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Abstract—This paper presents a full-wave analysis of the radi-
ation characteristics of an aperture antenna that is flush-mounted
on a ground plane and fed by a circular waveguide supporting
the dominant TE11 mode. The antenna is covered by a dielectric
hemispherical chiral radome. Huygen’s equivalence principle
and the image theory are utilized to simplify the problem. The
magnetic dyadic Green’s function for the three-layered geometry
is formulated and applied to analyze the radiated electromagnetic
fields outside the chiral radome. Both the exact and approximate
expressions of electric fields valid for the Fresnel and Fraunhofer
zones are obtained using the spherical vector wave functions and
their approximations in the far zone. Various chiral materials are
assumed and computations of antenna parameters are carried
out. The effects of the dielectric chiral radome on the radiation
power patterns, sidelobe levels, and 3-dB beamwidths are also
discussed numerically.

Index Terms— Aperture antennas, chiral media, dielectric
radome, dyadic Green’s function, electromagnetic wave theory.

I. INTRODUCTION

L AYERED dielectric radomes are frequently required in
practice to protect the antenna systems against environ-

mental conditions. The presence of the dielectric radome does,
however, affect the radiation characteristics of the antenna
system. Therefore, the investigation on what the effects of
an dielectric radome are and on how these effects can be
minimized has received much attention in the last several
decades [1], [2]. For instance, effects of a dielectric radome
into which an omnidirectional spiral ultra broad-band an-
tenna was integrated [3], a thin dielectric radome covering
a rectangular microstrip antenna array [4], a plane rectangular
radome covering an infinite array of microstrip-fed dipoles [5],
[6], a large sandwich radome covering an elliptical aperture
[7], a dielectric hemisphere covering the slot antennas [8], a
spherical-shell radome covering a uniform circular aperture
[9], and a hemispherical radome shell with an outer rain-water
layer that covers a circular waveguide dominantTE11-mode
feed [10] have been investigated.
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To investigate the field (or power) pattern of an antenna
covered by a dielectric radome, a variety of methods have
been proposed in the literature. The most popular method is
the ray tracing technique (RTT) [1], [2], [11]. The (single)
plane wave spectrum-surface integral technique [12], [13] as
a fast method was also proposed to improve the accuracy
of the ray tracing method. The physical optics (PO) method
and dielectric physical optics (DPO) technique [14] were
developed as well, so as to further increase the computational
accuracy. Besides these, the other common techniques such as
the moment method (MM) or method of moment (MoM) [14],
the variational method, the method of regularization (MoR)
[15], the Weigner–Hopf method, the finite-element method
(FEM) [16] and dyadic Green’s function (DGF) technique
have been developed.

In this paper, a full-wave analysis is presented for the
radiation characteristics of a realistic circular aperture antenna
that is flush-mounted on the ground plane, excited by a
circular waveguide supporting the dominantTE11 mode, and
covered by a spherical-shell chiral radome. To formulate the
electromagnetic fields due to such a magnetic surface current,
the magnetic type of Green’s dyadics are necessarily derived.
Following the similar procedure in the literature [9], we
proceed as follows.

• The equivalent problem is first derived using the Huy-
gen’s principle and image theory.

• The magnetic type of dyadic Green’s functions are then
formulated and their scattering (including the transmis-
sion and reflection) coefficients derived by applying the
duality to the electric type of dyadic Green’s functions
given in [17].

• The rigorous and exact representations of the fields out-
side the radome are obtained by integrating the function
containing the DGF outside the radome and the equivalent
magnetic current distribution inside the radome.

• The Fraunhofer electric fields are finally obtained by
using the far-zone approximation and by reducing the
general formulations.

• The effects of the dielectric radome on the radiation
power patterns, sidelobe levels, and 3-dB or half-power
beamwidths are finally discussed numerically.

The applicability of the analysis is demonstrated by com-
paring the results obtained herein with the existing results in
the literature.
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(a) (b)

Fig. 1. A circular aperture flush-mounted on an infinite ground plane and
covered by a chiral hemispherical shell. (a) An illustration of the geometry.
(b) The equivalent problem of the radiation obtained by the use of the image
theory.

