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ABSTARCT

To describe performance and efficiency of the antenna, we do variety of practical

measurements on the antenna such as, radiation pattern and gain measurement. Further,

we calculated gain from power gain has also been done.

The main goal of this thesis is to implement and investigate the important parts of

these measurements by using simple methods and equipments. Our measurements are

made on a simple antenna such as half-wave dipole antenna. The half-wave dipole

antenna has been chosen for such measurement because it is simple in construction, low

cost and has wide range of frequencies which give us ability to adjust our equipments

according to the desired frequency.

Different techniques and methods were used which are often familiar and

commonly used in the broadcasting cooperation and communication company to check

their transmitting or receiving radiation pattern and gain for antenna system. These

methods are strength wave method, the radiation pattern of primary receiving and

transmitting antenna method and the compression method to find gain at different

frequenciesneeded.

Finally, we remark that our results are very good and compatible to the theoretical

ones. The main problems we faced in our measurements are due to standard

measurement procedure or methods on antenna and the expensive costs of the

equipmentswhich are needed to implement these measurements
••
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INfR.ODUCTION

INTRODUCTION

'e had thought to do our work on the antenna, and then we have searched the

rtant parts on tbis subject since the antenna is one of the most common and

important parts in the communication system nowadays. The term antenna is defined by

e dictionary [1l as usually a metallic device (as a rod or wire) for radiating or

receiving radio waves. The official definition of the Institute of Electrical and

Electronics Engineers (IEEE) [2] is simply as means for radiating or receiving radio

raves. The ideal antenna in most applications is a one that will radiate all of the power

delivered by a transmitter in the desired direction or directions with the desired

polarization. Practical antennas can never fully achieved tbis ideal performance, but

eir merit is conveniently described in terms of the degree to which they do so. For tbis

purpose, certain parameters of antenna performance are defined.

Although there has been an explosion and a revolution in the antenna technology over

the past few years since antenna was published, the basic principles and theory remain

unchanged.

Antenna measurements are very expensive and require gigantic instruments to

pursue this work; so that, we decided to search about tbis subject to make these

measurements cheaper and much easier in finding results. Therefore, our objectives in

this thesis are to analyze the antenna measurements and implement simple methods to

determine the antenna gain to real antennas. For his purpose the small size simple

antenna is used in tbis measurement which is half-wave dipole antenna. The antenna

gain has also been determined fçr different values of the angular in the horizontal plane

at a fixed frequency, and also for different frequencies at a fixed angle. The correction

coefficient is determined by the ratio of the real and small antennas are used to match

the results obtained with real condition.

The aims of tbis work are:

1. Implementation and investigation of practical measurements on the antenna by

using simple methods, cheaper instruments and simple antenna such as half­

wave dipole antenna.

2. Implementation simple antenna for measurements purpose which is multi-band

dipole antenna.
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content of this thesis is as follows:

Chapter one, is primarily concerned with definitions and related terminologies deals

the antenna parameters in the engineering usage. Principal parameters of antennas

associated with the radiation efficiency, the input impedance, and the bandwidth.

Parameters are defined under each of these categories such as the gain, beamwidth,

polarization, minor lobe level, radiation efficiency, aperture efficiency, receiving cross

section, radiation resistance, and others specialized applications. Some of these

parameters are interrelated or correlated.

In Chapter Two, we discuss and analyze a center-fed linear dipole with sinusoidal

current distribution based on far-zone fields, E0 and H ıp of a vertical antenna. Pattern

fımction of a linear dipole antenna when having half-length h = Jı,/2 has been

İnvestigated. We have also shown and explained all these types of the dipole antenna.

Moreover, we have introduced a multiband parallel dipole antenna design and

construction and their appellations.

In Chapter three, we investigate the parameters measurements, which we have

already mentioned in the previous chapter. The measuring methods has been studied

and explained in detail. The main measurements are divided into two categories as input

impedanceand radiation pattern measurements.

In Chapter four, the real practical measurements have been made by using different

instruments. The radiation pattern measurement and a detailed study of the gain have

been done here. Moreover, we have measured the radiation pattern for transmission and

receiving primary antenna, and then we have also measured the beamwidth and gain for

any random antenna to be complied with the steps that we have studied in the chapter

two. It is worthwhile to note that all these measurements have been applied on the

BRTK station in the Turkish RepublicofNorthern Cyprus (TRNC).

Finally, the results and conclusion of the work presented within this thesis will be

described.

