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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 TE1x 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.

. INTRODUCTION

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 dominahnk,; mode, and

AYERED dielectric radomes are frequently required igovered by a spherical-shell chiral radome. To formulate the

practice to protect the antenna systems against enviréectromagnetic fields due to such a magnetic surface current,
mental conditions. The presence of the dielectric radome dot¥ magnetic type of Green’s dyadics are necessarily derived.
however, affect the radiation characteristics of the antenhgllowing the similar procedure in the literature [9], we

system. Therefore, the investigation on what the effects

proceed as follows.

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 radomes
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 dominditt;;-mode .
feed [10] have been investigated.
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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.
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Chiral It should be noted that the letters in both bold and italic faces
spherical are used to represent the vector operators, while those in bold
shelll - tace 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 1ll. The electromagnetic radiation fields andH ; in
AN the fth region(f = 1,2, and3) due to the magnetic current
7 mage Sh distribution M, located in the third regior{s = 3 for the

Regidn 1l ' innermost region) are expressed in terms of the dyadic Green’s
function as follows:

z 4
€Ll =€,y =€,y

Equivglent Mg

Clrculqr

Regibn Al
Reglon 1 E(r) = _///[v x G (e, 0y — ;G (v, )]
v
/ !
@ (b) M (r') dV (3a)
Fig. 1. A circular aperture flush-mounted on an infinite ground plane and Hf (r) = iwgf ///@(fs)(rJ r’) M, (r') dv’ (3b)
covered by a chiral hemispherical shell. (a) An illustration of the geometry. m
v

(b) The equivalent problem of the radiation obtained by the use of the image

theory. where the prime denotes the coordinates ¢’,¢’) of the

[I. STATEMENT OF THE PROBLEM magnetic current sourc¥ ,, V' identifies the volume occupied

Fig. 1(a) illustrates the geometry of the problem where tHy the source in the third region, ar(dg,fs)(r,'r’) denotes
aperture is excited by the circular waveguide, mounted on tH& magnetic type of dyadic Green's function. Apparently, the
ground plane, and covered by a chiral hemispherical shell. TRE@Pagation constant in the first and third regigifs= 1, 3)
waveguide is assumed to support the domiriBHRt; mode. of the multllayered_achwal medlum_ is de_S|gnated kas =

In order to obtain the radiated fields, the Huygen’s principté/77 €/ - By assumingi; = 0, the dielectric parameters for
together with the image theory is applied. Due to the circGhiral media reduce to those for achiral media. Since the two
lar waveguide dominanf’E;; mode excitation, a magnetic'egions are filled with air, thus we have = ks = ko, as
current sourceM, over the aperture area can be obtained BOWn in Fig. 1. S
applying the Huygen’s principle as shown in Fig. 1(b). An The f|9|_d over the gperture shown in Fig. 1 is assumed [18]
image magnetic current sourdé’. = M, , shown in Fig. 1(b) © be excited by a circular waveguide domindrit,; mode
below the aperture area, can be assumed by using the imageollows:
theory. Thus, a problem of radiation from double magnetic Jilxp fra) . ~dJy(xp' /o
current distributions inside a chiral-spherical shell is formedfs = 0 p% s ¢/+¢% cos ¢'| 8(")
and simplified to the equivalent radiation problem illustrated _ . . ;
in Fig. 1(b). Also, the hemispherical radome is equivalent to =Lop+ Evd )
a spherical shell using the image theory. wherer, is the radius of the circular waveguide feed and the

A time dependencexp(—iwt) is assumed for the fields eigenvaluey and characteristic wave numbér are given,
throughout the paper. The chiral radome is thus characterizedpectively, by
by the following set of constitutive relations:

D=c¢;E+ix;H (1a)
B=u;H—ix,E (1b) SO that the magnetic current distribution over the aperture can

be expressed as
wheree;, 1y, andy; are the medium’s permittivity, perme-

ability, and chirality parameter, respectively, ahe- 1, 2, and M, = { (5)

3. Therefore, the propagation consténtin each layer of the

three-layered medium is designated generally as Using the transformation from the cylindrical coordinates
k2 =w(pper — x3) (2a) to the spherical coordinates, the magnetic current distribution

_ _ over the aperture can be expressed in the spherical coordinate
and the symbok; is defined by system as follows:

x=1.841 and k.= yx/r

—2zx K., p <mrg
0, elsewhere.