II. STATEMENT OF THE PROBLEM

Fig. 1(a) illustrates the geometry of the problem where the
aperture is excited by the circular waveguide, mounted on the
ground plane, and covered by a chiral hemispherical shell. The
waveguide is assumed to support the dominantTE11 mode.

In order to obtain the radiated fields, the Huygen’s principle
together with the image theory is applied. Due to the circu-
lar waveguide dominantTE11 mode excitation, a magnetic
current sourceMMMs over the aperture area can be obtained by
applying the Huygen’s principle as shown in Fig. 1(b). An
image magnetic current sourceMMM 0

s
=MMM s, shown in Fig. 1(b)

below the aperture area, can be assumed by using the image
theory. Thus, a problem of radiation from double magnetic
current distributions inside a chiral-spherical shell is formed
and simplified to the equivalent radiation problem illustrated
in Fig. 1(b). Also, the hemispherical radome is equivalent to
a spherical shell using the image theory.

A time dependenceexp(�i!t) is assumed for the fields
throughout the paper. The chiral radome is thus characterized
by the following set of constitutive relations:

DDD = "fEEE + i�fHHH (1a)

BBB = �fHHH � i�fEEE (1b)

where"f , �f , and�f are the medium’s permittivity, perme-
ability, and chirality parameter, respectively, andf = 1; 2; and
3. Therefore, the propagation constantkf in each layer of the
three-layered medium is designated generally as

k2f = !2(�f"f � �2f ) (2a)

and the symbol�f is defined by

�f = !�f : (2b)

Hence, there are two circularly polarized modes present in the
unbounded medium, i.e., the right- and left-handed circularly
polarized (RCP and LCP) waves. Their corresponding wave
numbers are given by

k
(r)
f = �f + !

p
�f"f (2c)

k
(l)
f

=��f + !
p
�f "f : (2d)

It should be noted that the letters in both bold and italic faces
are used to represent the vector operators, while those in bold
face only are reserved for the matrices.

Due to the presence of the shell radome, the free-space is
divided as shown in Fig. 1(b) into three regions labeled as I,
II, and III. The electromagnetic radiation fieldsEEEf andHHHf in
the f th region(f = 1; 2; and3) due to the magnetic current
distribution MMM s located in the third region(s = 3 for the
innermost region) are expressed in terms of the dyadic Green’s
function as follows:

EEEf (rrr) =�
ZZZ

V

[r�GGG
(fs)
m (rrr; rrr0) � �fGGG

(fs)
m (rrr; rrr0)]

�MMM s(rrr
0) dV 0 (3a)

HHHf (rrr) = i!"f

ZZZ
V

GGG
(fs)
m (rrr; rrr0) �MMM s(rrr

0) dV 0 (3b)

where the prime denotes the coordinates(r0; �0; �0) of the
magnetic current sourceMMM s, V identifies the volume occupied

by the source in the third region, andGGG
(fs)
m (rrr; rrr0) denotes

the magnetic type of dyadic Green’s function. Apparently, the
propagation constant in the first and third regions(f = 1; 3)
of the multilayered achiral medium is designated askf =
!
p
�f "f : By assuming�f = 0, the dielectric parameters for

chiral media reduce to those for achiral media. Since the two
regions are filled with air, thus we havek1 = k3 = k0, as
shown in Fig. 1.

The field over the aperture shown in Fig. 1 is assumed [18]
to be excited by a circular waveguide dominantTE11 mode
as follows:

EEEa =E0

�
�̂��
J1(��

0=r0)

�0
sin�0+�̂��

dJ1(��
0=r0)

d�0
cos�0

�
�(z0)

=E��̂�� +E��̂�� (4)

wherer0 is the radius of the circular waveguide feed and the
eigenvalue� and characteristic wave numberkc are given,
respectively, by

� = 1:841 and kc = �=r0

so that the magnetic current distribution over the aperture can
be expressed as

MMM s =

��2ẑzz �EEEa; �0 � r0
0; elsewhere.

(5)

Using the transformation from the cylindrical coordinates
to the spherical coordinates, the magnetic current distribution
over the aperture can be expressed in the spherical coordinate
system as follows:

MMM s(rrr
0) = 2[E��̂�� � E��̂��]

= 2E0

�
r̂rr
dJ1(�r0=r0)

dr0
cos �0��̂��J1(�r

0=r0)

r0
sin�0

�

�
�
�
�0 � �

2

�
r0

: (6)

Apparently, the distribution contains only the first-order term
for the eigenvaluem so that the summation with respect to
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other eigenvalues(m 6= 1) after the integration in either (3a)
or (3b) will disappear.

