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An axially slotted cylinder with specific
inhomogeneous coatings

z.a. awan

An axially slotted cylinder coated with two different types of inhomogeneous coating layers is considered. These inhomogen-
eous coatings have decreasing permittivity profiles. The effects of various parameters of these coatings upon the gain pattern
have been investigated using numerical simulations. It is studied that the gain at certain observation angles can be enhanced
or diminished by controlling the inhomogeneity parameters of these considered profiles. It is further studied that for specific
type of considered inhomogeneous coatings, the forward direction gain can be enhanced significantly.
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I . I N T R O D U C T I O N

An axially slotted cylinder coated with homogeneous and
inhomogeneous coatings have been investigated by several
authors [1–20] due to their many important technical applica-
tions. These coated slotted cylinders have applications in the
fields of wireless communications, radar and satellite commu-
nications, space vehicles, and aircrafts. These slotted cylinders
are easy to fabricate, lightweight, and their gain properties can
be controlled easily. The radiation characteristics of an axially
slotted cylinder with a dielectric coating has been studied by
Hurd [1]. The fields produced by an arbitrary slot on a con-
ducting cylinder coated with dielectric and magnetic layers
have been obtained by Wait and Mientka [2]. They studied
that thin magnetic coating gives rise to more trapped periph-
eral surface waves as compared with thin dielectric coating.
The radiation properties of a dielectric-coated axially slotted
cylinder has been investigated by Shafai [3]. Knop has
derived an expression for the admittance of an axial slot on
a dielectric-coated conducting cylinder [4]. Mushref has ana-
lyzed the gain characteristics of a dielectric-coated axially
slotted cylinder with two arbitrary slots [5, 6].

The effects of various plasma coatings upon the radiation
characteristics of an axially slotted cylinder have been
studied by numerous authors [7–9]. The influences of slot
width, plasma frequency, and plasma coating thickness
upon the field patterns of a finite axial slot on a cylinder
coated with a homogeneous and uniform plasma layer have
been investigated by Rusch [7]. He studied that if the operat-
ing frequency is below the plasma frequency, then less energy
is guided peripherally and the field pattern is mostly
broadside-directed. Marchin and Tyras [8] have studied the

radiated field patterns of an axially slotted cylinder coated
with a magnetoplasma layer. They also analyzed that the
reversal of the orientation of the magneto-static field causes
a shift of the pattern to a mirror image position. An analysis
about the radiation properties of an anisotropic plasma-coated
axially slotted cylinder is carried out by Chen and Cheng [9].
Wu and Ren [10] have investigated the radiation properties of
an axially slotted circular cylinder coated with an anisotropic
dielectric layer.

An elliptic cylinder having an axial slot and coated with
dielectric and metamaterial layers have been studied by
some authors [11–13]. Hamid concluded that a metamaterial
coating enhances the forward direction (FD) gain as com-
pared with a conventional dielectric coating [12]. The gain
properties of a dielectric-coated axially slotted cylinder
embedded in a metamaterial background has been investi-
gated by Awan [14]. The effects of two different dielectric,
magnetic, and metamaterial coatings upon the gain pattern
have been considered in [15]. The radiation characteristics
of a chiral-coated slotted cylinder has been studied by
Mahmoud [16] and Awan [17]. Mahmoud has investigated
the radiation properties of chiral-coated longitudinal and
circumferential slots with the free space background. The
effects of various chiral and chiral nihility coatings and
chiral background media upon the gain pattern of a chiral-
coated axially slotted cylinder have been studied by Awan.
Recently, Awan has extended the proposed theory in [17] to
the bi-isotropic coatings and bi-isotropic background media
in [18]. He studied that a strong bi-isotropic coating with
the free space background significantly enhances the gain in
the FD. He also concluded that a strong Tellegen coating
guided most of the slot-radiated field toward rear side of the
cylinder.