b= GO M) =218y - £d]
Hence, there are two circularly polarized modes present in the g _dJi(xr' /o) , N /o) .,
unbounded medium, i.e., the right- and left-handed circularly Ul " cos ¢’ —¢ " sin ¢
polarized (RCP and LCP) waves. Their corresponding wave 6(9’ ﬂ)

numbers are given by v 2/ (6)

) /
K =& +w /liEr (2¢) r

0 Apparently, the distribution contains only the first-order term
k' ==& twyiser 2d)  for the eigenvaluen so that the summation with respect to
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other eigenvaluegm # 1) after the integration in either (3a) where the transmission matric#s; and F.s in inverse form

or (3b) will disappear. and F,; and F',; are defined as
- gp) (l) olr) o(l) 1!
[ll. DYADIC GREEN'S FUNCTION OUTSIDE CHIRAL RADOME ah]??)? 5(7:,‘) 8\53)2 3(,)
2 2 3 2 39
. . . T3 = 5}:(7“) ash(l) 632\}(7“ a?:y(’) (10a)
A. Representation of Dyadic Green’s Function 13003, 13 32 3 32 3 ()
r _ ‘ s X
Under the spherical coordinates, the electromagnetic fields :7737332 nSfL(?;)z 773:(::12) 773:(?;)2:
usually consist of the radial-wave modes propagating outwards sy —0hy, 0355 —0355
B Ay olr) )
and inwards. The configuration of the problem is a three-F — 22 22 N33 \fzzl (10b)
layered geometry (i.e.N = 3) and the current source is 772873({2) 772371(22) 26%22 7728%(22)
located in the region Ill. Hence, the electric dyadic Green’s L 77271(2’”2) —7727'1(2’2) 772%(2’"2) —772%(22_
functions for each regiorf(= 1,2 and 3) can be obtained - a%(r) 0] ~(r) NGO
. ) : , ; Ohyy —0hy{ 935, —0S5;
by reducing the generalized dyadic Green’s functions for ) o1 () ()
multilayered chiral media formulated by ket al. [17]. Using  Fo5 = 21@) 21(,) Ji}m Ji}(,) (10c)
the duality to the reduced electric dyadic Green’s functions, we 77267?3% 772%%11) 7728‘?3% 7726‘y2(11)
then obtain the magnetic dyadic Green’s functions expressed Lohyy —m2hyy 1Sy~
as follows: montn  —anl) a3l —asi)
(r) Y olr) )
—(13) 50 2n 41 Fia — hiy 11 St ~i1 10d
G (r20) = ey Sy e-giti Fusl e o pos ooy | @09
m(ky” + n=0m=0 I N N ¢
( m)! LTy iy TS T~y
n— r r . . H
x ey (k! ))V’imn (k) with the following parameters, which are the duality forms of

(n+m)! o the (29a) and (29b) in [17]:

131 LDy (r)
C Wemn (k )V (kB ) m = /'L_l — /i_z s = /$_3 (11)
+ V) W (k) Ve Ve Ves
1y 00 0 Also, the interparameters for the sake of simplicity are defined
+ CoEW e (kYW (k37 as follows:

(7) 30 =g (k) (12a)
(r, ) _ 1 (r,D)
andC!?, Ci}, C!3, and(,3 are the coefficients of scattering by = hi; )(kf o) (12b)
dyadic Green’s function to be solved from the boundary a3t — ld[PJn(P)] (12¢)
conditions. p dp | e,
In (7), the couple of normalized spherical vector wave dloh() '

functionsVe,,.,, (k) andW-,,.,, (k) are orthogonal (as verified on{mD = L dlphn “(p)] J (12d)
by Engheta and Kowarz [19]) among themselves as well as P dp p=k (™D
with respect to each other as they are integrated over all the i=1,2,3 and m _ 1,2.

values ofr, 4, and ¢.
For the single-layered radome assumed here we have b
B. Transmission Coefficients of Dyadic Green’s Function anda; = a.
Following the same procedure of [17] and [20], the coef-
ficients of the scattering dyadic Green’s functions are given V- ELECTROMAGNETIC FIELDS OUTSIDE RADOME

by
A. Exact Fields

(r)y27(1)

cl? = (ks )"y, (8a) By making use of the magnetic dyadic Green'’s function

" 7(1)7(1) _ 7(1)7(1) —(13) . . .

