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Fig. 1. Generation of non-uniformly correlated stochastic electromagnetic beams. NPBS, non-polarizing

beam splitter.
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Fig. 2. (color online) (a) One frame of dynamic pattern loaded in SLMs; (b) the schematics for measuring

the coherence degree by two-pinhole interference experiment.

AR AR/ 22 930 RT RE A2 A 22 1] 8 ) 25 1) 4 22 St
PrE. B3 PR sk e Ror i s K

i = a x {sinc?[1 — exp(—b x )]} + ¢
AR RATIE oo BT 2 000 95) 2
a = 0.7316, b = 0.3154,c = 0.2684; A& 11y, FTH
IS H 5t a = 0.7774,b = 0.2852, ¢ = 0.2226.
HY (7) AT, FRATTI 5 BT F B 1 A % 23
B AR T B (R AR B 12

2

,ujj('l"l,’l"z) = sin02 |:1 — exp ( — %>:| s

0

Hrfr = |rm| = |ra]. S8 a M e 4B JE F AT RE
A 1) 5B BT 1 XL /N FLRST (0.1 mm)
PR i 25 TR T 1 285 3 RT (8 pm) KIRZ, X
R BB NLURDER AR 20 2) #ig B3R
MR ICIFE NSS40, SR 5256 4 F Matlab
FIT = A B BEALAH AT A2 5 B T AN RS R A . SR
17, SOG4 FAFR A SCATIR 7= A JE 38 51 R B AL
FELRE G SR 1 7 10 T AT 11

PN AIR 5 170 A L 36 A O TR 4 R 3R TS 9% 4
H5E (NPBS) & & AW B AL RGO 7 I b
HLHLRE A 2 Ay IR 7 1 (¥ 63 3 1 2 8] R A
FBE gy, BATEEER T — AN S5O 2L 1) T - B 4R
WA, B AFTR. o W75 1 16 3R 43 - B
(PBS) HigE i, 1My w77 1 (64 PBS [t H
PR K y AR 2 B R R 7 [ 90°, 8 K o
P FE VA 43 3] T30 AN T Bk 4% (A1,
A2), 43 AL, A2 R 55 A 44 5 9 R e R ) — 2,
23 5 — MR TG S W A R 2 Ja NGt E# IR

AL, FATH — & CCD (Ophir, SP620U) HKid 3%
T ERE. X RN LA B, FATTSEL R T 90

AT T AT SIS R 5

7, B R RO 90 USRI I S 45 SR -1 2 4E, S

2RI R %

fhay(T1,72) = a x sinc®[1 — exp(—b x )] + ¢

AR, Hrha = 02932, ¢ = 0.4895. X4

SRNUE pae A pyy WIS EENBOR. &
TN AT e A2 D D7 A BE AL FL RS AR St i v (o
1 BT 7R) D 9% T 9% 23 T8 21 A 23 8] 016 T o) 45 14
PEES AT e a8, LA A ZE DG IR i A IR R

B MR8 A —— X

1.0 Fitting curve for p,,
®  Measured fiz,
—-—- Fitting curve for o
(9]
9 o8} &  Measured p,,
&
e
@
o
=
2 0.6
<
5]
O
0.4F
0.5 1.0 1.5 2.0

Radius/mm

B3 B R AESETED MR pow, pyy BISEIIIE SR
NGB L Z IR r IR R, SR R )RR

Hzz, Hyy HIL G Hh 22

Fig. 3. Circles and diamonds represent the measured

paa and fiyy, respectively; solid line and dot-dash line

represent the fitting curve of pzz and pyy, respec-

tively.

054212-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) 3 2 )}  Acta Phys. Sin. Vol. 66, No. 5 (2017) 054212

(G AR

e,!

——

Rt
© oyl ; 3
s ol ! i
Al
“riet> :L
i

A2

Landind

.
o —

BENLLRECHRANS (s B

\_1_1

HRIAL CcCD

AL

St 2

4 O EAE - B R TR (AL, A2 REATISRSE)

Fig. 4. Experimental setup of modified Mach-Zehnder interferometer. A1, A2, knife-edges.

