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Radiation Characteristics of an Infinite
Dielectric-Coated Axially Slotted Cylindrical
Antenna Partly Embedded in a Ground Plane

Hassan A. Raghelsenior Member, IEEEand Umar M. Johar

Abstract—The radiation characteristics of an axial slot on the numerical calculations. Examples are introduced to show

a dielectric-coated conducting circular cylinder embedded in a the effect of the GP and how it can be used to improve the
semi-circle in an infinite ground plane (GP) are examined. The radiation patterns.

boundary-value method is employed to obtain the solution with
the aid of the partial orthogonality of the trigonometric functions.
The resulting dual infinite series involved in the solution is then Il. FORMULATION OF THE TM CASE

truncated to generate numerical results. The geometry considered . .
here is important because it can be implemented on the body A 2-D cross section of the geometry of the problem is shown

of any mobile communication system. Moreover the GP adds a in Fig. 1. The conducting circular cylinder has a radids

new parameter to the slotted dielectric-coated conducting circular while the dielectric coating has an outer raditig permittivity
cylindrical antenna and can be used in beam shaping and to « %.” The GP is assumed to be perfectly

enhance the antenna performance e” and permeability ji.
P ' conducting and the axial slot is centered¢at and has an

Index Terms—Electromagnetic radiation, slot antennas. angular angle which equal¥. The space surrounding the
slotted cylinder is divided into two regions. Region | is outside
the dielectric coating, while region 1l is inside the dielectric
) ] ) coating. The electric field in region | must have zero valug at
ADIATION from axial and circumferential slots on agq,.51 0 andr. Therefore, the component of the electric field

circular conducting cylinder has been the subject ¢f region | can be written in terms of the coordinate system at
extensive investigations. For instance, the residue series ﬂ'ﬂé’ center of the conducting cylinder as

the geometrical optics representation [1], Green’s function
formulation [2] and the Fourier integral representation [3]
have been employed for analytical treatment of different slots
on a circular conducting cylinder. Also, the dielectric-coated

conducting slotted circular cylinder has been examined [4}here the time dependence“! is assumed and omitted
[5]. Various methods similar to these used for the circular coghroughout ., is the free-space wavenumb@er /) where
ducting slotted antenna were employed in the two-dimensiongkhe wavelength. The above equation results from solving the
(2-D) and three-dimensional cases to obtain different radiatipfaimholtz wave equation in cylindrical coordinates. Similarly,
characteristics of the dielectric-coated slotted cylindrical aghe » component of the electric field in region Il can be
tenna [6]-[8]. In all previous work, the effect of mountingexpressed as a Fourier Bessel infinite series of unknown
the antenna on any communication system has been ignoigsefficients, i.e.,

The subject of this work is to present the effect of an infinite
ground plane (GP) on the dielectric-coated cylindrical axial-
slot antenna. The GP could be the body of an air craft, a ship, ~*
or any other mobile system. This effect could enhance the
radiations characteristics in some cases. The GP can be usbdre k' = £k, /¢, and J,(x) and Y, (x) are Bessel

to support the slotted dielectric-coated conducting circul&unctions of the first and second kind, respectively, of order
cylindrical antenna. The addition of the GP will add another and argument:. The field component. = 0, while H,
parameter to the design of the antenna such that it canibequal to(1/jwp)(GF, /dr). The boundary condition of the
used to improve the antenna performance. The problem undanishing tangential component of the electric field on the
consideration is solved using the boundary-value method. Thgrface of conducting cylinder, except on the axial slot, is
partial othogonality propriety used in [9] is employed here tapplied to obtain

obtain an analytical solution. The resulting solution involves

I. INTRODUCTION

ED =B, ATMHP (k,r)sinng (1)

n=1

= Eo Z {BEI\IJn(k7) + CE]\TYn(k7)}ejn¢ (2)

n=—oo

oo
a double series, which is convergent and will be truncated in E, Z (B™ ], (ka) + CTMY,, (ka)}e/m®
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¢ — m in (8), (8)-(10), shown at the bottom of the page, can
be written as

i Gn (kb) cosng = i Fr(K'b)sinng. (12)
n=0 n=1

The partial orthogonality of the sinusoid of (12) over zero to
7 IS given by [9]