11 “22 12 “21 G,, " in(7), where it is assumefl= 1 ands = 3, the electric

013 71(:’1)613 8b field in the first region outside the radome can be expressed

3= _7(1) 23 (8b) subsequently by

5 T E = [[[[vxGY -6G") M, av’
Coy = 7_(1)611 (8¢c)

22

s k27 B z?Eo = n+1 (n—1)

Coz = (1 (1 (8d) ) Q) Z 1) 1!
7'1(1)7'2(2) _7'1(2)7'2(1) k k n(n—l— n—l— )

(r) 13 13 7~ (M) (.00
and the elementg,.) are obtainable from X [(k = &)(Ci L + C‘f“AS")ViMr(kl )

T = [1)[1) = [Faa FosllFoallFis] () — (K7 6O e + CEE )WL ()] (13)
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where the scattering coefficier'lct’s%ffy13721723 have been given the intermediate region (i.e., the dielectric radome layer) is
in (8), the vector wave eigenfunctiodd.,,, (k) andN.,,,(k) made of chiral material. Thus, we have that

can be found from literature [20], [21] and the intermediates ) _ D _ g _
Ip, and Kr,, are expressed as follows: kb) =k =k =WV (162)
ky ' =& +w\/poe2 =& + ke (16b)
1 T0 /
I, =12 (?)> ln(n +1) / _ch(zkf U Ky k) ==& +w e = —& +k (16¢)
r r r ‘
V2k; 0 KD = kD = k. (160)

o [ j (k5"")] i ield distributi
+ / Jq (kcr’)L dr'| (14a) To further discuss the results, we study the field distributions
0

v dr in the two planes, i.e., thé¢ = (7/2)) plane and the
V2 dP) (cos 6) LI " ) (¢ = 0) plane. In explicit form, the Fraunfoher electric fields

Lon = 3 T /0 Jnlks ")y (kor") dr in component form can be further expressed as follows.

o=l (1ap) 1 inthe (¢ = (x/2) plane

i Pl 0 o dl Ty (k') __\/iEO eikor 2 i 2n—+1

Kep = \/_((,)) n(n + 1)/0 %Jn (kgl)r/) dr’ By = 2kg v i) n?(n+ 1)?

ro re (o 13 13 dP, (cost)
0 1 ) 7 (613_613_C1R+C13)M

Ko :QM / Djn(kgl)T/)Jl(k’cT/) . enAri 13 21 23 sin @

2 df #=r/2 /0 (17a)
(14d) b, = f By efhor & iy on + 1

Without loss of any generality, (13) isgeneralexpression 2k v el n?(n+1)°

of the field outside the radome whea# the regions I, Il, and ) Ny Pl{(cos 0)

[l could bechiral media. It is valid for other problems where X [Uen (€7 = Cig + CoF = G )T

the same geometry is considered. This result can be further dP! (cos 6)
simplified since only the intermediate layer (the radome shell) + Ln(C]7 + €15 —Cyf — C;;)T
is chiral medium. In the isotropic spherical layers, only the

odd TE modes and even TM modes exist in the electric field (17b)
distribution. In the presence of the chiral dielectric radome, not2) in the (¢ = 0)-plane

only the aforementioned modes, but also the even TE modes JIE, ko & 5 )

and odd TM modes contribute to the electric field outside the g, — Vi€ T —i) _entl

spherical shell radome. Also, the electric field has two polar 2ko 7 fop n’(n+1)?

modes: i.e., the RCP and LCP waves. . 15, AP (cos )

Also, (13) together with its coefficients in (8) and (14) x [lfen(cl —Ci3+ 0GP~ G )T
represents aexactexpression of the electric field outside the P! (cos0)
spherical-shell circular radome regardless of thmension Ln(CI+ €l =0 — 03—~
of the radome. For its applications such as the radiation sin ¢
characteristics of the aperture antenna excited by the circular (18a)
waveguide dominanTE;; mode, it is desirable to know the _ V2B éfor S 2n+ 1
electromagnetic fields in the Fraunfoher (far-field) region. C T ok — (=9) n?(n+1)?

