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Fig. 1. (color online) Schematic diagram.

FRAEHB 0 M T T B R 17 bk i 2 )5
WA AR DU AR R 10 63
1(Q) = IV(Q) + I?(Q) + 2/ 10/ 19(Q)

X |712(7)| cos(ai2(7) — ), (6)
R 100(Q), 1)(Q) 4 B 5 o 44 A - DL 3 /¢
B, ()] 482 75 SR ST 1E, AT
REAT 051 12 1, #HITRE 0, ACRBTAOE 5%
A RHIT MR, EHITRER 1, 835 4 M T
L.

3 HWAaMET AN AHERERE R
6 R %7 v AR (B A
HE L, giaJUDa i, Mo HTe
Tk T A Bl g S AR B AN SR HE IS T K P AR T R
F AR DLZE RO OR. HOes ik a3l oy
Erv(pskr1, k21, 2,1)
= Jo(kr1p) expli(kz12 — wt + 1)), (7)
Ea(p, kra, ka2, 2, t)
= aJo(kr2p) expli(k.2z — wt +2)],  (8)
Horbra AP I AR I 2 B, FRATTAE A5 400 B

a=1.

044103-2


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

Y18 Z R  Acta Phys. Sin.

Vol. 65, No. 4 (2016) 044103

PSR 4 AH T DL ZE R R T I JE 1Ok i
/\Tﬁy\j
I(z,p) = [Jo(kr1p)]* + [Jo(krap))?

+ 2Jo(kr1p)Jo(kr2p) [112]

x cos[(kz1 — kz2)z + (1 — @2)],  (9)
i van Cittert-Zernike 5 2, ¥ & B L4 T 6 IR
NG BRI HH K B Al A T SR D b AT i A R
(4R 30 7 A S Bk, 38 I bl b B 7181 TR 4% T
AT

1.22L)\
6= ; (10)
¢

570.2—
= —0.1+
z

g 0
z

= 0.14
!

S 0.2

Propagation distance z/mm

A, o NG IRZE, By A 52 56 vh Ot BRI FL
1o LRJGHE P E — Mok ER R, i
L = 633 mm, A\ = 632.8 x 1075 mm (B} He-
Ne ot K BOGEK). 2624 0.15 mm
I, H(10) AT THERC 7 AR R S s o6 RO
) KN 6 = 3.26 mm.

S5 SR FH v 407 - i A2 10 S5 3 4 AH
o6, IR TR

(ry —ry)?
|712] = exp [ - T] (11)
4
B 3r
=
Zo2r
n
g4l
S
0 , ,
75 80 85 90

Propagation distance z/mm

K2 BB RO IR A 1) =250 A b oA

Fig. 2. Simulated three- and two-dimensional axial intensity distribution.
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Fig. 3. Three- and two-dimensional axial intensity distributions of the field with different coherent

degrees: (a) 0.9; (b) 0.7; (c) 0.5; (d) 0.2.
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Fig. 4. Simulation results for the spot and two-dimensional intensity distribution in a complete period:

(a) 2z =79 mm; (b) z =80 mm; (c) z =80.5 mm; (d) z =81 mm; (e) z=81.5 mm
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AR WIRDETE I 5 s s A, 8 — TATHT N 0.9, = DUATMT RN 0.5, H 1L /ST

(a) z =

79 mm; (b) z = 80 mm; (c) z = 80.5 mm; (d) z = 81 mm; (e) z = 81.5 mm. The spectral degrees of coherence of

the first two lines, middle two lines, and last two lines are 0.9, 0.5, and 0.2, respectively.
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Fig. 5. (color online) The schematics of the experimental setup.

6 PIANJE AR AR TR A A SR B ]

(a) z =79 mm; (b) z =80 mm; (c) z = 80.5 mm; (d) z = 81 mm,;

(e) z=81.5 mm; (f) z =82 mm; (g) z = 82.5 mm; (h) z =83 mm; (i) z =84 mm; (j) z = 84.5 mm

Fig. 6. Experimental spots of partially coherent bottle beam in two production periods: (a) z = 79 mm; (b) z = 80 mm;
(¢) z =280.5 mm; (d) z = 81 mm; (e) z = 81.5 mm; (f) z = 82 mm; (g) z = 82.5 mm; (h) z = 83 mm; (i) z = 84 mm;

(j) z = 84.5 mm.
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Fig. 8. Simulated and experimental spots of bottle beam when the coherent degree of partially coherent field is 0.83.
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Fig. 9. Dark spot size of bottle beam when the coherent
degree is 0.83.
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Abstract

In this paper, we propose how to generate the periodic bottle beam by using a partially coherent beam. Firstly, a
spatially completely coherent beam is transformed into a partially coherent beam by a rotating ground glass. Secondly,
after passing through the double-axicon system, the parallel beam is converted into two Bessel beams which have the
same optical frequencies but different radial wave vectors. Finally, the partially coherent periodic bottle beam can be
generated by two interfering Bessel beams. Based on the interference theory, an analytical expression can be obtained
for calculating the distribution of light intensity in the image and spot diagrams in spectral degree of coherence for the
optical field with 0.9. By doing this calculation, the proposed optical system can be made to generate a partially coherent
periodic bottle beam with the oscillation period of 2.5 mm. Before further investigating the effect of field coherence on
the periodic bottle beam, we may also calculate the distribution of light intensity in the images and spot diagrams in the
spectral degree at 0.83, 0.7, 0.5 and 0.2, respectively. Results show that the intensity contrast ratio between the dark
focus and the surrounding periodic regions can be reduced with the decrease of the spatial coherence degree. In this case,
the period of the bottle beam and the central dark focus size will not be affected. We have also designed and carried
out an experimental generation of the periodic bottle beam and measured its focusing properties. In the experiment, we
can control the coherence in the incident field by controlling the size of the circular aperture located behind the rotating
ground-glass disk. When the size of the circular aperture is 0.1 (or 0.2) mm, the value of the coherence degree of the
incident optical field is 0.9 (or 0.83). The two different coherence degrees of the partially coherent bottle beam have
been measured by CCD. Experimental results show that the obtained bottle beams are of the same period of 2.5 mm.
The measured diameters of the two different coherence degrees of the central spots (maximum sizes of the dark spot)
are both 15 um. Experimental results also show that the spectral degree of coherence cannot affect the shape and size
of the periodic bottle beam except the contrast of it. Therefore, the experimental results agree well with the theoretical

results.
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