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Optical tweezers work on a very simple principle:   
Gradient force produced by a light field is used to trap, hold and 
move micrometer size objects.

For dielectric particles gradient force is towards the highest 
intensity. Therefore the trapping capability of the light increases 
with the degree of focusing…

Optical tweezers are usually implemented using a diffraction 
limited laser beam coupled into a high magnification 
microscope objective in order to produce the smallest possible 
focus…

Objective focuses the laser beam and images the trapped objects 
at the same time…
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Adding all symmetrical pairs of rays 
striking the sphere,  we see that the net force
can be resolved into two components:
Scattering force and the gradient force, 
and the gradient force is responsible for 
the trapping…Forces obtained are on the order
of  ~pN (that is piconewton!)
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We use a single free space lens to focus the laser the beam
attached to an electro-mechanical system which is based on 
a miniature coil-magnet assembly…

Scan range of the laser beam is 110 µm by 70 µm with 
submicron accuracy…

The lens has a remarkably long working distance of 4.5 mm;
as opposed to the immersion type microscope objectives used 
in most types of optical tweezer experiments…
This is very important since we can trap and manipulate the 
particles without touching the specimen…



�'��(!#��%
CCD

Camera

100X

Laser

Sample

Coils
Drive Electronics

Image Processing & 
Control



�'��#!#��%��"���
Imaging is achieved through a CCD camera, attached to a 
100 X objective.   PC with a frame grabber card is used for image 
collection.  Custom-developed image processing software detects 
the position of the laser beam identifies the  target particles…

This information is used to generate the appropriate signals
to steer the laser trap onto the target particle… 

Also, complicated arbitrary paths for the laser beam can be 
defined for trapping the particles into complicated configurations 
as shown in the following pictures…

In addition to this automated motion, user can manually control 
the motion  of the optical trap with the movement of the 
the mouse…
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Particles are 1 µm polystyrene spheres suspended in water…



��%��#0����$��5.���%���#

1µm



��%��#0����$��5.���%���#



��%��#0����$��5.���%���#



�"���'#�"����&�-'�'���.���#1
With its unique configuration, our setup is able to create and 
manipulate the laser trap with minimum optical elements.

Computer-generated arbitrary trapping paths and time-shared 
trapping patterns are successfully demonstrated.

Efficient trapping of micron size beads with laser powers as low
as 1.5 mW is observed…

Possible future improvements include the usage of an infrared 
laser source which will allows us to perform experiments on live
biological samples without damaging the live cells.

We are also working on to expand the system which will use
multiple laser beams.