B. Fraunhofer Fields [ on (C17 +C13 +C3F + Ci )%

The expressions given above are the exact solutions of P! (cos 0)
the electric fields valid in the Fresnel zone. The Fraunhofer — Lo (C[3 — Cl5 — C3F + C35) 70 ]
fields can be further obtained by making use of the far-zone
approximation. For the field region in the far zone, we can use (18b)
the far-field approximatiokr >> 1 so that the Hankel function where
and its derivative can be expressed [22] as follows: 1 ro /

P [22] L =2 [n (4 1) / At (ker)] . (ko) di’
etk 2k, 0 dr’
hm)(k'?“) N( )W_H (153) To d ! k‘ /
e + / Jy () I o)) dr’] (19a)
d[rhg)(/ﬂr)] . e'kr 0 v dr!

To

~ (i) o ih(D (k). (15b)
In (ko' )1 (k") dr'.

kr dr _ dPrl (cosf)

With (15), the far fields can be obtained. To specify the  V2d0 |45 Jo
results for our problem stated earlier, we assume that only (19b)
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Fig. 2. Power patterns dfi, in ¢ = (7/2) plane against spherical polar Fig. 3. Power patterns oty in ¢ = 0 plane against spherical polar angle
angle for various chiral parameters, = 1.5\¢ andQ = 0.24,0.48 and for various chiral parameters, i.€2, = 0.24,0.48 and0.72. 7o = 1.5A¢.
0.96.

. o and ¢ = 0 plane in the presence of a covered chiral radome
Obviously, thef and¢ components of the electric fields are, ;. Quantitively, theEs component in thep = (7/2)

not the same in both the) = 0) plane and thé¢ = (7/2))  yjane andE, component in the) = 0 plane dominate the
plgng, which mo_hcates that the radially propagating waves Eﬁgld distribution in the far zone. However, thg, component
elliptically polarized. in the ¢ = (x/2) plane andE, component in thep = 0
plane change the polarization property of the radiated waves
from the previous circular polarization to the current elliptical
polarization.

With the aforegiven formulas of the electromagnetic fields From the comparison, it can also be seen that when the
in closed form in the outer region, the numerical evaluaticemperture size is smallry = 1.5X;) as compared with the
of these fields has been carried out thereafter and the restdidome inner dimensiofu = 5, where the thickness—a =
presented subsequently. Three fundamental quantities, i.e., Xbg2), power patterns of in the¢ = (7/2) plane, andEy in
antenna pattern, 3-dB beamwidth, and the radiated maximtine ¢ — 0 plane do vary, not even so significantly with chiral
power, are considered in the numerical computations apedrameters (see Fig. 2 and Fig. 3, where the main lobe and
the effects of the chirality variation on these quantities atgdelobe beamwidths, the sidelobe peak points and null points

V. EFFECTS OF RADOME:
NUMERICAL DISCUSSIONS

discussed. are changed). However, power patternggfin the¢ = (7/2)
plane andFy in the ¢ = 0 plane almost do not change
A. Antenna Patterns with chiral parameters. From the computed results, one more

To show the effects of the chirality on the antenna patterf§Servation is thahe power patterns fa2 = 0 and0.72 have
in the ¢ = (7/2) and¢ = 0 planes, we have computed the/€ry little difference from those f&2 = 0.96 and 0.24. This is
power patterns of the aperture antenna (as shown in Figs. 2y we used different parameters in Fig. 2. This implies that
for various chiral parametée. It is found from the computed the antenna pattern varies with the chiral parameters perhaps
results that the half-wave thickness for the dielectric radonRé€riodically. Details about this phenomenon will be discussed
should still be assumed as one that bears the least transmis#?i-
loss. The effects of the radome thickness have been extensively0 gain an insight into the effects of multiple reflections
discussed in the literature [9], hence, will not be discusséfd transmissions of the radiated waves, Fig. 4 (or Fig. 5)
further. shows the¢ = (7/2) plane (or¢ = 0 plane) power patterns