® Measured figy

—— Fitting curve for i,

Coherence degree

045 1 1 1 1 1 1 1
0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Radius/mm
K5 PR B Z IR AT BE oy S5 /0L-JEBE G
ZIAIFEE r IR R

Fig. 5. Coherence degree fi1z4 as a function of distance

between the point and the beam center, r.

4 % B

AIAETE ORISR, A A&
FRAL R, SR T — R 53 SRER I BE ML F 06
A PRATAE P AR R 22 TR R 1 4% L, 23
TN T ) P O B Lo I AR 1] 2 5 4 7R
TN B BEHUR AL, 4 P> 2 18] 0l 1 1 45 73
T R SO 2 A PR 2 A T B A I S Al AR
gri. BB TR W B AR A REATL R A R R A AR
B SIARTBE A SEga & 45 R S B A e A
PEEr. ASSCHR MR AR AR S R BEATL F 10 SR
JRERT L T 085 S, PASOG MR 55
Ik, A TR S5 BB T RIS IX R AR £ 21 SRR BE AL
HUREE AR A A% a1

SE3CH

[1] Mei Z R 2014 Opt. Lett. 39 4188
[2] Wang F, Korotkova O 2016 Opt. Lett. 41 516

054212-5

(3]

(9]
[10]
[11]

[12]

Hyde M W, Basu S, Voelz D G, Xiao X F 2015 Opt.
Eng. Lett. 54 120501

Pu J X, Dong M M, Wang T 2006 Appl. Opt. 45 7553
Wang Y X, Meng P H, Wang D Y, Rong L, Panezai S
2013 Opt. Ezxpress 21 19568

Redding B, Choma M A, Cao H 2012 Nat. Photonics 6
355

Ryczkowski P, Turunen J, Friberg A T, Genty G 2016
Sci. Rep. 6 22126

Gora M J, Sauk J S, Carruth R W 2013 Nat. Med. 19
238

Arpali Q, Arpali S A, Baykal Y, Eyyuboglu H T 2010
Appl. Phys. B 103 237

Avramov-Zamurovic S, Nelson C, Guth S, Korotkova O,
Malek-Madani R 2016 Opt. Commun. 359 207

Wang XY, Yao M W, Qiu Z L, Yi X, Liu Z J 2015 Opt.
Ezxpress 23 12508

Zhu Q Z, Wu F T, Hu R, Feng C 2016 Acta Phys. Sin.
65 184101 (in Chinese) [/RiFH, &%k, HHiE, BIE 2016
VAR 65 184101)

Mei Z R, Mao Y H 2014 Opt. Express 22 22534
Lajunen H, Saastamoinen T 2011 Opt. Lett. 36 4104
Zhang L, Chen Z Y, Cui S W, Liu J L, Pu J X 2015
Acta Phys. Sin. 64 034205 (in Chinese) [Tk#%, B&F M,
A, XIS, w4k 2015 MR 64 034205]

Mei Z R, Tong Z S, Korotkova O 2012 Opt. Express 20
26458

Tong Z S, Korotkova O 2012 J. Opt. Soc. Am. A 29
2154

Gu Y, Gbur G 2013 Opt. Lett. 38 1395

Cui S W, Chen Z Y, Zhang L, Pu J X 2013 Opt. Lett.
38 4821

Chen X D, Chang C C, Chen Z Y, Lin Z L, Pu J X 2016
Opt. Ezxpress 24 21587

Wolf E 2007 Introduction to the Theory of Coherence
and Polarization of Light (Cambridge: Cambridge Uni-
versity Press) pp174-179

Tervo J, Setald T, Friberg A T 2012 Opt. Lett. 37 151
Wolf E 2003 Phys. Lett. A 312 263

