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Determination of the phase profile in transparent objects using Fresnel
diffraction from a circular phase step

Samaneh Khami, Khosrow Hassani, Mohammad Taghi Tavassoly

Dept. of Physics, University of Tehran, Kargar Sohmally Ave., 1439955961, Tehran, Iran
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Abstract- In this paper a novel method for determination of the two-dimensional phase profile of transparent objects
based on Fresnel diffraction from a circular phase step is proposed. Evidence on the efficiency of this method is
provided through computer simulations and experiments on 10-micron size glass beads. The results show that the
proposed method can, in principle, be used as a novel phase microscopy technique to study phase objects with many
applications in biology.

Keywords: Phase step, Fresnel diffraction, phase microscopy

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


mailto:tavasoli@iasbs.ac.ir
mailto:samaneh.khami@yahoo.com
mailto:hassanikh@ut.ac.ir
mailto:tavasoli@iasbs.ac.ir
mailto:samaneh.khami@yahoo.com
mailto:hassanikh@ut.ac.ir
http://www.opsi.ir/article-1-1949-fa.html

[ Downloaded from www.opsi.ir on 2025-11-07 ]

Olrl SE9558 (6 )98 5 (swite S (ren33lys 5 (lnl S 5 Seiul (RIS (et 5 S
VWAA crage VOV il el s oans s oSl

¥ (pixel)
Y (pixel)

X (pixel) X (pixel)

09 (@) slols 538 aby 51 B8 (Al (A5 g5le 4t i) JSCA
S ez y52> L (D) 5 e 5l

ER(.X', )’)

i + o0 + o0
== E; A
Avf—oo f_oo i (x0,¥0) A(x0,¥0) M

ik
(ex'pg r)) dxydy,

abaly cpl b oy j0 a5 [Ve] ol olas olgs oo (Solo &

M(x0, Vo) 8L pooss GikenST 5 0l Lad 4598 o &

. ) x Y L.
O &bl b e Jlals (E’E) wlad sloasley o

100,50y ya ) SO
M (x9, yo)

ik )
= A(xp,¥0) exp [(2_20) (xo 4+ 2)]

i lojl loduz 3 55bw A

S @A(xo:yo) OS5 2l oy ploil (g5l s jo
w‘fﬁjowgﬁ.}‘ﬁ(T[)L.A)wl))lﬁbd‘o))b&e&:
L (samgo a8 Lo SaS 4 oads aiiS g, b o] i
53l ey 50 (V) abay jo oads cayyad ol 51 FFT o 63!
1(a) S yo (i opl 5l 6l diges ] oo oo 4 Octave
g_;lli? L: 69; (o ASJ )L9 B e ol oals oals uLA.MJ
g05,5 adlol T asaly g9, ;0 olgds gl abais jo ) cleiss
1(B) JSi y0 a5 o5 0 drmlna gy lod & (bl
O DAl (69, (89,5 0,0 BB 0L Ll ouls eole iuled
S5 eas ploml slptalej] jo ol ST SgBu 5,8 il
Fogb Fee v gl | g o ¥yl a4 S Glopls aly

HE sl )5 (50,55 (s 5 6558 SHS55) (s, b &S

Y

doddo

Los Giadad canels Gl (aly S0) atwsnl s o 4 w8
oy (nl Wgdioe Sl B8 Alp slan g 8 sugien
@ Olgee oS Sl Al 5 B sleonsy 4w (L4,
Sresl o obnlr s pSolul Hezen S5l 8 slas )8
IY] as cubs 5 cass cuys 65 ol 0]
L¥] S osbay cosls cuye 5 cubrs s pSojlul
o] bwae Sol5 alol ows [f] v cass
5 Wlmiw il 5 [#] zge Jsb s (5,505l

5,5 o )lal Al ams S5 0 (65 (sladiges (o 5Kuwg S

L oode o glo Jobo atile (s sladiges 5| (S0
3 dgbse el ul il Sy e sl Sl (SasTy
Lol o jalls oS Sllei b il pgal (Jgono 5950090
2ye 35 bl Lame L Ll it S cayi o o
ol (536 plal 5; ol 5l g WS o et T 5l (6500
ALl 656 plaxl o580, Sn sl 2ledy) O3S Sgd o
ligy 5B nls (58ug See aiile sl ytn Lol el 0ns

.[Aj"\] Ml)u;o KTRE VIP TR C P PR VLW u;°-'5
B ol sleolaiunl b g ool Sloau SaS a4 dllin (ol yo
Sloaiges 5l (o5 Sl n sl Sln (o35, Glogls aly S
oolatwl gy cpl ;K0 (65 0 Gl 0ol &) axs g0 0 (5318
sloaly 5l s B8 My b avnlxe sl 88 (s
JS) e dlore loiy) ) Cond oS Sl (gamgo
Slesls o> pSedizr all el wagdnS- b3 ol

..m;‘:e

G3B by 5l By pln sl Gl
ooy 9 iS5 zge S ST iy uiSoge ol 4 4z b
DSl @b b e Gl 0s oy e o By lad
635 (0,Y) alais )3 000l 595 Hlase 090 3, A(%Xo, Yo )