Fig. 2 (or Fig. 3) shows the = (7/2) plane (or¢ = 0- of the antenna due to the contributions froly and £
plane) power patterns of the antenna due to the contributick@ainst spherical polar angte (in degree) for ary of 3\,
from E, and £, against spherical polar anglg(in degree) for and various chiral parametefs corresponding to Cases 2-5
ary of 1.5\, and various chiral parametefs corresponding that correspond t& = 0.24, 0.48, 0.72, and0.96. The other
to Cases 1, 2, and 3 (whefe= &.+/p./¢., as in [19]). The parameters utilized here in Figs. 4 and 5 for the aperture and
inner radiusa of the single-layered radome used is 0.5 m ghe chiral radome are the same as those used in Figs. 2 and
5 Ao, the thicknessl = ). /2, and the frequency = 3 GHz 3. The operating frequencfis 3 GHz. Due to the symmetry,
wherein. = XAq/\/¢ for ¢, = 6.25. we considered only the positive values of fidn this paper

It is shown previously from the formulation [see (17) anelthough the negative values can also be utilized.
(18)] that only Ey in ¢ = (7/2) plane andy in ¢ = 0 plane  As can be seen from Figs. 4 and 5 (different from those
in the absence of a radome or in the presence of an achiralFigs. 2 and 3) the power patterns of bath and £ in
radome, exist and that both; and E, in both ¢ = (7/2) both¢ = (7/2) and¢ = 0 planes vary dramatically with the
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angle for various chiral parameters, i.€.,= 0.24, 0.48, 0.72, and 0.96.
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Fig. 6. Power patterns against spherical polar angle for various chiral
parameters, i.e2 = 0, 0.48, 0.49818, and0.52. r¢ = 1.5X¢. (a) Fy

in ¢ = (r/2) plane. (b)E; in ¢ = 0 plane.

Fig. 5. Power patterns ofy, in ¢ = 0 plane against spherical polar angle

for various chiral parameters, i.€,= 0.24,0.48,0.72,and0.96.r9 = 3A¢.

-80 60 40 20 0 20 40 60 80
Spherical polar angle (in degree)

lower and lower. Instead, the two side lobes near the main lobe
increase to a very high level and become the two main lobes

chiral parametef2. The 3-dB beamwidths, sidelobe Ievelsbetweerﬁ — 0.4 andQ = 0.49818. With the further increase

and null points of the patterns change withsignificantly. of the chiral parameter betweéh= 0.49818 andQ = 0.6

T_he first splelc_)b_es have very high-power level as sh(_)w_n the two sidelobes decreases in power level and the middle lobe
Fig. 5. Again, it is seen from the results that such variations

I becomes higher and higher and returns to the normal case. A
themselves change periodically. - S
periodical variation is observed from the computed results.
) To look into the details about the kink, Fig. 6 shows the
B. 3-dB Beamwidths antenna patterns ofy in ¢ = (7/2) plane and®, in ¢ = 0
Beamwidth is one of the most important measures of gane. In Fig. 6, the same aperture and radome dimension
antenna system. The 3-dB (half-power) beamwidth is grarameters as used in Figs. 2 and 3 are assumed except that
important parameter of an antenna and, hence, is computeitical chiral parameter§? = 0, 0.48, 0.49818 (the peak
for various cases. point of the kink), and0.52 are used. The absolute values
From the computation, it is found that the 3-dB beamwidtbf the respective field components are evaluated and shown
of both £ and E4 components in botk = (7/2) and¢ =0 in Table | where exactly the same parameters in Fig. 6 are
planes change very slowly with the chiral parameters. At thailized. It is seen from Table | that whed = 0.498 18 the
points between? = 0.4 and2 = 0.6 there is a kink. This kink mode domination of’y and £y is switched over as compared
is due to the multiple interactions between the chiral radométh those modes for achiral case = 0. The mode which
and the aperture antenna. From the animation of the figuresjaminates the field i = (#/2) plane and/orp = 0 plane
is observed that the main lobe of the antenna pattern becorhas been changed from thg and/or £, for 2 = 0 to the
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TABLE | 14

