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Bottle Beam Generation with a Double Ring Lens
by Focusing Parallel Light

Sun Chuan He Yanlin Wu Fengtie
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Engineering, Huaqiao University, Xiamen , Fujian 361021, China

Abstract A novel compact optical component aimed at transforming a plane wave into a bottle beam is proposed
and demonstrated. This component consists of a cover and aplano—convex lens which has the advantage of simple
structure and easy production. The component can generate bottle beam with fixed parameters by modulating
paralleling light and achieve the target of turning the size of bottle beam in wide range by replacing the cover. The
formation mechanism of bottle beam is analyzed by geometrical optics, the relevant parameters expression is also
derived. According to the diffraction integral theory, the distribution of the light field behind the element is derived
and the numerical simulation is carried out with Matlab. Using He—Ne laser as light source, the cross sectional
intensity distribution of bottle beam in experiment is captured.The results are basically consistent with the simulation.
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Fig.1 (a) Top view and (b) side view of double ring lens
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Fig.2 (a) Geometrical analysis scheme of double ring lens generating bottle beam; (b) analysis scheme of spherical lens imaging
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Fig.3 Section intensity distribution of bottle beam
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Table 1 Theoretical results and simulation results of bottle beam generated by different ring parameters

Theoretical result Simulation result
Aperture of light
Starting position Starting position
source Axial Maximum hollow Axial depth  Maximum hollow
of bottle beam of bottle beam
R., R, Rs, R, /mm depth /mm radius /mm /mm radius /mm
/mm /mm
1,2,3,4 99.559 0.245 0.003 99.543 0.263 0.003
3,4,6,8 98.227 0.989 0.024 98.186 1.025 0.025
3,5,9,10 95.975 2.797 0.082 95.881 2.870 0.085
3,8,12,14 92.750 4.081 0.166 92.657 4.288 0.177
5,10,15,17 88.469 6.542 0.398 88.341 6.738 0.409
13,15,20,22 78.603 9.866 0.956 78.508 9.968 0.963
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Fig.5 Section intensity distribution of bottle beam in experiment
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