III. D YADIC GREEN’S FUNCTION OUTSIDE CHIRAL RADOME

A. Representation of Dyadic Green’s Function

Under the spherical coordinates, the electromagnetic fields
usually consist of the radial-wave modes propagating outwards
and inwards. The configuration of the problem is a three-
layered geometry (i.e.,N = 3) and the current source is
located in the region III. Hence, the electric dyadic Green’s
functions for each regionf(= 1; 2 and 3) can be obtained
by reducing the generalized dyadic Green’s functions for
multilayered chiral media formulated by Liet al. [17]. Using
the duality to the reduced electric dyadic Green’s functions, we
then obtain the magnetic dyadic Green’s functions expressed
as follows:

GGG
(13)
ms (rrr; rrr0) =

i

2�(k(r)3 + k
(l)
3 )

1X
n=0

nX
m=0

(2� �0m)
2n + 1

n(n + 1)

� (n�m)!

(n+m)!

"
C1311VVV (1)

e
omn(k

(r)
1 )VVV 0e

omn(k
(r)
3 )

+ C1321WWW (1)
e
omn(k

(l)
1 )VVV 0e

omn(k
(r)
3 )

+ C1313VVV (1)
e
omn(k

(r)
1 )WWW 0

e
omn(k

(l)
3 )

+ C1323WWW (1)
e
omn(k

(l)
1 )WWW 0

e
omn(k

(l)
3 )

#

(7)

and C1311 , C1321, C1313, andC1323 are the coefficients of scattering
dyadic Green’s function to be solved from the boundary
conditions.

In (7), the couple of normalized spherical vector wave
functionsVVV e

omn(k) andWWW e
omn(k) are orthogonal (as verified

by Engheta and Kowarz [19]) among themselves as well as
with respect to each other as they are integrated over all the
values ofr, �, and �.

B. Transmission Coefficients of Dyadic Green’s Function

Following the same procedure of [17] and [20], the coef-
ficients of the scattering dyadic Green’s functions are given
by

C1311 =
(k

(r)
3 )2T (1)

22

T (1)
11 T (1)

22 � T (1)
12 T (1)

21

(8a)

C1313 =�T
(1)
12

T (1)
11

C1323 (8b)

C1321 =�T
(1)
21

T (1)
22

C1311 (8c)

C1323 =
(k

(l)
3 )2T (1)

11

T (1)
11 T (1)

22 � T (1)
12 T (1)

21

(8d)

and the elementsT (1)
mn are obtainable from

TTT (1) = [TTT 2][TTT1] = [FFF33][FFF23][FFF23][FFF13] (9)

where the transmission matricesFFF33 andFFF23 in inverse form
andFFF 23 andFFF13 are defined as

FFF33 =

2
664
@�h(r)32 �@�h(l)32 @=(r)
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32
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2
664
@�h

(r)
21 �@�h(l)21 @=(r)

21 �@=(l)
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2
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(l)
11 =(r)

11 =(l)
11

�1@�h
(r)
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with the following parameters, which are the duality forms of
the (29a) and (29b) in [17]:

�1 =

r
�1
"1
; �2 =

r
�2
"2
; �3 =

r
�3
"3
: (11)

Also, the interparameters for the sake of simplicity are defined
as follows:

=(r;l)
im = jn(k

(r;l)
i am) (12a)

�h
(r;l)
im =h(1)n (k

(r;l)
i am) (12b)

@=(r;l)
im =

1

�

d[�jn(�)]

d�

����
�=k
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i
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(12c)

@�h
(r;l)
im =

1

�

d[�h
(1)
n (�)]

d�

�����
�=k

(r;l)
i

am

; (12d)

i =1; 2; 3; and m = 1; 2:

For the single-layered radome assumed here we havea1 = b
and a2 = a.

