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Abstract

In present research paper an attempt has been made to study about the radiation characteristics of
circular microstrip antenna in weakly ionized plasma medium. For this purpose the basic concept
of linear array has been considered to further obtain the radiation pattern of circular microstrip
antenna. The effect of change in plasma frequency, electronic temperature, gas temperature and
collision frequency appeared due to presence of plasma medium has been taken account. It is
found that the weakly plasma medium having significant effect on radiation pattern such as E-
plane and H-plane to a great extent. The characteristics parameters of microstrip antenna depends
upon the E-plane and H-plane radiation pattern. Also reduction in size of circular microstrip
anteena gives significant improvement in gain of anteena and beams become more directive.
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1.Introduction

Recently for the strong revival of research
and development in the field on
communication engineering several practical
applications of microstrip anteena have been
carried out. To improve the characteristics
of microstrip antenna such as higher gain,
been scanning or steering capability of
conventional microstrip antenna it is
necessary to combine discrete radiation to
form arrays. The array anteena provides the
fixed beam of specified shapes. In array
antenna to increase the gain only option is to

ultimately increased the shape of microstrip
anteena which is not desired [1-4].
Reduction in size of an anteena is very cost
effective and eases to utilize for different
purposes. In this research paper attempt has
been made to study about the radiation
characteristics of circular microstrip antenna
in weakly ionized plasma medium. The
radiation pattern of circular microstrip
anteena shows that when size of anteena is
reduced then gain is increases to a great
extent which was not possible in case of
linear array antenna [5-12]. The presence of
plasma medium also enhances the

increase the number of arrays which
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parameters of microstrip antenna to a
optimum value. Therefore it is very
imperative to study about the effect of
weakly plasma medium on radiation
characteristics of circular  microstrip
antenna. The entire investigations have been
given in different sections of this research

paper.

2. Theoretical Consideration

To obtain the radiation field of circular
microstrip antenna array the concept of
linear array has been utilized. For this
purpose the electric field of nth radiating
element is given as [2]

e’ jkrn

E.(6.¢)= f,(6,9) @)

r

Where f (8,¢) is angular distribution of the

radiation intensity of the nth radiating element
and r, be the distance to the far fields from the
nth radiating elements.

For identical elements, the far field of linear
array becomes

E.(0.4)=E(0.9)f () 2)

Where f(l//)= array  polynomial and
E(8, #) =element pattern

Now in the case of circular microstrip anteena,
the array element is consisting in circle in Fig-1.
Further for isotropic elements the far field of
circular microstrip antenna array is given from
equation (1) as

Fig. 1. Circular Microstrip Anteena

jir,

t(0.9)=>a,°

(3)
rn

Where a,= currents in the array elements which
is given as

a, = A,e’ ™" (4)

If the N elements are equally spaced around the
circle the azimuth angle of nth element s given

as @, = N (5)

Now from geometry of the fig-1 the value of r,
can be written as

r.=r—cos¢—d¢,)sing (6)

Where, r is the radius of circular microstrip
antenna array.
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Further combining equations (3), (4), (5) and (6) P =
the far field of circular microstrip anteena can
be written as

1

[(sin 0 cos¢ —sin 0, cosg, )’ + (sin @sin ¢ —sin 6, sin ¢O)ZF

(12)
f(0,4)=>" A exp[ile, —krsinocos(g - ¢, )] Using the equations (11) and (12) () can be
(7) written as
In the case of uniform array in which all f(w):iie—jkpcos(z//—%)
elements have equal amplitude or unity N =
currents, the far field of circular microstrip (13)

antenna reduces to
Where, the factor 1/N is added to normalize the

. . far field to unity at the peak of the mean beam.
£(0.9)= Y explifer, —krsinGcos(g— 4, )] yaRmep
() Further the value of f(l//)can be modified for

large number of array element such as [3-4]
From Fig.1 the peak of mean beam is occur at

N —
the angle in space (00,¢0) and exponent of
%
equation (8) must be zero at that angle. Hence b ¢2
the value of ¢, becomes Vg = Wﬂ- —d¢

a,, = krsin 6, cos(¢, — 4,) (9)

Using above relation one has

Combining equations (8)and (9) one has 2z
F) =5 [ oeomtdg = 35(kp) (14
T [0}

1(6.9)= 3 expljikrsin 6, coslg, — ¢,) - krsin dcoslg ~ 4, )]
If mean beam is on horizontal plane one has

(10) .
0=0,=— (15)
To solve the above equation the space angle 2
is given as [3-4] Combining equations (12) and (15) one has
sin G cos¢ —sin 6, cosg,
cosy = ] _
4 [sin 6cosg —sin 6, cosg,  + (sin Bsin g—sin g, sin gy | fly)=1J O(ZKR sin %j (16)
(11)

And scaling the radius of array The field components of circular microstrip

antenna can be calculated by utilizing the field
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components of elemental area n circular patch

such as
e (Sin¢C039) 1 \a— JKECOSY ot
E,=-je’ T”f(r,@)e' “r'dr'dd
(17)
And

E,=je (s + osq) H f(r,@) ¥ rdrde

’ 2Ir
(18)
Where
cosy =sin #sin @'sin ¢ + cos@ cosé'
(19)
Also
cosy =sin acos(f - S')
(20)