The radiation characteristics of an axial slot coated with an
inhomogeneous layer has been investigated by Yeh and
Kaprielian [19] and Tyras [20]. It is concluded that the radi-
ation spreads out more toward the rear side of the cylinder
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for a thicker inhomogeneous coating [19]. Valagiannopoulos
has analyzed the line source scattering by a cylindrical micro-
strip with radially inhomogeneous substrate. He has taken a
substrate whose permittivity follows a power law [21]. The
effects of decreasing permittivity profiles of inhomogeneous
coatings upon the gain pattern have not been explored previ-
ously. The influences of coating thickness upon the gain
pattern also have not been considered. Likewise, no one has
considered the effects of inhomogeneity parameters of these
types of inhomogeneous coatings upon the forward and back-
ward direction (BD) gains. These effects are investigated in the
current study.

In this paper, an infinite axial slot is engraved on a perfectly
conducting cylinder. This axially slotted cylinder is coated
with two specific types of inhomogeneous coatings. These
inhomogeneous coatings are taken to be non-magnetic and
have decreasing permittivity profiles. It should be noted that
such type of inhomogeneous coatings can be artificially rea-
lized by using an idea of cylindrically stratified layered
media. Recent advancements in fabrication technology has
made it possible to realize such type of inhomogeneous coat-
ings. The effects of various parameters of these inhomogen-
eous coatings upon the gain pattern of an axially slotted
cylinder with the free space background have been considered.
It is shown that for these inhomogeneous coatings with spe-
cific geometrical and parametrical configurations, the gain
in the FD can be enhanced significantly which is an important
result. Such type of enhanced gains in the FD are used in
point-to-point communications.

I I . G A I N O F A N A X I A L L Y S L O T T E D
C Y L I N D E R W I T H A N
I N H O M O G E N E O U S C O A T I N G

An infinite length hollow circular cylinder made up of per-
fectly electric conducting material is considered. It has an
axial direction parallel to the z-axis and the radius of cylinder
is taken to be a. A narrow infinite axial slot having slot width
of fo is engraved in this cylinder. This slotted cylinder is
coated with specific types of inhomogeneous coatings. These
coatings are assumed to be non-magnetic having relative per-
meability of unity. The inhomogeneous nature of coatings are
associated with the relative permittivity and exist only for a
radial variable r of a usual cylindrical coordinates, i.e. er(r).
The outer radius of inhomogeneous coating is taken to be b.
This axially slotted cylinder with an inhomogeneous coating
is placed in a free space background, which is characterized
by permittivity eo and permeability mo. The geometry of the
problem is shown in Fig. 1.

It is assumed that axial slot is narrow and has a constant elec-
tric field distribution Ea, which is maintained across the slot for
2 fo/2 ≤ f ≤ fo/2. This slot excitation can be expanded in a
complex Fourier series using [8, 19] and is given below:

Ef = Ea

p

∑n=+1

n=−1

sin(nfo/2)
n

einf. (1)

It is obvious that given source of excitation as given by
equation (1) is a purely transverse electric type. For this exci-
tation, we have axial component of the magnetic field Hz and
f-component of the electric field Ef as non-zero. Therefore,

we are interested in the z-component of magnetic field and
f-component of electric field in the inhomogeneous coating
and background medium.

In the inhomogeneous coating region defined by a ≤ r ≤
b, the electric and magnetic field vectors, i.e. Ec and Hc

satisfy the following Maxwell’s equations:

∇ × Ec = ivmoHc, (2)

∇ × Hc = −iveoer(r)Ec. (3)

Using these above equations (2) and (3) and expanding them
in cylindrical coordinates, it can be shown that the axial com-
ponent of magnetic field vector Hc

z satisfy the following equa-
tion [19, 20]:

1
r

∂

∂r
r
∂Hc

z

∂r

[ ]
− 1

er(r)
∂er(r)
∂r

∂Hc
z

∂r
+ 1

r2

∂2Hc
z

∂f2 + k2
oer(r)Hc

z

= 0. (4)

At this stage, it is appropriate to seek the solution of the form
as given below:

