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Diffraction-based rainbow and feasibility of the radial grating-based spectrometry
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'Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran.
%Optics Research Center, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran.
rasouli@iasbs.ac.ir, s.hamzeloui@iasbs.ac.ir, davud.hebri@iasbs.ac.ir

Abstract- In this work we theoretically and experimentally investigate the diffraction of white light beam from the radial amplitude gratings.
Theoretical part of the work is resolved with the Fresnel-Kirchhoff integral. In the experimental part, a collimated wave-front of a white light
beam emitting from a halogen lamp source is transmitted through a radial amplitude grating. We digitally record the diffraction pattern in
various distances from the grating using a digital camera. The resulted diffraction pattern that is known "Talbot carpet at the transverse
plane" has a uniform profile under propagation. The significant aspect of this pattern is the existence of a quite patternless dark area located
around the optical axis and an intense rainbow-like ring in the vicinity of the patternless area. The rainbow color changes radially from the
violet in the vicinity of the patternless area to red by increasing the radius. We call this phenomena "Diffraction-based rainbow". In addition,
the transverse plane Talbot carpet consists colorful self-images of grating's spokes at the larger radii. The theoretical calculations and
experimental results verify each other completely. The introduced diffraction-based rainbow can be utilized in determining the spectrum of the
white source.

Keywords: Diffraction and gratings, Talbot Carpet and self-imaging, spectrometry.

YAQ
Bl gy B WWW.OPSIIF Colu ,0 a5 coul jlael glls 5,50 0 allie o0


mailto:s.hamzeloui@iasbs.ac.ir
mailto:rasouli@iasbs.ac.ir
mailto:s.hamzeloui@iasbs.ac.ir
mailto:rasouli@iasbs.ac.ir
http://www.opsi.ir/article-1-1830-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

Olpl Sgig8 (553l g (qwiige i85 el g (! Sigied 9 Sel il AT ezt g s
WAV Goge V-4 ‘Ql)'il Gl ol oRails

5 Speerds> (lnpd al 5l gaae (S
"ol gl 58" elaaSy b oS cal end ool
e i g odle s 5 o Y] Wlead o 38 b
@igf =SS Glaa b eled sl (558 slaasyly
CS o 03l gyl 45 ls,S wig-adls ¢ Sud o liel
BR YU R\ P o SURPITE-T =) IR R WP JE PR CL o Syp-SA KV
Ceme o oS5 A alie olyls S, B
[A] KW ‘5‘3)&0 "AJ;—JM.;

=l slog,si 5l @l S sleas,l e 65 8 0
oL Sasslass b codle 5 o5l s sl (slaels
Godus LIS cpl o el ad $ 18 colawl 5,90 (09,8
55T A i et jlewy a5 0 (Bpme alaj Sl
Sy seol s Sal o bl 5l el o jle 51yl
Sodnss 5L b Slgs sl aSo,l ol 0 (588 Heme
2 &S cwllag,y g9 cnl 5l r95 sl oy Sl bl
[a] el jio ,6 Gad jeme 59, ol

ss,s 5l s He GBln b odsl sl U8 crl e
S se Ol 0 pS (o0 B (c)n 390 slaels ol
axboole ool IS jlacsl jo eul odes Bl #5b
2 9n Sy ail> Sy Sl LoyE ol sl
il LS5 ebe LSiT So,b gaml ol o)l
oy (nl el s (655 0 4zl yo yein SLeS (K,
WS oo (il (gl pwlie S

b 16, ¢ 5l plims e Eeo oln

Ol (bl slag,s e Ll a4 arg L

abl, b 5,50 Slake 4o a5 1) capds oS- 5,8 1,3l
0y =t [ [ Fcyreete o Ty, ()

Lol o Jalidee asols f (x',y') J\ 30 5 090 o0 00ls

zo Job A 5 a=m/zA cho=1/(iz}) exp(ikz) « 5,5 ;| o=

Oygo 4y had ol o el el oo dae K g 49

13,5 o3y

va.

doddo

€5 Oridshate s Sl po 0,8 Slsel 5l beig,e
G Sy Sl eld & wies b glas,s dags
o5 0 1) 6398 oe SB L sl Wilgi oo sl cnl il gl
larels wiilg oo s )95 Sz (o WS et Hlrs WS
Wl @ dien (pizred il (WSl L o5 5 3B L
sskr g ge ISRl Ll 55 oo agez g5y DS 520
(Sl emwgi SR L aee el alls 0 bais g8 Jle
=555 5105 alax 51 V] aisl azsls slelplis 5 ilte
IV a5l e Wl ool & ol oe s slo
PR K SR | J PSS SR | f B P PR S ]
5,8 oyl [8] (s Sl

e &5 Wl slag,y dasys 5l 6 g9
Ls g 50 ol gl 5 oleisl alaiis G 5l a5 aiis bglas
8 eled slags,g awain 4 axg b cal plp o7 jolxe
Ddsn 2555 gt Sl L ol

