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Design and Analysis of an Optical-Tweezers-Based

Single Particle Tracking System

Student : Yi-Ren Chang Advisors : Dr. Sien Chi
Dr. Long Hsu

Institute of Electro-Optical Engineering
National Chiao Tung University

ABSTRACT

Since the combination of optical tweezers with single particle tracking were
proposed, it has become the most famous method applied in many research fields to
manipulate and track the micro-particles i a‘microscope, especially in cellular and
molecular biology.

Although optical tweezers have been widely applied in the biological researches,
there has not been a sophisticated model for-their optical force for biological cells and
organelles. Therefore, we extended the current model of optical tweezers to predict the
optical force upon an non-uniform biological sample which is simulated as a
spherically symmetric sphere. According to the comparison between the theoretical
predictions of optical force on a lung epithelial cell and the experimental results, a
20% of reduction of prediction error will be obtained by using our extended model.

We also designed a single particle tracking system with an off-focused probe laser
beam, and studied the variations of position signals for different sizes of the tracked
particles due to the focal offset between the probe laser beam and the trap laser beam.
This study shows that the signal coupling between the trapped bead displacements in
different axes may be significantly decreased via detecting the scattered pattern of the
probe laser beam with a focal offset. Consequently, the limitation of the compatible
size of the tracked particle can be improved. In this work, the relationship between the
optimized focal offset and the tracked particle size is obtained theoretically and
experimentally. It is confirmed that the spatial resolution, the tracking range, and the
precision of the tracking can be improved with a probe laser beam at an optimized
focal offset.
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