4 = mg, (kb)
[(m+4n) odd]

(13)
employing (13) in (7)—(9) with the necessary mathematical
manipulation one obtains
where E.(¢) is the electric field on the axial-slot aperture,

Fig. 1. Geometry of the antenna.

which is assumed to be er XIMHD (k,b) sin meb, i m
(P — Po) kb m2 —n?
E, =F — ). 4 n=0
(9) = Eo cos < 26 ) ) [(m-+m) oda]

anEM Ccos N,

Multiplying both sides of (3) bye—7"¢ and integrating over [WTM T (kb) 4+ g™ aTM]

¢ from 0 to 27 with some mathematical manipulations one Jn(ka) - B
obtains o m DM ov T™ | TM
BTM 1 XTM —imé OTMY k } (5) - Z m2 — n2 Jn(k.a) [ m, mn + n, m%m ]
= [ ¢ — miRka n=0
m Jrn(ka) m m ( ) [(rn-f—n) od(ﬂ
where m=1,23 (14)
XElM _ 2F,6 cosmb (6) where

72 —462m?°
The boundary conditions of the zero tangential electric field A, = Ju(kb)H D (kob) — e J0 (kb)H D (kob)  (15)
atr = bandw < ¢ < 27 and continuous fi_elds (i.eEZ_ ~TM IaEI\'IH,(,f)'(kOb) _ e,,a;,Tl\'IH,(f)(kob) (16)
and H,) across the apertui@ < ¢ < 7 are applied to obtain ’

(7)~(9), shown at the bottom of the page, whexeequals one g, — . /Z 7~ Equation (14) can be solved numerically
for » = 0 and two otherwise, and to obtain the constant®T™. The infinite series involved

o™ = I (kb)Y, (ka) — J,(ka)Y, (kb) (10) in the solution is convergent, therefore, it will be truncated
IT™M _ _ 1 after a limited number of terms which depends on the largest
no = J(k0)¥a(ka) = Ju(ka)Y, (kD) (11) argument of the Bessel function (i.&4). Once the values of
the primed Bessel functions in the above expressions dendg™ are calculated, the coefficients™ can be calculated
their derivatives with respect to the argument. Changing from (17), shown at the bottom of the next page.

«

e ’ J (/{;b) ’ TM
XT]\T n DT]\T n
E {vn 5 cosng, 7 (ka) +D; T.(ka) cosneg
n=0
> . Jn (kD) oM
=— E 2X ™ gin neg, = + @M sinng, < p< 2 @)
— { In(ka) In(ka)
= , g (kb) ; arfM
nXT]\T . n DT]\T n
E {v X, cosng 7 (ka) +D, T (ka) cosng
n=0
= , i g (kb) ; atM )
— E AT]\TH(Q) ]Cob _ 2XT]\T . n _ GT]\T n 0 8

’ J/ (kb) ’ O/TM
nXTM Y n TM n
{” n cosne Tn(ka) T T (ka)

M

} cosng

0

o0 - , J/ kb 1TM
= Z{ [ ATME®) (1 b) — 2X™ gin ng, J"( ) _ GIT™ 2n }Sinm/), 0 <¢p<m. (9)
n=1 r

3
Il

(ka) " T (ka)
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[ll. FORMULATION OF THE TE CASE Equation (22) can be solved numerically to obtain the con-

For TE case, the component of the magnetic field in regiorStants Dy ™. (T)Ence the values ofD;™ are calculated the
| can be represented as a summation of Hankel functions. T§Refficients4;* can be calculated from (28), shown at the
boundary condition of the vanishin@,@ at ¢ equals zero bottom of the next page.
and 7w must be imposed. In this case thecomponent of the

