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Abstract—The open-sleeve antenna is analyzed using the method
of moment. Emphasis is given to the analysis of the VSWR of the
antenna. The multi-band characteristic of the sleeve antenna are
investigated. The 1st and the 3rd frequency bands come from the
driven dipole, and the 2nd frequency band is due to the length of
parasitic elements and the distance between the driven element and
the parasitic elements. Some useful results are presented and discussed
in this paper.

1. INTRODUCTION

The sleeve antenna is widely used in mobile communication systems
and broadcast systems, primarily due to its radiation characteristics
(such as broad-band, omni-directional pattern, etc.) and mechanical
simplicity [1–3]. King [2] used the method of images to model the sleeve
monopole antenna and Taylor [3] employed the variational technique on
a model similar to King’s. The agreement between Taylor’s theoretical
and experimental is poor due to the inaccuracy in his model. The
radiation pattern was investigated by Poggio and Mayes [4]. To
improve upon the bandwidth of the monopole sleeve antenna, the feed
point was moved from the ground plane in [4]. A variation of this
antenna is the open-sleeve dipole, with straight-wire parasitic elements
in place of the coaxial sleeve. The effects of the spacing and size of
the parasitic elements on the voltage standing wave ratio (VSWR)
are determined experimentally by King and Wong in [5]. Wunsch [6]
determined the impedance and pattern of the sleeve monopole antenna
by using a Fourier series representation of its surface current. Shen [7]
evaluated the input impedance of a sleeve monopole above an infinite
ground plane by the modal-expansion method. Guo [8] employed the
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method of moment to analyze the monopole sleeve antenna with a
finite ground plane.

A dual-frequency strip-sleeve antenna has been analyzed using the
FDTD method [9]. Typically, the bandwidth of the sleeve antenna is
adjusted by altering the antenna geometry [5–9]. However, since there
are four geometrical parameters to be adjusted in the design of the
sleeve antenna, it is necessary to study the effect of these parameters
on the electrical performance of the sleeve antenna. The monopole
sleeve antenna can be considered as a sleeve dipole antenna based on
the image theorem. A sleeve dipole can be approximated with an open-
sleeve dipole in which the tubular sleeve is replaced by two (or more)
conductors located close to each side of the driven element, as shown
in Figure 1. In this paper, we will consider only the analysis of the
open-sleeve dipole antenna using the method of moment.
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Figure 1. The structure of open-sleeve dipole.

The method of moments (MoM) is employed to analyze the
currents, the input impedance and radiation pattern of an open-sleeve
dipole antenna. In Section 2, the electric field integral equation is
presented. The open-sleeve dipole antennas with two, four, and eight
parasitic elements are investigated in Section 3. The numerical data
are used to analyze the electrical performance of the antenna.

2. FORMULATION

For a curved thin conducting wire, the electric field integral equation
is given by

j
η

4πk

{
t̂ · k2

∫
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where �r is a point on the surface of the wire, C is the contour of the
wire axis, t̂′ and t̂ are the unit tangential vectors of the wire at the
source point �r ′ and field point �r, respectively (Figure 2). The axial
current of the curved wire is I(�r )t̂, with the Green’s function K(�r, �r ′)
given by

K(�r, �r ′) =
1
2π

∫ π

−π

e−ik|�r−�r ′|

|�r − �r ′| dφ′ (2)

The incident electric field is �Ei(�r ).
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Figure 2. Arbitrary curved wire of radius a.

Following the conventional method of moment (MoM), the
unknown current I(�r )t̂ is expanded into a set of basis functions:

I(�r )t̂(�r ) =
N∑

n=1

InΛn(�r )t̂n(�r ) (3)

where In are the unknown expansion coefficients. The vector basis
functions [10] defined on adjacent segments is used for the wire-current.
Testing of the integral equation (1) is done with a set of weighting
functions {Πm(�r )}, which converted equation (1) into a linear system
of equations as follows,

N∑
i=1

ZjiIi = Vj , j = 1, 2, . . . , N (4)

Upon solving the matrix equation (4) for the unknown current
coefficients, all electrical parameters of the antenna can be obtained.

3. STUDY OF THE DIPOLE WITH WIRE-SLEEVE

In all numerical examples considered below, we have chosen L1 =
0.45λ0. The wavelength λ0 is 3 m (f0 = 100 MHz) in the examples.
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Figure 3. Calculated input impedance and VSWR of a dipole
antenna.

