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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. 

Key Words:-Circular wave guide, E-plane, H-plane Radiated Power, Directivity etc. 

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 

increase the number of arrays which 

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 
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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]   

   
r

e
fE

njkr

nn



  ,,   (1) 

Where   ,nf  is angular distribution of the 

radiation intensity of the nth radiating element 

and rn be the distance to the far fields from the 

nth radiating elements. 

For identical elements, the far field of linear 

array becomes 

      fEEn ,,    (2) 

      

Where  f = array polynomial and 

  ,E =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 

  
n

jkr

n
r

e
af

n

 ,    (3) 

Where an= currents in the array elements which 

is given as  

nj

eAa nn



    (4) 

If the N elements are equally spaced around the 

circle the azimuth angle of nth element s given 

as 
N

n
n




2
     (5) 

Now from geometry of the fig-1 the value of rn 

can be written as 

   sincos nn rr    (6) 

      

Where, r is the radius of circular microstrip 

antenna array. 
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Further combining equations (3), (4), (5) and (6) 

the far field of circular microstrip anteena can 

be written as 

       nnn krjAf  cossinexp,  

                        (7) 

In the case of uniform array in which all 

elements have equal amplitude or unity 

currents, the far field of circular microstrip 

antenna reduces to 

       nn krjf  cossinexp,  

     (8) 

From Fig.1 the peak of mean beam is occur at 

the angle in space  00 ,  and exponent of 

equation (8) must be zero at that angle. Hence 

the value of n  becomes 

 nn kr   00 cossin   (9) 

Combining equations (8)and (9) one has 

         nn krkrjf  cossincossinexp, 00

 

     (10) 

To solve the above equation the space angle   

is given as [3-4] 

    2

00

2

00
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sinsinsinsincossincossin

cossincossin
cos





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
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     (11) 

And scaling the radius of array 



    2
1

2

00

2

00 sinsinsinsincossincossin  

   (12) 

Using the equations (11) and (12)  f  can be 

written as 

   






N

n

jk ne
N

f
1

cos1     

     (13) 

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

far field to unity at the peak of the mean beam. 

Further the value of  f can be modified for 

large number of array element such as [3-4] 








d
N

N

n

n







2

 

Using above relation one has  

     


 




2

0

0

cos

2

1
kJdef jk   (14) 

If mean beam is on horizontal plane one has 

2
0


      (15) 

Combining equations (12) and (15) one has 

  






 


2
sin2 0

0


 kRJf   (16) 

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  

 
 

 


 
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     (17) 

And 

 
 

 
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r

jeE jkrjkr ''','
2
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     (18) 

Where  

'coscossin'sinsincos    

     (19) 

Also  

 'cossincos      

     (20) 

Now combining equations (17), (18), (19) and 

(20) one has 

 
u

uJ

r

a
jeE jkr )(
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2
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     (21) 

And  

 
u

uJ

r

a
jeE jkr )(

2
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2
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
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     (22) 

Where, a is the radius of circular loop and J1(u) 

is the Bessels function order 1 with 

augment sinkau  . Further combining 

equations (20), (21) and (22) the electric field 

components of circular microstrip antenna can 

be written as 

 
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Now using the relation 0ZHE    one can 

evaluate the magnetic field components such as 
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     (25) 
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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rpeff is defined as  [5-6] 
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where, p is the electron plasma frequency  

and   = angular frequency 

Now the propagation constant in plasma 

medium is defined as  

2
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Further taking the collision effect, the 

propagation constant in plasma medium may 

be modified as  

2
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where  is the collision frequency, which is 

given by the relation 
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Putting the value of   in the equation (29) the 

propagation constant in weakly ionized plasma 

medium can be written as 
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Then kp is modified as  
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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 
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Now using the relation 0ZHE    one can 

evaluate the magnetic field components such as 
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4.Radiated Power and Gain 

The radiated power of circular microstrip 

antenna can be calculated as [7] 

22
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     (36) 

Further the radiated power is modified in 

weakly ionized plasma medium by putting the 

value of kp instead of k in equation (36) such as 
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5.Numerical Computation 

In order to obtain the value of  HEE ,,  

and H  in weakly ionized plasma medium 

the computational work were done using 

equations (32), (33),(34), (35) and (37) 

respectively for ,1.0,0,90 





poo
 

0.2, 0.3…………………..1.0 and 5.2r . 

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. 

 

 

Fig-2. E-Plane Radiation Pattern of Circular 

Microstrip Antenna in Weakly Ionized 

Plasma Medium. 

 

 

Fig-3. H-Plane Radiation Pattern of Circular 

Microstrip Antenna in Weakly Ionized 

Plasma Medium. 
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