Now combining equations (17), (18), (19) and
(20) one has

. e (singcos@)a’® J,(u)

E,=-Je
0o=") 2r u
(21)
And
E _jel (sin@ +cosgla’® J,(u)
’ 2r u
(22)

Where, a is the radius of circular loop and J;(u)
is the Bessels function order 1 with
augmentU =kasin@. Further  combining
equations (20), (21) and (22) the electric field

components of circular microstrip antenna can
be written as

E - je (sin gcosd)a’ Jli(u)J [ZkRsin ¢—¢oj (23)
0 u ° 2

2r
And
E el (sin@ +cosgla’® J,(u)
’ 2r u
JO[ZkR sin %}

(24)

Now using the relation E, =H,Z; one can

evaluate the magnetic field components such as

_jr (SN O +cosgla® J,(u)
2rzZ, u

JO[ZkR sin mj
2

H, = je

(25)

. 2 _
H¢ — _je—jkr (Sln ¢C056)a Jl(u) JO(ZkRSIn ¢ ¢O]
2rZ, 2

(26)

3.ANALYSIS OF CIRCULAR
MICROSTRP  ANTEENA IN
WEAKLY IONIZED PLASMA
MEDIUM

For this purpose the plasma medium is treated
as dielectric medium with effective relative
permittivity €, is defined as [5-6]
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(27)

where, o, is the electron plasma frequency

and o = angular frequency

Now the propagation constant in plasma
medium is defined as
1
2 o\ |?
T
K= 21|22 (28)
Ao 10
Further taking the collision effect, the

propagation constant in plasma medium may
be modified as

" 27 1 W ©* jvo, o
P Ay o' +0*v? ot + w*?
(29)

where v is the collision frequency, which is
given by the relation

(30)

Putting the value of v in the equation (29) the
propagation constant in weakly ionized plasma
medium can be written as

N |-

Let
B o5 w?
- 2
" + v, {1+ T—T
2T
B jva, @

2
o' + 0,1+ LT
2T

Then k, is modified as

%ZQ—A—Bﬁ (31)

0

k p—ry

p

By putting the value of Kp in equations (23),
(24), (25) and (26) E and H fields of circular
microstrip anteena in weakly ionized plasma
medium can be written as

R Ears (s goosola? 3,(u)
E, =—jke 2r u

1 —
3 22 @- A-BRRsin?—%
2 2

0

(32)
And

.2
7]—7[(

l—A—B)%r P 2
£, - jke ° (sin@+cosgla® J,(u)

2r u

J{zéza—A—BﬁRgnﬂlﬁJ
y) 2

0

(33)

Now using the relation E, =H Z; one can

evaluate the magnetic field components such as
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ST 0A) (5in 0+ cosgla? I, (u)
2rZ, u

J[zj—”(l A- B)szsun¢ ¢°]

0

= jke

(34)
AR (singcosB)a® J,(u)

H,=—jke *°
2I’ZO u (35)
1|22 (1- A-B)eRrsin =%
A 2

0

4.Radiated Power and Gain

The radiated power of circular microstrip
antenna can be calculated as [7]

1
P =Rl WS

2 2

2 vz
- 27d(<),1&21r [ [(sin0+cosgf 7kasm )
00

asing

2(ZkRsin @jsm Giédg

(36)

Further the radiated power is modified in
weakly ionized plasma medium by putting the
value of k, instead of k in equation (36) such as

n%(lfAfB}a?

- ;”J

' 207

L Jf“—”(l A- B)zasme}

”5|m9+cos¢) ) L I sz” t-A- B)zasmH}Rsm(qj #)
o0 f l—A—B)%asinH} ’

Yo

sin cdedg

(37)

{—”1 A- Bzasma]
0

L
0

2 2

6= 120/°r

2
j sm 9+cos¢
00

[2kRsinMjsin dadg
1-A- B)z asing 2

(38)

5.Numerical Computation

In order to obtain the value of E,,E,,H,
and H, in weakly ionized plasma medium

the computational work were done using
equations (32), (33),(34), (35) and (37)

respectively for 6=90°¢= OO =0.1,
w

0.2, 03 i 1.0 and ¢, =25.

Thus data obtained are shown in plotted
graph Fig. 2, 3.

6.Discussion of Result

The examination of radiation pattern for
circular microstrip antenna array in weakly
ionized plasma medium reveals that the
presence of such plasma medium enhance
the directive gain of antenna array t a
significant value. In electro acoustic mode
the radiation pattern exhibit large number of
maxim’s and minima’s in a limited angle
range which further get changed with
plasma parameters value. It is observed from
Fg.2 that the radiation pattern of circular
microstrip antenna array is almost constant
with scan angle. Further the investigations
also show that due to finite size of ground
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plane the radiation pattern splits over on to
the back side of ground plane in Fig.3. From
Hence it may be concluded that there is a
significant change in working capability of
circular microstrip antenna array in weakly
plasma medium than free space.

Wy _
- 5 =0.60
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Fig-2. E-Plane Radiation Pattern of Circular
Microstrip Antenna in  Weakly lonized
Plasma Medium.
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Fig-3. H-Plane Radiation Pattern of Circular
Microstrip Antenna in Weakly lonized
Plasma Medium.
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