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Abstract: By introducing the effects of bound electric and magnetic

charges, the mechanical interaction between waves and a chiral cylinder is

investigated with the auxiliary differential equations finite-difference time-

domain method. The trapping Lorentz force density distributions of an active

chiral cylinder, as well as a core-shell cylinder consisting of a chiral shell and

a dielectric core illuminated by a normally incident plane wave are simulat-

ed. Numerical results show that the working principle is based on gradient

forces generated by the continuously coupled cross-polarized waves. This

finding may provide a promising avenue in chirality detection and sorting

chiral particles from achiral ones.
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1 Introduction

In recent years, optical forces [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] in different

structures and devices have been a subject of great interest because of theirs

application in optical tweezers [2, 3, 4], tractor beams [5], etc. Most of these

studies have been focused on the structures composed of passive materials [3, 4],

whereas forces on active media have received little attention. Gain media with a

positive imaginary part of the complex permittivity are simulated in Refs. [9, 10].

Active media [13, 14] may be modeled by chiral media with a large imaginary part

of chirality parameter [5, 6, 7, 8]. The chirality parameter may reverse the sign of

the optical forces. It has been demonstrated that chiral objects [7] can be mechan-

ically separated based on their enantiomeric form by using the chiral light. It has

also been shown that pulling forces can be realized via the coupling of the linear

momentum of a chiral particle with the spin angular momentum of light [1].

Though the theory, experiments, and applications in particle-light interaction

have been well established, there are some unknowns yet to be investigated in the

area of the electromagnetic waves and forces in dispersive chiral particles. Methods

such as Maxwell’s stress tensor and Lorentz forces could be applied to compute

optical forces of natural [15, 16] and artificial [14, 17] chiral media [15, 16, 17, 18,

19, 20, 21, 22, 23] based on the distributions of electromagnetic fields. However,

the systematic numerical analysis of forces on core-shell nanoparticles containing

dispersive and effective chiral media [22] has not been performed. It may be due

to the difficulty in the treatment of the dispersive permittivity, permeability and

chirality parameter, as well as magnetoelectric coupling constitutive relations.

Because there is no available analytical approach for objects of complicated

shapes, some numerical approaches, such as the finite-difference time-domain

(FDTD) method [11, 24, 25, 26, 27, 28], has to be employed. For the analysis of

electromagnetic waves and optical forces on effective electric or magnetic dis-

persive particles [12], not dielectric or metal particles, the Lorentz force formula

incorporated with the FDTD method for conventional nonchiral particles has been

reported [11]. The wave propagation and Lorentz force density in one dimensional

chiral slab is discussed [17]. The two dimensional (2D) FDTD method has the

advantages of simulating chiral structures with complicated shapes illuminated by

an obliquely incident plane wave. Thus, some new physical phenomena may occur.
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In this paper, we present the Lorentz force formula for the magnetoelectric coupling

and dispersive chiral media by introducing the bound charges and incorporating

the auxiliary differential equations (ADE) FDTD method. With the formula, the

researches on 2D composite structures composed of effective frequency-dependent

dielectric, magnetic, and chiral materials become possible.

In this paper, the ADE-FDTD method is expanded to obtain the co- and cross-

polarized electromagnetic field and Lorentz force density distributions in and

around dispersive chiral structures. The Lorentz force density and wave equations

based on the ADE-FDTD method for chiral media are theoretically derived. Very

good agreement is observed by comparing the numerical results using the ap-

proaches proposed in the paper and the corresponding solutions in Ref. [11] for a

dielectric cylinder illuminated by a plane wave. To discuss the trapping of chiral

particles, the time-averaged Lorentz force density distributions of a single chiral

cylinder, and a dielectric cylinder coated by the chiral medium contributed by

bound charges and currents, are simulated. Some degrees of freedom, as well as

novel functionalities can be obtained by incorporating active chiral media into

microparticle sorting systems.

