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Abstract—This paper brings forward a simple local approximation
finite-difference time-domain (FDTD) method for the analysis of
short apertures with a finite thickness. By applying the equivalence
principle together with a simple local approximation, the varying field
distribution is accurately derived. The updating equations for the
slot field can be derived by casting the field distributions into the
contour paths containing the apertures. The method has been applied
to two problems and the results are compared with the high-resolution
standard FDTD simulation results and the measurement results. The
accuracy of the proposed method is verified from the comparison of
both the field distribution and the time-domain and frequency-domain
slot coupling results. It is demonstrated that the local approximation
is highly efficient and timesaving, and the present method is stable,
numerically and computationally efficient.

1. INTRODUCTION

The finite-difference time-domain (FDTD) method has been widely ap-
plied in solving many types of electromagnetic scattering problems [1–
8]. It possesses the advantages of simple and accurate implementation
for relatively complex problems. A disadvantage of the FDTD method
is that significant computational resources are cost for modeling an
electrically small object. Radiation from thin-slots falls into this cate-
gory because the slot thickness and width can be much smaller than a
desirable grid dimension.
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Radiation from slots and seams is of greater concern as the speed
of the electronic designs increases [9–17]. Thin-slot formalism permits
inclusion of conducting plates with arbitrarily narrow apertures or gaps
without requiring any corresponding need to reduce the cell size to
the gap width or depth for the FDTD analysis. Several Thin-slot
formalisms have been proposed in the literature [18–23]. However,
they are mostly for apertures having zero thickness, and when slots
with finite thickness are involved, only the hybrid thin-slot algorithm
(HTSA) can be effective [22]. Nevertheless, the HTSA is complicated
to implement, sensitive and susceptible to instability [24].

In this work, the equivalence principle is used to decouple
the aperture coupling into three parts by placing the equivalent
magnetic current sheets on the two sides of the slot. With the high-
resolution local approximation, the equivalent magnetic current sheets
are obtained with the modified slot width. Then the field near the
slot can be derived from the conformal mapping technique together
with the linear distribution assumption. The field distribution is fully
cast into the integral equations to yield the coefficients for the FDTD
updating algorithm.

To provide a benchmark for comparison, both the high-resolution
FDTD simulation of the completely computational domain and the
measured results are included. The accuracy of the proposed method
is verified from the comparison of the varying field distribution and
the time-domain and frequency-domain slot coupling results. It is
demonstrated that the local approximation is highly efficient while
timesaving, and the method presented here is stable, numerically and
computationally efficient.

2. ANALYSIS OF THE FIELD DISTRIBUTION NEAR
THE SLOT

Without losing generality, the coupling of a short aperture with a finite
thickness between two regions, called region a and region b, is studied,
as shown in Fig. 1(a). The thickness of the wall where the slot located
is d, and the slot width is w, length is L. The slot is illuminated by a
normally incident, x-polarized Gaussian plane wave in the form of

Ex = exp
[
−4π(t− t0)2

τ2

]
(1)

where τ = 0.2 ns, t0 = 0.6 ns, and the efficient frequency spectrum of
the pulse ranges from DC to 10 GHz.

The equivalence principle [25, Sections 3–5] is used to divide the
original problem into three decoupled parts, called region a, b, and c,
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Figure 1. Transforming the coupling of the aperture with a finite
thickness to the equivalent problem. The depth of the conductor in (1)
and (2) of (c) is zero.

by placing equivalent magnetic current sheets on the opposite sides of
the slot, as shown in Fig. 1(b). To get the field distribution near the
slot, Fig. 1(b) is transformed to Fig. 1(c) with the equivalent magnetic
current sheets and the equivalent slot width w′ = vw, where v ≤ 1.
The field distribution in region c of Fig. 1(c) is obtained from the
high-resolution local approximation, as introduced in Section 3.

To transform Fig. 1(b) to Fig. 1(c), two equivalence principles are
used. One equivalence principle is that the slot voltage of both (b) and
(c) is the same, or that magnetic current of (b) equals to (c)

w/2∫

−w/2

M1,2 · dx =

w′/2∫

−w′/2

M′
1,2 · dx (2)

Another equivalence principle is that the electric field component Ex

in region c of Fig. 1(c) equals that of Fig. 1(b)

Eh
x(x, y, z) = Ex(x, y, z) (3)

where Eh
x(x, y, z) is the field obtained by the local approximation in

Section 3.
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In region b of Fig. 1(c), the field is induced by the equivalent
magnetic current M′

2, which can be analytically expressed from
conformal mapping technique with the equivalent slot width w′. While
in region a, the field near the aperture can be decoupled into two parts.
One part is induced by the magnetic current M′

1. The other part is
produced by the incident wave with the slot covered by an electric
conductor, which can be obtained from a linear approximation [23].
In region c, the field is obtained from the high-resolution local
approximation.