2



ANTENNA PARAMETERS

CHAPTER ONE

ANTENNA PARAMETERS

1.1 Overview

One of the most critical elements of a wireless communications system is the antenna. A

base station antenna represents only a small part of the overall cost of a communications

site, but its performance impact is enormous. Its function is to transform conduction

currents (found on wires, coaxial cable, and waveguides) into displacement currents and

this invisible phenomenon makes radio communications possible. The antenna impact

on the radio system is determined by choosing the antenna with an appropriate

characteristics defined by its specifications [8].

In the followings we descnbe and define the most common parameters used to specify

base station antennas.

1.2 Antenna Structure

An antenna is a structure usually made from a good conducting material that.has been

designed to have a shape and size such that it will radiate electromagnetic power in an

efficient manner. It is a well-established fact that time-varying current will radiate

electromagnetic waves. Thus, an antenna is a structure on which time-varying currents
••can be excited with relatively amplitude when the antenna is connected to a suitable

source usually by means of the transmission line or waveguide. There is an almost

endless variety of structure shapes that can be for an antenna, however, for practical

point of those structures that are simple and economical to fabricate are the ones most

commonly used. In order to radiate efficiently,the minimum size of the antenna must be

comparable to the wavelength. A very common antenna is the half-wavelength dipole

antenna, which consists of two conducting rods each of a quarter wavelength long and

are placed end to end with a small spacing at the center at which a transmission line is

connected [5].

3



ANTENNA PARAMETERS

1.3 Antenna Parameters

To describe the performance of an antenna definitions of various parameters. Some of

the parameters are interrelated and not all of them need to be specified for complete

description of antenna performance. Most of parameters definitions in this study will be

brieflygiven and discussed.

1.3.1 Polarization

The polarization of an antenna is a property of the radio wave that is produced by the

antenna. Polarization describes how the radio wave (displacement current, electric field

vector) varies in space with time. This is an important concept because for a radio wave

transmitted with a given polarization to be received by another antenna. Thus, the

received antenna must be able to receive this polarization and has to be oriented to do

so. An antenna is a transducer that converts radio frequency electric current to an
....

electromagnetic waves that are then radiated into space. The electric field E plane in

mathematical form determines the polarization or orientation of the radio wave. In

general, most antennas radiate either linearor circular polarization.

At a given point in space, the general shape traced by the electric field vector is an

ellipse, as shown in Figure 1.1.

Figure 1.1 General shape traced by the electric field vector in ellipse

The instantaneous value of the wave can be written as

4
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E(t) = E1m cos(mt) u1 + E2m cos( mt+ 5) u2,

ANTENNA PARAMETERS

(1-1)

where 8 is the phase by which the uj-componet leads the uı-componont [8].

Thus, the linearly polarized antenna radiates wholly in one plane containing the

direction of propagation. Further, in a circular polarized antenna, the plane of

polarization rotates in a circle making one complete revolution during one period of the

wave. If the rotation is clockwise and looking in the direction of propagation, the sense

is called right-hand-circular (RHC) whereas if the rotation is counterclockwise then the

sense is called left-hand-circular (LHC). An antenna is said to be vertically polarized

(linear) when its electric field is perpendicular to the Earth's surface as shown in the

Figure l.2(a). As an example of a vertical antenna is a broadcast tower for AM radio or

the (whip) antenna on an automobile. Horizontally polarized (linear) antennas have their

electric field parallel to the Earth's urface. Television transmissions in the USA use

horizontal polarization. Further, the circularly polarized wave radiates energy in both

the horizontal and vertical planes and all planes in between. The difference between the

maximum and the minimum peaks as the antenna is rotated through all angles, is called

the axial ratio or ellipticity and is usually specified in decibels (dB). If the axial ratio is

near O dB, the antenna is said to be circularly polarized as shown in the Figure 1 .2 (b).

Overmore, if the axial ratio is greater than 1-2 dB, the polarization is often referred to as

elliptical as in Figure 1.2 (c) [9].

(a) Linear Polarization (b) Circular Polarization

Figure 1.2 Types ofPolarizations.

5
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ANTENNA PARAMETERS

1.3.2 Radiation Pattern

The radiation pattern is qualitatively similar to the current elements patterns but is

somewhat compressed in the z direction [4]. The radiation or antenna pattern describes

the relative strength of the radiated field in various directions from the antenna, at a

fixed or constant distance. The radiation pattern is a "reception pattern" as well, since it

also describes the receiving properties of the antenna. The radiation pattern is three­

dimensional, but it is difficult to display the three-dimensional radiation pattern in a

meaningful manner, further, it is also time consuming to measure a three-dimensional

radiation pattern. Often the radiation pattern measured are a slice of the three­

dimensional pattern, and is of course a two-dimensional radiation pattern and can be

displayed easily on a screen or piece of paper. These pattern measurements are

presented in either a rectangular or a polar format [10] as shown in Figure 1.3 for which
.... .... ....

one can draw polar sectional plots in the E -plane and in the H -plane. The E -plane
....

contains the direction of propagation of the electric field vector. The H -plane contains
....

the direction of propagation and the magnetic field vector. The E-plane is at right
....

angles to the H -plane and their plots are normally regarded as sufficient to characterise

an antenna [11].

