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ABSTRACT: Wireless communication process which include; point-to-point, broadcast, satellite communication etc. 
are prone to fading, interference and attenuation due to very long distances involved in the communication process. In 
other words, highly directional antennas are required to meet these challenges for efficient communication process. In 
this work the relationship between a uniform linear array antenna and its equivalent radiation pattern is presented. An 
efficient technique based on the Method of Moments (MoM) formulation is used in the analysis of the wire antenna. 
The Hallen’s differential equation describes the analysis using piecewise constant function for determining the current 
distribution of the antenna. Applying the pattern multiplication principle, the radiation pattern of the array is achieved 
showing the impact of the inter-element spacing and number of array element on the overall radiation pattern 

Index Terms: Wire Antennas, Moment Method, Array factor, Radiation pattern 

——————————      —————————— 
 
I. Introduction  
Antennas are fundamental areas of any 

wireless communication system. It is 

used because of the inability to lay a 

physical connection between a 

transmitting and receiving device due to 

long distances involved. The latter is 

associated with some difficulties viz-a-

viz fading, interference, attenuation etc. 

For this reason highly directional 

antennas are desirable to achieve 

effective communication process. In 

point-to-point, broadcast, directional and 

space communication. It is imperative to 

note that the number of antenna 

elements, its material constituents and 

the geometry of the structure affects the 

required beam pattern that can be 

generated. However, antennas with a 

known radiation pattern can be arranged 

in such a way that they can either 

enforce/destroy the generated signal 

depending on the design interest. 

 
The wire antenna is one of the most 

versatile antennas [1] that find 

application in diverse communication 

process, but as a single element it is 

insufficient to meet effective requirement 

of narrow beam, reduced side lobes, 

good efficiency and directivity. Due to 

these limited technical needs, it is 

subject to limited performance. A 

collection of discrete wire antenna 

elements to constitute an array offers 

solution to direct radiated power towards 
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a desired angular sector so that with 

proper choice of array feed model and 

geometry, any desired pattern can be 

modeled. There are principally five 

parameters that can model the radiation 

pattern of array antenna. These include 

the geometrical configuration (which 

may include linear, circular, planar and 

conformal arrays), relative displacement 

between elements, excitation amplitude 

of the respective antennas, excitation 

phase of the individual elements and 

relative pattern of the individual 

elements [2, 3]. 

Basically there are two principal 

approaches to the modeling of array 

antenna with elements either coupled or 

parasitic. The first involves that of array 

synthesis where a desired radiation 

pattern is given and a choice of the 

appropriate array is expected. It also 

involves the determination of the feed 

condition of the resulting configuration 

[4]. The second approach which is 

adopted in this work specifies the 

geometry of the array and its associated 

feed model.  It requires adopting 

numerical techniques to obtain the 

parameter of engineering interest (Beam 

pattern) associated with the array. 

Numerical technique has been a very 

important approach in engineering and 

especially antenna analysis due to the 

fast growing trends of digital computers. 

They include MoM, FEM, FDTD etc. The 

most popular and appropriate for linear 

antenna analysis is the MoM. It was 

formulated by Harrington [5] and ever 

since has been applied by many 

researchers. There are conventional 

electromagnetic softwares that have 

been used in analysis and synthesis of 

wire antennas. The first codes were 

generated at Lawrence Liver Moore 

laboratories for analysis of wire 

antennas but were written in Fortran [6]. 

Subsequent codes include NEC 4, Mini 

NEC etc. Most of which were analyzed 

with collocation method. 

 
In this work is carried out the analysis of 

arrays of wire antenna using point 

matching formulation to determine the 

current distribution of a single element 

antenna. With this parameter the 

radiation pattern of the array can be 

obtained applying the principle of 

pattern multiplication. The outcome will 

show the relationship between 

geometrical arrangement of the antenna 

and the beam pattern. The entire work 

were all simulated with matlab 
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II. Formulation  

Consider a uniform, non staggered 

equal length equal spaced, center fed 

array of wire antennas oriented along 

the z-axis of a co-ordinate system. The 

currents distribution is along the axis of 

the elements and is determined by 

Moment Method. The formulation 

involves Hallen’s equation with 

piecewise constant approach using the 

approximate Kernel. Another kernel 

approach also exists. This is known as 

the exact kernel. It finds more 

application in wires of large diameters. 

In that case the filamentary current flows 

across the radius of the wire. The use of 

the exact kernel also results in well-

defined solutions [7] 

 
Basically two domain function can be 

used in the problem of antenna analysis, 

the entire domain function which usually 

exists over the entire surface of the 

unknown and requires no segmentation. 

