sl eizred Canla ] Kl
TS oo oy el (g9 a0 A )8 Ll ol
WDl okl > (D) ,Lesl jema o> o &9 4> e
S5 Gl e aol)T ple Lol ogd o )| S5 Io0zme ol a0 )8
0978 & b ol ol e il (oo (5y97me 4250 VAT 60y
Oied il 15 90,5 (o0 p Gl e o o 4S5l iz
4y Ve ) Glhlo a5 il oo @y Dj5e @ Sle L
oS it JSb ediis o il o Lol 0l o (550
Oz 5o oy 38U cplpls canl a0 VAL )l g ls
) dolr sled S 2 gy 4 G alns 3 Lo oS
Ll aseiio oS 3

iy : xim} i) : xim)
(5)"9.0 s o 1S “_g)‘ly: L au R ‘6}‘9"’ s 99 1o ‘u;]".

yyyv

ad ), 50 GlSs de a4l G alols 55 g 0508 o5luil e
Sola il T opl gl ooy olae ol &5 ol ool
S0 b3S e alold bl o el oo ools ylas (V) S
Ozt el oad (2,8 1o 4G )l 005 ojlil ol ¥ e 4S5 5L
ROWH IPRVIPVEJC N =GOS W (R SL R IRV SO g XY
ol wles jo b 4G L el asine IS 5l aST jshiles
5 J55 S35 lage 5 100 i K%, b iligeen e

D) 352y (oS

A6 A0 LE U CH B 61D
wini

A8 L6 ¢ LE 01 018
wimh

26 BH LA G O 0O 0
zini

A8 L6 ¢ LE 01 018
wimh

b g0 i sl s «)‘"")T Sy Soo5 Hlawe Suls maje8 ) IS

szlyo L o S ‘6}‘5"’ s a H ‘éjlya

Oldse o &8 (B iz 0 oo aSl L Y oles leolanul b
Sl e s 6lp g il ales 5l samliv axis (5 ieghs
Sl 590 o ol 1398 ¥ USS o el ool (g3l 4l

el oo 1)1 gl ez ol sl wgdeal oS 5

Intansitylwin® <

a 0 a 0
2 z 2 z
¥ im) imi yim} i)
w0 &:’ 10 ‘T’
2 2
3 5
H H
T T
2 2
a 0 a 0
2 z 2 z
¥ (m) x{mi ¥ (m) x{mi

Silye da il 1O slae b a1 (g5lge bas 90 1o las

bl lp Dol e wes (o s ¥ S &S jshailea
«(Silye b iS5 (Shlge b aw sjlge b 5o (S sla
s il 4L SO Do 4 (-l gle S s 5
FA ol e le bl onl 6lp ©ad @95 sl i
Sl b aS aas o ylid s abl o el YV 5 FY (PO

b s o o alols 55 5 Lo Sl 0,aS e3lasl 35,5 155 50

Al o s BB WWW.OPSLIT ol jo a5 cuul [Lael glyls 550, dllie o


http://www.opsi.ir/article-1-2167-fa.html

[ Downloaded from www.opsi.ir on 2025-11-08 |

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYA Crage 151D el eyt ez o olStils

4 ol ales o b 4L iz 0ru g (gwain il
55 Ak 4 2l ews o Loyl o agee 1 (S (lsre
Orrete alozr 5l0sd po pezme Vb CelS 5 le L
(S5 Olaee yo b Al pwiis iz ogm o la sl
5 ol o s o] e alols da 4S5 L oS o5l b
b aSo b 6,8 ,0 Ll il ailas jo 4SS L e (6,8
Slge bz s (sjlge ka3 g0 oz S5 (6 sloy 4 sley il
alold 50 g ol 008 o3l b 2ol dilos ;o (5lge a2l g
Oldee 5o b aSe)h msh egs b e Al o LSS

0dl gy o a5 L gl 5 ugded oS 5 SGop
2 6lp 90 5 005 e Bal mje8 jskaie (pl gl ol
tglie (B0 a8 Sty oy b olst b oad aill gl
Joged @] b oprizan g @] Cilizes sl Lial)T o ol
3 oddlie dxan 5 e 10 0w Kol et Jlade e jo lgs

J..ol} GJLQ Sl 00 o lbuﬂ.:bT QSQLN ks‘)’ 99 U‘M
‘@fﬁmmu&)bwwbc&mas@um

3t pdaw a5 ol Gl A58 ay be 4G )L o je8 o] jo aS
9 ol o jo oler lade ccsl oo casligy il ailas

223 (oo lid bl aizren b (go Gl oul & 598 sl

& Sl G Glea Sl 2l (oS5 4k Jlyn &5
Y PR ol Q] G Sl diles o s oSG L

Lz yo

[1] S. Kobayashi and T. Kimura, “Injection locking characteristics of
an algaas semi-conductor laser,” IEEE Journal of Quantum
Electronics, vol. 16, no. 9, pp. 915-917,1980.

