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Abstract The trapping force of the optical tweezers is studied using T-matrix method when the particle is in
sizes comparable with the wavelength of the incident light. The T-matrix depends only on the composition ,size .
shape and orientation of particles, independent of the incident field. The basic principles and the calculation
methods of T-matrix method are reviewed. The calculations of trapping force and torque of the single particle
and two or more particles using T-matrix method are summarized. The prospect provided by T-matrix method
for optical tweezers is also analyzed.

Key words optical tweezers; electromagnetic scattering; T-matrix method; trapping force

OCIS codes 350.4855; 290.5850; 200.4860; 290.5825; 260.2160

1 5 5

AR EE GRS BE IR B, BB G M 2 i A B B O 2 F B T SE M BEOR S, i T R RS T
A ML fioh 478 SR AR A ARORE L I 1986 4F U A= LI, gl pe ) 42 b 1 T T 4 ok =™ A 1 T 400 Y R 4 i g 1Y
R IE T YOk R ST 5 B U K A S B 3 K s B P o 5 ROk 9 AR B VR B AR R RE RS, O T
ik A7 W T R R U . IR R S 0 T R T OISR 25 - K BEE (GLMT) Y, A BRIt vk
(FEM)""" 3547 [ % 43 1% (FDTD) " 8§ HC 97 613% (DDA)" il T K P 1 (T-matrix method)"" %
SR QR AT S Il E MUK PN SNy = N T B N DR AI P 3 SRS A N I S 7 o R AT S 3 g =
Dk B — S WM . Mishchenko 25 "5 Waterman Xf T 45 B4 (1) 57 #ik f5% 1 fa] 48/~ 4% . Mishchenko
AU LT 2004 4F 2 2013 4F (0] 25 G & A G T AR RE I8 3T, IF A R — 25 A MO 1 L 2 Bl
B CL TR 5 ], R AN R S A B AR A S 5 R . AR SO T B 1 ) A S BT AR, T BRI
SO T BN BRIE AR IRIE IORE A 3K IE (OB 8 4 35 T S T R A5 B AT T 45k .

2 B EE TR
B BB ) v 254 FEM FDTD DDA .GLMT 1 T4 B 5, B AT A0 T34 20 B8 R A Bl 5 i 56
1R .

Y F5 B HA: 2014-05-22; Yr B & 2 F5 B #A: 2014-07-02; M 4% H ki B #8: 2014-11-18
ESTE: FHFHRR ¥ ES (61178015) 47 4 A AR FL 4 3 42 (2012J05120) |t e 55 K 3 A BE ORI 45 2% & 101 4k 4 (JB-
ZR1146) B 7 K262 T8 5 5 2R R 5 4 9%
EFEB N T 1H1988—), &, Wi+ 58 Ak, 2 NS 64 S 1144 5 1 A9 F 5T . E-mail: 961655207@qq. com
S A AEUESE (1980—), B, 1, BB, 32 B F A AR AN T O rl A 0 R T A AR OR
E-mail: renhongliang@hqu. edu. ecnGEE K ZE A)

120007-1



51, 120007(2014)

B SHEFFHR

www.opticsjournal.net

1 BN 0 LR BE T 7 v Y

Table 1 Comparison of numerical computation methods of electromagnetic scattering field

Method Calculation steps Advantage Disadvantage

FEM 1. The optical tweezers is 1. The theory is simple 1. The amount of
considered as the electromagnetic | and can be used to calculate | calculation is increased
field source changing with time. arbitrary shape and random | rapidly when the particle
2.The 3-D computation domain is | component particles. volume 1is increased, so it
discretized into a fine mesh of points. 2. The calculation is | often can be used to calculate

A stability criterion is set an upper | accuracy. the small particles.
boundary between the grid spacing of 2. The amount of
the mesh and the time step. calculation is increased

3. Iterations the field of the rapidly when the integral

particles. space is more accurately.

4 .The force is calculated. 3. The far- field effect
and boundary conditions
cannot be ignored.

4 . The entire process can
FDTD 1. The space is discretized into a be recalculated when the
fine mesh. particle which composition

2. Iterations the field between the and orientation is changed in

grid spacing of the mesh and the time the optical tweezers.
step.
3. According to the distribution of
electromagnetic field, the radial force
is calculated using Lorentz force and
electromagnetic tensor.
DDA 1. The particles trapped in the 1. The method needs 1. The amount of

optical tweezers are discretized into a
cubic array of polarizable points with
each point representing a dipole.

2. The scattering field of each
dipole is calculated.

3. The moment and the force of
each dipole are calculated, and it can
be obtained the total force of the
of the

particle when iterating all

dipoles in the optical tweezers.

not be considered the

boundary condition of
electromagnetic fields.

2.1t can be used to deal
with any arbitrary shape and
refractive index distribution
of the particles.

3. It is can be used to

two or more trapped
particles in the optical
tweezers.

4. There are lots of

software and program codes
describe to DDA.

calculation of the method is
relatively large.

2. The entire process is
recalculated when the
particle which composition
and orientation is changed in

the optical tweezers.
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Method Calculation steps Advantage Disadvantage
GLMT 1. The corresponding boundary The exact solutions can Many Mie coefficients
conditions of scattering problems must | be obtained from the | and beam- shape coefficients
be solved. Maxwell’s equations. are required for the
2. The Mie coefficients and the computation of the trapping
beam- shape coefficients are force becomes laborious,
calculated. when the size of the trapped
3. The scattering cross section of particle is comparable to or
different particles is calculated. larger than the laser
4. The radiation trapping force is wavelength.
calculated.
T-matrix 1. The T- matrix elements of the 1. The T- matrix The theory of the T-
method particles are calculated. depends only on the particle | matrix method is simple.
2. The incident and scattering | composition, size, shape,
fields can be expanded in terms of | orientation and the

coefficients.

coefficients are calculated.

regular vector spherical wave | wavelength of the incident
functions. field.
3. The incident expansion 2. For any particular

particles, the T— matrix only

4. The scattering expansion | needs to be calculated once.
coefficients are calculated using the T 3. It is attractive
matrix and incident  expansion | method for describing

optical micromanipulation.

5. The force and torque are

calculated.
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