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Optical tweezers



White light supercontinuum

Ref: http://crystal-fibre.com



Generalized Nonlinear Schrödinger 
Equation
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Higher order dispersion

Ref: G. P. Agrawal, Nonlinear Fiber Optics (2nd edition), Academic Press, San Diego (1995)



White light tweezer



White light tweezer



3D manipulation and spectroscopy of a 
single particle
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P. Li., K.B. Shi, and Z. Liu, ²²²²Manipulation and spectroscopy of a single particle using white
light optical tweezer²²²² Opt. Lett. 30, 156-158 (2005)



Single particle optical scattering spectrum

d=1.5mm d=2mm d=2.5mm



Plane wave Mie scattering
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Scattering of a focused beam

Angular spectrum expansion at focal point

Focused 
incident 
beam

Scattering 
wave
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Chromatic optical tweezer

Bessel beam



Chromatic tweezer movies



Confocal microscopy



Chromatic 
confocal 

microscopy

K. Shi, P. Li, S. Yin, and Z. Liu, ²²²²Chromatic confocal microscopy using supercontinuum light, ²²²² Optics 
Express 12, 2096-2101(2004) 



Experiment



Experiment



Lateral Chromatic Confocal Microscopy

Photonics Crystal 
fiber

L1 L2

CCD Camera

Nanosecond laser 
pulse
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1 mm Pinhole

Sample

L3

OL1: 10x Objective Lens; OL2: 100x oil immersed Objective Lens (N.A. 1.25);
OL3: 60x Objective Lens; OL4: 60x Objective Lens;
L1: Singlet Lens (FL 200mm); L2: Singlet Lens (FL 200mm);
L3: Singlet Lens (FL 100mm); BS: broadband Beam Splitter.
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• 3D manipulation
• Single particle spectroscopy
• Novel optical trap
• WDM imaging
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