IV. ELECTROMAGNETIC FIELDS OUTSIDE RADOME

A. Exact Fields

By making use of the magnetic dyadic Green’s function

GGG
(13)
m in (7), where it is assumedf = 1 ands = 3, the electric

field in the first region outside the radome can be expressed
subsequently by

EEE1 =�
ZZZ

V

[r�GGG
(13)
m � �1GGG

(13)
m ] �MMM s dV

0

=� i2E0

k
(r)
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1X
n=1
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e
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where the scattering coefficientsC1311;13;21;23 have been given
in (8), the vector wave eigenfunctionsMMM e

o
1n(k) andNNNe

o
mn(k)

can be found from literature [20], [21] and the intermediates
IE
0
n andKE

0
n are expressed as follows:

Ien =
P 1
n(0)p
2k

(r)
3

"
n(n+ 1)

Z r0

0

d[J1(kcr0)]

dr0
jn(k

(r)
3 r0) dr0

+

Z r0

0

J1(kcr
0)
d[r0jn(k

(r)
3 r0)]

r0 dr0
dr0

#
(14a)

Ion =

p
2

2

dP 1
n(cos �)

d�

����
�=�=2

Z r0

0
jn(k

(r)
3 r0)J1(kcr

0) dr0

(14b)

Ken =� P 1
n(0)p
2k

(l)
3

"
n(n+ 1)

Z r0

0

d[J1(kcr0)]

dr0
jn(k

(l)
3 r0) dr0

+

Z r0

0
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d[r0jn(k

(l)
3 r0)]

r0 dr0
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#
(14c)

Kon =

p
2

2

dP 1
n(cos �)

d�

����
�=�=2

Z r0

0
jn(k

(l)
3 r0)J1(kcr

0) dr0:

(14d)

Without loss of any generality, (13) is ageneralexpression
of the field outside the radome whereall the regions I, II, and
III could bechiral media. It is valid for other problems where
the same geometry is considered. This result can be further
simplified since only the intermediate layer (the radome shell)
is chiral medium. In the isotropic spherical layers, only the
odd TE modes and even TM modes exist in the electric field
distribution. In the presence of the chiral dielectric radome, not
only the aforementioned modes, but also the even TE modes
and odd TM modes contribute to the electric field outside the
spherical shell radome. Also, the electric field has two polar
modes: i.e., the RCP and LCP waves.

Also, (13) together with its coefficients in (8) and (14)
represents anexactexpression of the electric field outside the
spherical-shell circular radome regardless of thedimension
of the radome. For its applications such as the radiation
characteristics of the aperture antenna excited by the circular
waveguide dominantTE11 mode, it is desirable to know the
electromagnetic fields in the Fraunfoher (far-field) region.

B. Fraunhofer Fields

The expressions given above are the exact solutions of
the electric fields valid in the Fresnel zone. The Fraunhofer
fields can be further obtained by making use of the far-zone
approximation. For the field region in the far zone, we can use
the far-field approximationkr� 1 so that the Hankel function
and its derivative can be expressed [22] as follows:

h(1)n (kr) ' (�i)n+1 e
ikr

kr
(15a)

d[rh(1)n (kr)]

kr dr
' (�i)n e

ikr

kr
' ih(1)n (kr): (15b)

With (15), the far fields can be obtained. To specify the
results for our problem stated earlier, we assume that only

the intermediate region (i.e., the dielectric radome layer) is
made of chiral material. Thus, we have that

k
(r)
1 = k

(l)
1 = k0 = !

p
�0�0 (16a)

k
(r)
2 = �2 + !

p
�0�2 = �2 + k2 (16b)

k
(l)
2 =��2 + !

p
�0�2 = ��2 + k2 (16c)

k
(r)
3 = k

(l)
3 = k0: (16d)

To further discuss the results, we study the field distributions
in the two planes, i.e., the(� = (�=2)) plane and the
(� = 0) plane. In explicit form, the Fraunfoher electric fields
in component form can be further expressed as follows.

1) in the (� = (�=2) plane

E� =�
p
2E0

2k0

eik0r

r

1X
n=1

(�i)n 2n+ 1

n2(n+ 1)2
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p
2E0
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eik0r

r
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2) in the (� = 0)-plane
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where
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Fig. 2. Power patterns ofE� in � = (�=2) plane against spherical polar
angle for various chiral parameters.r0 = 1:5�0 and
 = 0:24; 0:48 and
0:96.

