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Optical Stretcher: Theory

A laser beam incident on a particle changes its momentum
during the refraction in the medium. This change generates a
configuration of optical forces acting on the particle that:

- Push it forward (“scattering force”)

- Pull it along the optical axis (“gradient force”)

=)



Optical Stretcher: Theory

With two counter-propagating, identical laser beam, the scattering force is
suppressed and the particle is pulled along the optical axis
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So, the particle is trapped
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Optical Stretcher: Theory

The misalignment could prevent the trapping
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Optical Stretcher: Theory

To explain the stretching, we simplify the particle structure, modeling it with a
rectangular block. The beam incident on the block changes its momentum and
generate unbalanced forces on the lateral surfaces of the block.
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When two identical beams act together, the forces acting on the two lateral
surfaces are equal. So when we increase the optical power, the particle stretches
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Optical Stretcher: Theory

So, with higher power, the particle stretches
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Setup

Ytterbium
doped laser A =1070 nm
fiber

Single mode optical fiber

Optical Sretching power up to 500 mW
insulator

Coupler 50%

Coupler 1%
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Analyzed particles

We tried to trap many kind of particles:
*Biological particles (RBCs, stem cells, yeast)
*Non-biological particles (polystirene, liquid crystals )
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Samples preparation

At the moment we're focusing on red blood cells (d~6 pm)

To simplify the stretching we need swollen cells, so we need a hypotonic
solution

We dilute blood with physiological solution and distilled water and we add
some albumin, glucose, calcium and heparin

We insert the solution in the micro-fluidic system and we trap one cell at a
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RBCs in a microfluidic channel

During the preparations, some RBCs are more stressed
than the others and they lost hemoglobin




RBC deformation

In this example we show the deformation of a trapped RBC increasing
and decreasing the optical power

P=10 mW P=100 mW P=190 mW
P =450 mW
P =280 mW P=370 mW The membrane( ).
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Results

stretching
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As we can see, RBCs stretch for increasing power and return swollen when

the optical power decreases. This way we can obtain important parameters

on the cells elasticity, like Young’s modulus . f'}___‘
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