o The far-zone radiation pattern for the electric field of the TM
HO® = ZAEEH;LQ)(/%‘M’)COS ne. (18) case and the magnetic field of the TE case can be calculated
n=0 using the asymptotic expansions B [10], i.e.,
Similarly, the = component of the magnetic field in region Il 2
: P : EWD = | = ¢k ed™/ 4 pry()
can be expressed as a Fourier Bessel infinite series of unknown = kT TMAY />
coefficients, i.e., 5 o
~ HD = == e/ AP ) (29)
H" = By Jn(kr) 4+ Cp Yo (kr) /™. (19
{ n;m{n (kr) + O "Ya(kr) } w o
o0 ™
The field componentt. = 0, while E, is equal to Pry(¢) =" ™ A’;E sin mé. (30)
(4/we)(H. /dr), which results in TE = ARS cos me
an > . . i The antenna gain and the aperture conductance are quanti-
EyY) = " in{BIET (k) + CEEY (k) }e’™  (20) ties of interest. Following the definitions of Richmond [11],
n=-o0 one can obtain the antenna gain as
= iti i i - 2 R 2
wherer) Vi/e. The boundary condition of vanishing tan () = M’ wherei denotes TM or TE  (31)
gential component of electric field on the surface of conducting >
cylinder except on the axial slot is applied to obtain Z | A7, 2
m=0
in Z {B,J (ka) + C,Y!(ka)}ei™? and the aperture conductance is
_ {E $1< ¢ < o 1) DA
= . 0
0, otherwise Goi/\ = 12072~ TET TM casel (32)
. . . . 30 oo
whereEol is the electric field on the axial slot aperture. . . Z|A7TnE 2 TE case
Following the same steps used for TM case one obtains R

(22), shown at the bottom of the next page, where

. V. RESULTS AND DISCUSSION
sin mé

X" =E, (23) The accurac [ i
™ m y of our numerical computations must be
TR J! (ka) checked first. For this purpose, the special case of an axial
= Ju(kb) Y/ (ka) Y (kD) (2% slot on a conducting circular cylinder embedded in a GP
, J7(ka) will be introduced. The integral equation formulation (IEF)
o, F = J! (kb) — Y’} 2 Y, (kb) (25) along with the method of moments are used to obtain results
Ytl’((kclg 1 Y, (k) corresponding to the special case. Fig. 2 illustrates the far-
BrE — H,(,f)(kob) n _ —H,(,f),(kob) " (26) field patterns for both the TM and the TE cases corresponding
’ Yi(ka) er Yy (ka) to IEF and our solution of an infinite GP (IGP). As one can
L ainH,(f)(kob) 1 amH,(f),(kob). (27) see for the TM case the agreement is excellent at most values
’ er of ¢ except near the GP where some deviation is noticed.
TM 1 de, X Msinlp, 4 I e X™cosng, ¢ o , TM
A= M kb m go 2—n?  J,(ka) o™ Jn (K8} = T (kD) ]
[(147) odd]
= I e.DIM

o/ TM [ TM _ O/TMaTM] ’ 1=1,2,3, - a7

Z 12 _p2 Jn(ka) [ { n n l

n=0
[(14n) odd]
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. . . . . . Fig. 3. Far-field pattern of an axial slot on a dielectric-coated conducting

Fig. 2. Far-field pattern of an axial slot on a conducting circular cylindefjrcular cylinder embedded in a GR & 0.51\, b = 0.63A, 26 = 10°,

embedded in a GPa(= 0.3\, b = 0.3\, 260 = 10°, ¢, = 90°, &, = 1, b0 = 90°, ¢, = 3.1 and pt, = 1).

and p, = 1).

o . ] _ of the axial slot on the dielectric-coated circular cylinder are
This is due to the truncation of the GP in our numericaly|cylated with the presence of the GP and without it to study
calculation. For the TE case agreement is good, however, {fi€ effect. Results corresponding to cases without a GP are
field produced using the numerical method oscillates arouggken from previous work published in [12]. In the first group,
the exact value, again due to the truncation of the GP in thg geometrical parameters are selected to produce either a
numerical simulation. It should be mentioned here that th&%rrow main beam pattern or a split main beam pattern, near
truncation of the infinite series (14) and (22) for producinghe GP for the TE case. Patterns corresponding to the first
numerical results is based on convergence criteria built @&xample in this group are shown in Fig. 3. As one can see, the
our program. Table I shows the number of terms after whigattern produced with the existence of the GP is more directive
truncation takes place for Figs. 2-8. for the TE case than the pattern without the GP. For the TM

