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1. INTRODUCTION

Antennas with spherical geometries have been investigated by many researchers. These
investigations are based on horizontal rectangular and zonal slots on a conducting spherical cavity [1-14].
Optimum thickness of single dielectric coating shifts the peak of the main beam towards smaller value
of 0 [15]. The results in [16] where the frequency range is 10 GHz, show that there is no significant effect of
the change of supplied frequency on the radiation pattern. In addition, increasing the thickness of the coating
layer leads to a decrease in the level of radiation and that also can lead to a change in the directivity causing
consequently the side lobes to appear.

As it is known, plasma, which is the fourth state of matter, has many applications in electromagnetic
engineering [17-22]. Recently it has played an important role in military applications where plasma can
transmit, reflect, and absorb the electromagnetic waves under various circumstances. Based on
the importance of plasma, there are many studies that investigated the behavior of plasma with respect to slot
antenna [23-26]. According to [16], the results clearly show that the maximum radiation pattern and
directivity can be obtained when the radius of the spherical slotted antenna covered by plasma layer is A/2
and the optimum thickness for the plasma layer is A/15. Therefore, in this paper, the authors will adopt these
results and assume the suitable size of the proposed spherical slotted antenna at radius A/2 and also assume
the thickness of plasma layer is A/15. This background nformation directly leads to the main goals of this
paper to deal with the problem of antenna dielectric coating thickness and its consequences on the antenna
performance in addition to the problem of plasma layer density wich also affects the radiation pattern of
the antenna
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2. PROPOSED METHDOLOGY

In this study, the radiation pattern of a spherical slotted antenna covered by a dielectric material as
a first layer and plasma as a second layer is considered and examined. The geometric surface for spherical
slotted antenna system is shown in Figure 1. The dielectric cover parameters are denoted bye , s,

the plasma parameters by ¢, , 1, and the outer space parameters by &;, 4; . Relying on the results in [16] and

[27], we assume in our research the operation frequency is 1 GHz with angular frequency denoted by o,
the radius of sphere R will be equal to A/2. The dielectric constant of dielectric layer (R,), which surrounds

the spherical slotted antenna, is 2.1 and the second layer is plasma layer with plasma frequency denoted by
w; Whose radius of (R,).

Figure 1. The spherical slotted antenna surrounded by a layer of dielectric material in plasma

In the next sections, the authors will numerically investigate to find out the optimum thickness of
dielectric layer that allows the electromagnetic waves to propagate as a maximum radiation pattern to the free
space. Additionally, this paper investigates also the possibility of the electromagnetic waves being prevented
by the plasma layer and enables it to propagate to the free space. The model which used here is demonstrated
with the help of Integra-functional equations (IFE) [28, 29].

3. ANALYTICAL FORMULATION
In a homogeneous dielectric body v, with & and g, parameters, the Integra-functional equation for

an external magnetic field is:

rr
1B 6, [11,19,61- ¢ [roth, V16, [ds = 1, (<4 )

o1
S r

Where:
S - the surface of the body,
G, - Green's function of a homogeneous space with body parameters,

V.- Gradient operator with respect to coordinates of integration pointr,,
H,, - Unperturbed field of external sources located inv,,

I:Ie - The desired external field consisting of an unperturbedfield of external sources Hoe, located iny_ v,

The outer region may be non-uniform and, accordingly e’ #e may be functions of the coordinates.
Usage Integra-functional equation has the form:

5(psGi1) gi 6(ps He)
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The total field inside the dielectric cover will be presented in the form of two components:

Ho=H,+H, (r<r) 3)
Where:
Hoe :iDnhn(koF)v (4)
n=1
Hoo =Y A i (D), ©)

h,(k,H) =&, (k,F)P, (c0s), j, (k,F) =y, (k,1)P, (cos®).