Hc
z(r,f) =

∑n=+1

n=−1

Wn(r)einf. (5)

Using this solution of equation (5) in equation (4), we get the
following differential equation:

Wn
′′(r) + 1

r
− e′r(r)

er(r)

[ ]
W ′

n(r) + k2
oer(r) −

n2

r2

[ ]
Wn(r)

= 0. (6)

where ko = v
������
moeo

√
is the free space wavenumber. The prime

sign (′) shows the differentiation with respect to the r. It is
clear from equation (6) that once the solution of Wn(r) for
a particular permittivity profile er(r) is known, then the com-
plete solution of an axial magnetic field can be found from
equation (5). We are interested in permittivity profile, which
is decreasing with respect to an increase of r. This means

Fig. 1. Geometry of an inhomogeneous-coated axially slotted cylinder.
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that er(a) is greater than er(b). This profile represents an elec-
trically dense medium closer to source of excitation and an
electrically rarer medium at the inhomogeneous coating–air
interface. Such type of profiles are considered by Burman
[22] for wave propagation in cylindrically stratified media.

A) Inhomogeneous coating with profile 1
In the first case, the decreasing permittivity profile of an
inhomogeneous coating is given below:

er1(r) =
1

k2
o[a+ br]2 , (7)

where a and b are independent of r and taken to be posi-
tive real numbers with a = 0 and b = 0. Substituting
equation (7) in equation (6) with er1(r) ¼ e r(r), it can be
shown from Buramn [22] that equation (6) can be
reduced to a standard hypergeometric equation. Using
equation (5), the complete solution of an axial component
of the magnetic field Hc

z can be found. Likewise, the f

component of the electric field Ec
f inside the inhomogen-

eous coating can be found from Maxwell’s equation, i.e.
Ec
f = (−i/veoer1(r))∂Hc

z/∂r. After some manipulations,
they can be written as

Hc
z =

∑n=+1

n=−1

[CnA1(r) + DnB1(r)]einf, (8)

Ec
f = −ikoho(a+ br)2

∑n=+1

n=−1

[CnA1
′(r) + DnB1

′(r)]einf, (9)

A′
1(r) =

∂

∂r
A1(r) =

∂

∂r
U(r)2F1 m, l, t,−b

a
r

( )[ ]
, (10)

B′
1(r) =

∂

∂r
B1(r) =

∂

∂r
[U(r)Y1(r)], (11)

U(r) = bt/2(1/a)m+l+1/2rt−1/2(a+ br)m+l−t−1/2, (12)

Y1(r)=2F1 m,l,t,−b

a
r

( )
ln −b

a
r

( )
+
∑1

k=0

(m)k(l)k

k!(t)k
−b

a
r

( )k
[

{c(m+k)+c(l+k)−c(1+k)−c(t+k)}
]

−
∑t−1

k=1

(t−1)!(k−1)!
(t−k−1)!(1−m)k(1−l)k

−b

a
r

( )−k

, (13)

m = (1/2)
����������
1 − 4b−2

√
+ 2

���������������
n2 − b−2 + 1

√
+ t

[ ]
, (14)

l = (1/2)
����������
1 − 4b−2

√
− 2

���������������
n2 − b−2 + 1

√
+ t

[ ]
, (15)

t = 1 + 2|n|, (16)

where 2F1(.), c(.), and (a)k are the hypergeometric func-
tion, the psi or digamma function, and Pochhammer’s
symbol, respectively [23]. Also | . | shows the modulus
function. It is important to note that if b ¼ 0 then equa-
tions (8)–(16) can not be directly used for the field solu-
tions. This is because the field solutions do not exist in
this case. For this particular case, we have er1 ¼ er ¼ 1/
(koa)2 and we use this profile in equation (6). After
using this profile in equation (6), it can be shown that
the field solutions become similar in forms as given by
equations (18)–(22) on the next page. In this special case
of b ¼ 0, it is needed to use z ¼ 0 and j ¼ 1/a in equa-
tions (18)–(22) for the field solutions. On the other hand,
if a ¼ 0 then from equation (7) it is found that er1(r) ¼
u2/r2 with u2 ¼ 1/(kob)2. Using e r1(r) ¼ er(r) ¼ u2/r2 in
equation (6) and after some manipulations, it can be
shown from [24] that field solutions can be expressed in
terms of simple algebraic functions. The coefficients Cn

and Dn are unknowns and needed to be determined.