2 Theory

2.1 Constitutive relations and wave equations for chiral media

The constitutive relations that describe the magneto-electric coupling for the bi-

isotropic medium in the frequency domain can be expressed [28, 29]

Dð!Þ ¼ "ð!ÞE þ ½�ð!Þ � j�ð!Þ� ffiffiffiffiffiffiffiffiffi
�0"0

p
H

Bð!Þ ¼ �ð!ÞH þ ½�ð!Þ þ j�ð!Þ� ffiffiffiffiffiffiffiffiffi
�0"0

p
E

ð1Þ

where ε, μ, χ, and κ are the frequency-dispersive permittivity, permeability,

Tellegen, and chirality parameter respectively. If � ¼ 0, it becomes a purely chiral

medium.

The dispersive permittivity and permeability for chiral media generally follow

Lorentzian models, and the chirality parameter follows a Condon model, that is,

"ð!Þ ¼ "1"0 þ ð"s � "1Þ"0!2
e=ð!2

e � !2 þ j2�e!Þ
�ð!Þ ¼ �1�0 þ ð�s � �1Þ�0!2

h=ð!2
h � !2 þ j2�h!Þ ð2Þ

�ð!Þ ¼ ��!
2
�!=ð!2

� � !2 þ j2!���!Þ
In Eq. (2), "s, �s, "1, and �1 are the permittivity and permeability at zero and

infinite frequencies respectively. !e, !h, and !� represent resonance angular

frequencies, while �e, �h, and �� denote damping factors. �� represents a character-

istic time constant measuring the magnitude of the optical activity (either chirality

or gyrotropy). The medium parameters for a passive, lossy chiral medium must

satisfy Imð"Þ < 0, Imð�Þ < 0, and "0�0 Im2ð�Þ < Imð�Þ Imð"Þ, otherwise the chiral

medium becomes an active one [10, 30].

The relation between the electric polarization vectors Pe, Pc, induced electric

currents J, Jc, and electric field E, as well as the relation between the magnetic

polarization vectors Mn, Mc, induced magnetic currents K, Kc, and magnetic field

H can be defined as [12]
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Pe ¼ Eð"s � "1Þ"0!2
e=ð!2

e � !2 þ j2�e!Þ ¼ J=j!

Mn ¼ Hð�s � �1Þ�0!2
h=ð!2

h � !2 þ j2�h!Þ ¼ K=j!

Pc ¼ jE
ffiffiffiffiffiffiffiffiffi
�0"0

p
��!

2
�!=ð!2

� � !2 þ j2!���!Þ ¼ Jc=j!

Mc ¼ �j ffiffiffiffiffiffiffiffiffi
�0"0

p
H��!

2
�!=ð!2

� � !2 þ j2!���!Þ ¼ Kc=j!

ð3Þ

By introducing the transform relation between the frequency domain and time

domain (j! ! @=@t), the time-domain counterparts of Eq. (3) plus two of the

Maxwell equations, namely, the electromagnetic field and current equations used to

model wave propagation in chiral media are given as

r �H ¼ "1"0 @E=@t þ J þ Kc

@2J=@2t þ 2�e @J=@t þ !2
eJ ¼ ð"s � "1Þ"0!2

e @E=@t

@2K=@2t þ 2�h @K=@t þ !2
hK ¼ ð�s � �1Þ�0!2

h @H=@t

r � E ¼ ��1�0 @H=@t � K � Jc

@2Jc=@
2t þ 2!��� @Jc=@t þ !2

�Jc ¼ ��!
2
�

ffiffiffiffiffiffiffiffiffi
�0"0

p
@2E=@2t

@2Kc=@
2t þ 2!��� @Kc=@t þ !2

�Kc ¼ ���!2
�

ffiffiffiffiffiffiffiffiffi
�0"0

p
@2H=@2t

ð4Þ

For two dimensional cases, the physical quantities are independent of z axis i.e.