Therefore, the distribution the electric field component Ex and
the magnetic field component Hz in the z direction can be written
respectively as

Ex

(
i +

1
2
, j, z

)
=





E′
xa + Es

x, ((k − 1)∆z < z ≤ −d/2)
Eh

x

(
i + 1

2 , j, z
)
, (−d/2 < z < d/2)

E′
xb, (d/2 < z ≤ (k + 1)∆z)

(4)

Hz

(
i +

1
2
, j +

1
2
, z

)
=





H ′
za, ((k − 1)∆z < z ≤ −d/2)

Hh
z

(
i + 1

2 , j, z
)
, (−d/2 < z < d/2)

H ′
zb, (d/2 < z ≤ (k + 1)∆z)

(5)

where E′
xa, E′

xb, H ′
xa, H ′

xb are the fields induced by the magnetic
currents, and Eh

x , Hh
z are obtained from the high-resolution local

approximation. Es
x is the field produced by the incident wave with

the aperture covered by an electric conductor in the region a, ∆z the
grid dimension of the main computation in the z direction, and the
point [(i + 1

2)∆x, j∆y, k∆z] is at the center of the slot.
In Fig. 1(b), the magnitude of the magnetic current density

M1,2 can be obtained from numerical results, but its distribution is
complicated and it is hard to be analytically expressed. Because the
distribution of the equivalent magnetic current sheets at z = k∆z±d/2
is different from that having zero thickness, the field induced by the
magnetic current in region a and region b is not the same as that having
zero thickness. Here, the parameter d is the slot depth, as defined in
Fig. 2.

However, the distribution of the magnetic current and its radiation
field can be analytically obtained for apertures having zero thickness.
Therefore, transform the problem (b) to (c) with the modified
equivalent slot width w′, and then the field distribution in region a
and region b can be gained analytically.
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Figure 2. Computational area of the three-dimensional modeling of
the aperture area.

In Fig. 1(c), it is assumed

Ex(x, j, k ± d/2∆z) = Eh
x

(
i +

1
2
, j, k ± d/2∆h

z

)
f(x),

∣∣∣∣x−
(

i +
1
2

)
∆x

∣∣∣∣ ≤ w/2 (6)

where ∆h
z is the spacial size of the cell of the local approximation, f(x)

is the normalized field distribution function obtained from the high-
resolution local approximation in Section 3.

f(x) =
Eh

x(x, j, k ± d/2∆h
z )

Eh
x

(
i + 1

2 , j, k ± d/2∆h
z

) (7)

It is worth to note that when the slot depth is tending to zero, f(x)
can be derived from [23, Eq. (10)] as

f(x)|d=0 =
w/2√

(w/2)2−((
i+ 1

2

)
∆x−x

)2
,

∣∣∣∣x−
(
i+

1
2

)
∆x

∣∣∣∣≤w/2 (8)

The field deduced by the magnetic current of Fig. 1(c) in region a
and region b along x can be analytically given as [23]

E′
x(x, j, k ± d/2∆z) =

w′E′
x

(
i + 1

2 , j, k ± d/2∆z

)

2
√

(w/2)2 − ((
i + 1

2

)
∆x − x

)2
(9)
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Substituting (6) and (9) into (2), we can get

Eh
x

(
i +

1
2
, j, k ± d/2∆h

z

) ∫ w/2

−w/2
f(x)dx

=
w′

2
E′

x

(
i+

1
2
, j, k ± d/2∆z

) ∫ w′/2

−w′/2

dx√
(w′/2)2−((

i+ 1
2

)
∆x−x

)2
(10)

Together with (3) and then the following can be derived

w′ =
2

∫ w/2
−w/2 f(x)dx

∫ w′/2
−w′/2

dx√
(w′/2)2 − ((

i + 1
2

)
∆x − x

)2

= νw (11)

where v is the equivalent slot width coefficient

ν =
1
w

∫ w/2
−w/2 f(x)dx

w′/2∫
−w′/2

dx√
(w′/2)2 − ((

i + 1
2

)
∆x − x

)2

=
2

πw

w/2∫

−w/2

f(x)dx (12)

The integral
∫ w/2
−w/2 f(x)dx can be obtained from the complex Simpson

formula with the field given by the high-resolution local approximation
in Section 3.

