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Abstract: 
 
         In this paper, theoretical study of circular microstrip antenna loaded by two annular rings 

(CMSAL2AR) and calculation the contribution of the adjacent modes and studied positively or 

negatively affected on the antenna's coefficients (Bandwidth and Directive Gain).The proposed 

antenna using principle equivalence with moment of method formulation of electromagnetic radi-

ation to find unknown electric current density  on the conductor surface , and both unknowns 

electric and magnetic density  current on the dielectric surface which are  responsible for the gen-

eration of far fields radiation in the space for the components (Eθ ,Eφ) . From the radiation pattern 

can be calculated with contribution of the adjacent mode. The directive gain increased to (G= 

19.92 dB) and bandwidth has been better (BW%= 19.9%) when this contribution is affect posi-

tively at the ratioRab=5.5 and Rab=6.5respectively. 
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 هساهوت الأًواط الوجاورة للٌوط الرًيٌي لهىائي شريطي دائري هحول بحلقتيي هعذًيت 
 

 وائل عبذ اللطيف كذيوي                                  زكي عبذ الله احوذ                                    رائذ هسلن شعباى 
 

 / كليت العلىم / قسن الفيسياء البصرةجاهعت ا
 

 :الخلاصت
ٌقذم البحث الحبلً دراست نظزٌت لخصوٍن هىائً شزٌطً دائلزي هحول بحلقخٍن هؼذنٍخٍن وحسبة الأنوبط الوجبورة 

اسخخذم فً الخحلٍل .للنوط الزنٍنً وحأثٍزاحهب الإٌجببٍت والسلبٍت ػلى هؼبهلاث الهىائً الوخخلفت هثل ػزض الحزهت والخحصٍل 

الؼزوم هغ هبذأ الخكبفؤ لحل الوسئلت الكهزوهغنبطٍسٍت للاشؼبع وحسبة هؼبهلاث الخٍبر  هىائً الوقخزح طزٌقتالزٌبضً لل

الكهزببئٍت والوغنبطٍسٍت الوكبفئت ػلى السطىح الوخخلفت للهىائً قٍذ الذراست ، والخً هن خلالهب حن حسبة الوزكببث الوسخؼزضت 

 .ححج حبثٍز حذاخل الأنوبطللوجبلاث الكهزوهغنبطٍسٍت لخحذٌذ هؼبهلاث الهىائً الوخخلفت 

حٍث كبنج  (Rab=5.5)لهذا الهىائً كبنج ػنذ النسبت  هب إثز الخأثٍز الإٌجببً للانوبط الوجبورةهن اهن النخبئج الخً حصلنب ػلٍ

 .(dB 19.92)وفً الخحصٍل  (%19.9)الزٌبدة واضحت فً ػزض الحزهت 

.الاحجبهً الخحصٍل الحزهت، ضػز ،الاشؼبػً الهٍكل الوجبورة، الأنوبط الذراست، قٍذ الهىائً :الوفتاحيت الكلواث

  

http://dx.doi.org/10.31257/2018/JKP/100106
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1. Introduction  

In recent years, the microstrip antenna is one of the 

most important type's antennas that took a great inter-

est in both theoretical, experimental researches and 

engineering applications due to lightweight, small size 

and ease manufacturing. A microstrip antenna geome-

try consists of three main parts in its simplest case. 

The first part is a radiating patch, which is usually 

made from a good conductor materials printed on one 

side of a dielectric substrate, which is the second part. 

The third part is a ground plane, which is also made 

from a good conductor printed on the other side of the 

dielectric substrate, [1, 2].Also the microstrip  possess 

a very narrow frequency bandwidth and low efficiency 

also .There are  many methods that significantly re-

ducing the effect of  the problem mentioned  above , 

and many researches have devoted their studies to im-

prove  these coefficients. A number of theoretical and 

experimental researches have been done to improve 

the bandwidth of the antenna [3]. Loading of shorting 

pins and stacking of patches are some techniques to 

increase the bandwidth of microstrip antennas [4]. Dif-

ferent shapes of slot loading in fed patch also enhance 

the antenna bandwidth [5].In this paper, using loaded 

to the  patches as in proposed antenna (circular mi-

crostrip antenna loaded two annular ring) is used.  