[2] J. M. Stuart, et al., “100-kw coherently combined nd:Yag mopa
laser array,” Frontiers in Optics 2009/Laser Science XXV, 2009.

[3] Z. Liu, et al “Coherent beam combining of high power fiber lasers:
Progress and prospect,” Science China Technological Sciences, vol.
56, no. 7, pp. 1597-1606, 2013.

[4] N.R.Van et al “Comparison of coherent and incoherent laser
beam combination for tactical engagements,” Optical Engineering,
vol. 51, no. 10, pp. 104301-104301,2012.

[5] Y. Li, etal, “Coherent and incoherent combining of fiber array
with hexagonal ring distribution,” Optics & Laser Technology, vol.
39, no. 5, pp. 957-963, 2007
[6] X. Fan, et al, “Coherent combining of a seven-element hexagonal
fiber array,” Optics & Laser Technology, vol. 42, no. 2, pp. 274-279,
2010.

[7] Jan K. et al .Effect of beam profile and partial coherence on
coherent beam combining performance Optics Communications 442
(2019) 40-45.

[8] A.E. Siegman, “How to (maybe) measure laser beam quality,”
in Diode Pumped Solid State Lasers: Applications and Issues, p.
MQ1, Optical Society of America, 1998

wlas ;o o aS0)b @9 0976 23U (o p jskite 4 aaldl o
2 5P Ak OlF St e )3 Ol Glime 2 U
2 gl g gden Sl 5o gl g shlee b
] 00 Sp) (Y‘) Liw (u 9 gD.”) L.SLQ Cound

4 1 1 s I
3 i 3 /
!
; 2 : 2
<
[a - L 4= . L
| < <l
i
o T T o T T
0 0.5 1 1.5 2 25 3 o 05 1 15 2 25 3

YYA

Rg (M) Rg (M)

‘5}‘5‘“ g ‘g&‘E’. s u‘-'l)] 6‘)‘.‘ S &Lu e g u'?-’ C)l).._..v.» F U
o9 S i i gegied b caS il gl lse b3 i 5 (s5lge b e

L ol e (Qll) _wgaanl el 4y bgsye (gla,logei ;o
Loles B ol oo (il colensh & j50 a0 as glas o33
b ) bgs e 6l loga o Lol it oo ol oo oS5 4y
L ol ol o ol e gl T35 L (0) gion
e 4y (g5 Gaile ol aslsl ;o (535 pe ald 51 LB0 ok
LS (sl ald 51 3b ol lidl Tousmae 5 g8 5 (ot 4l
g CoU Al 9,0 a5 Conl pl ppee A5 090 oo cnalice
gl 55 (s5lse b3 i Gl oy saze (liEl 4l
osias lis (pl g aes (oo 2, b Jloged plo & S (555
dglio 50 (55150 a3 i (al)T 30 S sligy b s 598
30 A 0 ol lade puses el b ol ple b
2 el Veg Ve e glad an il 398 (sl loged

RV WP WY E Y PRE
(b sl byl (sl g des glad d (sl a0 ol Hlade ) Jgur

Silge b il g dw (g0

PIB (w) PIB (w) PIB (w) ein il
Rg= v-cm | Re= V- cm | Rg=acm
sy faVs VAVE b
\TEEY VYA4S £57) Silae Lo g0
VRV M AYVY Silae Lo a
VEYPY YYafY V- YAS Silae b s

lo 4500l @9 0920 e b s (o0 (i gl & jshailen
Sladie ¢ A alas 5o b oSy )b e g9 S SR Ole b

Oz S5 4z y0 a5 (G AigS 4 wled (oo i du p0 (g
Qs 50 g8 Jlaie g oo 5 SUOP Ry Caamw Ay Lo 4SS L

.00;6" . ‘)._:-;

Db o ytwd B WWW.OPSHIT Colis jo a5 col jlael sy 5y90,0 dlis oyl



http://www.opsi.ir/article-1-2167-fa.html
http://www.tcpdf.org