The second is the sub domain basis 

function and is defined over the 

specified segments. Applying the 

boundary condition at the surface of the 

perfectly conducting wire, the sum of the 

scattered and incident fields vanishes 

thus: 

Ei  =  -Es 

The electric field (Es) outside the 

conductor is derivable entirely from the 

vector potential A i.e. 
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In order to obtain a balanced set of 

equation on both sides of the 

expression, the source is reacted upon 

by a derac delta weighting function 

given by  )()( zmzzw −= δ  
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Where ),( zzmG ′   = Green’s function 

and is given by  
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Hallens

R =   22 )( zza ′−+  

a = radius of the wire 

Equation 4 can be represented by a 

network equation given by 

mnmn VIZ =  

The current distribution is used to 

determine the radiation field of the wire 

antenna by the expression  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Current Distribution on a wire 
antenna  

dIe
R
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πθ 4
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Array pattern  =  Array element pattern x 

Array factor (AF) 

The array factor is a function that is 

dependent only on the geometry and the 

excitation of the antenna. It is 

independent of the antenna type when 

all elements are identical. Considering a 

uniformly spaced wire element with a 

linearly progressive phase from element 

to element 
3

3
2

21
φφ jj

o eIoIeIoIII ===       

  φ   =  phase shift 

The overall array far field is obtained by 

using the superposition principle 

NEEEEE θθθθθ .....321 +++=  

][AFEE θθ =  

The array factor is given by  
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Where ψ = phase function = kdcosθ 

 d = inter element spacing 

 k = wave number 

 θ = elevation angle 

The phase function ψ is a function of the 

element spacing, phase shift, frequency 

and elevation angle. 

The array factor may be normalized so 

that the maximum value for any value of 

N is unity. The normalized array factor is 

given as  
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III. Results and Discussions 
The normalized radiation pattern for the 

single wire antenna is shown in fig 2. 

Various plot of the array factor is also 

shown. It is observed that; the un-

normalized array factor maximum 

occurs at phase = 0 and is equal to the 

number of the antenna elements in the 

array. The total number of lobes in the 

plot is equal to the number of antennas 

N. It is also observed that there are N – 

2 side lobes for every N element 

considered.. The main lobe width can be 

determined from 
N
π4  and the minor lobe 

width = 
N
π2 . 
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Fig. 2: Radiation pattern of a wire 
antenna 
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d=0.5,N=7
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d=1,N=7

For the normalized array factor, the nulls 

of the array function are obtained by 

determining the zeros of the numerator 

term where the denominator is not 

simultaneously zero. That is 

0
2

=





 ψNSin                  

The peaks of the array function are 

found by determining the zeros of the 

numerator term where the denominator 

is simultaneously zero.  

2,1,0)2(
2

cos 1 =



 +−= − mm

dm πα
π
λθ  

The phasing of the uniform linear array 

elements may be chosen such that the 

main lobe of the array lies along the 

array axis so that the phase shift is zero. 
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d=1,N=7

Fig. 3 Array factor plot for different 
inter-element spacing 

(a) d = 0.25λ  

(b) d =  0.5λ 

(c) d = 1λ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Radiation pattern showing 
grating lobes 
 

It is interesting to note  the impact of the 

element spacing on the radiation pattern 

of the uniform array. With a zero phase 

difference (α  =  0), as the element 

spacing is increased, the main lobe 

beam width is decreased. The signal 

becomes highly directional with good 

directivity. Array of wire antenna is 

essential for point-to-point 

communication in other to achieve  good 

directivity. The directivity of the antenna 

array is increased with increased 

element spacing. However grating lobes 

(radiations in directions other than the 

main direction of interest) are introduced 

when the element spacing is greater 

than or equal to one wave length. 

Grating lobes have destructive effects 

on the desired radiation pattern and can 

cause misinterpretation of signal, 

interferences, hazardous effects on 

humans at work station etc. For an array 

design that requires no grating lobes, 

the element spacing should be chosen 

to be less than one wave length. It is 

also observed that as the number of 

array elements increases, the main 

beam is sharpened. Fig.  (5) but 

increased side lobes is seen. Although 

the side lobes are reduced in size. 
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d=0.5,N=10
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d=0.5,N=7
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d=0.5,N=13
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Fig. 5 Radiation pattern for various 
number of elements 
 
(a) N = 7  
(b) N = 10 
(c) N = 13 
 
 
IV. Conclusion  

In this work very reliable approach has 

be used to determine the current 

necessary for radiation of 

electromagnetic waves from an 

antenna. This parameter is used to 

obtain the radiation pattern of the wire. 

Applying the superposition principle the 

array factor is obtained. The pattern 

multiplication approach enables the 

radiation pattern of the entire array to be 

generated for the desired 
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communication process. The entire 

process has shown the relationship 

between the array radiation pattern with 

respect to the uniform inter element 

spacing .It  is also seen in this work that 

as the number of antenna element 

increases ,the directivity of the radiation 

pattern increases with the presence of a 

reduced beam width , thus an enhanced 

communication process. 
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