 

 2. Antenna Design  
 

The antenna under test is designed as a circular mi-

crostrip antenna loaded by annular rings conductor. 

The dimensions of these rings were chosen for im-

proving the antenna parameter as the band width, and 

directive gain as shown in Figure (1).This Fig shows a 

different dimension for the loading radiated region of 

the antenna and the dielectric spaces. This dimension 

can be substituted by certain percentages to include all 

the important components parts of the antenna which 

were used to calculate the radiation fields and all the 

parameters of this antenna .The value (𝑅𝑎𝑏) represents 

the ratio between loaded patch region radius )(b  and 

the circular disk radius )(a . This ratio has great influ-

ence in improving the antenna coefficients because it 

represents the controlling of the region of electromag-

netic coupling between the external and internal rings 

with the circular disc .The value )
2

ab
1

abba( 

which is the sum of the two rings width, and (ℎ123) 

which is the total dielectric layer region  between the 

conductor part of the  patch (ℎ2, ℎ3) is added this to 

the outer substrate (ℎ1) , are important parameters that 

effect  positive or negative on the result . 

 

Figure (1) Proposed antenna design. 

 

3. Mathematical Analysis 

The theoretical studies to solving the electromagnetic 

problem issues previously is based on Method of Mo-

ment is used here to solve the electromagnetic prob-

lem of the field components is distributed on the sur-

faces of aCMSAL2AR. 

     The high calculations ability of this method in solv-

ing the integral equation, since it included all the 

boundary conditions of the current densities on differ-

ent surface and the easiest in suggesting  the test func-

tions as the conjugate of the basis function, according 

to Galerkin's model. This made it as the most im-

portant numerical techniques in addition to the help of 

the body of revolution principle and the application of 

equivalence principle. Now we will represent the elec-

tric and magnetic fields in these calculated the volume 

V by the electric and magnetic equivalent surface cur-
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rents, these currents are defined as [6] : 

𝐽𝑠 = �̂� × �⃑⃑⃑�𝑠 , onS                               … (1a) 

�⃑⃑⃑�𝑠 = −�̂� × �⃑⃑�𝑠 , onS                           … (1b) 

Where SS MJ


,  represent electric and magnetic sur-

face currents densities respectively. 

According to the equivalence, principle will be divid-

ed as two regions. These regions are a finite region of 

volume V
e
and a finite region of volume V

d
 as shown 

in figures (2) and (3). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Equivalent for region V
e
. 

 

Table (1): The distribution of basis function for ex-

ternal equivalence region. 

 

 

 

 

Figure (3): Equivalent for region V
d
. 

 

The microstrip antenna under test consists of a con-

ductive material such as the patch, the ground plane, 

and two annular rings as well as the dielectric sub-

strate between them. Because of these different sur-

faces, two types of boundary conditions must be satis-

fied. These conditions require vanishing of the tangen-

tial electric field component on the conductor surface, 

while the magnetic and electric fields continuity on the 

dielectric surface. The polarized currents within the 

dielectric surface and the current density on the con-

ductor surface IE .Therefore  the boundary condition 

equation for antenna can be  described as follows [7, 

8]:  

Table (2): The distribution of basis function for in-

ternal equivalence region. 
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�̂� × �⃑⃑�𝑒 = 0𝑜𝑛 𝑆𝑐𝑒 …(2𝑎) 

�̂� × �⃑⃑�𝑑 = 0𝑜𝑛 𝑆𝑐𝑑 …(2𝑏) 

�̂� × �⃑⃑�𝑑 = �̂� × �⃑⃑�𝑒𝑜𝑛 𝑆𝑑𝑒 …(2𝑐) 

�̂� × �⃑⃑⃑�𝑑 = �̂� × �⃑⃑⃑�𝑒𝑜𝑛 𝑆𝑑𝑒 …(2𝑑) 

Where n̂  is the unit vector normal to the conductor 

and dielectric surface. 