Obviously, the� and� components of the electric fields are
not the same in both the(� = 0) plane and the(� = (�=2))
plane, which indicates that the radially propagating waves are
elliptically polarized.

V. EFFECTS OFRADOME:
NUMERICAL DISCUSSIONS

With the aforegiven formulas of the electromagnetic fields
in closed form in the outer region, the numerical evaluation
of these fields has been carried out thereafter and the results
presented subsequently. Three fundamental quantities, i.e., the
antenna pattern, 3-dB beamwidth, and the radiated maximum
power, are considered in the numerical computations and
the effects of the chirality variation on these quantities are
discussed.

A. Antenna Patterns

To show the effects of the chirality on the antenna patterns
in the � = (�=2) and � = 0 planes, we have computed the
power patterns of the aperture antenna (as shown in Figs. 2–5)
for various chiral parameter
. It is found from the computed
results that the half-wave thickness for the dielectric radome
should still be assumed as one that bears the least transmission
loss. The effects of the radome thickness have been extensively
discussed in the literature [9], hence, will not be discussed
further.

Fig. 2 (or Fig. 3) shows the� = (�=2) plane (or� = 0-
plane) power patterns of the antenna due to the contributions
from E� andE� against spherical polar angle� (in degree) for
a r0 of 1:5�0 and various chiral parameters
 corresponding
to Cases 1, 2, and 3 (where
 = �c

p
�c=�c, as in [19]). The

inner radiusa of the single-layered radome used is 0.5 m or
5 �0, the thicknessd = �e=2, and the frequencyf = 3 GHz
wherein�e = �0=

p
�r for �r = 6:25.

It is shown previously from the formulation [see (17) and
(18)] that onlyE� in � = (�=2) plane andE� in � = 0 plane
in the absence of a radome or in the presence of an achiral
radome, exist and that bothE� and E� in both � = (�=2)

Fig. 3. Power patterns ofE� in � = 0 plane against spherical polar angle
for various chiral parameters, i.e.,
 = 0:24;0:48 and0:72. r0 = 1:5�0.

and� = 0 plane in the presence of a covered chiral radome
exist. Quantitively, theE� component in the� = (�=2)
plane andE� component in the� = 0 plane dominate the
field distribution in the far zone. However, theE� component
in the � = (�=2) plane andE� component in the� = 0
plane change the polarization property of the radiated waves
from the previous circular polarization to the current elliptical
polarization.

From the comparison, it can also be seen that when the
aperture size is small(r0 = 1:5�0) as compared with the
radome inner dimension(a = 5�0 where the thicknessb�a =
�e=2), power patterns ofE� in the� = (�=2) plane, andE� in
the� = 0 plane do vary, not even so significantly with chiral
parameters (see Fig. 2 and Fig. 3, where the main lobe and
sidelobe beamwidths, the sidelobe peak points and null points
are changed). However, power patterns ofE� in the� = (�=2)
plane andE� in the � = 0 plane almost do not change
with chiral parameters. From the computed results, one more
observation is thatthe power patterns for
 = 0 and0:72 have
very little difference from those for
 = 0:96 and0:24. This is
why we used different parameters in Fig. 2. This implies that
the antenna pattern varies with the chiral parameters perhaps
periodically. Details about this phenomenon will be discussed
later.

To gain an insight into the effects of multiple reflections
and transmissions of the radiated waves, Fig. 4 (or Fig. 5)
shows the� = (�=2) plane (or� = 0 plane) power patterns
of the antenna due to the contributions fromE� and E�

against spherical polar angle� (in degree) for ar0 of 3�0
and various chiral parameters
 corresponding to Cases 2–5
that correspond to
 = 0:24; 0:48; 0:72; and0:96. The other
parameters utilized here in Figs. 4 and 5 for the aperture and
the chiral radome are the same as those used in Figs. 2 and
3. The operating frequencyf is 3 GHz. Due to the symmetry,
we considered only the positive values of the
 in this paper
although the negative values can also be utilized.

As can be seen from Figs. 4 and 5 (different from those
in Figs. 2 and 3) the power patterns of bothE� andE� in
both � = (�=2) and� = 0 planes vary dramatically with the
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Fig. 4. Power patterns ofE� in � = (�=2) plane against spherical polar
angle for various chiral parameters, i.e.,
 = 0:24, 0:48, 0:72, and 0:96.
r0 = 3�0.