B) Inhomogeneous coating with profile 2
In the second case, the specific profile er2(r) of an inhomogen-
eous coating is given as

er2(r) =
1
k2

o

j

rz

( )2

, (17)

where j and z are independent of r and are positive real
numbers with z = 1. Using the same procedure as outlined
in Section II.A, the z-component of magnetic field and
f-component of electric field inside the inhomogeneous
coating are given as

Hc
z = j

∑n=+1

n=−1

[FnA2(r) + GnB2(r)]einf, (18)

Ec
f = − ikoho

jr−2z

∑n=+1

n=−1

[FnA2
′(r) + GnB2

′(r)]einf, (19)

A2
′(r) = ∂

∂r
A2(r) =

∂

∂r
[r−zJn(gr1−z)], (20)

B2
′(r) = ∂

∂r
B2(r) =

∂

∂r
[r−zYn(gr1−z)], (21)

g = j

1 − z
, n =

��������
n2 + z2√

1 − z
, (22)

where ho is the intrinsic impedance of free space. It should be
noted that if z ¼ 1 then the arguments of Bessel functions
given in equations (20)–(21) become infinite. Therefore, z ¼
1 is not allowed for the proposed formulation in this subsec-
tion. On the other hand, if z ¼ 1/2 then the profile given by
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equation (17) and field solutions of equations (18)–(22) have
the same forms as considered by Yeh and Kaprielian [19]. This
is further discussed in the section of numerical results.

Likewise, the axial component of the magnetic field and the
f-component of the electric field, i.e. Hb

z , Eb
f in the back-

ground region having r ≥ b can be written as

Hb
z =

∑n=+1

n=−1

KnH(1)
n (kbr)einf, (23)

Eb
f = −ihb

∑n=+1

n=−1

KnḢ
(1)
n (kbr)einf, (24)

where H(1)
n (·) is the nth-order Hankel function of first kind

and represents an outward traveling wave solution. An over-
head dot · also shows the derivative with respect to the
whole argument. The factor hb represents the intrinsic imped-
ance of background medium. The wavenumber in the back-
ground region is given by kb = v

������
mbeb

√
. In this case, mb

and eb represent the permeability and the permittivity of the
background medium. The coefficient Kn is unknown and
needed to be determined.

It is known that the unknown coefficients Cn, Dn or Fn, Gn,
and Kn can be found by applying the tangential boundary con-
ditions at cylindrical interfaces r ¼ a and r ¼ b. Once these
unknown coefficients are known, we can find the fields in
each region using equations (8)–(16) or equations (18)–(22)
and equations (23) and (24). In order to find the fields in
the background region, the coefficient Kn is of an interest.
Using tangential boundary conditions, the unknown coeffi-
cient Kn for both the inhomogeneous coatings can be
written in the following form:

Kn = i

(Ea/p)(sin(nfo/2)/n)Pj

hb(erj(b)/erj(a))Ḣ
(1)
n (kbb)Qj − (1/ko)(ho/erj(a))H(1)

n (kbb)Rj

,

(25)

Pj = Aj(b)B′
j(b) − A′

j(b)Bj(b), (26)

Qj = Aj(b)B′
j(a) − A′

j(a)Bj(b), (27)

Rj = A′
j(b)B′

j(a) − A′
j(a)B′

j(b), (28)

where j ¼ 1, 2. Here j ¼ 1 corresponds to Kn coefficient for
profile 1, whereas j ¼ 2 corresponds to Kn coefficient for
profile 2. Once the coefficient Kn is known then the fields in
the background region become known.

