[ Downloaded from www.opsi.ir on 2026-06-20 ]

9 Suzl ST et 5 Conny
S o3 3lg8 g )l Sigigd
Ol ! Sigigd 6,9l g owiige
Olrl Ol (05)l95 oSl '
VYAA oo 16-15 d/‘/};oz”

tonics g,
) 0,
R %,

b8 Claide )0 pdy 2laa gar 99 bl lu 5l (owsS (g4, il

Gy i g5 dgls (S350 4l

ol @l pole  JoST Ecasy oKiils (8 caSails

sl 9 I g sl b W g Jald u..dé Giluaide sl8iud o gy g3 (glo gl sla ALl 3l @il ¢ il - PRV S
AR (ol sW (s g a9 0 el AT R ) B a5 8a O D) Gy Adl-Ces (51000 s (sW AL 4y 0 gua g (Sladi s 20y g2
03 g 93 s UALL (o) gl i) il dag Oinad Al (el ISd JLASH 3 AS Gud slad G sasa b e-1BY
Chigy 94y Alla gyl oa A guaid gd (o) 0 Adl-Jer (510 )99 e (W JUALL A4S Cud o 0d)a (LAS g o (i padad Cilatida
- 0dla Gl WD o0 (ow )y o Wlaso (0 pdy los o 90 sba,lis L I cweS oSO ,L il QLR (g a9 (5 ol
il ) Adaia (g lailali 0 AS cudila A0 KKl IS Ay 1y Gl cad Cﬁu\ﬂwwﬁthﬁ&M%ub&\hdﬁ

EBIEEBYEL

95 )b (tlad slags, g5 (bl —osly oS

Diffraction of a Gaussian beam from 2D structures separable in the polar
coordinates

Razie Azizkhani, Davud Hebri, and Saifollah Rasouli

Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran

Abstract- Diffraction of a plane wave from 2D periodic structures in the polar coordinates including amplitude and phase
radial gratings and 2D Bessel-based radial structures has been previously studied. For radial gratings, the diffraction pattern
is a radial carpet beam that has an invariant shape under propagation. It was also shown that the 2D Bessel-based radial
structures have self-images. In this paper, with theoretical work and simulation, the diffraction of a Gaussian beam from 2D
separable structures in the polar coordinates are investigated. It is shown that by optimally selecting the radius of the
Gaussian beam waist it is possible to form a petal-like diffraction intensity pattern that is applicable to multiple particle

trapping.

Keywords: diffraction, radial gratings, Gaussian beam

1F4
Dl o yiwd B WWW.OPSHIT Colis jo a5 coul jlael Gy 5y90,0 dlis oyl


https://www.opsi.ir/article-1-1995-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

S99 (559l g (cmdipe uil ST e jlen 5 () Sdgied 5 Sl il AT ekl § G
VWAA Cpoge 16-15 ()l pl o)l o o o,lg5 olKitils oyl

aS ol plas ol s g s e g(@') U
3z sojlal 4 laasl 3o (6,88 lawe alie (gasals
LY Jogr so arnlne 25 sabad

w(r,0,z) = 9]

h{goHo{f(r)ei“'z}+§(—i)”Hn{f(r)e‘“'z}gncos(n )}.

n=1
: 2
T e|(kz+a:r) i
Ty J5Ja A ‘a:ﬂz‘hzw Q‘ BN as
2r

u,‘ » osy& w‘ Too dde k:75 6)9‘ d'i’)b
b8 Slasze o iy slos an

)" u;“’?f ‘5454”)[.3 L)»‘)J (_g|).3 1) W | Cawdy C"L" Q}l.ﬂ
Sy dalies gazals oo pe S 4 olad glalisle

by ) S 4 lgee |y (qwsS 4S5 )L
r
y(r,0;-0) =exp[—(w)2] N

S 4Ll ol el &L glad LW T o as
o9 @b b sled sl

t(0) =t, + D _t, cos(nd), o)
n=1

3aw Aol Ll als cplpls 0sd g0 0unl

Dgd ge Aldgl pj g a Sl

w(r,0,+0) =t(Q)y (r,0,-0), *)

otsle slam s b3 alal®dl coi s a0 #0 5 -0 &

ol ol S oo sl
y(r,0,+0) =exp [—(L)z}t(@- )
w

Slaize [0 w(r,0,+0) OS¢l oo abaxde a5 jshailen
a5 Vg ) dolie gaslio b g conl pdy plas ol

