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Komai et al, Nature Neuroscience & Nature Protocols (2006)
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Hela Cell
1IgG
DAPI

Alexa Fluor 488
DAPI

HeLa cells were labeled with anti—-golgin-97 and detected using Alexa Fluor
488 goat anti-mouse IgG. The cells were counterstained with DAPI
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FCS: Fluorescence Correlation Spectroscopy

FLIM: Fluorescence Life-time Imaging Microscopy
FRAP: Fluorescence Recovery After Photobleaching
FRET: Fluorescence Resonance Energy Transfer
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Fig. 8.8. Seatter of metal nanoparticle, based on particle size, shape and composi-
tion of matter. All particles were agueous suspensions. (Reprinted with permission
from :-“-Fr:. Copyright 2001 American Association for the Advancement of Science)
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Confocal Laser Scanning Microscope
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Airy Disk

fucus nf a converging sphﬁrmal wave diffracted at a mreula.r aperture. The intensity

18 normalized to unity at focus. The dotted lines represent the boundary of the

geometrical shadow. When the figure is rotated about the u-axis, the minima on the
v-axis generate the Airy dark rings.

(Adapted from E. H. Linroor and E. Worr, Proc. Phys. Soc., B, 69 (1956), 823.)
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Particle: 40nm to 10pm)

Radiation Pressure by Laser

Radiation J:L

Pressure Trapped at Beam Spot
Particle (Optical Tweezers)
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Snells Law
n,sinB=n, sin®













Manipulation by Optical Tweezers

(b)
Manipulation of Red Blood Cell
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Optical Levitation

VoLUME 24, NUMBER 4 PHYSICAL REVIEW LETTERS 26 JANUARY 197,
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ACCELERATION AND TRAPPING OF PARTICLES BY RADIATION PRESSURE

A. Ashkin
Bell Telephone Lahoratories, Holmdel, New Jersey 077133
(Received I December 1969)

Micron-sized particles have been accelerated and trapped in stable optical potential
wells using only the force of radiation pressure from a continuous laser. It is hypothe-
sized that similar accelerations and trapping are possible with atoms and molecules us-
ing laser light tuned to specific optical transitions. The implications for isotope sep-
aration and other applications of physical interest are discussed.
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Laser Trapping

288 OPTICS LETTERS 7 Vol 11, No. 5 / Aayv 1986

Observation of a single-beam gradient force optical trap for
dielectric particles

A. Ashkin, ]. M. Dziedzic, ]. E. Bjorkholm, and Steven Chu

AT&T Bell Laboratories. Holmdel New [ersev 07733

Received December 23, 1985, aci Pp‘Pd “farch 4, 1986

Optical trapping of dielectric particles by a single beam gradient force trap was demoncirated for the first reported
time Thi= v Ilhrmu:he concept of negative light pressure due to the gradient force. Trapping was observed over
the entire '.arq,,f- of particle s)z¢ from 10.0m 10 ~25 nm.in water. Use of the new trap extends the size range of
macroscopic particles accessible to optical trapping and manipulation well into theRa;]e:ghsizequPe. Applica-

tion of this trapping principle to atom trapping is considered.



A. Ashkin, et.al. Opt. Lett. Vol. 11, 288 (1986).
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Laser Trapping of Gold Colloidal Particle (r<<A)

p
Radiation Force on a Particle

Converging Laser Beam E =[Fgrad + [Fscat

Farad: Gradient Force

[Fscat: Scattering Force
\. J

P
Gradient Force [Fgrad

% n1 o grad(|E | %)

(Polarizerbility)

I grad =

ex) A = 1047 nm, in Water
Opg = 4meeo ( 0.125) r®
op, = 4meeo (1.114 - 0.00943i ) r3

Small Particle (d<<A)

(Rayleigh Scattering)

Scattering Force Fscat
(~Force by Absorption [Fabs)
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3-D Laser Trapping of Gold Colloidal Particle

Particle: Gold Particle
in Water (¢ = 40nm)
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Sample stage was
moved in Z direction

(1) (2)

llumination Laser ON

Bright Spot -> Scattered light from particle
(Point light source of 40-nm diam)



1970 A.Ashkin
1986 A.Ashkin
1986 S.Chu
1992 T.Sugiura
1994 T.Sugiura
1995 S.Block
1996 S.Chu
1997 T.Sugiura
2000 T.Sugiura
2001 E.Cornell

Optical Levitation

Laser Trapping (=Tweezers)
Laser Cooling

Evanescent Drive

LT-NSOM

Force Measurement

Nobel Prize (Laser Cooling)
LT-NSOM with Gold

Surface Force Measurement
Nobel Prize (B-E Condensation)



Steven Chu and Art Ashkin in front of the first optical trapping apparatus in 1986
Rev. Mod. Phys., Vol. 70, No. 3, July, 1998
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