The gain of an axially slotted cylinder with an inhomogen-
eous coating is a quantity of an interest for the present study.
This is because the gain pattern provides significant informa-
tion about the directional characteristics of a slotted cylinder.
In the present study, a gain pattern is a plot of gain versus
angle f. By investigating the effects of various parameters
upon the gain pattern, it can be seen how the gain can be
enhanced or diminished in a certain direction. Therefore,
the study of a gain pattern is of crucial importance. For
example, high gains are preferred in point-to-point

communications. This gain of an axially slotted cylinder
covered with an inhomogeneous coating can be found using
[11, 15, 17, 18] and given below:

G(f) =
∑n=+1

n=−1 |(−i)nKneinf|2∑n=+1
n=−1 |Kn|2

. (29)

I I I . N U M E R I C A L R E S U L T S

The effects of inhomogeneous coatings upon the gain proper-
ties of an axially slotted cylinder embedded in the free space
background have been shown and discussed in this section.
Two types of inhomogeneous coatings with decreasing per-
mittivity profiles are considered. The parameters for both
profiles are so chosen that maximum and minimum
values of inhomogeneous permittivity erj(r) lies in the range
10≤ erj(r) ≤0.001 with j ¼ 1, 2. The operating free space
wavelength is taken to be 0.1 m with applied excitation of
unity, i.e. Ea ¼ 1. The width of an axial slot is assumed to
be fo ¼ p/100 rads, which ensures a constant electric field
across the slot. The gain for profile 1 is computed using equa-
tion (29) and equations (25)–(28) with (7)–(16), whereas for
profile 2, the gain is calculated using equation (29) and equa-
tions (25)–(28) with (17)–(22). Figures 4–8 deal with the gains
of inhomogeneous coating of profile 1, whereas Figs 9–13 are
representative of gains related to inhomogeneous coating of
profile 2. It can be shown that proposed results are in good
agreement with [1, 2, 3, 5, 19] for homogeneous coating as
well provided that if we take b ¼ 0 for profile 1 and z ¼ 0
for profile 2 with specific chosen values of a and j, which is
discussed below. It is noted that for all figures, an inner
radius a is taken to be 0.25lo, whereas an outer radius b of
an inhomogeneous coating is considered to be 0.5lo except
for Figs 2, 3, 6, and 11. In Figs 6 and 11, radius b is variable.

In order to validate the accuracy of the proposed formula-
tions, the results based on the proposed formulations are com-
pared with the previous work of Yeh and Kaprielian [19] for
homogeneous and inhomogeneous coatings. In case of
homogeneous coating, it is assumed that a ¼ (1/p)lo, b ¼
(1.5/p)lo, fo ¼ p/100 rads, and the relative permittivity of
a homogeneous coating is 4ln(1.5) ¼ 1.6219. These para-
meters have been adopted from reference [19]. From equa-
tions (7) and (17), it is obvious that if b ¼ 0 for profile 1
and z ¼ 0 for profile 2, then both coating profiles become
homogeneous. These two homogeneous coating profiles also
become same provided that if a ¼ 1/j. Now by assuming a =
1/j = 1/ko

���������
4 ln(1.5)

√
for both profiles, it is noticed that the

relative permittivity become same as adopted in [19]. Using
these above information in the proposed formulation, it is
shown in Fig. 2 that gains of both homogeneous profiles are
consistent with [19]. For an inhomogeneous coating, it is
already discussed in Section II.B that if we take z ¼ 1/2 for
profile 2, then this profile become similar in form as consid-
ered in [19]. Now using z ¼ 1/2, j =

����
4ko

√
, a ¼ (0.5/p)lo,

b ¼ (2/p)lo, and fo ¼ p/100 rads in equations (17)–(22), it
is shown in Fig. 3 that the gain become same as considered
in Yeh and Kaprielian for a relatively thicker inhomogeneous
coating. On the other hand, an inhomogeneous profile given
by equation (7) in Section II.A is quite different and can not
be compared with the work of Yeh and Kaprielian for any
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value of a and b. This is because the considered inhomogen-
eous profile 1 has r22 dependency, whereas the profile consid-
ered in [19] has r21 dependency. That is why, the profile 1 is
not considered in Fig. 3 for the comparative study.

