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Influence of Focal Length of Lens on Sizes of Bottle Beam

Liu Bin Wu Fengtie Liu Lan

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

Abstract Based on Hugens-Fresnel diffraction integral theory, the propagation formula of an optical bottle beam
generated by an axicon-lens system was deduced. The three-dimensional (3D) and cross-section optical intensity
distribution were simulated. Using the diffraction integral theory and geometry method, the influence of the focal
length of the lens on the sizes of the bottle beam was analyzed in detail. The results show that the sizes of the bottle
beam (including the bottle radius and bottle length) increase with the increase of the focal length of the lens under
the same condition. In the experiment, the bottle radii of 200 pm, 300 pym and 430 pum are obtained with the focal
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length of 50 mm, 70 mm and 100 mm respectively. The result fits well with theoretical calculation and numerical

simulation.
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Fig. 1 Geometrical scheme of bottle beam generated

by axicon
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Fig. 2 Simulation of 3D intensity of bottle beam with
different focal lengths
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Fig. 3 Numerical simulation of cross section intensity

distribution on the focal plane with different focal lengths
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Fig. 4 Graph of bottle length Az (a) and bottle
radius R (b) versus focal length f
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Table 1 Theoretical value of bottle length Az and bottle

radius R with different focal lengths

f /mm Az /mm R /pm
50 12 200
70 23 280

100 47 410
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with different focal lengths using the micrometer
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Table 2 Experimental measurement of bottle radius R in

different focal lengths f

f/mm R /pm
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