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Optical Tweezers use light to manipulate microscopic objects 
as small as a single atom. 

A. Ashkin, J.M. Dziedzic, J.E. Bjorkholm and S. Chu. 1986. "Observation of a Single-Beam 
Gradient Force Optical Trap for Dielectric Particles." Opt. Lett. 11 (5) 288-290. 

First demonstration of optical tweezers 

In the biological sciences, these instruments have been used to apply 
forces in the pN-range and to measure displacements in the 
nm range of objects ranging in size from 10 nm to over 100 μm. 





The Fgradient is a restoring force that pulls the bead into the center. 

If the contribution to Fscattering of the 
refracted rays is larger than that of the 
reflected rays then a restoring force is 
also created along the z-axis. 



Lateral Trapping Axial Trapping 

http://www.reading.ac.uk/physics/research/ 







Potential energy of a dielectric object in an electric field: 

 U = -p•E = -αVE2    

F = -∇U ~ E∇E  Dielectrophoretic force: 
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2) Sphere of radius a, 
εm = 80 for water 

Dielectrophoresis (DEP) 
The classical DEP theory states that the dielectrophoretic force arises from 
the interaction of the induced dipole of a polarizable object and an external 
non-uniform electric field (Pohl 1978).  

Clausius-Mossotti factor 



Optical trap 

Electric field focused  
at the focal point 

Electric field focused  
at the constriction 

EDEP molecular trap 

Nano- 
constriction molecules 

EDEP Molecular Trap vs. Optical Tweezers 



http://www.stanford.edu/group/blocklab/
Optical Tweezers Introduction.htm 
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Image courtesy of Alexandre Lewalle 



http://www.fz-juelich.de/isb/isb-1//enderlein/francesco/Page4.html 



http://www.stanford.edu/group/blocklab/
Optical Tweezers Introduction.htm 



http://www.youtube.com/watch?v=ju6wENPtXu8 
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4.5-µm diameter bead 
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  Calibration against flow field (F=6πηrv) 

 AFM cantilevers can be calibrated using a   
set of levers of decreasing stiffness 

 Trap stiffness in all cases easily determined  
by analyzing Brownian motion 



(Tethered bead in a harmonic potential) 

Equipartition of energy: 
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Equipartition theorem 

Force Relative extension RMS of fluctuation 
10 fN 0.083 ～ 815 nm 

0.1 pN 0.5  ～ 632 nm 
1 pN 0.86 ～ 262 nm 
10 pN 0.97 ～ 88 nm 
100 pN ～2  ～ 40 nm 

magnetic fF 6 r= πη νStokes’ law 
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The diffraction rings determines  
the z position of the bead. 





















T.R. Strick et al., C. R. Physique 3 (2002) 595–618 

Wormlike Chain Model: 

A: persistence length 
L: contour length 



Wormlike Chain Model: 



Rief et al., Science (1997) 276 :1109-1112 

Fitting to wormlike Chain Model: 
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