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Abstract: Radiation properties of axially slotted elliptical antenna embedded in anisotropic plasma material are studied
theoretically. The fields are expressed in terms of Fourier series with unknown constants. The radiated field constants
are obtained using the boundary value method by invoking the boundary conditions at various surfaces. Results are
plotted graphically for the radiation patterns for different geometries and electrical parameters. The results show that
the presence of the anisotropic plasma coating has affected the main beam while elliptic antenna beam is less oscillated

compared to circular one for the same coating thickness
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I. INTRODUCTION

Numerous authors have investigated the radiation
properties by dielectric coated slotted circular and
elliptical cylinders [1-7]. Materials possessing both lossy
and lossless metamaterials as well as chiral material have
gained considerable attention by several researches [8-10],
while possessing anisotropic and anisotropic plasma
materials have been studied by [11-14]. The anisotropic
plasma material coating is worth to study since the
presence of the external magnetic field would make the
plasma exhibits anisotropic behavior and its permittivity
becomes tensorial form [15-16]. The practical application
of antennas with anisotropic plasma dielectric coating it
simulates the environment of the space shuttle or missile
when enters the earth atmosphere.

The radiation properties produced by slotted elliptical
cylinder covered by anisotropic plasma material have not
been investigated theoretically. The paper presents
theoretical analysis to the radiation by an axially slotted
antenna on a conducting elliptic cylinder coated by
anisotropic plasma material based on the boundary value
method. The presented numerical results will show the
effect of anisotropic plasma material coating on the
radiation pattern properties of slotted circular or elliptical
antenna.

Il. THEORY

A Consider an infinite conducting elliptic cylinder with
axial slot embedded in uniform anisotropic plasma
material as shown in Fig.1. The parameters a. and b
represent the inner conducting elliptic cylinder semi-major
and semi-minor axes, respectively, while a and b are the
semi-major and semi-minor axes of the dielectric
anisotropic plasma coating. The antenna angular edges are

Figure 1: Cross section of Slotted elliptic antenna
embedded in uniform anisotropic plasma coating.

where F is the elliptical cylinder semi-focal length. The
radiated electric field outside the anisotropic plasma

region & > ¢ hasthe form

EzI = Z Csm RS(Y?I) (CO ' é) Sem (CO ! 77) +
m=0 (3)

Z Con chﬁu) (Co &) Som (Co 1)
m=1

where C,, are arbitrary radiated field constants to be
om

determined later, S, are the even and odd angular

em
om

Mathieu functions of order m, while Re(;) are the even and
om

odd radial Mathieu functions of the fourth Kkind,
& =coshu, n=cosv, ¢, =kF,and k = o/ uc .

Assuming the anisotropic plasma region has permeability
equals to free space and permittivity tensor defined as [8]

denoted byv, and v,. The elliptical coordinates (u, v, z) g j& O

may be expressed in terms of Cartesian coordinate systems [s]=|-je, & O

(x,y,z)as 21

0 0 g @
x = F cosh(u)cos(v) (1)  where &, &, and &; are complex functions of @,
y = Fsinh(u)sin(v) (2)  electron density, collision frequency, and the external
magnetic field.
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Similarly, the electric field inside the anisotropic plasma
dielectric coating &£, < & < & has the form

E” Z[A%mR(l)(Cllg)—FBemRe(ﬁ)( 1!5)]Sem(cl’77)+

Z_[A)m Ry (€1 &)+ By R (61, )18, (1077)

()
where ¢, =k F, kl:/f m=g /(g —&°), m

A,, and B n are arbitrary constants, R(l) and R(Z)

om Op op
the radial Mathieu functions of the first and second kind.
The magnetic field components in regions (1) and (1) are
derived using Maxwell’s equations and expressed as

Zcem em '
Zcom 'om C0’

H! =Z__kjh {Z[ﬁ\ng’“} () + B, R (0, )] S0y (6117)

Cor71) +
(6)

on(Cor71)

Y IALRE (0, £) 4 BuuRE (0, S n)}
™

where h = F\/(coshz u—cos?v, Z is the characteristic

wave impedance in free space while Z_is the wave
impedance of the anisotropic plasma medium and given by
Z = Jﬁz . The prime in equations (6) and (7) indicates

derivative with respect toU .
The z axial component of the electric field should to be

continuous across the anisotropic plasma layer at& =&,
this leads to

[A\en Ré,? (011 51) + Ben Réf) (C1' ";:1)] Nen (Cl) =

on on on

Zcem R(4) (Co’él)Menm (Cl’ c )

om om omn

(8)

where

2z
Nen (Cl) = I [Sen (C 177)]2 dv
R ©

M., (€1, €5) = f SO CLY

(10)
Thev angular component of the magnetic field at & =&,
should also be continues and require that
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[ALRL (1, &) + By RIP (01, £)IN,, (6) =
on n on on on

0

klzc i C

kZ e ,(4) (CO ’ él) M enm (Cli c )

Om om

(11)
The z axial component of the electric field on the cylinder
surface (& =&, ) must be zero except between the slot

edges. This leads to
Z[AemR(“(Cl, )+ B RS (€, &)1, () +

Z[AmR(l’ (€11 &) + BoRa (61, 8150 (€10 7) =

F(v) v, <V <V,

0, elsewhere.