ABSOLUTE VALUES OF THE ELECTRIC FIELD POWER COMPONENTS ‘ ggzé f
WHEN @ = 0°,79g = 1.5X0 AND b — a = \./2 12 b -
Q ¢ = 72-plane ¢ = 0-plane b g;:z‘s‘ - s
|| 2R || |Es | 1 e x -~
0 1.21647 [0 0 1.21647 : )
0.48 0.003737 [1.21451  |1.21451  |0.003737 %08 <
0.49818 |0.0000159 (1.21853  |1.21853  |0.0000159 g e £ A~
0.52 0.0062097 [1.21273  |1.21273  |0.0062097 g /_,x
goo.ﬁ £ x;,/
04 : 5
current £/, and/or Ey for 2 = 0.49818. It can also be seen i «\,(/ \5\
that the polarization still maintains to be circular. In general, 92 \"\ i ] ~E_‘,// o ¥ #
the radiated waves are elliptically polarized, as can be seen \"x\_l_,-‘" N x-'/“x%ﬂ N
from Table | for Q2 = 0.48 and 0.52. From this analysis, we ° 02 o os 08 .
can see that the polarization of the radiated fields in far zone Chiral parameter
can be switched between circular and elliptical polarizations. ()
When the aperture size is comparable with the radome size
(e.g.,70 = 3Xg), the multiple interactions between the chiral hase 1 —o
radome and the aperture antenna is enhanced. Therefore, the Cases o
values of £y and £ in both¢ = (7/2) and¢ = 0 planes get e, Case 4 -x-
closer. However, the variation of the field components as 1 e - . rase 3 -
ro = 3Ag Is still similar to that asx = 1.5Aq. Although the - . \ ,‘\
kinks appear in the plotted figures and shifts a bit from the %qg v x RS N
previous$2 = 0.498 18 to the current2 = 0.49033, the peak E Lox LT N e g N
point remains almost constant. From the above discussion, it is &os | ol e
realized that we can change the 3-dB beamwidth of the power = 'S e = ,/W)‘
pattern to our desired value for practical design by varying 04 ' ‘! R %;”/WM “4‘
the chiral parameters. ol PP A
C. Maximum Fields of Main Lobes 0 = ; *
. . 0 0.2 0.4 0.6 08 1
As seen previously, the antenna pattern changes in a cer- Chiral parameter

tain oscillation. Fig. 7 shows how the antenna radiated field (b)
components iy = (#/2)- and¢ = 0 plane change with the _ ,

. . L Fig. 7. Far-zoné, and F/, components inp = (r/2) andé = 0 planes
chiral parameter§. In the computation, it is assumed that they, 5 '~ oo andry = 1.5)) against chiral parametefs where for Cases
operating frequency used 5= 3 GHz, the inner radius of 1-5 the radome thickness— a = A./6, Ao/4, Ac/3, 2X./5, and \./2.
the chiral radome is = 5\, or 0.5 m and the thicknesg of (8) Ee in 6 = (r/2) plane orEy in ¢ = 0 plane. (b)Ey in ¢ = (7/2)

. plane orEy in ¢ = 0 plane.
the radome is taken ds— a = . /6, A. /4, A./3, 2X./5, and
A./2 where A, = A/ /6. ) ) o ] _

In the case ofr, = 15X, Fig. 7 shows the; and £, such sinusoidal variations of = (w/2)-field components is
components ing = (7/2) plane (and/oré = 0-plane) as Shghtly shorter.
¢ = 0° that vary sinusoidally with respect to the paramefers
The period of such a sinusoidal oscillation decreases with the VI. CONCLUDING REMARKS
chiral radome thickness. It is also seen from the computedThis paper has presented a full-wave analysis of the antenna
results that theE? + E? keeps constant with respect toradiation due to an aperture fed by a circular waveguide
the chiral parameters, demonstrating the energy conservatibf.,;; wave and covered by a dielectric hemisphericiairal
Also, it is observed from Fig. 7 that th&, (or £,) varies radome over the ground plane. First of all, the magnetic
cosinusoidally (or sinusoidally) with the chiral parameters iBGF’'s of such a spherically three-layered structure has been
¢ = (w/2) plane. In¢ = 0 plane, the magnitude variationsformulated and their scattering coefficients derived. The DGF
of far-zone £y and £, components are switched over a#n the outer region is further utilized in the analysis of the
compared with those componentsdn= (7/2) plane. electromagnetic fields in the region out of the chiral radome.