The effects of various parameters of inhomogeneous
coating of profile 1 upon gain patterns have been shown in
Figs 4 and 5. It is observed from Fig. 4(a) that for b ¼ 0.3
and a ¼ 0.03, most of the radiated field from the slot exists
at front side of the cylinder. The gain has a maximum value
of 2 at f ¼ 08. It is noticed that the gain at f ¼ 08 is taken
to be the FD gain because the slot is centered at this angle.
On the other hand, the gain at f ¼ 1808 is considered to be
the BD gain. It is seen from Fig. 4(a) that as the value of a
increases, the most of radiated field from the slot is guided
toward rear side of the cylinder through an inhomogeneous
coating. This results in a significant decrease of radiated
field in the FD. If the value of b increases to 0.6 for a ¼

Fig. 2. (a) The gain for profile 1 having b ¼ 0, a = 1/(ko
���������
4 ln(1.5)

√
) and its comparison with [19]. (b) The gain for profile 2 having z ¼ 0, j = ko

���������
4 ln(1.5)

√
and its

comparison with [19].

Fig. 3. The gain of an axially slotted cylinder coated with an inhomogeneous
profile 2 having z ¼ 1/2, j =

����
4ko

√
and its comparison with [19].

Fig. 4. (a) The gain for b ¼ 0.3 with (i) a ¼ 0.03, (ii) a ¼ 0.045, and (iii) a ¼ 0.09. (b) The gain for b ¼ 0.6 for variable values of a, i.e. (i) a ¼ 0.03, (ii) a ¼ 0.045,
(i) a ¼ 0.09.
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0.03, it is noticed that the gains in the FD and BD reduce as
compared with the corresponding gains for b ¼ 0.3 and
a ¼ 0.03. This decrease in gains is compensated by an
increase in gains at angles closer to 90 and 2708. This is
shown in Fig. 4(b). If the value of a further increases, then
the overall gain pattern shifts toward rear side of the cylinder.

In Fig. 5(a), we have b ¼ 1, whereas a is variable. It is seen
that as the value of b becomes unity for a ¼ 0.03, a significant
decrease in FD and BD gains is observed as compared with the
respective gains for b ¼ 0.3 and a ¼ 0.03. This decrease in
gains results in a significant increase of gains at angles 90
and 2708 and approaches to a gain value of 2. If for b ¼ 1,
we increase a from 0.03 to 0.045 and 0.09, it is observed
that overall gain pattern shifts toward rear side of the cylinder.
In Fig. 5(b), an important result with reference to enhance-
ment of FD gain is observed for a ¼ 0.005 and b ¼ 0.01. In
this case, the FD gain becomes 4. Such type of high gains in
the FD are used in point-to-point communications. If we
further increase the value of b, the FD gain decreases and is
obvious from Fig. 5(b). Figure 6 deals with the effects of

coating thickness upon the gain pattern for some fixed
values of inhomogeneity parameters a and b. For a coating
thickness of D ¼ 0.25lo, the FD gain is greater than the BD
gain. If the coating thickness is increased to a value of D ¼
0.5lo, the gains in the FD and BD become negligible and
enhanced gains of nearly four are observed at angles closer
to 90 and 2708. If the coating thickness is further increased
to 0.75lo, then a significant enhancement in gains at angles
90 and 2708 with nearly zero gains in the FD and BD are
observed. Thus, it can be concluded that for specific values
of a and b, an increase in coating thickness enhances the
gains at angles closer to 90 and 2708. This increase
in coating thickness also makes the FD and BD gains
negligible.