The functions §n(2)(z),y/(z) are radial spherical functions associated with the cylindrical functions of Hankel
and Bessel relations, respectively:

fnm ()= \/%Hn%m(z), v(2) = \/%Jn% (2),

P (cos) - associated Legendre functions.
The field in outer space (r > R, ) has the following representation:

He :anhn(keF)' (6)
n=1
Here, we use the decomposition of the function G, on spherical harmonics to calculate the integral:

__ik. 2, 2n+1

= Vo (k)& ()P, (cosd' )P, (cos6) ®)

2z 5 n(n+1)

As we noted in (2), the integration operation is the sum of the integration along the internal and external
contours:

L(I,H,) =L, H)+LQ",H,) (8)
Taking in consideration the orthogonality of the associated Legendre polynomials:

0

JPnl(cose)Pn/l(cose)sinédH:{2n(n+1) (n"=n)
0

. ©)
T 7P

From equations (4), (5), and (6), the values of the integral operators with respect to (8) can be written as
follows:

i< @ RN (kP (r>R)
L4 H,)=~S D 1 . 10
Z {ﬂn“ml)jn(kiF)(KRl) o
a,"(R) =k A& P (kR Ry, (KR, —j—‘[koRgﬂ@’ (R, (R} (11)
B R)=KREVKRIKRE KR~ R (R & (4R} (12)
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In the same manner, for the scattering field:

., j ‘I’
L(' Hy) = 4L Aq{a”‘(Rl)h”(k'? (13)
7 ﬂn](Rl)Jn(kir)
o, (R) =k Ry, (kR Ry (K ROT ‘?[ko R, (kR v, (kiR)} (14)
0
ﬂnj(Ri): KRy, (kR Lk ngnm (k R1)]/ _?[koRﬂ/ln(ko R1)]/Szn(2)(kiR1)} (15)
0
The integration over the outer contour gives the following:
. h I
L IllvHe :_i 2 Bn a, (Rz)hn(kir) (r>R,) 16
SR {ﬂn“mz)jn(kb (F<Re) o
@) R) =K R (R Ry KR = kRt (R i kR an
B (Ro) = KRG (R )Tk RE (R —?[ke R (R &7 (R} (18)

Since there are no external sources inside the plasma layer, H;is equal to zero, therefore, substituting (10),
(13), and (16) into (2), we obtain forr > R,

Dnanh(R1)+Ar1anj(R1)_Bnanh(Rz):O (19)

and for R, <r <R,
D.A,"(R)+ A, (R)~B,5,"(R,) =0 (20)

The coefficients p are determined by the boundary conditions on the surface of the conducting sphere
r =R,. The excitation source is inside the system (18), (19) is preliminarily resolved with respect toA | B, :

A, =D,0,(R.R,), (21)

B, =D.7 (R, R,), (22)

Where: :anh(RZ):Bnh(Rl)_anh(Rl)ﬂnh_(RZ)l
") (R)B(R) -, (R)B(R)

_ ' (R)B"R)-a,"(R)B'(R) |

T @ R R, (R, (R)

Such that, &, can be considered as the reflection coefficient of the nth harmonic from the plasma layer, and
7, —accordingly, as the harmonic transmission coefficient to the free space through the plasma layer.

From o and y,, we can consider ¢, as absorption coefficient as follows: ¢, =1-0, —y,, ,

By taking into consideration the (4), (5), and (21), the total field inside the dielectric cover can be written as
follows:

H, =3 D,{h, (D) + o, . (o)} (Re <r <R) )
n=1

New proposed spherical slotted antenna covered by the layers of dielectric... (Osman Shakirovich Dautov)



1732 O ISSN: 2088-8708

Whenr =R, the tangent component of the electric field is related to the voltage across the slot U
and the boundary conditions by the relation:

E.) =500, (24)

0

where: s(x) —Dirac’s delta function.
The external field in accordance with (6) and (22) can be written as follows:

H, :%:Dnynhn(keF)(Rz <r<w) .