@=@z ¼ 0. The spatial and time iterative equations for dispersive and source-free

chiral media can be developed using the ADE-FDTD method. In this paper, the

transverse magnetic (TM) polarized waves are composed of Ez, Hx, Hy, and

transverse electric (TE) polarized waves are composed of Hz, Ex, Ey, respectively.

In Ref. [17], the 1D FDTD simulator solves the co-polarized waves for Ex and Hy,

and cross-polarized waves for Ey and Hx. For simplicity, only the discretized

expressions for Ez, Jcz and Kcz are given as

Enþ1
z ði; jÞ ¼ En

z ði; jÞ �
�t

"1"0
J
nþ1

2
z ði; jÞ þ Kn

cz i þ 1

2
; j þ 1

2

� �� �
þ �t

"1"0

�
H

nþ1
2

y

�
i þ 1

2
; j

�
� H

nþ1
2

y

�
i � 1

2
; j

�
�x

�
H

nþ1
2

x

�
i; j þ 1

2

�
� H

nþ1
2

x

�
i; j � 1

2

�
�y

2
6664

3
7775

J
nþ3

2
z ði; jÞ ¼ axJ

nþ1
2

z ði; jÞ þ �xJ
n�1

2
z ði; jÞ þ �x½Enþ1

z ði; jÞ � En�1
z ði; jÞ�

Knþ1
cz i þ 1

2
; j þ 1

2

� �
¼ a�cxK

n
cz i þ 1

2
; j þ 1

2

� �
þ ��cxK

n�1
cz i þ 1

2
; j þ 1

2

� �

þ ��cx H
nþ1

2
z i þ 1

2
; j þ 1

2

� �
� 2H

n�1
2

z i þ 1

2
; j þ 1

2

� �
þ H

n�3
2

z i þ 1

2
; j þ 1

2

� �� �

ð5Þ

where

	x ¼ 2 � !2
e�t

2

1 þ �e�t
; �x ¼ �e�t � 1

1 þ �e�t
; �x ¼ ð"s � "1Þ"0!2

e�t=2

1 þ �e�t
;

	�cx ¼ ð2 � !2
��t

2Þ
1 þ !����t

; ��cx ¼ !����t � 1

1 þ !����t
; ��cx ¼ � ��!

2
�

ffiffiffiffiffiffiffiffiffi
�0"0

p
1 þ !����t

:

ð6Þ
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2.2 Lorentz force for chiral media

According to the Lorentz law [31], the Lorentz force density FLðr; tÞ exerted on the

local charge density 
totalðr; tÞ and current density Jtotalðr; tÞ is
FLðr; tÞ ¼ 
totalðr; tÞEðr; tÞ þ Jtotalðr; tÞ � Bðr; tÞ ð7Þ

where


totalðr; tÞ ¼ 
freeðr; tÞ � r � Pðr; tÞ
Jtotalðr; tÞ ¼ Jfreeðr; tÞ þ @Pðr; tÞ=@t þ ��10 r �M

E ¼ ðD � PÞ="0
B ¼ �0H þM

ð8Þ


freeðr; tÞ and Jfreeðr; tÞ are free charge and free current source densities. The

bound electric charge density 
e boundðr; tÞ and current density Je boundðr; tÞ, bound
magnetic charge density 
m boundðr; tÞ, and current density Jm boundðr; tÞ can be

written in terms of the electric polarization vector Pðr; tÞ, and the magnetization

vector Mðr; tÞ. That is, Je boundðr; tÞ ¼ @Pðr; tÞ=@t, 
e boundðr; tÞ ¼ �r � Pðr; tÞ,
Jm boundðr; tÞ ¼ @Mðr; tÞ=@t, and 
m boundðr; tÞ � r �Mðr; tÞ.