It is clear from the geometrical configuration of the
problem that the slot is centered at f ¼ 08. Therefore, the
maximum radiated field from the slot is expected to present
at this angle. Some of the radiated field from the slot is
guided toward rear side of the cylinder through the inhomo-
geneous coating. The rest of the radiated field from the slot
is penetrated into the background through inhomogeneous
coating–background interface. For a homogeneous dielectric
coating, it is expected that the minimum field from the slot
is guided toward rear side of the cylinder, see, e.g. [17].
Therefore, for an axially slotted coated cylinder, the FD and
BD gains are important. Figure 7 deals with the FD nd BD
gains as a function of parameter a for b ¼ 0.5 and 0.9. It is
clear from Fig. 7(a) that for b ¼ 0.5 and 0.9, there exists spe-
cific values of a where the FD gain can be enhanced or dimin-
ished. For example, we have the maximum FD gain of nearly
2.7 for b ¼ 0.5 and a ≈ 0.026. Likewise, for b ¼ 0.9, the
maximum FD gain is observed at a ≈ 0.043. The BD gain
as a function of a for b ¼ 0.5 and 0.9 have been shown in
Fig. 7(b). It is noted that the BD gain for b ¼ 0.5 is greater
than the BD gain for b ¼ 0.9 for the considered range of a
provided that a . 0.026. The FD and BD gains as a function
of parameter b for a ¼ 0.05 and 0.09 have been shown in
Fig. 8. It is observed from Fig. 8(a) that as the value of b

changes from 0.1 to unity for a ¼ 0.05, the FD gain decreases.
On the other, this FD gain increases for a ¼ 0.09 with the
change of b from 0.1 to 1. It is also clear from Fig. 8(b) that
the BD gain for a ¼ 0.05 is greater than the BD gain for
a ¼ 0.09 for the considered range of b, i.e. 0.1 ≤ b ≤ 1.

Fig. 5. (a) The effects of a upon gain pattern with b ¼ 1 (i) a ¼ 0.03, (ii) a ¼ 0.045, and (iii) a ¼ 0.09. (b) The gain pattern for fixed value of a ¼ 0.005 with
(i) b ¼ 0.01, (ii) b ¼ 0.03 and (iii) b ¼ 0.06.

Fig. 6. The influences of coating thickness upon the gain pattern. In this case,
the inner radius a is fixed at 0.25lo. The inhomogeneous coating with profile 1
has parameters of a ¼ 0.01 and b ¼ 0.3. The coating thickness is D ¼ b2a.
Here we have coating thicknesses (i) D ¼ 0.25lo, (ii) D ¼ 0.5lo, and (iii)
D ¼ 0.75lo.
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The effects of various parameters of z and j associated
with inhomogeneous coating of profile 2 are considered in
Figs 9–13. It can be seen from Fig. 9(a) that the gain pattern
for z ¼ 2.6 with j ¼ 0.001 is fluctuating and have no direc-
tional characteristics. As the value of j increases to 0.0035,
the gain pattern shifts toward rear side of the cylinder. For
j ¼ 0.007, the gain pattern shifts toward front side of

the cylinder with FD gain of 1.8. In the case of z ¼ 2.8 with
j ¼ 0.001, the BD gain is greater than the FD gain. As the
value of j increases to 0.0035 and 0.007, the FD gain increases,
whereas the BD gain decreases and is clear from Fig. 9(b). It is
obvious from Fig. 10(a) that for z ¼ 3, as the value of j

increases from 0.001 to 0.007, the gain pattern shifts from
rear side of the cylinder toward the front side of the cylinder.

Fig. 8. The (a) forward direction and (b) backward direction gains as a function of parameter b for different values of a, i.e. a ¼ 0.05 and 0.09.

Fig. 7. The (a) forward direction and (b) backward direction gains as a function of parameter a for b ¼ 0.5 and 0.9.