3.1. Numerical Verifications

To verify the code, a dipole antenna of radius a = 0.01 λ0 is simulated.
As the main objective here is to investigate broadband antenna, the
effect of the number of segment N on the entire frequency band is first
analyzed. Figure 3(a) showed that the input impedance has converged
for N greater than 40. The VSWR are presented in Figure 3(b)
with respect to feed lines of characteristic impedances of 50 Ω and
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Figure 4. The VSWR of the dipole with two-parasitic elements
(sleeves) in front of a reflecting plate.

100 Ω, respectively. Two null regions are found in the VSWR curves,
approximate near f0 and 3f0.

Another example is an open sleeve antenna placed in front of a
large perfectly reflecting plate. Radii of the dipole and the parasitic
elements are 4.76 mm. L1 = 564.9 mm, L2 = 342.9 mm, and R =
32.8 mm. The distance between the driven dipole (includes all parasitic
elements) and reflect plate is 219.1 mm [5]. The measured data and
numerical results are presented in Figure 4. The numerical results are
close to the measured data given in [5].

3.2. Dipole with Two-parasitic Elements (Sleeves)

A dipole with two parasitic elements or sleeves (see Figure 1) is
analyzed. The dipole and sleeves are of the same radius in each of
the following cases. In Case 1, the geometrical parameters are:

Case1-1 : a = 0.02 λ0, R = 0.05λ0, L2 = 0.175 λ0.

Case1-2 : a = 0.02 λ0, R = 0.07 λ0, L2 = 0.175 λ0.

Case1-3 : a = 0.02 λ0, R = 0.05 λ0, L2 = 0.180 λ0.

Case1-4 : a = 0.02 λ0, R = 0.07 λ0, L2 = 0.180 λ0.

Numerical results on the impedance and VSWR are shown in Figure 5.
In Figure 5(a), the open sleeve antenna showed broad bandwidth with
good impedance match over 0.9f0 to 3.4f0. In Figure 5(b), each of
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Figure 5. Calculated input impedance and VSWR of the dipole with
two-parasitic elements.
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Figure 6. Directivity of the dipole with two parasitic elements at
φ = 0◦ and φ = 90◦ plane.

the VSWR curves has three null regions centered at f1, f2, and f3,
respectively. It is found that as in the case of a dipole, f1 and f3 are
approximately f0 and 3f0, respectively. The sleeve elements do not
affect the values of f1 and f3. Also, the driven element has negligible
effect on f2. An interesting phenomenon is that the wavelength at f2

is about 2(R + L2).
It is noted that with the characteristic impedance of 100 Ω, the

VSWR is lower as compared to that with 50 Ω case, as shown in
Figure 5(c).

The directivity of the antenna with two parasitic elements in the
horizontal plane is shown in Figure 6. At lower frequency, the H-plane
radiation pattern is almost omni-directional as for a dipole. However,
the radiation pattern became more directional at higher frequency. The
difference in directivity is about 5 dB when the frequency is higher.

To further investigate the dipole with two parasitic elements, the
wire radius is reduced to 0.01λ0. The geometrical parameters in this
case are:

Case2-1 : a = 0.01 λ0, R = 0.050 λ0, L2 = 0.175 λ0.

Case2-2 : a = 0.01 λ0, R = 0.050 λ0, L2 = 0.180 λ0.

Case2-3 : a = 0.01 λ0, R = 0.025 λ0, L2 = 0.185 λ0.

Case2-4 : a = 0.01 λ0, R = 0.045 λ0, L2 = 0.185 λ0.

Figure 7(a) showed that as a is decreased, the variation in the
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Figure 7. Calculated input impedance and VSWR of the dipole with
two parasitic elements.

impedance across the frequency band is larger as compared to the
previous case. Again, the VSWR curve showed three null regions with
the 1st and 3rd nulls located close to f0 and 3f0 (see Figure 7(b)).
The wavelength at f2 remains at about 2(R + L2). Figure 7(b) also
showed that smaller radius resulted in larger fluctuations in the VSWR
at higher frequency.