The generalized expression of the Lorentz force density exerted by the electro-

magnetic fields on normal media is [31]

F1ðr; tÞ ¼ 
freeE þ Jfree � �0H þ ðP � rÞE þ ðM � rÞH

þ @P

@t
� �0H � @M

@t
� "0E

ð9Þ

The alternative and equivalent formula for the Lorentz force density is

F2ðr; tÞ ¼ ð
free �r � PÞE þ Jfree þ @P

@t

� �
� �0H

� ðr �MÞH � @M

@t
� "0E

ð10Þ

The magnetic induction B for dispersive chiral media can be rewritten as

B ¼ �0H þM ¼ �1�0H þ ðMn þ PcÞ ð11Þ
Substituting Eq. (11) into two of the Maxwell equations, one can arrive at

r � B ¼ r � ð�0H þMÞ ¼ 0 ð12Þ
r � E ¼ �@B=@t ¼ ��0@H=@t þ @M=@t

¼ ��0�1@H=@t � @ðMn þ PcÞ=@t ð13Þ
The bound magnetic charge density is defined as


m bound ¼ �0r �H ¼ �r �M ð14Þ
Eq. (13) can be rearranged as follows

��0 @H
@t

¼ r � E þ @ðMn þ PcÞ=@t
�1

ð15Þ

Jm bound ¼ @M

@t
¼ ��0 @H

@t
� r � E ¼ r � E þ @ðMn þ PcÞ=@t

�1
� r � E

¼ @ðMn þ PcÞ=@t
�1

þ ð1 � �1Þr � E

�1
ð16Þ© IEICE 2016
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In Eq. (16), the bound magnetic current density is determined by the magnetic

polarization vector Mn and the coupled electric polarization vector Pc.

In a similar derivation process, the corresponding expression formulas for the

bound electric charge density 
e bound and bound electric current density Je bound

can be got


e bound ¼ "0r � E ¼ �r � P
Je bound ¼ ½@ðPe þMcÞ=@t þ ð"1 � 1Þðr �HÞ�="1

ð17Þ

The electromagnetic fields, charges, and currents are functions of the time and

spatial coordinates. Thus, the force density distribution can be computed by time-

averaging the Lorentz force density,

hFi ¼ 1

T

Z T

0

ð
freeE þ 
e boundE � Jm bound � "0EÞdt

þ 1

T

Z T

0

ðJfree � �0H þ Je bound � �0H þ 
m boundHÞdt
ð18Þ

the time integral in Eq. (18) can be taken over in one period of 2D time-harmonic

fields.

By substituting Eqs. (14), (16), and (17) into Eq. (18), the x and y components

of the Lorentz force densities for TM polarized waves contributed by bound charge

and current densities in sourceless chiral media are

Fx
TMcharge ¼ �0Hxð@Hx=@x þ @Hy=@yÞ

Fy
TMcharge ¼ �0Hyð@Hx=@x þ @Hy=@yÞ

Fx
TMcurrent ¼

�0ð"1 � 1Þ @Hx

@y
Hy � @Hy

@x
Hy

� � ,
"1 � �0ðJz þ KczÞHy

"1

�"0ðKy þ JcyÞEz

�1
þ "0ð1 � �1Þ@Ez

@x
Ez=�1

2
66664

3
77775

Fy
TMcurrent ¼

�0ð"1 � 1Þ @Hy

@x
Hx � @Hx

@y
Hx

� � ,
"1 þ �0ðJz þ KczÞHx

"1

þ"0ðKx þ JcxÞEz

�1
þ "0ð1 � �1Þ@Ez

@y
Ez=�1

2
66664

3
77775 ð19Þ

However, the z component of the Lorentz force density for TM polarized waves

cannot be separated individually. The force density in the z-direction for the infinite

