





A Bit of History




Ashkin builds first optical trap




Optical scattering forces — reflection

F = AP/At = (P-P,)/At

Newton’s third law — for every action there is an equal and opposite reaction




Optical forces — Refraction




Lateral gradient force

Bright ray

Object feels a force toward brighter light




Axial gradient force
AP

Focused
light

Object feels a force toward focus

Force ~ gradient intensity




Ashkin builds first optical trap




First single-beam gradient optical trap




Key points




Optical traps & biology




Nature, 1987
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IR traps and photodamage
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Neuman et al. Biophys J. 1999




www.cnr.berkeley.edu/~hongwang/Project

www.scripps.edu/cb/milligan/projects.html

www.alice.berkeley.edu
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Practical optical traps




Requirements for a quantitative optical trap:




Laser

Beam expander

Photodetector

-~ Condenser Objective




1) Manipulation
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2) Measurement
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Position sensitive detector (PSD)




Light of intensity W in center:

Light of intensity W off center:







3) Calibration







Brownian motion as test force

Langevin equation:

kT

e ke = F (1)
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Fluctuating
Brownian

force
<F(t)>=0
<F(H)F(£)> = 2k, Tyd (¢-1)




(Ax()Ax (1))




Autocorrelation function <Ax(t)Ax(t')>
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Brownian motion as test force

Langevin equation:

ek kx = F(t)
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