l==>

Distance from equilibrium of a driven trapped NESS

Emil Vincent P. Llanes, Romie Seth E. Florida, Michael Jade Y. Jerez and Mark Nolan P. Confesor’
Premier Research Institute of Science and Mathematics and Department of Physics
MSU - Iligan Institute of Technology, Bonifacio Avenue, Tibanga, 9200 Iligan City, Philippines

*marknolan.confesor@g.msuiit.edu.ph

ABSTRACT

For driven systems, a detailed balance like (DBL) equation, K*, was previously obtained. The DBL relation quantitatively
defines how far a non-equilibrium steady state (NESS) is from equilibrium. Using an optical tweezer, a microscopic particle was held
and driven with different velocities. The net drag force causes the particle to move away from its equilibrium position to a new one
inducing a NESS. We will report K* dependence on the driving velocity.

Motivation

d Investigate how far from equilibrium 1s the NESS of a
particle dragged through a fluid with an optical trap.
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Methodology

Optical Tweezers =

* Developed by Arthur Ashkin
Utilizes the momentum of
light in holding microscopic
particles
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For a stable
trap:
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Forces in Optical Tweezers
Gradient Force
F, o VI(r)r
* Scattering Force
F, xI(r)z

Experimental Setup:
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Schematic diagram of the
Dual Optical Tweezer.
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Right image: Actual image of the experimental setup.
Left image: Vertical Section of the microscope.
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Stationary probability distribution of

measured position for a polystyrene bead of

radius 1 um in an optical trap.

Initial Results
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kg — Boltzmann's constant
T — temperature

o — standard deviation

y. — center of the trap

The optical trap stiffness is;
kT

g2
k. ~1.60pN/um

the S
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@ Transition Probability Method
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* Displays the shift of the center with the increase in

velocity.

Inset is a snippet from v =1.81 um/s.
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Plot of the change of the center as a function of
velocity.
AY. = |y — VYol Yoo =center of control, y,, = center
for velocity v.

potential.
potential especially at greater velocity a

in terms of magnitude as At increases.
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* Shows how transition probability becomes

inadequate for driven systems.
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* Plot of K* as a function of velocity at
different time lags.

nd longer time lags.

for the equipment.
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1 Increase in the driving velocity increases the shift of the center of the
[ The transition probability measured is unable to recreate the non-equilibrium

L K* displays an increasing trend as velocity increases and shows a net increase
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