VO

doosio —)

o2 Sslse bshs sl a5 Jslaie slags 55 51 98 A
g9 Wloo,S oy Ll jo gouxe o )5 ws
o SLesly )o lojes JLSle aS bags)s 5l snox
g oo 0l bl slag,sr lo odad olSiws o
3By sl sl b,y 5l eS8 Ay
S Ll 9 8 WS e w5 eled B el
9o slo,bisle ol wodb ST [)-F Jo)ls sloljebs
Wb oo (Sonly G393l b ohd Slatie ;o som
L1 osb o0 Lo ctlad (5,55 G 4y elads olacl yo
Bt ] 5ot 5 6 by, 90 0 Allie il 0
3 pdyele on g0 glaybisle 51 e 64
L ogdioe ools Glad 0gd 0 (ouyp (rb Sl
Db b plgon (owsS Al o5 plad dige L]
Glilals jo a5 cuils w558 IS 4 1, gl

Sl 0,5 ol s alBaus
blizo gaiwls b 5)98 (ga5u,b SO jLaal -
bd Olaze jo pdy o gadgl

gl halisee gaialo b 5,9 5a50,L SO jLacsl ol

DlpesSio goin 1y obd Sl o pdyoloxr
&9 Ol blise amsls Y(I',650) ous 2
S 9 ol blie gamls W(r,6,2) g z=0 ;o
5 (r0) o1 o a8 wab z sojlul & el )
sl aiil e ol Claike gbeaidse (I',0)
—s0 Ol 2 Oyge 4250 5o Ll aisle oy pdy

Dgd
V(1,070 = £()9(9). o
0)90 b sloygs S 5b a4 g(0) b a5 Lxl
ool .la.m; 44)93 Sy o> g ..\J‘ysn ! 272' UBLU
109

9(6) =g, + Y9, cos(nd). )

n=1

4 oarg b aS col aysd pm waye O ol o oS

Al o ywd B WWW.OPSLIT ol jo a5 cl jlael glyls 550, allie o


https://www.opsi.ir/article-1-1995-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

S99 (559l g (cmdipe uil S e jlen 5 ] Sigigh g Sl il AlS el 9 G
VWAA Cpoge 16-15 ()l pl o)l o o o,lg5 olKitils oyl

Wn(R) :(_i)nran n(R) %
22

S S0y plawe il Gl 1) asmas ol aalsl e

L g3l g lasals (oleds (LSl S 5l cwsS 64550

et S b sales

g;‘-'-‘-"‘-' (".'-’L~’ -Y

b olad JLSle I pwgS Ao L olp Sl e
eoon ) Glize sl 9925 oo b5l g el
4 Gl glal el g8 jae Bl S e
WDyl g hyyal 5 Dyge0

t(9)=%[1+ Bi(O)], 00)

coyo bogmb o o Bi(0) &b ol o a8

Bi(0) = Sign[cos(md) —cos(zh)], (1)

5 S oo ain |y (5595 B ooy Sl M ol 5 as
b sa,58 bany ol cudle b saimslas Sign

g se ALdgS p) D)o & (358 H5ue

t(6) =h+ > 2hSinc(gh)cos(qmd), (V)
g=1
Saslie b .SINC(X) =sin(zXx) / (7X) o1 ,o a5
5 =N & S e 05 WY L,
Lowjhe wlps ad 5t =2hSinc(gh)
L9 dalisee saals VY galal, o culps ul 6 NS
s_i..). g)"")" 6LD5.§” Y 9 \ J&.u J.:T(so Cowdo od..\.m‘))
Sl glanls (elad gzl 5l (pusS 540k
obis @l galold g yo alize SosiS olpo b

.MQ‘SA

NP
f(r)= exp{—(g)ﬂ, *

ol b0y =t e 05 9(0) =t(0)
9] o0 ey ¥ olae jo F(I) 0,8

W(r’e; Z):hX (ﬂ)
{toHo{e—ﬂrz}+ itn cos(n @)(—i)"H, {e” ﬂrz}}

(.
w

72 p?

