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Improvement of the Effective Trapping Force by Using Ring-beam Laser

CUI Guo-giang LI Yin-mei WENG Ming-qi LOU Li-ren
£ Department of PhysicsE~University of Science and Technology of China£-Hefei 230026£0

Abstract The effective trapping force is defined and the effective force of a ring beam trap is calculated in the ray optics regime.
A comparison of the effective trapping forces is also given using solid beam and ring beam. It is shown that the ring-beam gradient

laser trap has a higher effective trapping force than the solid-beam laser trap and the stability of the ring-beam laser trap is

improved greatly too. Also the thermal damage of the ring-beam laser trap is reduced.
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Fig.1 Geometry for calculating the force the

scattering incident ray of power P by a dielectric

due to

sphereEshowing the reflected ray PR and an infinite

set of reflected rays PT? R"
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Fig.2 Single ring-beam gradient force trap in the ray optics

model with beam focus located along the Z- axis of the sphere
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Fig.3 Geometry of an incident ray with beam focus along
the Z- axis of the sphere giving rise to gradient and

scattering force contributions F, and F
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Fig.4 Values of the scattering force Q,E-gradient force (£~

and total force (),E-exerted on a sphere of index of

refracion n = 1.2 by traps with a uniformly filled
input solid beam and ring-beam focused along the

Z-axis at position + S above and - S below the

center of the sphere. The solid line is the ring-beam

trap with minimum angle 60° and the point is the

solid-beam trap
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Table 1 Performance of the solid beam trap and the ring-beam trap with different minimum angle with n =1.2

b in £0 Qg SnEY £00, Sl EY £00,1m £ S£Q.EY
Solid-beam Traps
-0.3750 1.036 0.1329 1.062 0.4899 1.048
Ring-beam Traps
20° -0.3882 1.036 0.1371 1.062 0.5065 1.048
40° -0.4454 1.034 0.1568 1.062 0.5801 1.048
60° -0.7502 1.030 0.2773 1.062 0.9760 1.046
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