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Theory

Apparatus

• A He-Ne laser produces a 25 mW beam.  

After losses passing through optics, power 

is reduced to 15 mW. 

• A 150 mm lens focuses the beam onto the 

back focal plane of the objective. Then, the 

objective tightly focuses the beam onto 

the plane of the slide.

• A dichroic mirror is used to steer the 

laser into the inverted microscope’s 50x 

objective 

• The objective steeply focuses the beam 

onto the slide, trapping a dielectric 

microbead. 

• The reflected light’s image passes through 

the dichroic mirror and is captured by 

camera.

Results
Using a trapped microbead as a probe, the 

viscous drag force of the medium (water) on 

the bead can be determined by sweeping the 

beam position.

1. Velocity of a tweezed bead was calculated 

from video footage showing the distance 

traversed over some time, resulting in 

15.81(5) μm/s
2. Using 𝐹𝑣𝑖𝑠 = 6𝜋𝑛𝑟𝑣, the measured 

velocity results in a viscous drag force of 

0.41(5) pN. Where the viscosity of water, 

𝑛 = .00091 Kg/ms, the radius is 𝑟 =
1.5 μm and 𝑣 is velocity.
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Introduction

Optical tweezers are used to study characteristics of 

micro-scale objects via micromanipulation.  A simple 

optical tweezing apparatus was designed and 

implemented for the quantitative study of micro-scale 

translational motion, torques and viscosity. 

Objectives: 

• Determine the drag force exerted by the medium 

on microparticles

• Measure the rotation rate of birefringent 

microbeads spun by a circularly polarized beam

Ongoing work: Optical 

Microrheology

• A solution of 𝐾2𝐶𝑂3, 𝐶𝑎𝐶𝑙2 and 𝑀𝑔𝑆𝑂4
produces birefringent microbeads.

• A λ/4 plate circularly polarizes the laser 

beam and spins birefringent microbeads.

• From analysis of reflected light, the rotation 

rate of the microbeads and torque can be 

determined.
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Discussion
• These velocity and force measurements do 

not represent the extent of the tweezer 

capabilities due to instrumentation limitations

• Construction of a mechanical control 

would give finer operation ability

Trapping Strength

The strength of a trap depends on the attractive 

gradient force

• Trap strength comes from the steepness of 

beam waist, therefore objectives with high NA 

are ideal for strong traps.

• In the case of a weak trap, scattering force 

overcomes attractive force and the bead is 

pushed away

• Optical tweezing exploits conservation of 

momentum: objects reflecting or refracting light 

must change momentum accordingly.

• A laser beam is tightly focused. The beam waist 

forms a trapping region 

• A Gaussian beam profile from the laser creates an 

attractive gradient force toward the region of 

greatest intensity.
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