As shown in the analyses above, a dipole with two parasitic
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Figure 8. Calculated input impedance and VSWR of the dipole with
four parasitic elements.

elements exhibited three operating frequency bands. By appropriate
adjustment on the location of f0 the antenna’s bandwidth can be
broadened slightly but not sufficient to cover 3:1 bandwidth. As the
antenna structure is not symmetrical, the radiation pattern in the
horizontal plane is not fully omni-directional. These limitations will
be further investigated in the next case, which is a dipole with four
parasitic elements.
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Figure 9. Directivity of the dipole with four parasitic elements at
φ = 0◦ and φ = 45◦ plane.

3.3. Dipole with Four Parasitic Elements

In this case, there is a driven element and four parasitic elements;
two along the x-axis and two along the y-axis, with all located
symmetrically about the driven element. The geometrical parameters
are the same as in Case1:

Case3-1 : a = 0.02 λ0, R = 0.05 λ0, L2 = 0.175 λ0.

Case3-2 : a = 0.02 λ0, R = 0.07 λ0, L2 = 0.175 λ0.

Case3-3 : a = 0.02 λ0, R = 0.05 λ0, L2 = 0.180 λ0.

Case3-4 : a = 0.02 λ0, R = 0.07 λ0, L2 = 0.180 λ0.

The simulated impedance and VSWR are presented in Figures 8(a) and
8(b), respectively. The VSWR response resembled that of the dipole
with two parasitic elements, with three null regions. The 1st and 3rd
nulls are near to f0 and 3f0, respectively. However, in this case, the
wavelength at f2 is about 2.15(R+L2). The VSWR response shown in
Figure 8(b) is better than that of the case with two parasitic elements.
If the antenna is required to operate over the entire band of about 4:1,
it is necessary to design for f2 to be almost 2.1f0 so as to first balance
the VSWR curve on each side of f2.

The radiation patterns in the horizontal plane are shown in
Figure 9. For a dipole with four parasitic elements, the H-plane pattern
is very close to omni-directional.

Case 4 is also a dipole with four parasitic elements, with wire
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Figure 10. Calculated input impedance and VSWR of the dipole with
four parasitic elements.

radius of 0.01λ0. The geometrical parameters of Case 4 are:

Case4-1 a = 0.01 λ0, R = 0.050 λ0, L2 = 0.175 λ0

Case4-2 a = 0.01 λ0, R = 0.050 λ0, L2 = 0.180 λ0

Case4-3 a = 0.01 λ0, R = 0.025 λ0, L2 = 0.185 λ0

Case4-4 a = 0.01 λ0, R = 0.045 λ0, L2 = 0.185 λ0

The impedance and the VSWR response are shown in Figures 10(a)
and 10(b), respectively. Again, as the radius of the wire decreases, the
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Figure 11. Calculated input impedance and VSWR of the dipole with
eight parasitic elements.

variation in the impedance across the entire frequency band increases.
The three null regions remained in the VSWR response, with the
wavelength at f2 of about 2.15(R+L2), as in the previous case. Again,
the VSWR fluctuated significantly at higher frequency, as shown in
Figure 10(b).

As compared to the case of dipole with two parasitic elements, the
present case with four parasitic elements showed better performance in
both radiation patterns and VSWR across the entire frequency band.
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3.4. Dipole with Eight Parasitic Elements

In this case, we considered the dipole with eight parasitic elements.
The geometrical parameters are

Case5-1 a = 0.02 λ0, R = 0.06 λ0, L2 = 0.17 λ0

Case5-2 a = 0.02 λ0, R = 0.06 λ0, L2 = 0.16 λ0

Case5-3 a = 0.02 λ0, R = 0.06 λ0, L2 = 0.15 λ0

Case5-4 a = 0.02 λ0, R = 0.06 λ0, L2 = 0.14 λ0

The simulated results are shown in Figure 11. The VSWR response
in Figure 11(b) showed that the case with eight parasitic elements is
easier to match. The antenna continued to exhibit three null regions,
with f1 and f3 close to f0 and 3f0, respectively. The wavelength at f2

is about 2.2(R + L2).

4. CONCLUSION

The analysis in Section 3 showed clearly that the open sleeve antenna
is a multi-band antenna with three null regions. If the length of driven
dipole L1 is 0.45 λ0 (wavelength at f0), the first frequency would
correspond to f0, and the third frequency is just above 3f0. The
frequency f2 is changed for different types of open sleeve antennas.
This frequency is due to the length of the sleeve L2 and the distance
R, and is found between f0 and 3f0. By appropriate adjustment of
L2, R and a, open sleeve dipoles with good broadband performance
can be easily designed.
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