The surface equivalent electric and magnetic currents 

are:   

 

𝐽𝑐𝑒 = �̂� × �⃑⃑⃑�𝑒𝑜𝑛 𝑆𝑐𝑒 …(3𝑎) 

𝐽𝑐𝑑 = �̂� × �⃑⃑⃑�𝑑𝑜𝑛 𝑆𝑐𝑑 …(3𝑏) 

𝐽𝑑𝑒 = �̂� × �⃑⃑⃑�𝑒           𝑜𝑛 𝑆𝑑𝑒 …(3𝑐)�⃑⃑⃑�

= −�̂� × �⃑⃑�𝑒𝑜𝑛 𝑆𝑑𝑒 …(3𝑑) 

 

The equivalent electric currents (
decdce JJJ


,, ) are gen-

erated on the conductor and dielectric surface where 

the equivalent magnetic currents M


 is generated on 

the dielectric surface only. Applying the equivalent 

principle on internal and external equivalent region of 

the problem yields the integral equations as follows: 

On the generating curve of the surfaces (𝑆𝑐𝑒 + 𝑆𝑑𝑒) 

for the external region:- 

�̂� × �⃑⃑�𝑒(𝐽𝑐𝑒 + 𝐽𝑑𝑒 , �⃑⃑⃑�) = 0… (4𝑎) 

�̂� × �⃑⃑⃑�𝑒(𝐽𝑐𝑒 + 𝐽𝑑𝑒 , �⃑⃑⃑�) = 0… (4𝑏) 

On the generating curve of the surfaces (𝑆𝑐𝑑 + 𝑆𝑑𝑒) 

for the internal region: 
 

�̂� × �⃑⃑�𝑑(−𝐽𝑐𝑑 − 𝐽𝑑𝑒 , −�⃑⃑⃑�) + �̂� × �⃑⃑�𝑑(𝐽𝑖𝑑, 0) = 0 

…(4𝑐) 

�̂� × �⃑⃑⃑�𝑑(−𝐽𝑐𝑑 − 𝐽𝑑𝑒 , −�⃑⃑⃑�) + �̂� × �⃑⃑⃑�𝑑(𝐽𝑖𝑑, 0) = 0 

   …(4𝑑) 

 

Where ),( MJaH


 and ),( MJaE


 represent the mag-

netic and electric fields due to the currents J


 and M


,  

radiated in media characterized by ),( aa   .The sym-

bol )(a  represents the radiation media characterized 

by ( ee  , ) and ( dd  , ) , while )0,( idd JH


 and

)0,( idd JE


 represents the magnetic and electric fields 

due to the currents of the feed ( idJ


) . 

Reformulate equation (3) for the equivalent surfaces  

( dececd SSS ,, )   gives: 

(𝑗𝑐𝑒 + 𝑗𝑑𝑒) = ∑ [ ∑ 𝐼𝑛𝑖
1𝑒𝐽�̅�𝑖

1𝑒

2(𝑁−𝑁 −10)

𝑖=1

∞

𝑛=−∞

+ ∑ 𝐼𝑛𝑖𝐽�̅�𝑖
2𝑒

2(𝑁 −4)

𝑖=1

]                         …… (5𝑎) 

(𝑗𝑐𝑑 + 𝑗𝑑𝑒) = ∑ [ ∑ 𝐼𝑛𝑖
1𝑑𝐽�̅�𝑖

1𝑑

2(𝑁−𝑁 −10)

𝑖=1

∞

𝑛=−∞

+ ∑ 𝐼𝑛𝑖𝐽�̅�𝑖
2𝑑

2(𝑁 −4)

𝑖=1

]                        …… (5𝑏) 

�⃑⃑⃑� = 𝜂𝑒 ∑ ∑ 𝐾𝑛𝑖

2(𝑁 −4)

𝑖=1

∞

𝑛=−∞

�̅�𝑛𝑖              …… (5𝑐) 

 

Substitute equation (5) in to equation (4) and using a 

Galerkin’s method which is one of the most appropri-

ate calculation methods for the selection of the weight 

functions (  JW ) to get [9]. 