Clearly, the far-zonef, (and/or £;) component in the Exact representation of the field near the chiral radome and
¢ = (7/2) plane asf! = 0° is a cosine (and/or sinusoidal)far away from the radome have been obtained. Furthermore,
function of the chiral parameters. On the contrary, the fathe Fraunhofer electric fields have been obtained in closed
zoneF, (and/orE,) component in the = 0 plane as’ = 0° form using the far-zone approximation. Power patterns in both
is a sinusoidal (and/or cosine) function. ¢ = (x/2) and ¢ = 0 planes, 3-dB beamwidths of these

In the case ofry = 3, the results resemble those irpatterns, and electrical field componentsfat= 0° have
Fig. 7. However, the magnitude is larger and the period been computed numerically and discussed in detail. As the
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dimensions of the antennas and their spherical-shell radon®s M. S. Leong, L. W. Li, P. S. Kooi, T. S. Yeo, and X. Ma, “Layered

are electrically large, the equivalent magnetic current method hemispherical randome analysis including effects of rainfall, Proc.
Malaysia Int. Conf. Commun. (MICC’'95).angkawi Island, Malaysia,

is applicable in the analysis. Nov. 1995, pp. 12.3.1-12.3.4.
From this analysis, the following conclusions can be drawiitl] G. A. Deschamps, “Ray techniques in electromagnetiBsgc. IEEE,

; ; " vol. 60, Sept. 1972.
1) due to the chiral radome material ti% and Ed’ compo [12] D. C. F. Wu and R. C. Rudduck, “Plane wave spectrum-surface integra-

nents of the electric field exist in both= (7/2) and¢ = 0 tion technique for radome analysidEEE Trans. Antennas Propagat.,
planes. The results reduce automatically to those for the achiral vol. AP-22, pp. 497-500, May 1974.

s [13] D. T. Paris, “Computer aided radome analysi€EE Trans. Antennas
case where?,, component (andZ, component) i = (7/2) Propagat. vol. AP-18, pp. 715, Jan, 1970,
plane (andp = 0 plane) vanishes; 2) aperture antenna power4] R. E. Hodges and Y. Rahmat-Samii, “Evaluation of dielectric physical
patterns (i.e., the main lobe and sidelobe levels, half-power optics in electromagnetic scattering,” iP-S Int. Symp. Dig.Ann

. ; ) ; Arbor, MI, June 1993, vol. 3, pp. 1742-1745.
beamwidths, and null beamW|dths) change with the Ch”ﬁ'S] A. Y. Svezhentsev, A. |. Nosich, A. Altintas, and T. Oguzer, “Simulation

parametek?, particularly when the aperture and radome sizes of reflector antenna covered by a circular radome,Pimc. 9th Int.
are close. Electromagnetic interaction between the aperture ge?znfé égte””as Propagatindhoven, The Netherlands, Apr. 1995, pp.
antenna and the radome size increases when their electriggl r. k. Gordon and R. Mittra, “Finite element analysis of axisymmetric

dimensions are comparable; 3) field magnitudes of components radomes, |EEE Trans. Antennas Propagatol. 41, pp. 975-981, July

: : : : . 1993.
2 . and E_¢ vary SmUSOIda"y_ with the Ch_lral parameté}, [17] L. W. Li, P. S. Kooi, M. S. Leong, and T. S. Yeo, “A general expression
while Ej increases to a maximum value in bath= (7/2) of dyadic Green’s function in radially multilayered chiral meditEEE

and¢ = 0 planes, thel/, component drops to a minimum of Trans. Antennas Propagatpl. 43, pp. 232-238, Mar. 1995.

zero level. This clearly shows the polarization rotation; and 58] \?\,'”eAy' ?35’2”'5' Antenna Theory: Analysis and Desigrew York:

the 3-dB (or half-power) beamwidth remains almost constapb] N. Engheta and M. W. Kowarz, “Antenna radiation in the presence of
at the beginning; as the chiral parameter increases a kink @ chiral sphere,J. Appl. Phys.vol. 67, no. 2, pp. 369-647, 1990.

. . . 20] L. W. Li, P. S. Kooi, M. S. Leong, and T. S. Yeo, “Electromagnetic
arises and, therefore, the 3-dB beamwidth increases SUddéng’ dyadic Green'’s function in spherically multilayered medi&EE Trans.

and then drops to a level lower than ever. This implies a Microwave Theory Techvol. 42, , pt. A, pp. 2302-2310, Dec. 1994.

possibility that narrower and broader 3-dB beamwidths caf! gi-szégivi\;g)yyaﬂ? CIBEreE%n’;rFel;gctilos)n;‘:n Electromagnetic Thedpd ed.
be respectively achieved if certain radome material of speciap) ;. A. stratton, Electromagnetic Theory.New York: McGraw-Hill,

chiral parameters is utilized. 1941,
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