(12)
Multiplying both sides of (12) by S, (c,7) and
on

integrating over 0 <V < 277, we obtain
[A.RS (&) +B,RY (¢, &, )]Nen (c)=

on on on on on

- j F (V)8 (v

" (13)
The integrals in equations (13) may be computed
numerically by expressing the field between the slot edges
as [4]

F(v) = E, cos[z(v, —v) (2ax)]

(14)
vo=W,+Vv,)/2

(15)
a=v,—v,)I2

(16)

The even and odd angular Mathieu functions are written in
terms of Fourier series as

S,0(C..77) = 3" DE(c,, n) cos(kv)

Son(C17) = D_ D5 (6, m)sin(kv)

17

(18)
Substituting equations (14)-(18) into equation (13), F,,
and F

-, can finally be written in terms of the slot field as

F,=E ZD (c..n) j cos[ (v —v,)/ (2a)]cos(kv)dv

g (19)
F,=E ZD (c, n)jcos[;z(v Vo) (2)]sin(kv)dv
" (20)
Solving for the constants B,, from equation (13) and

on
incorporating the result in equations (8) and (11) by

eliminating A, , yields the radiated field constantsC,, .

on on
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I11.NUMERICAL RESULTS
After computing the radiated field constantsC_ the far-

on
field radiation pattern, antenna gain, and the aperture
conductance may be evaluated. The slotted antenna gain is
expressed as [4]
2

Z J nCen Sen (CO ,COS ¢) +
n=0

G(p) = ,

Zkp

D" §"CqySn (€, COS )
n=1

(21)
The accuracy of the numerical results is checked against
published data for slotted circular or elliptic antenna
embedded in dielectric material. The slotted antenna cross
section parameters used for comparison are taken to be

a,=A,b,=4/2, b=Db, +t, while tis the thickness of

the anisotropic plasma layer, v, =90°and o =2.8657°.
Figure 2 shows the radiation pattern (solid line) plotted
against the anglegp forg, =4,¢, = j0, g, =4and g =1,
and t=0.254 o check the result accuracy [4]. Both
results are in full agreement. It also shows the effect of
increasinge, to jO.5and j1.0 where we can see there is

significant change at the antenna location especially for
the case of &, = j1.0 and minor change at other locations.
Figure 3 shows the same case but for circular antenna. It
can be seen that the circular antenna is affected by the
anisotropic plasma coating at all angles and the pattern
oscillates significantly than that the elliptic antenna case.

Figure 4 is similar to Figure 2 except forg, =5. Figure 5

is similar to Figure 4 except for several thicknesses and
& =]05
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Figure 2: Radiation pattern of elliptic antenna covered by
anisotropic plasma material withs, =4.0 g =40, *n
=10,a,=4,b,=4/2, b=b, +0.251.

10 T T T T T T T

QIR o | ¥
-10

-15

Gain (Phi) in dB

=201 ¢

-25

-30

-35

40 r r r r r r r
-100 -50 0 50 100 150 200 250 300

¢ , degrees

Figure 3: Radiation pattern of circular antenna covered by
anisotropic plasma material with & =4.0 ,5,=4.0, u,

=10,8,=4,b =1, b=b, +0.251 .
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Figure 4: Radiation pattern of elliptic antenna covered by
anisotropic plasma material with & =5.0 ¢ =4.0, "
=10,a,=4 , b, =4/2, b=b, +0.251.
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Figure 5: Radiation pattern of elliptic antenna covered by
anisotropic plasma material with ¢, =5.0, ¢, = j0.5,

£=40,,10,8, =1 ,b =1/2,b=b, +t.

Copyright to IJARCCE DOI 10.17148/IJARCCE.2015.4201 3



IJARCCE

Vol. 4, Issue 2, February 2015

1VV.CONCLUSION

The The radiation properties of axially slotted circular or
elliptical antenna covered by uniform anisotropic plasma
material were studied theoretically. It was shown that the
presence of anisotropic plasma material layer change the
radiation pattern of the antenna especially at the antenna
location for moderate thicknesses. Figure 5 show that the
antenna main beam may be enhanced for some specific
parameters. Further, the coated slotted elliptic antenna was
less oscillated by the presence of the same thickness of
anisotropic material when compared to the circular
antenna.
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