Shirai T, Wolf E 2004 J. Opt. Soc. Am. A 21 1907


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OL.39.004188
http://dx.doi.org/10.1364/OL.41.000516
http://dx.doi.org/10.1117/1.OE.54.12.120501
http://dx.doi.org/10.1117/1.OE.54.12.120501
http://dx.doi.org/10.1364/AO.45.007553
http://dx.doi.org/10.1364/OE.21.019568
http://dx.doi.org/10.1038/nphoton.2012.90
http://dx.doi.org/10.1038/nphoton.2012.90
http://dx.doi.org/10.1038/srep22126
http://dx.doi.org/10.1038/srep22126
http://dx.doi.org/10.1038/nm.3052
http://dx.doi.org/10.1038/nm.3052
http://dx.doi.org/10.1007/s00340-010-4308-z
http://dx.doi.org/10.1007/s00340-010-4308-z
http://dx.doi.org/10.1016/j.optcom.2015.09.078
http://dx.doi.org/10.1364/OE.23.012508
http://dx.doi.org/10.1364/OE.23.012508
http://dx.doi.org/10.7498/aps.65.184101
http://dx.doi.org/10.7498/aps.65.184101
http://dx.doi.org/10.1364/OE.22.022534
http://dx.doi.org/10.1364/OL.36.004104
http://dx.doi.org/10.7498/aps.64.034205
http://dx.doi.org/10.7498/aps.64.034205
http://dx.doi.org/10.1364/OE.20.026458
http://dx.doi.org/10.1364/OE.20.026458
http://dx.doi.org/10.1364/JOSAA.29.002154
http://dx.doi.org/10.1364/JOSAA.29.002154
http://dx.doi.org/10.1364/OL.38.001395
http://dx.doi.org/10.1364/OL.38.004821
http://dx.doi.org/10.1364/OL.38.004821
http://dx.doi.org/10.1364/OE.24.021587
http://dx.doi.org/10.1364/OE.24.021587
http://dx.doi.org/10.1364/OL.37.000151
http://dx.doi.org/10.1016/S0375-9601(03)00684-4
http://dx.doi.org/10.1364/JOSAA.21.001907

32 % R Acta Phys. Sin. Vol. 66, No. 5 (2017) 054212

Generation of non-uniformly correlated stochastic
electromagnetic beams™

Chang Cheng-Cheng Pu Ji-Xiong Chen Zi-Yang Chen Xu-Dong'

(Fujian Key Laboratory of Light Propagation and Transformation, College of Information Science and Engineering, Huaqiao
University, Xiamen 361021, China)

( Received 2 October 2016; revised manuscript received 21 November 2016 )

Abstract

Until now, there have been many reports concerning the generation and propagation of partially coherent beams
due to their less influencing ability in turbulent atmosphere and random media. Of particular interest, a Gaussian-Schell
model beam has been widely chosen as a special example of partially coherent beam, since its spatial coherence degree is
dependent on position only through the difference between the two position vectors. In the scalar domain, many coherent
models have been well studied such as Gaussian and multi-Gaussian Schell-model sources, Bessel-Gaussian and Laguerre-
Gaussian Schell-model sources and so on. Based on the theory for devising genuine cross-spectral density matrices for a
stochastic electromagnetic beam, several scalar models have been also extended to the electromagnetic domain. In recent
years, the propagation of partially coherent beams with spatially varying and non-uniform correlations has become a
hot topic, because of their interesting characteristics such as locally sharpened and laterally shifted intensity maxima.
In one of our previous studies, we have experimentally investigated the generation of non-uniformly correlated partially
coherent beams. However, to the best of our knowledge, so far, there has been no investigation on the generation of non-
uniformly correlated stochastic electromagnetic beams. In this paper, we theoretically and experimentally investigate
the generation of non-uniformly correlated stochastic electromagnetic beams. Based on the relation between phase
correlation and optical coherence, we investigate the 2 x 2 cross-spectral density matrix and the coherence distribution
of the non-uniformly correlated stochastic electromagnetic beam we generated. It is shown that the coherence degree
between two points in the generated beam depends not only on the distance between them, but also on the distances
between the points and the center of the beam. In experiment, we use the Matlab rand function to generate a random
phase pattern with uniform distribution. The modulation magnitudes of different positions are different and follow
an inverse Gaussian distribution in position. Dynamic phase patterns are created from a series of random grey-scale
images. Two phase-only liquid crystal spatial light modulators are employed to display computer-generated dynamic
phase patterns and modulate the two orthogonally polarized components of the incident coherent light, respectively, and
generate a stochastic electromagnetic beam. We measure the correlation distribution of the generated beam in Young’s
two-pinhole experiment. It is shown that the experimental observations are in agreement with our theoretical analyses.
Other kinds of non-uniformly correlated stochastic electromagnetic beams can also be obtained by this approach. Non-
uniformly correlated stochastic electromagnetic beams may have some applications in optical manipulation and free-space

optical communication.
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