�⃑⃑⃑⃑�(𝑡, 𝜑) = �⃑⃑⃑⃑� (𝑡, 𝜑) + �⃑⃑⃑⃑� (𝑡, 𝜑)

= ∑ ∑ [�̅�  
 (𝑡, 𝜑)

𝑁−14

 =1

∞

 =−∞

+ �̅�  
 

(𝑡, 𝜑)] …… (6𝑎) 

  

�̅�  
 (𝑡, 𝜑) = �̂� 𝑓 (𝑡)𝑒

−                  …… (6b) 

Where,      𝑓𝑖(𝑡) =  
  ( −  )

 
      …… (6c) 

 

and 

 



JOURNAL OF KUFA–PHYSICS, Vol.10, No.1 (2018)             Raed M. Shaaban , Zeki A. Ahmed  ,   Wa'il A. Godaymi 
 

 

48 
 

∑ [ ∑ 𝐼𝑛𝑖
1𝑒

2(𝑁−𝑁 −10)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑒 , �⃑⃑� 𝑎𝑛

𝑒 (𝐽𝑛𝑖
1𝑒 , 0)〉

2(𝑁−𝑁 −10)

 =1

+ ∑ 𝐼𝑛𝑖

2(𝑁 −4)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑒 , �⃑⃑� 𝑎𝑛

𝑒 (𝐽𝑛𝑖
2𝑒 , 0)〉

+ 𝜂𝑒 ∑ 𝐾𝑛𝑖

2(𝑁 −4)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑒 , �⃑⃑� 𝑎𝑛

𝑒 (0, �⃑⃑⃑�𝑛𝑖)〉]

= 0                                𝑜𝑛 𝑆𝑐𝑒  …… (7a) 

∑ [ ∑ 𝐼𝑛𝑖
1𝑑

2(𝑁−𝑁 −10)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑑 , �⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑛𝑖
1𝑑 , 0)〉

2(𝑁−𝑁 −10)

 =1

+ ∑ 𝐼𝑛𝑖

2(𝑁 −4)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑑, �⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑛𝑖
2𝑑, 0)〉

+ 𝜂𝑒 ∑ 𝐾𝑛𝑖

2(𝑁 −4)

𝑖=1

〈�⃑⃑⃑⃑�𝑛 
1𝑑 , �⃑⃑� 𝑎𝑛

𝑑 (0, �⃑⃑⃑�𝑛𝑖)〉]

= 〈�⃑⃑⃑⃑�𝑛 
1𝑑 , �⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑖𝑑)〉 𝑜𝑛 𝑆𝑐𝑑    …… (7𝑏) 

 

∑ [ ∑ {𝐼𝑛𝑖
1𝑒〈�⃑⃑⃑⃑�𝑛 

2𝑒 , �⃑⃑� 𝑎𝑛
𝑒 (𝐽𝑛𝑖

1𝑒 , 0)〉

2(𝑁−𝑁 −10)

𝑖=1

2(𝑁 −4)

 =1

+ 𝐼𝑛𝑖
1𝑑〈�⃑⃑⃑⃑�𝑛 

2𝑑, �⃑⃑� 𝑎𝑛
𝑑 (𝐽𝑛𝑖

1𝑑, 0)〉}

+ ∑ {{𝐼𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
2𝑒 , �⃑⃑� 𝑎𝑛

𝑒 (𝐽𝑛𝑖
2𝑒 , 0)〉

2(𝑁 −4)

𝑖=1

+ 𝐼𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
2𝑑 , �⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑛𝑖
2𝑑 , 0)〉}}

+ 𝜂𝑒 ∑ {𝐾𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
2𝑒 , �⃑⃑� 𝑎𝑛

𝑒 (0, �⃑⃑⃑�𝑛𝑖)〉

2(𝑁 −4)

𝑖=1

+ 𝐾𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
2𝑑, �⃑⃑� 𝑎𝑛

𝑑 (0, �⃑⃑⃑�𝑛𝑖)〉}]

= 〈�⃑⃑⃑⃑�𝑛 
2𝑑 , �⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑖𝑑)〉 

𝑜𝑛 𝑆𝑑𝑒    …… (7𝑐) 

 

∑ [ ∑ {𝐼𝑛𝑖
1𝑒〈�⃑⃑⃑⃑�𝑛 

3 , �⃑⃑⃑� 𝑎𝑛
𝑒 (𝐽𝑛𝑖

1𝑒 , 0)〉

2(𝑁−𝑁 −10)

𝑖=1

2(𝑁 −4)

