Constructing an Optimized Optical Tweezers
Kathy Camenzind, Martin G. Cohen, and John Noé

St()ny BI'OOk California High School, San Ramon, California St Ony BI'O ()k

Laser Teaching Center, Stony Brook University

UIIlVGI'Slty Department of Physics and Astronomy University

Introduction Optical Tweezers Setup Methods and Results
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Our research investigated how the trapping power of optical tweezers depends on the e A 200 mm focal length lens to focus the laser light 230 mm from the objective ozm{ - h o oo M :N: o W \::} ———-—
intensity distribution of the light entering the microscope objective. We used both « Thorlabs CMOS camera for viewing and recording images on a laptop computer R Position (mm) | T pesition(mm) | | T egtontem
Gaussian beams of two widths and annular (optical vortex) beams of order =1, 3,5 Generic 50X NA = 0.85 microscope objective with a 6.0 mm back aperture Intensity distributions of Optical Vortex: L=5 Optical Vortex: L=7
and 7. * Nikon inverted microscope with built-in illumination source for particle viewing. the five beams tested for . . 3 1.00 7 P
Inverted microscopes have the advantage that gravity opposes the scattering force. trapping. Gaussian beam o - o %0 o o
* Adichroic mirror and three metallic mirrors for beam turning and alignment was profiled unexpanded, R ., . g0 ’: :
Theory « Various mechanical elements such as optical rails, posts, and translation stages while optical vortices of =« °** X =0 e o :f:
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Optical traps have two trapping directions:
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We used both yeast cells (~*5 um @) and latex spheres (10 um @) for trapping; all the
following force measurements were taken trapping yeast in the lateral directions.
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g In order to calculate the trap strength, the Stokes’ Drag Theorem
R = for a spherical particle of radius r moving at a constant velocity v
Source through a fluid of viscosity n was used: ©
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e The motion of the particle in an accelerating trap was recorded.

 Refracted light exerts a forceonthe ¢  Refracted light exerts a backwards The video was then analyzed to find the escape velocity at which
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*  Trapping strength depends on the beam waist Objective. 3 _ Fistm The pictures to the right show a sequence of pictures as the stage

intensity gradient of the light e  “Scattering force” acts in the direction : Dichroic E =200mm is translated to the left. Note that the yeast cell circled in green is
*  This “gradient force” attracts particles of the light’s propagation Leptop o NN . trapped, as it does not move with the rest of the solution.
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Overfilling: . We were able to readily trap yeast axially with the Gaussian beam when it was

expanded to 9.5 mm, but not when it was expanded to 7.5 mm; we were also able to
trap latex spheres with both beams. Measurements of the transverse trap strength for
each beam revealed that optical vortices of higher modes have weaker transverse
trapping forces.

The outermost light rays are refracted at the
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backwards gradient force.

Contral light ) f ; A 1 RPM motor was coupled to the translation stage Tralr:Osverse ‘Fallout’ Velocities 5;I;ransverse Trap Strengths
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Hioh intensity beaks on the edee and low metallic mirrors and uncoated optical vortices of higher orders actually decrease transverse trapping efficiency. Our
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