chiral cylinder can only be decomposed into components contributed by bound

charges and currents as

Fz
charge ¼ "0Ezð@Ex=@x þ @Ey=@yÞ þ �0Hzð@Hx=@x þ @Hy=@yÞ

¼ Px@Ez=@x þ Py@Ez=@y þMx@Hz=@x þMy@Hz=@y ð20Þ

Fz
current ¼

�0ðJpxHy � JpyHxÞ
"1

þ �0ð"1 � 1Þ @Hz

@y
Hy þ @Hz

@x
Hx

� � ,
"1

�"0ðJmpxEy � JmpyExÞ
�1

� "0ð1 � �1Þ @Ez

@y
Ey þ @Ez

@x
Ex

� � ,
�1

2
666664

3
777775
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By using a Yee cell and incorporating the FDTD method, one can further obtain

the discretized components of the Lorentz force density. Instead of the average

electric and magnetic fields, the spatial averaging medium parameters [24, 28]

such as "s, "1, !e, �e in Eq. (2) are applied to the iterative equations at the media

boundaries in this paper. Thus numerical artifacts and discontinuities of the

Maxwell and Lorentz force equations can be eliminated.

3 2D FDTD simulations

In the following section, first, we provide the verification of approaches and

programs for the ADE-FDTD method. Then, we study the co-polarized, cross-

polarized, and net Lorentz force densities exerted on single cylindrical rod and a

coated cylinder containing chiral medium, respectively. The mechanical interaction

between a plane wave and chiral structures is numerically investigated.

3.1 Lorentz force for chiral media

The Lorentz force intensities for a Gaussian beam in a dielectric cylinder with

"r ¼ 4 and radius r ¼ 40� are illustrated in Fig. 1. The cylinder is located at

ðx; yÞ ¼ ð111�; 147�Þ. The TM polarized beam Ein ¼ 103 exp½�ðx=x0Þ2� sinð!0tÞ
V/m at y ¼ 50� is incident from up to bottom along the þy-direction. The

amplitude of the full width at half maximum (FWHM) is 0.5 µm and the value

of x0 is 0.3 µm. The FDTD cell sizes are �x ¼ �y ¼ � ¼ �0=130 ¼ 5 nm. The

relative permittivity of the cylinder linearly changes from 4 to 1 at the surface, that

is, in a 4�-thickness transition layer. The integrated forces is
R
fxðx; yÞdxdy ¼

�0:14 pN/m contributed by the bound electric current density Je boundðr; tÞ. The
force densities in this paper are calculated by time-averaging the Lorentz equation

from t ¼ 1135�t in one period of the time harmonic electromagnetic fields. It

should be noted that the numerical results may slightly change if the period of

the time harmonic electromagnetic fields is different. The numerical results are in

good agreement with the solutions of the s-light in Ref. [11] to verify the accuracy

of the FDTD approach and Lorentz force density approach in this paper to some

extent.

Fig. 1. Distribution of force intensities fxðfx; fyÞ for a dielectric
cylinder illuminated by a TM polarized Gaussian beam.

© IEICE 2016
DOI: 10.1587/elex.13.20160974
Received October 5, 2016
Accepted October 24, 2016
Publicized November 9, 2016
Copyedited November 25, 2016

8

IEICE Electronics Express, Vol.13, No.22, 1–12



3.2 Force densities exerted by a plane wave on a chiral cylinder rod

In Fig. 2 and Fig. 3, the initial E-field and H-field amplitudes of the incident TM

waves are E0 ¼ 103V/m and H0 ¼ 2:6544A/m, respectively. The integrated

Poynting vector (per unit length along the y axis of the incident plane wave) isR
Syðx; yÞdx ¼