 =1

+ 𝐼𝑛𝑖
1𝑑〈�⃑⃑⃑⃑�𝑛 

3 , �⃑⃑⃑� 𝑎𝑛
𝑑 (𝐽𝑛𝑖

1𝑑 , 0)〉}

+ ∑ {{𝐼𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
3 , �⃑⃑⃑� 𝑎𝑛

𝑒 (𝐽𝑛𝑖
2𝑒 , 0)〉

2(𝑁 −4)

𝑖=1

+ 𝐼𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
3 , �⃑⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑛𝑖
2𝑑, 0)〉}}

+ 𝜂𝑒 ∑ {𝐾𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
3 , �⃑⃑⃑� 𝑎𝑛

𝑒 (0, �⃑⃑⃑�𝑛𝑖)〉

2(𝑁 −4)

𝑖=1

+ 𝐾𝑛𝑖〈�⃑⃑⃑⃑�𝑛 
3 , �⃑⃑⃑� 𝑎𝑛

𝑑 (0, �⃑⃑⃑�𝑛𝑖)〉}]

= 〈�⃑⃑⃑⃑�𝑛 
3 , �⃑⃑⃑� 𝑎𝑛

𝑑 (𝐽𝑖𝑑)〉 

        𝑜𝑛 𝑆𝑑𝑒      …… (7𝑑) 

 

Linear equations (7) can be written in the following 

matrix form: 

[�⃑⃑�𝑛 ][𝐼𝑛] = [�⃑⃑�𝑛]…… (8) 

The impedance and admittance submatrices are repre-

sented in a square matrix [�⃑⃑�𝑛],  the unknown expan-

sion coefficients of J  and M are given in a column 

matrix [𝐼𝑛]. Also, the excitation matrix is in the form 

of a column matrix [�⃑⃑�𝑛].  

And can be written as: 

 

 

 

       

       

       

       










































n

d3

de,de

e3

de,deen

d2

de,de

e2

de,den

d1

cd,den

e1

ce,de

n

d3

de,de

e3

de,deen

d2

de,de

e2

de,den

d1

cd,den

e1

ce,de

n

d3

de,cden

d2

de,cdn

d1

cd,cdn

n

e3

de,ceen

e2

de,cenn

e1

ce,ce

n

ZZYYYY

YYZZZZ

YZZ0

YZ0Z

T


               … … (9) 
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[𝐼𝑛] ≡

 

 

 

 
































n

n

n

d

n

e

K

I

I

I

1

1

                                    … … (10) 

and, 

[�⃑⃑�𝑛] =

 

 

 

 


































n

d

de

n

d

de

n

d

cd

n

I

V

V

0

                                                     … … (11) 

Where (Z
1e

 ,Y
1e

) and (Z
1d

 , Y
1d

) submatrices  represent 

the calculation of impedance Z and admittance Y due 

to the electric (for Z) and magnetic (for Y) surface cur-

rent densities on the surfaces Sce (exterior media) and 

Scd (interior media), respectively. Also, (Z
2e

 ,Y
2e

) and 

(Z
2d

 , Y
2d

) submatrices  represent the calculation of 

impedance Z and admittance Y due to the electric (for 

Z) and magnetic (for Y) surface current densities on 

the surface Sde for exterior or interior media, respec-

tively. While (Z
3e

 ,Y
3e

) and (Z
3d

 , Y
3d

) submatrices  rep-

resent the calculation of impedance Z and admittance 

Y due to the electric (for Y) and magnetic (for Z) sur-

face current densities on the surface Sde for exterior or 

interior media, respectively. The first and second pairs 

of supplements {(ce,ce), (ce,de), (cd,cd)……} refer to the 

field and source surfaces, respectively. The index n 

denotes the number of azimuthal mode, and 
d

de

d

cd VV ,

and
d

deI  are the excitation submatrices, due to the elec-

tric and magnetic field sources on the surfaces, Scd, Sde 

from the interior region. As was mentioned previously 

in this chapter,  I
1e

 , I
1d

 ,I  and  K are the unknown co-

efficients of the equivalent electric (on the Sce , Scd and 

Sde surfaces) and magnetic (on the Sde surface only) 

current densities, respectively. 