The electric field component E′
x produced by the equivalent

magnetic current of Fig. 1(c) in region b can be derived from conformal
mapping technique [23]

E′
x

(
i+

1
2
, j, z

)
=

w′/2√
(w′/2)2+((k∆z + d/2)−z)2

Eh
x

(
i+

1
2
, j, k+d/2∆h

z

)

(13)
Together with the equivalent slot width coefficient (12), we can get
the field distribution induced by the equivalent magnetic currents in
region a and region b of Fig. 1(a)

E′
x

(
i+

1
2
, j, z

)
= Eh

x

(
i+

1
2
, j, k ± d/2∆h

z

)
νw/2√

(νw/2)2+((k∆z±d/2)−z)2
,

d/2 ≤ |z − k∆z| ≤ ∆z (14)
To get the Es

x distribution in (4), a linear approximation is
occupied [23] while the field component Es

x is zero at z = k∆z − d/2

Es
x

(
i+

1
2
, j, z

)
=

(k∆z − d/2)− z

∆z − d/2
Es

xm, (d/2 ≤ k∆z − z ≤ ∆z) (15)



Progress In Electromagnetics Research, Vol. 131, 2012 141

Exploiting the same analogy as [23, Eqs. (14)–(16)], Es
xm can be

derived, and then (15) can be converted to

Es
x

(
i+

1
2
, j, z

)
=

(k∆z−d/2)−z

∆z−d/2

(
Ex

(
i+

1
2
, j, k−1

)
−Ex

(
i+

1
2
, j, k+1

))
,

(d/2 ≤ k∆z − z ≤ ∆z) (16)

Substituting (14) and (16) into (4), we can get the Ex distribution
of Fig. 1(a)

Ex

(
i +

1
2
, y, z

)

=





(
Ex

(
i+ 1

2 , j, k − 1
)−Ex

(
i+ 1

2 , j, k+1
))(k∆z−d/2)−z

∆z−d/2

+Eh
x

(
i+ 1

2 , j, k − d/2∆h
z

) νw/2√
(νw/2)2 + ((k∆z − d/2)− z)2

,

(−∆z ≤ z − k∆z ≤ −d/2, |y − j∆y| ≤ ∆y/2)

Eh
x

(
i + 1

2 , j, k
)
, (−d/2 < z − k∆z < d/2, |y − j∆y| ≤ ∆y/2)

Eh
x

(
i+ 1

2 , j, k+d/2∆h
z

) νw/2√
(νw/2)2 + (z − (k∆z + d/2))2

,

(d/2 ≤ z − k∆z ≤ ∆z, |y − j∆y| ≤ ∆y/2)

(17)

and also the Hz distribution

Hz

(
i+

1
2
, j, z

)

=





Hh
x

(
i+ 1

2 , j, k+d/2∆h
z

) νw/2√
(νw/2)2+((k∆z−d/2)−z)2

,

(−∆z ≤ z − k∆z ≤ −d/2, |y − j∆y| ≤ ∆y/2)

Hh
z

(
i + 1

2 , j, z
)
, (−d/2<z−k∆z <d/2, |y − j∆y|≤∆y/2)

Hh
z

(
i+ 1

2 , j, k−d/2∆h
z

) νw/2√
(νw/2)2+(z−(k∆z + d/2))2

,

(d/2 ≤ z − k∆z ≤ ∆z, |y − j∆y| ≤ ∆y/2)

(18)

It is worth to note that when the slot depth d is tending to zero,
the coefficient ν is tending to 1, and the field distribution (17) and (18)
are the same as [23, Eq. (17)] and [23, Eq. (12)].
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3. LOCAL APPROXIMATION OF THE SLOT AREA

To get the Eh
x and Hh

z distribution in region c of Fig. 1(c) without
resulting in huge computational resources, the three-dimensional high-
resolution simulation of the slot area is needed, as shown in Fig. 2.
To model the slot area with the minimal memory usage, the source is
induced at the plane one cell away from the slot plane. By the high-
resolution approximation of the local area shown in Fig. 2, we can get
the Eh

x and Hh
z variation in the aperture area, which can be used to

yield integral coefficients respectively as

κz
Ex =

∆h
z

d/2∆h
z∑

z=−d/2∆h
z

Eh
x

(
i + 1

2 , j, z
)

