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Geometric Optics Analysis and Experiment of Bottle Beam
Generated by Using Annular Beam

Ma Baotian Wu Fengtie Lu Wenhe Ma Liang

(College of Information Science and Engineering, Huaqiao University . Quanzhou ., Fujian 362021, China)

Abstract A new way to generate bottle beam by using annular beam is presented. When annular beam illuminates
perpendicularly bottom surface of axicon, bottle beam is generated along the optical axis behind the axicon. Process of
generating bottle beam and transverse intensity distribution at different location on optical axis are analyzed by using
geometrical optics. Formulas for calculate bottle beam sizes are deduced and the factors affecting bottle beam sizes are
discussed. The results of contrast experiment agree approximately with theoretical analysis. Compared with double-

axicon and axicon-lens, this method for generating bottle beam is simple in operation and the optical elements
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processing is easy. so it is important in applications.
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Fig.1 (a) Axicon transforms incident plane wave into Bessel beam; (b) beam pattern and radial intensity

distribution of Bessel beam
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Fig.2 (a) Film roll to generate annular beam; (b) axicon transforms incident annular beam into bottle beam
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Fig. 3 Beam pattern at four positions on optical axis by numerical simulation
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Fig. 4 (a) Film roll to generate double annular beam; (b) axicon transforms incident double

annular beam into several localized bottle beam
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Fig. 5 Experimental setup of axicon transforms incident annular beam into localized bottle beam

H1 (3D (4) A1 C6) 243 5l B s Jmy 4l 28 00 38 3 e
Z, = 750 mm, .0 Z. = 1000 mm, & &5 Z =
1250 mm, K L =500 mm, iz K2 1] K12 rp =
1 mm, ORGSR CCD BB AHBLIST % il 5 1) 22
1% 3l . AT AL B A b 25 X380 iy J2: DU 26 7R 6 R

s Ol b A — 2258 2o DA 2 i 412 v [
S Y R AZ /N S R A A s X7 LAY
TR T 5 L L ] 6 Ca) ~ Ce) 43 3l Sy 2 A 4
BB CCD BAHMLIA S A G B AR A & ==
600,800,1000, 1200 F1 1300 mm {ii & 1 I 7 51 N



2552 B %

ES i1 30 &

FEIR G B Jry i s DO B DE RE R . ] 6 (a) Fl (o)
Shy Jey 3k s 0 AR 43 2 10 N 2 )G R TG AT S I ZE R Ok
6 (b) 1 () y Jmy 38525 0 8 43 19 T ik B Be R85 TR B B
Bl 6Cc) Ay Jay d 25 .0 R 4 h e iy B, X LE L 3 A

P 61 [l 02 B B e SO 55 o0 A7 1] LA HE L BR T S
T30 s X 2k _EAFAE S 2k LASE  BILE R AU 5 52
WA RIEARY) & . SEHIESE PR OC A i HE i B RE
g = A eyl as ok

6 BRI 6™ AR 9 R s 0 Ot 1 5 B

Fig. 6 Experimental images of localized bottle beam pattern generated by using annular beam
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