The radiation fields are calculated at the far field 

region ( E , E ) from induced electric and mag-

netic currents flowing on the surface of the con-

ductor and the dielectric of the antennas so [11]: 

 oo1

rjK

o

e ,Fe
r4

j
E oe 








           …… (12𝑎)

 oo2

rjK

o

e ,Fe
r4

j
E oe 








 ……(12𝑏) 

Where  ooF  ,1  and  ooF  ,2  are the integrals that 

represent the measurement coefficients carried out 

over the external surface of the CMSAL2AR in this 

form:- 

      dseˆrM
1ˆrJ,F

rr̂jK

s e

oo1

oe 

 












 ……(13𝑎) 

      dserMrJF

rrjK

s e

oo

oe 

 











ˆ

2
ˆ1ˆ, 


 ……(13𝑏) 

 

where s  is the exterior  surface of the antenna, r̂  a 

unit vector directed from the origin  to the field point, 

and   ˆ,ˆ are the transverse unit vector in the direc-

tion of  increasing   and  , respectively. 

 

Results and Discussion  
 

The proposed design, which study the contribution of 

the adjacent mode, shown an increased whenever the 

interference between them and the main mode occurs. 

This contribution will be effecting positive or nega-

tively on the antenna's coefficients. This contribution 

of the adjacent mode will be calculated here for the 

CMSAL2AR excited byTM11-mode. 

Figures (4a),(4b),and(4c) show the contribution of the 

adjacent modes TM21, TM02 with the main mode 

TM11for the ratio Rab = 5.5, and  different (ab ab1)⁄  , 

which has been in the range value of (-18 dB→ -

22dB) for TM21 mode  and non-significant for the 

TM02 mode as recorded in  Table (3). The table shows 
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the contribution of the adjacent mode interference val-

ues with the main mode for different ratios (Rab). The 

contribution of TM21 – mode was effected positively 

on the directive gain of the propose antenna specially 

for the valuesab ab1⁄ = 3.5. 

Also Figures (5a),(5b),and(5c) represent the contribu-

tion of the same adjacent mode TM21, TM02 for ratio 

Rab = 6.5, and different (ab ab1)⁄  value, which has 

been in the range value of (-30dB → -38dB) . This is 

non-effective contribution on the antenna parameter, 

which mean that there is no interference of the adja-

cent mode with the dominant mode. 

Also Table (4) shows the best value for the gain  

Figure (4): Contribution of the adjacent modes 
with the resonant mode TM11 of the CMSAL2AR 
for the  ratio R_ab=5.5 ,and different (ab⁄(〖ab〗_1)). 

 

       Figure (5): Contribution of the adjacent modes 

with the resonant mode TM11 of the CMSAL2AR 

for the  ratio R_ab=6.5 ,and different (ab⁄(〖ab〗_1)). 

 

   (𝐺 = 19.92 𝑑𝐵) was obtained for the 

cient (𝑅𝑎𝑏 = 5.5), while the best value for the band-

width (𝐵𝑊 = 19.9%) was obtained for   (𝑅𝑎𝑏 = 6.5).  

 

 

 

 

 

 

 

 

 

 



JOURNAL OF KUFA–PHYSICS, Vol.10, No.1 (2018)             Raed M. Shaaban , Zeki A. Ahmed  ,   Wa'il A. Godaymi 
 

 

51 
 

 
Table (3): The contribution of adjacent modes in-
terference with  11TM  mode for different values of 

the ratio 𝑹𝒂𝒃 , and (𝒂𝒃 𝒂𝒃𝟏)⁄  . 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
Table (4): Radiation patterns parameter of 

CMSAL2AR excited by 𝐓𝐌𝟏𝟏 − 𝐦𝐨𝐝𝐞for different 
ratio of 𝐑𝐚𝐛 and(𝐚𝐛 𝐚𝐛𝟏)⁄ . 

 

 
 

Conclusions 

 

In this paper CMSAL2AR is designed using the mo-

ment of method and simulation by using Fortran 90 

language .The  contribution of the adjacent mode was 

of positive effect at the ratio   and  .The bandwidths 

and directive gain increasing to   (19.9%) and 

(19.92dB) respectively. 
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