Eh
x

(
i + 1

2 , j, k
) (19)

κz
Hz =

∆h
z

d/2∆h
z∑

z=−d/2∆h
z

Hh
z

(
i + 1

2 , j + 1
2 , z

)

Hh
z

(
i + 1

2 , j + 1
2 , k

) (20)

κxy
Hz =

∆h
y

(j+1)∆h
y∑

y=j∆h
y

w/2∆h
x∑

x=−w/2∆h
x

Hh
z (x, y, k)

w∆yHh
z

(
i + 1

2 , j + 1
2 , k

) (21)

where κz
Ex and κz

Hz are the field distribution coefficient of the field
components Eh

x and Hh
z in the slot depth, κxy

Hz is the field distribution
coefficient in the cell at the slot edge, ∆y, ∆z is the dimension of a cell
of the main computation, Eh

x , ∆h
x and ∆h

z are the electric field and the
cell size of the local approximation, as shown in Fig. 2.

To reduce the local approximation time, we monitored the time
history of the coefficient ν. Fig. 3 is the time history of the coefficient
ν for the case w = 1.67mm, d = 3.33mm, L = 20 mm.

It can be seen that the coefficient ν is almost constant versus time,
and the singularity occurs only when the electrical field Eh

x is near zero.
The same conclusions can be got from the observation of the other
coefficients κz

Ex, κz
Hz, and κxy

Hz. Therefore, it is not needed to carry
out the local approximation synchronously with the main computation,
and a short pulse can be effective and the local approximation can be
terminated when the slot field is varying continually. For example,
when the electric field component Eh

x at the center of the slot reaches
10% of its peak value, the local approximation can be terminated and
the coefficients can be obtained from the numerical integral.
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Figure 3. Time history of the coefficient v versus time. The time
history of the normalized electric field component Eh

x(i + 1
2 , j, k ±

d/2∆h
z ) is also presented.

region a region a

(a) FDTD meshat he slot end edge (b) typical FDTD mesh at the mid of the thin-slot

Figure 4. Typical FDTD mesh near the slot.

4. UPDATING EQUATIONS FOR THE APERTURE
COUPLING

To model the slot coupling, the two loops (C1, C2) in Fig. 4 derives
special attention. The loop C1 is at the slot end edge, passes the
nodes Ex, and surrounds the aperture magnetic field Hz. The loop C2

penetrates the aperture, passes the nodes Hy and Hz, and surrounds
the aperture electric field Ex. It worth to note that the contour path
C1, which is located at the plane k∆z, is at the center of the aperture
depth.

Firstly, the Faraday’s law
∂

∂t

∫∫
H · ds = − 1

µ

∮
E · dl (22)

is applied to the loop C1. The integrand of the right term in Eq. (22)
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is identically zero in the conductor areas, because it is an E-field
tangent to a conducting surface. Considering the dramatically varying
distribution of the field component Hz at the end cell of the slot [26],
the updating equation for Hz derived from (22) can be written as

H
n+ 1

2
z

(
i +

1
2
, j +

1
2
, k

)

= H
n− 1

2
z

(
i +

1
2
, j +

1
2
, k

)
+

∆t

κxy
Hzµ0∆y

En
x

(
i +

1
2
, j + 1, k

)
(23)

where κxy
Hz is defined in (21), and n stands for the time steps.

Secondly, we apply the Ampere’s law∫∫

S

∂Ex

∂t
ds = −1

ε

∮
H · dl (24)

to the loop C2, where Ex and Hy are assumed to be slowly varying
along y [18], while Ex and Hz vary rapidly with z. Therefore, (24) can
be converted to

∆y

∆z/2∫

−∆z/2

∂Ex

(
i + 1

2 , j, z
)

∂t
dz

=−1
ε

[∫ ∆z/2
−∆z/2

(
Hz

(
i+ 1

2 , j+ 1
2 , z

)−Hz

(
i+ 1

2 , j− 1
2 , z

))
dz

−∆y

(
Hy

(
i+ 1

2 , j, k+ 1
2

)−Hy

(
i+ 1

2 , j, k− 1
2

))
]

(25)

Substituting (17) and (18) with (19) and (20) into (25), the updating
equation for the Ex in the slot can derived