To find the radiation pattern, we use the asymptotic behavior of the Bessel functions:
limH @, (2)= gefizei”(nu)/z (z > )
n+l nZ
2
We get for a field in the far zone the following expression

P L )

H, = 'er > D,7,i"P(cos6)’
n=1

F (9) —the radiation pattern of the electric field:

F(60) =47W> D, ,i"P(cos6) (26)
1

4. RESULTS AND ANALYSIS
4.1. Plasma is switched off

In this section, the plasma is assumed to be switched off and this means that the spherical slotted
antenna is coated by a layer of dielectric material only. The proposed spherical slotted antenna is coated by
a dielectric layer at different thickness values to investigate which thickness is suitable to allow
the electromagnetic waves to propagate towards the free space with maximum radiation pattern.
From Figure 2, the radiation pattern |[F(0)| is increased and decreased with respect to the increment and
decrement in thickness of dielectric layer (Td) in such manner different from what is known. Therefore,
it is clear to see that the value of the radiation patter gets increased when decreasing the thickness of
the dielectric layer. On the other hand, the radiation pattern gets decreased when increasing the thickness of
the dielectric layer. The maximum value of radiation pattern is achieved when the thickness reaches a value
of /6. Therefore the optimum thickness of dielectric layer for such antenna is /6, i.e. 5 cm.

T
Td=/30
-- Td=w/10

a4k P . Td=./3 H

[Fcoy

0.6

Figure 2. The antenna radiation pattern at different thickness values (Td) of dielectric material layer
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4.2. Plasma is switched on

For this section where plasma is switched on, the proposed system consists of spherical slotted
antenna coated by layers of dielectric material and plasma. An investigation of the radiation pattern of
the proposed system is done under different values of electron plasma density. The authors considered
the optimal thickness of dielectric layer (R, ) as A/6 (5cm), to become with respect to geometric antenna

system as R =R, +.4/6, Where this dielectric thickness results in the highest radiation pattern value as shown
in Figure 2. Moreover, the plasma layer thickness (R, ) is considered to be A/15 [16] to become with respect
to geometric antenna system as R, =R, +4/15-

We can obviously see from Figure 3 that the higher the plasma electron density (ne), the lower
the value of the radiation pattern [F(0)| for this proposed antenna system. In case of the electron plasma
density (ne) equal to 1010 m-3, there is a good radiation pattern in spite of the appearance of side lobes.
From Figure 3, good radiation is obtained when the angular frequency is greater than the angular plasma
frequency (o > wi) and this fact is clearly proved in Figure 4 shown when getting good transmission as
a result of having small reflection and absorption coefficients.

The accepted reasonable radiation pattern continued until the radiation value reaches zero at n.=10*
m3, where there is not any transmitted electromagnetic waves from antenna system to free space. Moreover,
this case takes place when the angular frequency is less than the angular plasma frequency (o < ).
The decrement in the radiation pattern value is directly related to the reflection and absorption caused by
the layer of plasma at this plasma concentration. The high density of the plasma layer density caused
the difficulty of the electromagnetic waves to pass through this layer due to the slow motion of the electrons
in that heavy plasma layer. Consequently, the motion of the plasma electrons become very restricted till it
becomes impossible for electromagnetic waves to flow more inside the plasma layer causing zero
transmission coefficient () and huge reflection and absorption coefficients represented by (¢) and (),

respectively, as shown in Figure 5.
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Figure 4. The coefficients of reflection, transmission and absorption at ne=10"m3
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Figure 5. The coefficients of reflection, transmission and absorption at ne=10%m3

In order to improve the operation of such antenna for this situation (ne=1014 m-3), allowing
the electromagnetic waves to pass to the free space in accepted value of radiation pattern, the authors
changed the frequency to become 30 THz instead of 1 GHz and the results are interesting as shown in
Figure 6 and Figure 7, where the electromagnetic waves could passes through our antenna system to free

space with accepted value of radiation pattern and transmission coefficient” () when the condition > i is
met again when increasing the frequency to become in THz. Additionally, the propagated electromagnetic are
remarkably continue to spread to dozens of meters through plasma layers almost without slight reduction in

the level of radiation as shown in Figure 6.
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Figure 7. The coefficients of reflection, transmission and absorption at n.=10
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5. CONCLUSION

In conclusion, the proposed new spherical slotted antenna covered by the layers of dielectric
material and plasma has reflected great performance operating at a frequency of 1GHz when the thickness of
dielectric layer is not less or more than A/6. However, the proposed antenna system could not maintain this
performance when working in special circumstances such as the high density of plasma layer due to the fact
that this heavy plasma does not allow the electromagnetic waves to propagate. Thus, the authors suggest
using 30 THz operating frequency which is considered as an important additional feature to such antenna due
to the wide military applications of this operation frequency.
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