Fig. 5. Power patterns ofE� in � = 0 plane against spherical polar angle
for various chiral parameters, i.e.,
 = 0:24, 0:48, 0:72, and0:96. r0 = 3�0.

chiral parameter
. The 3-dB beamwidths, sidelobe levels,
and null points of the patterns change with
 significantly.
The first sidelobes have very high-power level as shown in
Fig. 5. Again, it is seen from the results that such variations
themselves change periodically.

B. 3-dB Beamwidths

Beamwidth is one of the most important measures of an
antenna system. The 3-dB (half-power) beamwidth is an
important parameter of an antenna and, hence, is computed
for various cases.

From the computation, it is found that the 3-dB beamwidth
of bothE� andE� components in both� = (�=2) and� = 0
planes change very slowly with the chiral parameters. At the
points between
 = 0:4 and
 = 0:6 there is a kink. This kink
is due to the multiple interactions between the chiral radome
and the aperture antenna. From the animation of the figures, it
is observed that the main lobe of the antenna pattern becomes

(a)

(b)

Fig. 6. Power patterns against spherical polar angle for various chiral
parameters, i.e.,
 = 0, 0:48, 0:49818, and 0:52. r0 = 1:5�0. (a) E�

in � = (�=2) plane. (b)E� in � = 0 plane.

lower and lower. Instead, the two side lobes near the main lobe
increase to a very high level and become the two main lobes
between
 = 0:4 and
 = 0:49818. With the further increase
of the chiral parameter between
 = 0:49818 and
 = 0:6,
the two sidelobes decreases in power level and the middle lobe
becomes higher and higher and returns to the normal case. A
periodical variation is observed from the computed results.

To look into the details about the kink, Fig. 6 shows the
antenna patterns ofE� in � = (�=2) plane andE� in � = 0
plane. In Fig. 6, the same aperture and radome dimension
parameters as used in Figs. 2 and 3 are assumed except that
critical chiral parameters
 = 0, 0:48, 0:49818 (the peak
point of the kink), and0:52 are used. The absolute values
of the respective field components are evaluated and shown
in Table I where exactly the same parameters in Fig. 6 are
utilized. It is seen from Table I that when
 = 0:49818 the
mode domination ofE� andE� is switched over as compared
with those modes for achiral case
 = 0. The mode which
dominates the field in� = (�=2) plane and/or� = 0 plane
has been changed from theE� and/orE� for 
 = 0 to the
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TABLE I
ABSOLUTE VALUES OF THE ELECTRIC FIELD POWER COMPONENTS

WHEN � = 0o; r0 = 1:5�0 AND b � a = �e=2

� = �2-plane � = 0-plane



jE�j
2 jE� j

2 jE�j
2 jE� j

2

0 1.21647 0 0 1.21647
0.48 0.003737 1.21451 1.21451 0.003737
0.49818 0.0000159 1.21853 1.21853 0.0000159
0.52 0.0062097 1.21273 1.21273 0.0062097

currentE� and/orE� for 
 = 0:49818. It can also be seen
that the polarization still maintains to be circular. In general,
the radiated waves are elliptically polarized, as can be seen
from Table I for
 = 0:48 and 0:52. From this analysis, we
can see that the polarization of the radiated fields in far zone
can be switched between circular and elliptical polarizations.

When the aperture size is comparable with the radome size
(e.g.,r0 = 3�0), the multiple interactions between the chiral
radome and the aperture antenna is enhanced. Therefore, the
values ofE� andE� in both� = (�=2) and� = 0 planes get
closer. However, the variation of theE field components as
r0 = 3�0 is still similar to that asr0 = 1:5�0. Although the
kinks appear in the plotted figures and shifts a bit from the
previous
 = 0:49818 to the current
 = 0:49033, the peak
point remains almost constant. From the above discussion, it is
realized that we can change the 3-dB beamwidth of the power
pattern to our desired value for practical design by varying
the chiral parameters.