In order to present the effect of the GP on the axiallgase, both patterns are almost the same except that the GP
slotted dielectric-coated cylindrical antenna, two groups directs the pattern in the upper half-space. With a proper choice
examples are presented. In all examples, the characteristi€the dielectric thickness and the same geometrical parameters

XTEHE (kob) cosma = n Y (kb)
m m o o 2XTE : . TE n 3TE /TE
C1Yrgl(ka)kb Z:I 712 _ m2 JAp Sl 71(7) ,an,rn Yri(ka) + /rn,n m
[(m+n) odd]

i n<—m ’ ’

[(m+n) odd]

j -2 X Pcos lgp, 21 > n ) . Y, (kb) Y. (kb)

ATE _ _J l o &M 9, x TE | aTEIn R,
LT NTE) T wkbY (ka) ™ nz::l nz =2 20X s o | g oS = g s
[(I4n)odd]
2/ o 7 ’

P2 S DI - ol | 120,12, (28)

n=1
[(+n)odd]
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Fig. 4. Far-field pattern of an axial slot on a dielectric-coated conductifgd- 8- Aperture conductance of an axial slot on a dielectric-coated con-
circular cylinder embedded in a GR & 0.51), ab = 0.70), 26 = 10° ucting circular cylinder embedded in a GP versus coating thickmess
bo = 90°, 2, = 3.1, and iy = 1). (a = 0.51A, 26 = 10°, ¢, = 90°, & = 3.1, andp, = 1).
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Fig. 5. Gain at 90 of an axial .SIOt on a dlelectrlc-cqated l?OndUCt'Fig. 7. Far-field pattern of an axial slot on a dielectric-coated conduct-
ing circular cylinder embedded in a GP versus coating thlckn&zssing circular cylinder embedded in a GR £ 0.16X, b = 0.20), 26 = 10°
(a = 0.51\, 20 = 10°, ¢, = 90°, & = 3.1, andp, = 1). 6o = 90°, &, = 2.6, and i, = 1) : ’ ’ ’ ’

(as in the first example) one can obtain a main beam split neajy, the second group of examples our design criteria is to

the GP for the TE case as shown in Fig. 4. These two examplggqce either a flat pattern in a wide space or a two beam
show that the GP is adding a new parameter that can be usgflern for the TM case. In the first example of this group
for pattern shaping. In Fig. 5, the gain at the slot centefY90he geometrical parameters are selected to produce a TM flat
for different values of the dielectric thickness= b —a) is  pattern. Fig. 7 shows radiation patterns for both TM an TE
plotted for both TM and TE cases. One can see that for tBgses for this example. As one can see, for the TM case a flat
TM case the average values of the gain with the GP are Igssitern in the range of between 30 and 150is obtained.
than their corresponding values without the GP. But for the TEhe pattern corresponding to the TE case of this example
case, the gain is higher with a GP than without a GP at magis main beam split near the GP as shown in Fig. 7. The
values of the dielectric thickness. The aperture conductanceésne geometrical parameters are used except that the dielectric
also calculated for different values of the dielectric thickneshickness is changed to produce a TM two-beam pattern. Fig. 8
as shown in Fig. 6. It is found that the aperture conductaniflestrates the resulting patterns in this case. As one can see,
with the GP is higher than without the GP for both cases. a two-beam pattern is obtained for the TM case, while the
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TABLE |
TRUNCATION NUMBER OF THE INFINITE SERIES (14) AND (22) FOR FiGs. 2-8
Number of terms used
Figure # ™ TE

2 10 10

3 12 14

4 12 14

5 12-14 14-16

6 12-14 14-16

7 8 10

8 10 10

it is compared with its equivalent without a GP.

VI. CONCLUSION

The effect of a GP on dielectric-coated axially slotte:
conducting circular cylindrical antennas is presented. It
demonstrated that the GP can be used to improve the ante
performance. Analytical solutions based on the boundary val
method are obtained. The GP can be used to mount the ante
and could represent part of a ship, an aircraft, or any ot
communication system. Meanwhile, with proper design, i

[10]

(11]

[12]

the facilities required to perform this research.
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