sloolanl b glasls clad slos,e8 3l plaST o5 il
GrRIiSs s @S 4 e gl 5= B8 IS
Ol il 0 pgwye Slaslie S 5 [Pl 09s
($P 4 Sy Jlews Al &S a3 slas,y jl Soop
ol b ol 5l e e 4l (v ale a4l
-0 ol Sooji- o 4l Sl axl g j90- (e
Sl aw opl e elad slag,s I Gy o 09
o2 50 (e ol g ol e o lolizl &g B >
O (esE Axbo yp )0 &S ez Nigd e disus]
4>l (Sl jeme jglme 4l (595 5l elgsds alold
4 sl Sle slagled axl cwl jeo-lae ol
oylgen Caws 90 lagld ¢ ol SGoy-lae 4l
oals lid puizmed Cewl gwaid ale a4l 4 Gl
S oS s ey 3l Ghln B o5 el u
5O 39 g0 08 S Ll slatel jo  Job azian jo OgJU
Slrao o el B3 eld b,y ) e e
B9 o0 Olled (250

Lol ot s,y 5l piSS 8 Aln G
Aolas s o lS 5 i S b3 J1SE) 51 eslic
Sy e Jol 5 el a8 )5 S ) 050 Zoe

b (g yiws B WWW.OPSIIF Colu ,0 a5 col jlael glls )50 50 allis oy


http://www.opsi.ir/article-1-1830-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

Olpl Sgig8 (553l g (qwiige i85 el g (! Sigied 9 Sel il AT ezt g s
WAV Goge V-4 ‘Ql)'il Gl ol oRails

S #ed slas, sl sl cud il b ¥ S8
Slaw Ligl3dl b ams e bt |, ciliss (glaoy sl |
S eed 5, il eled iyl aals ey,
ooy olas s dzyp A oo Al |, (F) doles Como
5 S Loy Sl 4ol by 4 ol (o0 ol
SF o Sob saml Syglne o H555 SleS (5, bl
055 S )5 Slaglad o eizmen e odalis 1) ]
bl Wad oo oS i) sk 68 Slaon sl pga
b sl )58 5l Bln sl b a5 was (e plis (1)
@l CaneBly ol s laml cow 1algb sl (gl
a 2] ol oas ools (las v om0 sk pliSS 0 95
LSS, S5 (025 j5b 4 0SS 5l KS) jaed jelaie
copy ol b S, el oyg S gly ad el
oolitl @l g S 5o B () kb g5 e 5100l
5| aloldl, alSlar o 4 plaS o o ild ol
BY SERRCRWRS RO Bt B B A SRR WA S K PR | L W
st e a4 0B LS ks cpl ) L35 e ake
&8 Gl @ (@) ¥ S8 il o 9 andar b
@ (D) Gadses ;o 9 wad oo plad 1) ld 3929 (e
(ol syl jpam 0 By sl b cuis @ ()
il eled al) sald g wms oo Guled 1) 503 9 e
Soged o mrid o] 6350 mae Jsb olol 2 ()
gless Jowo MATLAB sl pp SaS a0 ¥ IS Censl ) oo
SEr Ere b cmop o ) ol Ky 4w oudy

23,5 )
3 @09 SLreedsb )l cln b Gule jlate 4

MEVD cloo s olawi b ST, eles g,55 51 3l oob
S OGY) g6 S el Sy & bgsye 5,15 Slaisee

wdds ool i je,8 b LS iy g b el
5 oad Jls3,3 MATLAB asbyp Lawgs (i) ¥ JSs
Oygo 4 e oabad Dlatse o Lo b ol 4l s

S350 sy B,P) o () F S

yan

g(rl 9) _ hoeiarZ I J'OZ” r'dr'dg’ f (r/’ 9/)eiar’2efziarr’cos(a’fa)’ )
0

25 Oyge 4 slad slag,e slp ) (V) dolee Gl oo

13 55] Cowds

o0z = e7{“ ﬁe“\/% ()2 " x )
[31.2(P) +3 s ()] cOS(MO)},

P Dol 993 o0 pd & Jl g9 e &l Ol 0 aT
50l oo ey ol LB zaose yo () doles o po b
o Oble patmin glad (59, GOl diiie (G abal,
i ComBye (oo Job (Siwly 4 azg b o0gd
s sl g 5l wbe e il Sl Gl 655 e