R
0:5E0H0dx ¼ 2mW/m. The FDTD grid cell size is � ¼ 5 nm and

time-step size is �t ¼ �=2c. There are 301 � 296 Yee cells in the whole simulation

region reported below. Fig. 2 illustrates the interaction between a continuous plane

wave and a dispersive chiral cylinder. The working frequency of interest is assumed

to be f0 ¼ 468:75THz. The continuous plane wave is at y ¼ 50� and propagates in

free-space along the positive y-direction. In Fig. 2, the medium parameters for the

chiral cylinder are "s ¼ 1:08"0, "1 ¼ "0, �s ¼ 1:1�0, �1 ¼ �0, !e ¼ 2 � 260THz,

!h ¼ 2 � 240THz, !k ¼ 2 � 100THz, �e ¼ 1200!e, �h ¼ 1400!h, �k ¼ 2:5,

and �k ¼ 4:8 � 10�17 s. That is, "r, �r, and �r at f0 are 1 � j1:85 � 10�5,
1 � j1:83 � 10�5, and �0:003 � j0:003, respectively. The radius of the cylinder

is 200 nm. The chiral media discussed in this paper are active due to their

"0�0 Imð�Þ2 > Imð"Þ Imð�Þ. The gain property is caused by the chirality parameter

instead of the permittivity or permeability with a positive imaginary part.

The jEzj component of the co-polarized TM light and jHzj component of the

coupled cross-polarized TE light measured at time t ¼ 1135�t are shown in

Fig. 2(a) and 2(b), respectively. If the chirality parameter is deducted, the chiral

cylinder shown in Fig. 2 nearly becomes an impedance matched medium to the free

space. Thus, the co-polarized reflective electric field is very small and the jEzj
seems to be hardly influenced by the chiral cylinder. In Fig. 2(b), the coupled jHzj
engendered by the cylinder resembles a small point source in the cylinder. Mean-

while, the chiral cylinder functions as a convex lens, which make the cross-

polarized waves form a focus at the edge of the cylinder. The focused light beam

produced by the cross-polarized waves can capture the cylinder as the gradient

force overcomes the scattering force due to the inhomogeneous field intensities.

In Fig. 2(c)–(f ), the co-polarized and cross-polarized time-averaged force

density distributions are shown with the corresponding ðfx; fyÞ vector fields

superposed. Fig. 2(c) and (e) give the co-polarized force densities fx and fy

contributed by the bound current and charge densities, respectively. In Fig. 2(c)

and (e), the time-averaged pushing force densities in the chiral cylinder near the TM

incident source are relatively larger than those away from the source. However, the

time-averaged pulling force densities generated by bound electric and magnetic

current densities are much larger where the cross-polarized TE light departs from

the cylinder in Fig. 2(d) and (f ). As the cross-polarized TE waves are continuously

coupled out from the co-polarized TM waves, the absolute values of the force

densities contributed by bound currents for TE light increase and contributed by

bound currents for TM light decrease along the positive y axis. The distribution of

force densities generated by the bound electric and magnetic charges is inhomoge-

neous at the surface of the chiral cylinder.

The integrated force density along y-direction for co-polarized TM light isR
fyðx; yÞdxdy ¼ 1:0 � 10�4 PN/m, and for cross-polarized TE light is �3:1 �

10�4 PN/m without the surface-charge contribution. The integrated force density

exerted by the bound charges are
R
fyðx; yÞdxdy ¼ 1:7 � 10�8 PN/m and 4:7 �
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10�5 PN/m for TM and TE light, respectively. The net integrated force density is

�1:6 � 10�4 PN/m along the y-direction. One can conclude that the bound current

density, induced by the active chirality parameter, for the TE light plays an

important role in pulling the cylinder backward. The optical rotation can be

characterized by the co- and cross-polarized light. Thus, the optical pulling force

density on the chiral cylinder can be explained by the large optical rotation, which

is possessed by active chiral media and induces the rotation of the plane of the

incident polarized light.