En+1
x

(
i +

1
2
, j, k

)
= En

x

(
i +

1
2
, j, k

)
− 1

γe

k∆z−d/2∫

k∆z−∆z/2

Esdz

+
∆t

ε0∆yγe



γm

(
H

n+ 1
2

z

(
i+ 1

2 , j+ 1
2 , k

)−H
n+ 1

2
z

(
i + 1

2 , j − 1
2 , k

))

−∆y

(
H

n+ 1
2

y

(
i+ 1

2 , j, k+ 1
2

)−H
n− 1

2
y

(
i+ 1

2 , j, k− 1
2

))


 (26)

Here

γe = κz
Exd +

νw

2
ln


∆z − d

νw
+

√
1 +

(
∆z − d

νw

)2



[
Eh

x

(
i + 1

2 , j, k − d/2∆h
z

)
+ Eh

x

(
i + 1

2 , j, k + d/2∆h
z

)]

Eh
x

(
i + 1

2 , j, k
) (27)
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γm = κz
Hzd +

νw

2
ln


∆z − d

νw
+

√
1 +

(
∆z − d

νw

)2



[
Hh

z

(
i+ 1

2 , j+ 1
2 , k−d/2∆h

z

)
+Hh

z

(
i+ 1

2 , j+ 1
2 , k+d/2∆h

z

)]

Hh
z

(
i + 1

2 , j + 1
2 , k

) (28)

where κz
Ex and κz

Hz are defined in (19) and (20) respectively.
Using the approximation

E
n+ 1

2
x

(
i+

1
2
, j, k ± 1

)
=

1
2

[
En

x

(
i+

1
2
, j, k ± 1

)
+En+1

x

(
i+

1
2
, j, k ± 1

)]
(29)

and then the updating Eq. (26) can be written as

En+1
x

(
i +

1
2
, j, k

)
= En

x

(
i +

1
2
, j, k

)

+
∆t

ε0∆y




γm

γe

(
H

n+1
2

z

(
i+ 1

2 , j+ 1
2 , k

)−H
n+ 1

2
z

(
i+ 1

2 , j− 1
2 , k

))

−∆y

γe

(
H

n+ 1
2

y

(
i+ 1

2 , j, k+ 1
2

)−H
n−1

2
y

(
i + 1

2 , j, k − 1
2

))




−1
8

(∆z − d)2

γe(∆z−d/2)

[(
En+1

x

(
i+ 1

2 , j, k−1
)−En+1

x

(
i + 1

2 , j, k + 1
))

− (
En

x

(
i+ 1

2 , j, k−1
)−En

x

(
i+ 1

2 , j, k+1
))

]
(30)

For other field components, Taflove’s uniform TSF can be used [20].

5. NUMERICAL RESULTS

Based on the formulation described in the previous section, programs
are written to model the aperture coupling. To verify the validity of
the proposed method, we checked both the field distribution and the
coupling of two apertures. Firstly, the accuracy of the field distribution
is checked. Then, the coupling of an aperture located in an infinite
plane is modeled, and the waveform of the penetrating electric field is
checked. Thirdly, the shielding effectiveness of a rectangular enclosure
with a thin-slot predicted by the proposed method is also compared
with the measurement result. Care was taken for these examples so
that the slot size and the reference point were the same for all methods.

It is agreed that the standard FDTD simulation with a sufficient
slot resolution will be sufficiently accurate to be considered as a
reference. Therefore, a high-resolution FDTD simulation of the
completely computational domain is also carried out to provide a
benchmark for comparison. It is worth to note that the high-
resolution standard FDTD of the whole area (entitled FDTD), which is
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Figure 5. The Ex and Hz distribution near the slot given by the
proposed formula and the high-resolution standard FDTD of the whole
area (entitled FDTD). The slot size is w = 1.67mm, d = 3.33mm,
L = 20 mm in this case.

used as the reference, modeled the completely computational domain.
To overcome the memory limit of a serial processor, the parallel
implementation is used [27–30]. The convolution PML is used to
truncate the computational domain in this work [31–33].

Firstly, to check the precision of the field distributions given
in (17) and (18), we compared the field components given by the
proposed formula with that given by the high-resolution standard
FDTD simulation of the whole computational domain, as shown
in Fig. 5. It can be seen that the proposed formalisms are good
approximations of the field distributions near the slot. The mean
absolute percentage error is 2% and 0.9% for (17) and (18) respectively.