C. Maximum Fields of Main Lobes

As seen previously, the antenna pattern changes in a cer-
tain oscillation. Fig. 7 shows how the antenna radiated field
components in� = (�=2)- and� = 0 plane change with the
chiral parameters
. In the computation, it is assumed that the
operating frequency used isf = 3 GHz, the inner radius of
the chiral radome isa = 5�0 or 0:5 m and the thicknessd of
the radome is taken asb� a = �e=6, �e=4, �e=3, 2�e=5, and
�e=2 where�e = �0=

p
�r.

In the case ofr0 = 1:5�0, Fig. 7 shows theE� and E�

components in� = (�=2) plane (and/or� = 0-plane) as
� = 0o that vary sinusoidally with respect to the parameters
.
The period of such a sinusoidal oscillation decreases with the
chiral radome thickness. It is also seen from the computed
results that theE2

� + E2

� keeps constant with respect to
the chiral parameters, demonstrating the energy conservation.
Also, it is observed from Fig. 7 that theE� (or E�) varies
cosinusoidally (or sinusoidally) with the chiral parameters in
� = (�=2) plane. In� = 0 plane, the magnitude variations
of far-zone E� and E� components are switched over as
compared with those components in� = (�=2) plane.

Clearly, the far-zoneE� (and/or E�) component in the
� = (�=2) plane as� = 0o is a cosine (and/or sinusoidal)
function of the chiral parameters. On the contrary, the far-
zoneE� (and/orE�) component in the� = 0 plane as� = 0o

is a sinusoidal (and/or cosine) function.
In the case ofr0 = 3�0, the results resemble those in

Fig. 7. However, the magnitude is larger and the period of

(a)

(b)

Fig. 7. Far-zoneE� andE� components in� = (�=2) and� = 0 planes
(for � = 0o andr0 = 1:5�0) against chiral parameters
 where for Cases
1–5 the radome thicknessb � a = �e=6, �e=4, �e=3, 2�e=5, and�e=2.
(a) E� in � = (�=2) plane orE� in � = 0 plane. (b)E� in � = (�=2)
plane orE� in � = 0 plane.

such sinusoidal variations of� = (�=2)-field components is
slightly shorter.

VI. CONCLUDING REMARKS

This paper has presented a full-wave analysis of the antenna
radiation due to an aperture fed by a circular waveguide
TE11 wave and covered by a dielectric hemisphericalchiral
radome over the ground plane. First of all, the magnetic
DGF’s of such a spherically three-layered structure has been
formulated and their scattering coefficients derived. The DGF
in the outer region is further utilized in the analysis of the
electromagnetic fields in the region out of the chiral radome.
Exact representation of the field near the chiral radome and
far away from the radome have been obtained. Furthermore,
the Fraunhofer electric fields have been obtained in closed
form using the far-zone approximation. Power patterns in both
� = (�=2) and � = 0 planes, 3-dB beamwidths of these
patterns, and electrical field components at� = 0o have
been computed numerically and discussed in detail. As the
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dimensions of the antennas and their spherical-shell radomes
are electrically large, the equivalent magnetic current method
is applicable in the analysis.

From this analysis, the following conclusions can be drawn:
1) due to the chiral radome material theE� andE� compo-
nents of the electric field exist in both� = (�=2) and� = 0
planes. The results reduce automatically to those for the achiral
case whereE� component (andE� component) in� = (�=2)
plane (and� = 0 plane) vanishes; 2) aperture antenna power
patterns (i.e., the main lobe and sidelobe levels, half-power
beamwidths, and null beamwidths) change with the chiral
parameter
, particularly when the aperture and radome sizes
are close. Electromagnetic interaction between the aperture
antenna and the radome size increases when their electrical
dimensions are comparable; 3) field magnitudes of components
E� and E� vary sinusoidally with the chiral parameter
;
while E� increases to a maximum value in both� = (�=2)
and� = 0 planes, theE� component drops to a minimum of
zero level. This clearly shows the polarization rotation; and 4)
the 3-dB (or half-power) beamwidth remains almost constant
at the beginning; as the chiral parameter increases a kink
arises and, therefore, the 3-dB beamwidth increases suddenly
and then drops to a level lower than ever. This implies a
possibility that narrower and broader 3-dB beamwidths can
be respectively achieved if certain radome material of special
chiral parameters is utilized.
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