Fig. 9. (a) The gain pattern for z ¼ 2.6 with (i) j ¼ 0.001, (ii) j ¼ 0.0035, and (iii) j ¼ 0.007. (b) The gain pattern for z ¼ 2.8 for different values of j and they are
(i) j ¼ 0.001, (ii) j ¼ 0.0035, and (iii) j ¼ 0.007.
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After several computations, it is shown that the highest FD gain
of 4.3610 observed for j ¼ 0.0051 and z ¼ 3. This is clear from
Fig. 10(b). On the other hand, for z ¼ 2.6 and 3 with j ¼

0.0051, the FD gains have smaller values. A comparison of

the maximum values of the FD gains for both profiles are
given in Table 1. This comparative study is based on
Figs 5(b) and 10(b).

Figure 11 deals with the effects of coating thickness of
inhomogeneous coating of profile 2 upon the gain pattern.
For a thin coating, i.e. D ¼ 0.25lo, most of the radiated field
from the slot is guided toward front side of the cylinder
having maximum value of the gain in the FD. As the
coating thickness increases and become D ¼ 0.5lo, the BD
gain and gains at angles 90 and 2708 enhance, whereas the
FD gain diminishes. For a relatively thicker coating with
D ¼ 0.75lo, the gain pattern become fluctuating, which is an
indication of enhanced standing wave pattern inside the
thicker coating. In this case, the BD gain also further increases.
A comparative study of the gains at f ¼ 08 and f ¼ 908 for
relatively thicker inhomogeneous coatings of both profiles
having D ¼ 0.75lo are given in Table 2.

In Fig. 12, the FD and BD gains as a function of parameter
j with z ¼ 2.7, 3 have been shown. It is clear from Fig. 12 that
for z ¼ 2.7, the FD and BD gains are ,2 for the considered
range of j. On the other hand, for z ¼ 3, the maximum FD
gain is observed at j ¼ 0.0051, whereas the minimum value
of FD gain of nearly zero occurs at j ≈ 0.0053. The FD and
BD gains as a function of parameter z for j ¼ 0.005, 0.007
have been considered in Fig. 13. It can be seen that for

Fig. 11. The effects of coating thickness upon the gain pattern. In this case, the
inner radius a is fixed at 0.25lo. The inhomogeneous coating with profile 2 has
parameters of z ¼ 3 and j ¼ 0.007. The coating thickness are taken to be
(i) D ¼ 0.25lo, (ii) D ¼ 0.5lo, and (iii) D ¼ 0.75lo.

Fig. 12. The (a) forward direction and (b) backward direction gains as a function of parameter j for various values of z, i.e. z ¼ 2.7 and 3.

Fig. 10. (a) The effects of j upon gain pattern with z ¼ 3 (i) j ¼ 0.001, (ii) j ¼ 0.0035, and (iii) j ¼ 0.007. (b) The gain pattern for fixed value of j ¼ 0.0051 with
(i) z ¼ 2.6, (ii) z ¼ 2.8, and (iii) z ¼ 3.
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j ¼ 0.005, the FD and BD gains are to some extent fluctuating
with the change of z from 2.6 to 3. If we increase the value of j
to 0.007, then dominant fluctuating behaviors are observed for
the FD and BD gains with the increase of z from 2.6 to 3.

I V . C O N C L U S I O N S

The gain properties of an axially slotted cylinder coated with
specific types of inhomogeneous coatings embedded in the
free space background have been investigated. Two types of
inhomogeneous coatings with decreasing permittivity profiles
are considered, whereas both coatings are taken to be non-
magnetic. It is shown that these inhomogeneous coatings
can significantly modify the gain characteristics of an axially
slotted cylinder. It is studied that for specific parameters of
both inhomogeneous coatings, the gain in the FD can be
enhanced significantly. This is an important result and has
applications in point-to-point communications. Some condi-
tions have also been discussed for both profiles where most
of field radiated from the slot is guided toward rear side of
the slotted cylinder. It is also found that for a relatively
thicker inhomogeneous coating of specific profile 1, the
gains in the FD and BD become negligible, whereas the gain
at a right angle become significantly enhanced. On the other
hand for a specific inhomogeneous coating of profile 2 with

a relatively thicker coating, the forward and backward gains
are nearly comparable with significantly reduced gain at
right angle.
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