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ABSTRACT

Antenna is an electronic device which isqthe source of electromagnetic (energy) wave[1].
Antenna is a radiantly element which radiates electromagnetic energy in freeispace in all directions.
Dipole is radiantly element which radiates directionally. The dipole is characterized by its length[11].
When the length of the dipole antenna is increasedthe radiation pattern becomes change and introduced
side lobes.

In the pattern work Design_of dipole and its array. antenna_systems are presented. In modern
communication systems such as Satelliteslinks, GPS, wireless lacalihetworks often require antennas with
low cost high gain with narrow beams. The dipele array antennas are an useful in such cases. In this
work design of dipole arrays are presented and compare,with- ideal array system slots are obtained with
good agreement.

1. INTRODUCTION

An antenna (or aerial)is an electrical device which converts electric power into radio
waves, andvice versa[2-5]. Ituis\usually used with a radio transmitter or radio receiver. In
transmission, a‘radio transmitter supplies an electric current oscillating at radio frequency (i.e. a
high frequency alternating current (AC) to the antenna’s terminals and the antenna radiates the
energy from the current,as’electromagnetic waves (radio waves). In reception, an antenna
intercepts some of the power of an electromagnetic wave in order to produce a tiny voltage at its
terminals that is applied to a receiver to be amplified.

At frequencies below 3 GHz, many different types of antennas are used. The simplest is a
length of wire, connected at one end to a transmitter or receiver. More often, the
radiating/receiving element is placed at a distance from the transmitter or receiver and AC is
delivered to or from the antenna by means of an RF transmission line also called a feed line or
feeder.
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In computer and Internet wireless applications, the most common type of antenna is the
dish antenna used for satellite communications. Dish antennas are generally practical only at
microwave frequencies (above approximately 3 GHz). The dish consists of a paraboloidal or
spherical reflector with an active element at its focus. When used for receiving, the dish collects
RF from a distant source and focuses it at the active element. When used for transmitting, the
active element radiates RF that is collimated by the reflector for delivery in a specific direction.
Typically an antenna consists of an arrangement of metallic conductors (elements) electrically
connected (often through a transmission line) to the receiver or transmitter. An oscillating
current of electrons forced through the antenna by a transmitter will create an oscillating
magnetic field around the antenna elements, while the charge, of the electrons also creates an
oscillating electric field along the elements. These time-varying\fields radiatesaway.ffom the
antenna into space as a moving transverse electromagnetic field \wave. Conversely during
reception the oscillating electric and magneticdfields of an incoming radio wave exert force on
the electrons in the antenna elements causing them to mowve back and forthyereating oscillating
currents in the antenna.

KEY WORDS: Dipole, Array Antennas, wradiation pattern multiplication, Radar
communication.

2. DIPOLE ANTENNA DESIGN,FORMULATION

The dipole antenna or dipole aerial 4s°one ofithesimportant and commonly used types of
RF antenna. The dipole aerial or antenpa is widely used on its own, but it is also incorporated
into many other RF antenna designs where it forms the radiating or driven element for the
overall antenna. The ‘dipole is a simple antenna to construct and use, and many of the
calculations are quite straightforward.

As#een the antenna consists of a radiating element that is split, normally in the center to
allow a feeder torapply power to it from a transmitter, or to take power from it to a receiver. The
length of the radiating element determines many of the properties of the dipole antenna from its
impedance, center operating frequency, etc. As such this is an important feature of the antenna.
Often the term dipole antenna tends to indicate a half wave dipole[1].
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Figure.l. Radiation from Dipole Anténna
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The vector potential at a point P due ta'the current element 1 'dz is given by,
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Here d is the distance from the current element to the'point P. thedotal vector potential at P due
to alk,current elements is given.by
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It is of interest here to consider radiation fields, d in the denominator can be approximated to r.
but in‘thesnumerator, d is.the phase term and it is given by
d=r — zcosH
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Electric field as a function 0 in free space for a dipole of length of 2H is given by the amplitude
of Egis

&0L cos(fHeosl)—cosfH
LARE =] o)

sind

2.1 LINEAR ARRAYS
The graphical representations of the linear array as shownrin the'figure3.The elements are
identical and are arranged with uniform spacing d.

Figure: 3.Lineararray

N
T => Vi exp[jk,d; coso]

i=1

Where V; is the voltage acress the“ly, slot,k, is thefree space propagation constant and

d, is the distance betWeen first and iy slotdFhe magnitude of the array factor may beexpressed as

sin[ TV
[AF‘H B NsiE(z‘g)j

Here N = numberof element; v = fdcosO +a; d=spacing between the elements; = wave

For the normalized array. factor is given by

number.

2.2 PLANAR ARRAYS

The graphical representation of planar arrays of N X M elements are shown in figure.
The principal maximum is referred to as major lobe and the remaining as grating lobes. To form
or avoid grating lobes in a rectangular array the same principles must be satisfied as for a linear
array.

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH




International Journal of Advances in Engineering Research http://www.ijaer.com

(WVAER) 2015, Vol. No. 10, Issue No. IV, October e-1SSN: 2231-5152/ p-1SSN: 2454-1796

Figure: 4planararray

For the normalized planar array factor is given by

sin(M ¥x)

. ¥
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AF, (0,0) = %

sin(%) N sin(%)

= kdxsin ©cos
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v, = kdysin 0sin ¢ + 8

2.4 PATTERN MULTIPLICATION
Pattern multiplication [1]\is definedsthat resultant pattern is equal to the array factor
multiplied with the element pattern i.e.The resultant pattern of an array of non-isotropic
identical radiators. is given by
E (0) resuttant = Element Patternx Array Factor

E=f(6, 9)F(6,9) > ((f, (6,9)+F, (6,9))
Where™ 1(6,4) = Element field pattern; f (6,4) = Element phase pattern; F(6, ) = Array factor

of isotropic elements; F, (0,4)_= Phase pattern of array of isotropic elements.