2,5 ool w5l

g 2y s,

MD6039 ) xcin dubos Loyl g plaws ;o V S0 Bolae
90 9 S>oS 49, S | yeue L 1) 220V 4W LED Lamp
& e 9 Silee Bl V0 Seils Aol b pwas sue
2 0ges sb 4 0l n lee 2l 65 oS
b o8 Gl oS B L8 SRl e b,
Sye 3 23l (NIKON D7200) _wlSe cpojsd il
Aeoalol o 5 aly 55y 2 Omygd (S8 L8 eolinl
Slawi b (elad (6,98 Sy slp 005 o0 )12 )95 5l (Sl
25 Eope w ]y (K 6550 dil gl Gl om0y

oMz )
T

ol 5,50 @il ol T S

b (g yiws B WWW.OPSIIF Colu ,0 a5 col jlael glls )50 50 allis oy


http://www.opsi.ir/article-1-1830-en.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

Olrl S568 (6,58 5 (cwtigee S reasil 5 ()l Sisisd 5 Sel (RS ety s S
WAV o M-8 oll Gl ¢l oo

35 Slp S K, sadl> pl ol e 5 evmlive
OB L 508 b (65550 S b aml o jglme o iy S
OleS 555" 1y oy ol Lo 0gdi o0 opo 2909 4 glady
SISy Ny 4l 59, w05 NS b " Ay slase
(ol Ky S5 e ile s A gt SIS ) oolitl b
3 S ey g e o2 S5 A (6l Do Ao
ool a5 del Censy jie le O/ 5 FIF FNY o glas
b oy bl (F) alal, bS5l Sl olie

o Al 6 655 e 4l 0 SLS K ygip Al
2,5 oslawl rweads gl oy pl 5l e

Sl wlew

O 150 Ly oy 3l Coler cy K Lo ol
D5 (50 (5,155 ol NOYAF ol 3 6 Lo

baz

[1] S. Rasouli and D. Hebri, "Contrast enhanced quarter-
Talbot images", JOSA A 34 (12), 45, (2017).

[2] S. Rasouli, F. Sakha, M. Yeganeh, "Infinite-mode
double-grating interferometer for investigating thermal-
lens-acting fluid dynamics"”, Meas. Sci. Technol. 29,
085201 (2018).

[3] S. Rasouli, "An adjustable, high sensitivity, wide
dynamic range two channel wave-front sensor based on
moiré deflectometry”, Optics Letters 35, 1470, (2010).

[4] M. C. Hettrick and S. Bowyer, Applied Optics 22,
3921 (1983).

[5] S. Rasouli and M. Shahmohammadi, "A portable and
long-range displacement and vibration sensor that chases

moving moiré fringes using the three-point intensity
detection method”, OSA Continuum 1 (3), 1012 -1025

(2018).

[6] S. Rasouli, A. M. Khazaei, D. Hebri, "Talbot carpet at

the transverse plane produced in the diffraction of plane

wave from amplitude radial gratings”, JOSA A 35, 55

(2018).

[7] S. Rasouli, A. M. Khazaei, D. Hebri, "Radial carpet

beams: A new class of nondiffracting, accelerating, and
self-healing beams", Phys. Rev. A 98, 03844 (2018).

[8] D. Hebri and S. Rasouli, "Combined half-integer

Bessel-like beams: A set of solutions of the wave
equation”, Phys. Rev. A 98, 043826, (2018).

[9] D. Hebri, S. Rasouli, M. Yeganeh, "Intensity based
measuring of the topological charge alteration by the
diffraction of vortex beams from amplitude sinusoidal
radial gratings”, JOSA B 35, 724 (2018).

yay

\V/
/A\

m—=0

‘""”7,: \\\\\”!',/

T T

w=150

sl oy oo b (Sl) el lo 5,05 sl Ul sl )b Y S
YU Lol 48,5 15 e 5l il Z= Ar alols 5 b g5 il

AL ey Gl F alal) 3l ) sladils glas ooy olows (28,

() “)

pem

05 e

0.4

03 a5

02
300 400 500 600 700  soor ™

T e oo w4 @l 5 e e B ol G S, SSw S
Ae salols )3 4510+ oy slasi b (elad (S, (6,8 S sl adgl 20
Sy pild jeam o il b (A canl a8 S 18 000 5l e (il
Ao Sady gled oo il G Joge (0) jo,3 5 (7) jew (o) o]

el K,

Ld

500 1000 1500 2000 2500 3000
(s o) Fiad i

¥ 6‘ﬁ u")-’ & C)J’ )l Gosd ez Ls) Clﬁ S ol (A1F JS‘“’
b bl 26 5,5 (b (o MEVE sbeoy slaws b S, eles

b Giales &0 4y odad Olaise o Jias

1000 2000 \UDG a0 5000 G000
X (ko ey

890 elad slo gy ) awhe je Alp allae ol jo
9 So,U l-*-’)-‘“ ool C)Jo Sl 4l RO I eor
S350 Sl saml Ojgle (0 555 (SLS (6, ddl>

il gy B WWW.OPSLIT Colu jo oS coul jliel slls b )g0 50 alie oy


javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
javascript:void\(0\)
http://www.opsi.ir/article-1-1830-en.html
http://www.tcpdf.org