3.3 A dielectric cylinder coated by a chiral medium illuminated by a

plane wave

Fig. 3 displays the co- and cross-polarized Lorentz force densities of a dielectric

cylinder (radius r ¼ 40 nm, relative permittivity and permeability "r ¼ �r ¼ 1:02)

(a) (b)

(d)(c)

(f)(e)

Fig. 2. FDTD computed electromagnetic waves and force densities of a
chiral cylinder rod centered at ðx; yÞ ¼ ð111�; 147�Þ. (a) Time
snapshot of jEzj distribution for TM light, (b) Time snapshot
of jHzj for TE light, (c) Distribution of fx for TM light,
(d) Distribution of fx for TE light, (e) Distribution of fy for
TM light, (f ) Distribution of fy for TE light.
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covered by a 35 nm-thickness chiral medium. The center frequency of the incident

plane wave is chosen to be f0 ¼ 461:54THz. The medium parameters for the chiral

medium in Eq. (2) are "s ¼ 1:1"0, "1 ¼ "0, �s ¼ 1:1�0, �1 ¼ �0, !e ¼ !h ¼ 2 �
250THz, !k ¼ 2 � 100THz, �e ¼ 1500!e, �h ¼ 1500!h, �k ¼ 3, �k ¼ 3:5 �
10�16 s, i.e. "r, �r, and �r at f0 are approximately 1 � j1:78 � 10�5, 1 � j1:78 �
10�5 and �0:018 � j0:024.

In Fig. 3(a), the co-polarized time-averaged force densities contributed by

bound currents are much larger at the media boundaries between dielectric and

chiral medium. The force densities near the y axis seem to pull the coated cylinder

toward the incident source, whereas the force densities apart from the y axis seem to

push the coated cylinder. In Fig. 3(b), the cross-polarized time-averaged force

densities in the dielectric layer contributed by bound currents for the coupled TE

light are zero, because there are no induced bound currents in the dielectric layer.

Meanwhile, the cross-polarized waves coupled by the coated chiral layer have no

impact on the inner dielectric cylinder.

As can be seen in Fig. 3(c), the time-averaged force densities engendered by

bound electric and magnetic charges for the TM light at the discontinuous media

boundary between the dielectric and chiral medium are so big that the interfacial

force densities at the media boundary between the chiral medium and free space

can hardly be seen. However, the distribution of the Lorentz force density for the

TE light is relative homogeneous on the two media boundaries in Fig. 3(d). The

(a) (b)

(d)(c)

Fig. 3. Co- and cross-polarized time-averaged force densities of a
dielectric cylinder ("r ¼ �r ¼ 1:02) coated by a chiral medium.
(a) contributed by bound currents for TM light, (b) contributed
by bound currents for TE light, (c) contributed by bound
charges for TM light, (d) contributed by bound charges for TE
light.
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net integrated force density of the coated cylinder is
R
fyðx; yÞdxdy ¼ �2:5 �

10�5 PN/m along the y-direction. We notice that the introduction of the chiral

layer on the surface of the dielectric cylinder tends to make the coated cylinder pull

backward in the y-direction. The vertical trapping mainly benefits from the cross-

polarized waves contributed by the bound electric and magnetic currents, which are

induced by the chirality parameter.

4 Conclusion

The wave propagation and optical pulling Lorentz force density within the

dispersive chiral cylinder are studied using the ADE-FDTD method in this paper.

By introducing the coupled electric and magnetic polarization vectors, we deduce

the time–averaged Lorentz force density for the dispersive and magneto–electric

coupling chiral media based on the electromagnetic fields, bound electric and

magnetic charge densities, as well as bound electric and magnetic current densities.

We find that the gradient force overcomes the scattering force as the cross-polarized

magnetic field in active chiral cylinder is coupled out and acts like a point source.

Numerical results show that the capture of the dielectric cylinder coated by the

active chiral medium is mainly contributed by the cross-polarized bound currents in

the chiral medium. However, their contribution to the Lorentz force density in the

inner dielectric layer is zero. The reported finding may provide some guidelines for

the light-chiral media mechanical coupling and propose a way of the material

engineering to realize the optical trapping.
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