Hplane

.... ....
Figure 1.3 £-Plane radiation Pattern and H -palne radiation Pattern

6
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1.3.2.1 Absolute and Relative Pattern

The absolute radiation patterns are presented in absolute units of field strength or

power. Whereas the relative radiation patterns are referenced in relative units of field

strength or power. Most radiation pattern measurements are relative pattern

measurements and then the gain. Therefore, the transfer method is then used to establish

the absolute gain of the antenna [10].

1.3.3.2 Near-Field and Far-Field Patterns

The radiation pattern in a region close to the antenna is not exactly the same as the

pattern at large distances. The term near-field refers to the fieldpattern that exists close

to the antenna; the term far-field refers to the field pattern at large distances. The far­

field is also called the radiation field, and is of much concern, The near-field is called

the induction field (although it also has a radiation component). Ordinarily, it is the

radiated power that is of much interest, and so antenna patterns are usually measured in

the far-field region. For pattern measurement, it is important to choose a distance

sufficientlylarge to be in the far-field,well out of the near-field.

The minimum permissible distance depends on the dimensions of the antenna in

relation to the wavelength. The accepted formula for this distance is

r . = 2Dımın . - ..;ı ' (1-2)

where rmin denotes the minimum distance from the antenna, D denotes the largest

dimensionof the antenna, and ;ı denotes the wavelength.

When extremely high power is being radiated (as from some modern radar antennas).

The near-field pattern is needed to determine what regions near the antenna are

hazardous to human beings [10].

1.3.2.3 Beamwidth

Depending on the radio system in which an antenna is being employed there can be

many definitions of beamwidth. A common definition is the half power beamwidth, as

in the Figure 1.4. The peak radiation intensity is found and then the points on either side

7



ANTENNA PARAMETERS

peak represent half the power of the peak intensity are located. The angular

, :sw, e between the half power points traveling through the peak is the beamwidth.

power is -3dB, so the half power beamwidth is sometimes referred to as the

beamwidth [10] .

.3 Sidelobes Levels

S:idelobes of a directive (nonisotropic) pattern represent regions of unwanted radiation;

they should have levels as low as possible. Generally, the levels of distant sidelobes are

lower than the levels of those near the main beam. Hence, when one talks about the

sidelobes levels of an antenna pattern, one usually refers to the first (nearest and

highest) sidelobes. As shown in the Figure 1.4, the region of maximum radiation

between the first null points around it's the main beam, and the regions of minors

maxima are sidelobes. Between these side lobes are directions in which little or no

radiation occurs and termed nulls. The nulls may represent a 30dB reduction (less than

one-thousandth the energy of the main beam) in received signal level in that direction

[8].

Minor lobes/side lobes

Half-power point

Figure 1.4 A typical antenna pattern with sidelobes [13].

8
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1.4.4 Directivity and Gain

Directive gain in a given direction is defined as the ratio of the radiation intensity in that

direction to the radiation intensity of a reference antenna (an isotropic source).

Directivity is the value of the directive gain in the direction of its maximum value. So

the directivity of a nonistropic source is equal to the ratio of its maximum radiation

intensity over that of an isotropic source. They are expressed as

(1-3)

and

(1-4)

where Da is the directive gain (dimensionless), D0 is the directivity (dimensionless),

U is the radiation intensity (W/unit solid angle), Umax is the maximum radiation

intensity (W/unit solid angle), U0 is the radiation intensity of isotropic source (W/unit

solid angle), and Prad is the total radiated power (W)[7].

Further, power gain or the gain;GP of an antenna referred to an isotropic source

represent the ratio of its maximum radiation intensity to the radiation intensity of a

lossless isotropic source with the same power input. The directive gain in Equation (1-

3) based on radiated power Pr, because of ohmic power lossA in the antenna as well as

in nearby lossy structures including the ground. Here Pr is less than the total input

power P; . So, we have

(1-5)

The power gain of an antenna is then become

41l'Umax
G - 'p - P; (1-6)

and the ratio gain to the directivity of an antenna is the radiation efficiency

9
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