_Br? /2
Ho{e ﬁr}:—e o, 0

B

:epsnwl;uﬁ}o)yg nx0 b pien

2 2 2

) T P 2
Hge"}=—2re ¥ M, , (=

), OV

1 n
pﬂi 22
g amge ol |y Sl b M T o a8
)
Iy=——7-, QAp!
r(n+1)

Llg, 6 A0l L ans o plis |, LK &b r QT)Q as

f°")5|k5° Cawdy q 64J~>Lx.c B AR 9 ).

ay)
R
ez +00
(r,0,2) =y, e Rit,+—=>» W (R)t, cos(nd) .
4 4 0 \/ﬁnzﬂ‘,
2 2
1 =r B}
Ll sl o R=ZL2 == (202 i sas
’ p L Az
. . _ O iar?ke)
Onizmed g el Yy __I(E)e PRSI
98 g0 5 S yeo 4 Wi ol
VO

il o ywd B WWW.OPSLIT ol jo a5 cl jliel glyls 550, allie o


https://www.opsi.ir/article-1-1995-en.html

[ Downloaded from www.opsi.ir on 2026-06-20 ]

Sgigd (5,98 5 (owdige (il S (rapdlgs 5 ()l nl Sigisd 5 SEl el ST et 5 Sy
YWWAA et 16-15 AR ‘6«:)’)‘95 ol&isls ¢yl

0 0 =~ 0
x(mm) x(mm) x(mm)

h=02
f'-
g 55
5y

5
5y

z=2m
o

y(mm)

E3 0 5% 0 s % 0
x(mm) x(mm) x(mm)

JW=2MM L e o)l o il slasSl Y S
s y=ml2 3 M=5 L gul b elas glolisle
o) Z=1IM boalols 5«0 5+ F -¥ FosiS ulyo

sl sl sl 5l (pos ciys) Z=2M 4 (sl

z=2m

5
5

5 0
x(mm) x(mm) x(mm)

M=10 o, slas &l ¥ JSS alie F S

aSH,L oS glad gy bl 5 ¢ 0 (Sosis bl b
S-S 5 S a ) il Sal b Gliee (oS
Syle 0,5 @3 alfuis gslalals jo as 0)51 Cewdy

&=y

[1] S. Rasouli, A. M. Khazaei, and D. Hebri, “Talbot carpet at
the transverse plane produced in the diffraction of plane
wave from amplitude radial gratings,” J. Opt. Soc. Am. A
Vol. 35, pp. 55-64, 2018.

[2] S. Rasouli, A. M. Khazaei, and D. Hebri, “Radial carpet
beams: A class of nondiffracting, accelerating, and self-
healing beams,” Physical Review A 97, 003844 (14
pages), 2018.

[3] D. Hebri, M. Bagheri, and S. Rasouli, “Talbot effect of
azimuthally periodic Bessel-based structures,” Opt. Lett.
44(17), 2019.

[4] D. Hebri, S. Rasouli, and M. Yeganeh, “Intensity-based
measuring of the topological charge alteration by the
diffraction of vortex beams from amplitude sinusoidal
radial gratings,” J. Opt. Soc. Am. B Vol. 35, pp. 724-730,
2018.

\OY

y(mm)

0 0 0
x(mm) x(mm) x(mm)

z=2m

£ 0 5% 0 555 0 5

x(mm) x(mm) x(mm)
JW=2MM L ef 4L o il e ) S
s s M=D o) sl b s ,mb slaels seles slaLslo

5 (Jsl sy Z=IM Glaalols 1o -V 5 2,0 4+ Sogas
sled sl sle 5l (pgs sy Z=2M

h=0.7
5-
0]
5 5 5

h=02 h=05

5 %

E] ) 0 0
x(mm) x(mm) x(mm)
5 5 5
£
o 0 0
]
T
% 0 575 0 555 0 5
x(mm) x(mm) x(mm)

M =10 o, slow gl V IS0 alas ¥ s

2y Do Gl b eld jlsle e &b
g oo Ly

t(0) =exp|[iyBi(9)]. OA)

Lo o plas 1) 5B olpss gals ol o oS
YA abaly b avolio g joe ol (ol 458 (6 il
s ty=he” +(1-h)e” & s el
o @l byt =4ihsin(y)Sinc(gh)
3 easdly jei lalizee (gasels VY galul, o olys
F oV S wl e Casay 5yl 556 el sl
slatzle 511 cwss a0l SO il slagSl
g0 5 @lbe SogiS culyo bl b eled
el JiSle Glp aaes o lis el salols
St Sl 205l G (S0985 e (s b 63

IS god ipog |y (g0

il o ywd B WWW.OPSLIT ol jo a5 cl jliel glyls 550, allie o


https://journals.aps.org/pra/abstract/10.1103/PhysRevA.97.033844
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.97.033844
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.97.033844
https://www.osapublishing.org/ol/abstract.cfm?uri=ol-44-17-4355
https://www.osapublishing.org/ol/abstract.cfm?uri=ol-44-17-4355
https://www.opsi.ir/article-1-1995-en.html
http://www.tcpdf.org