3. RESULTS

Half wave dipole antenna is designed and obtained the radiation patterns by using the
equation6. The results are presented in the tabular form 1 by changing dipole length with
multiple of A. It is observed that the 3-db beam width is decreased by measured the dipole length
and obtained the number of side lobes.The radiation pattern are presented from figure 5 to 28 by
using the equation (4) in both polar and rectangular form. Since the gain providing by the single
element is not sufficient in most of the communication applications, a dipole array antenna
system is designed by using the pattern multiplication principle in bothlinear and planar systems.

21
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The results are compared with the isotropic radiations and are obtained with good agreement.
The patterns are drawn for N=5, 10, 20, 60,100, and are shown from figure 29 to 40. There are
used in wireless communication system. The following table shows the change in 3-dB beam
width, null to null beam width, main beam width and the number of side lobes for a dipole
antenna by changing the length of dipole.

S.No Dipole 3-Db beam Nultl)et;)rrI?IuII Main beam Number of
Length Width(deg) Widith(deg) width Side lobes
0.51 85 180 1
A 46 158 0.5
1.52 28 84 0.45
2 20 65 0.4
31 18 60 0.35
4 15 47 0.32
51 14 44 0.3
6 13 39 0.25
77 36 02
81 35 0.15
91 34 0.5

33 0.5

OO N0 B~ W N

=
o

-
-

=
N

Table 1 :Dipale characteristics by changing length of the dipole with multiple of A.

DIPOLE LENGTH = 0.5*LAMDA
90

Fig.5. Polar plots of dipole antenna for L=0.5 4
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Fig.6. Rectangular plots of dipole antenna for=0.5 A

DIPOLE LENGTH = 1"LAMDA
%

Fig.7. Polar plots of dipole antenna for L='A

—

Fig.8. Rectangular plots of dipole antenna for L= A

DIPOLE LENGTH=15*Lamda
90

Fig.9. Polar plots of dipole antenna for L=1.54
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Fig.10. Rectangular plots of dipole antennafor L=1.51

DIPOLE LENGTH = 2*/AMDA'
90

Fig.11. Pelar plots of dipole antenna for

L=2 4

Figid2Rectangular plots of dipole antenna for L=2 A4
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DIPOLE LENGTH = 3AMDA
90

Fig.13. Polar plots of dipole antennaforL=3 4

Rectangularplots of dipole antenna for L=3 4

DIPOLE LENGTH = 4'AMDA
%

Fig.25. Polar plots of dipole antenna for L=4 A4

Fig.16. Rectangular plots of dipole antenna for L=4 A
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DIPOLE LENGTH = 5AMDA
90

Fig.17 Polar plots of dipole antenna for L=5'4

Fig.18. Rectangular plots of dipole antenna for L=51

Fig.19. Polar plots of dipole antenna for L=6 1
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Fig.20. Rectangular plots of dipole antenna for L=6 4

DIPOLE LENGTH = 7*LAMDA
90

Fig.21 Polar plets of dipole antenna for L=7 4

Fig.22.. Rectangular plots of dipole antenna for L=7 A
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Fig.23. Polar plots of dipole antennadfor L=8'4

A/\/\/\/\/\/\A

Fig.24 Rectangular plots of dipole antenna forL=8 A

DIPOLE LENGTH = 9*LAMDA

F1g.25. Polar plots of dipole antenna for L=9 A4
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Rectangular plots of dipole antennaforz=9 A

DIPOLE LENGTH = 10*LAMDA
90

Fig.27. Polar plotsof dipole antenna for L=10 4

Fig.28'Rectangular plots of dipole antenna for L=10 4
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Figure:29Radiation pattern of dipole@antenna for N=5 elements of Linear array in
rectangle
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Figure:30Radiation pattern of dipole antenna for N=20 elements of Linear array
in rectangle
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Figure:31.Radiation pattern of dipole antenna for N=40 elements of Linear array
in rectangle
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Figure:32. Radiation pattern of dipole antenna for N=100 elements of Linear
array in rectangle

Figure:33. Radiation,pattern of dipole antennafor N=5 elements of Planar array
in rectangle
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Figure:34. Radiation pattern of dipole antenna for N=20 elements of Planar array in
rectangle
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Figure:35. Radiation pattern of dipole antenna for N=40 elements of Planar array in
rectangle
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Figure:36. Radiation pattern-of dipele antenna for N=100 elements of Planar array in
rectangle
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4. CONCLUSIONS

The design and analysis of dipole,antenna have been described here. The characteristics
of dipole‘antennaand its field'patterns are plotted for different lengths i.e., from 0.5 to 104. 3 dB
beam width,‘aumber of side lobes and null to null beam width are identified from the results. The
3dB beam width isireduced when the dipole antenna length is increased.The array field patterns
of both linear array and planar-array are plotted and their results are presented. Using pattern
multiplication the linear array and planar array radiation patterns are also drawn for different
values of N and M. The/main beam width reduced when the numbers of elements are increased.
These are useful in Satellite and Rader communications.
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