D9 g0 03l 53 alayly b g d alols 4 glaxio

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


http://www.opsi.ir/article-1-1949-fa.html

[ Downloaded from www.opsi.ir on 2025-11-07 ]

Olpl Sigisd (5 )9lid 5 (owiiges (S a3jl9s 5 (Ll SE9558 5 Sl (ST el 5 Cenn

aly 5l 3l G s ol @ YLl 4 Y S
j@&;&jsowjbwsw}Wbé}lﬁ

R @L.uf)b

Glod und @ Glopls aly 51 B,8 5l SeS 4 allie cpl jo

D9y 2 9y Rl P ey Blal (55,5 sladiges 5B

Vo

g I N
Frd Gl gy 4 536 (o swy S Gloduz 1 ¥ S

20,5 oolatul 0gs oads aSle Sl anl 08 6 g,
Ol Ao Joe 13 (588 98y e SO alg) (490 aly (]
695 ShS Gsasl 3B plazl ogioe 0dls S et
STy AT s (55,50 00 Wiz ooy a8 L slased
WNpS e JE e 3l ambo o e S o oY
Ll 00l oa)ﬂ A S u:,“uj oz 5l (6 gas
b Glp Jims CCD Gjgs o hls g8y Ss
Al Gt 5l plodigel oals Jog alll) a4y oS coul pglas
Wl ools ylid 3(@) GledSs o 0,3 jgam boad o
Ohgy 3l b R (59, 5 5B ale oyl cens 4 ol
Sl of 5o a5 as eolizal [V o] o8 Jlem 518 Jlil o lasbiws!
plml sl Joe jo 0l ol % olnlay o 58 2 ol B
730 90 o 9 290 @) Slears caslie oS 5 511
alayly 51 les oo |y 0al ouzmy 3B Lao,S eolaiul zge lal

-1 1la—1I

3B lgen g dtugy led 4 5l SLaSl eSS 5l eslinul
88,5 o b e e ongs 3(D) UK o axsl aslen
3(€) IS 55 55 diged Dlaites o 2 516 Gan ds el
5B USs (69,5 led 09 co 0000 a5 jehailes ol oos 03

Sl Ll lS” Syl o

L6 opl e Vo] 05 el P = tan

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


http://www.opsi.ir/article-1-1949-fa.html

[ Downloaded from www.opsi.ir on 2025-11-07 ]

Olpl Sgigd (659L8 5 (st (WS e 3l5d 5 Ol nl SEgs8 9 Syl (ST et 9 S
VYA (ot 10V il el g5 g o olStils

Ol @l g (o5 bz Sole oniey sbe
i B9y sRlr G 5 5l samgs bl (5 S oIl
e mS= B8 e sl SRl lsaie by sl 4 88

o ul.....ul.‘)bo 6)'L..q ool 6‘)’.’

L &2 yo

[1] A. Khorshad, Kh. Hassani, and M. T. Tavassoly.
“Nanometer displacement measurement using Fresnel
diffraction.” Appl. Opt. Vol. 51, No. 21, pp. 5066-
5072, 2012.

[2] M.T Tavassoly, S.R. Hosseini, A.M. Fard, R.
Rezvani Naraghi, “Applications of Fresnel diffraction
from the edge of a transparent plate in transmission”,
Appl. Opt., Vol. 51, No. 30, pp. 7170-7175, 2012.

[3] M.T. Tavassoly, I. Moadel Haghighi, Kh. Hassani,
“Application of Fresnel diffraction from a phase step to
the measurement of film thickness”, Appl. Opt., Vol.
48, No. 29, pp. 5497-5501, 2009.

[4] M.T Tavassoly, R. Rezvani Naraghi, A. Nahal, and
Kh. Hassani, “High precision refractometry based on
Fresnel diffraction from phase plates”, Opt. Lett., Vol.
37, No. 9, pp. 1493-1495, 2012.

[5] M. Dashtdar, & Hosseini-Saber, S. M. A. "Focal
length measurement based on Fresnel diffraction from a
phase plate™, Applied optics, 55(26), 7434-7437,2016.

[6] M.T. Tavassoly and S.R. Hosseini, “The application
of a phse step diffratometer in wavemetry”, J. Opt., Vol.
17, pp. 035605, 2015.

[7] A. Jabbari, Kh. Hassani, and M.T. Tavassoly,
“Determination of the spectral line profile using a phase
gradient step and stationary Fourier transform
spectroscopy”’, Appl. Opt., Vol. 58, No. 19, pp. 5353-
5359, 2019.

[8] S. Ebrahimi, Dashtdar, M., Sanchez-Ortiga, E.,
Martinez-Corral, M., & Javidi, B. "Stable and simple
guantitative phase-contrast imaging by Fresnel
biprism", Applied Physics Letters, 112(11), 113701,
2018.

[9] R. Barry, "Quantitative Phase Imaging of Cells and
Tissues", J. Biomed. Opt., Vol. 17, No. 2, 029901,
2012.

[10] J. Goodman, Introduction to Foureir Optics, 41"
ed., W. H. Freeman, 2017.

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


http://www.opsi.ir/article-1-1949-fa.html
http://www.tcpdf.org