Secondly, the coupling of a thin-slot located in an infinite plane
is examined. The aperture size is w = 1mm, d = 2 mm, L = 20 mm.
Both the HTSA and the proposed method are employed to model the
aperture coupling. The source is the same as (1), and the penetrating
electric field component Ep

x is monitored at the middle point of the
reference plane 45mm away from the slot plane on the shadow side.

In this example, cubic FDTD cells are used for the HTSA, the
proposed method and the high-resolution simulation, and the time
step is chose to be ∆t = ∆/2c, where c is the speed of light in the
free space. The grid size is 5 mm for the proposed formalism, 2mm
for the HTSA, and 0.033 mm for the high-resolution FDTD. It can be
seen from Fig. 6 that both the HTSA and the proposed method are
stable, while the proposed method gives a more accurate result than
the HTSA. The percentage error of the peak value is 12% and 1.1% for
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Figure 6. Time-domain responses of a narrow aperture as computed
from the hybrid thin-slot algorithm, the proposed method and the
high-resolution standard FDTD.

w

L

x

y
z

Figure 7. Rectangular enclosure with an aperture located at the
center of the front wall.

the HTSA and the proposed method respectively. The time spent for
the HTSA is 8.7 seconds, while the proposed method used 1.3 seconds.
That is to say, 85% time has saved when the proposed method is used.

Thirdly, we consider a typical rectangular enclosure with
dimensions (300 × 120 × 300mm3) and a rectangular aperture of size
(100×5 mm2) located at the center of the right wall, as shown in Fig. 7.
The thickness of the enclosure wall is 1.5 mm. The calculated shielding
effectiveness is monitored at the center of the enclosure.

The cell size of the local approximation is 0.15× 0.33× 1.33mm3,
which results in a 12×15×60 lattice for the slot area, and the time step
is 0.2 ps. A TEM mode Gaussian pulse, Ey = exp[−4π(t − t0)2/τ2] is
used as the incidence pulse of the approximation, where τ = 20ps
and t0 = 20 ps. 2500 times step are carried out for the local
approximation, which results in a 4 second time usage. Then we can
get the coefficients (19)–(21) from the numerical integral, as shown in
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Table 1.

Coefficient κxy
Hz γm (cm) γe (cm)

Value 1.470907 1.0183796 1.0211317

Figure 8. SE versus frequency at the center of the 300×120×300mm3

enclosure with a 100× 5 mm2 aperture.

Table 1.
The cell dimension is 25 × 24 × 25mm3 in the x, y and z

directions respectively, and the time step is ∆t = 80ps for the main
computation domain of the proposed method. 500000 time steps have
been carried out and 168 minutes is used. Since it is difficult for the
HTSA to deal with apertures whose width is larger than its depth, he
shielding effectiveness of only the proposed method is compared with
the measurement of [34].

Figure 8 shows the calculated and measured shielding effectiveness
at the center of the enclosure, which shows a good agreement. The
mean absolute percentage error is 1.4% for the proposed method when
compared with the measurement. Note that much of the variation in
the measurement is due to the imperfect damping of resonances in the
screened room.

From the numerical analysis above, it can be seen that the
proposed method is numerically efficient and stable, and the local
approximation is highly efficient while the approximation time can be
ignored.
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6. CONCLUSIONS

A local approximation method is derived in this work for the FDTD
analysis of short apertures with a finite thickness. The major idea of
the proposed method is to derive the field distribution near the slot
from the equivalence principle together with the high-resolution local
approximation.

The equivalence principle is used to decouple the aperture coupling
into three parts by placing the equivalent magnetic current sheets on
the two sides of the slot. With the high-resolution local approximation,
the equivalent magnetic current sheets are obtained with the modified
slot width. Then the field near the slot can be derived from the
conformal mapping technique and the linear distribution assumption.
By casting the field distribution into the contour paths near the slot,
the updating equations can be obtained.

To verify the validity of the proposed method, the field distribution
and two examples are included. The varying field distribution of the
proposed method is verified from the comparison of that from the high-
resolution standard FDTD simulation of the completely computational
domain. The accuracy of the proposed method has been proved from
the comparison of both time domain and frequency domain results. It
is demonstrated that the local approximation is highly efficient while
timesaving, and the method presented here is stable, numerically and
computationally efficient. It is verified that about 85% time has been
saved when the proposed method is used, compared with the HTSA.

The proposed method can be applied in the FDTD analysis of
short apertures with a finite thickness so that it is not necessary to
reduce the FDTD cell size to make concessions to the slot size.
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