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Introduction

We had thought to do our work on the antenna, and then we search

for the important parts on this subject since the antenna is one of the most

common and important parts in the communication system.

The term antenna is defined by the dictionary [1] as a usually 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, a means for radiating or receiving radio waves. The ideal

antenna is, in most applications, one that will radiate all the power delivered

to it by a transmitter in the desired direction or directions and with the

desired polarization. Practical antennas can never fully achieve this ideal

performance, but their merit is conveniently described in terms of the

degree to which they do so. For this purpose, certain parameters of antenna

performance are defined.

Although there has been an explosion and a revolution in antenna

technology over the past years since antenna was published the basic

principles and theory remain unchanged.

The antenna measurements are very expensive and need gigantic

instruments to pursue this work; so that, we decided to search about this

subject to make these measurements cheaper and easier ways for finding

these results.

Our objetive in this thesis is analysis of the antenna measurement and

design a simple method to determine the antenna gain to real antennas. For

c.
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this purpose the small size simple antenna is used in this measurement

system. Antenna gain is determined for different values of the angular

position in the horizontal plane at a fixed frequency, and for different

frequencies at a fixed angle. The correction coefficient determined by the

power ratio of the real and small antennas and it is used to match obtained

results with real condition.

Chapter One is primary concerned with definitions and related

terminology, which will. be needed in the next two chapters. This chapter

deals with the antenna parameters, in engineering usage; the parameter

word means any measurable characteristic of a physical phenomenon,

device, or system, especially those that pertain to performance or merit. It is

in this sense that the term is used in Chapter One.

The principal parameters of antennas are associated with the radiation

pattern, the radiation efficiency, the input impedance, and the bandwidth.

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

beamwidth, beam polarization, minor lobe level, radiation efficiency,

aperture efficiency, receiving cross section, radiation resistance, and others

that have specialized applications. Some of these parameters are interrelated ı
or correlated. For example, if the beamwidth is given, the gain can thereby

be estimated, though it can not be calculated exactly from the beamwidth

without additional information. The antenna structure has been also defined

as the size, supports, feed lines, conductors, insulators, and the weather

protection to give perfect conception of the antenna before the entree to the

next chapters.
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Chapter Two discusses the manner of measuring the parameters which

we have mentioned in the previous chapter, so that, an idea about the

measuring ways has been studied here. The main measurements are divided

into categories as impedance and pattern measurements. The first one deals

with one of the most important antenna parameters and the input

impedance. The second one, a very broad and equally important one, with

many subcategories, such as, measurements of beamwidth, minor lobe

level, gain, and polarization characteristics.

3

In Chapter Three the real measurements have been made, by usıng

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 for any random antenna to comply

the steps that we have studded in the Chapter Two. All these measurements

have applied on the BRTK antenna in the Turkish Republic of Northern

Cyprus (TRNC) to measure its parameters by using any kind of antenna as a

receiving antenna. Since the transmission antenna is the real BRTK

antenna, then the real radiation pattern and gain that have been obtained

will be for it. Although these two measurements are very difficult and

important ones, but they have been made for one time by using very

gigantic instruments and costable ones. Finally, the last part in this chapter

is concerned only the impedance measurement by using the bridge method

and it is a self-study for the antenna measurements, so it will be left for the

interested reader.
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CHAPTER ONE

ANTENNA PARAMETERS

1.1 Antenna Structure

The structure of the antennas depends upon the type and the

destination, but in general, all antennas have the following structure

1.1.1 Size

The size of antenna range from microminiature to gigantic, and it

depends on the wavelength, which has proportionality with the operations

frequency, and this relationship is simple and fast.

The large antennas are used for low frequencies (high wavelength), and vice

versa, small antennas are used for high frequencies (low wavelength), but

sometimes-large antennas are used at short wavelength (high frequencies)

to obtain a highly directional radiation pattern and high gain in a preferred

direction.

-'"

In practice field, the increasing of the size is limited, because at

determining size, there is no point in increasing this size because it produce

a little or no additional gain, and the required precision of construction or

maintenance of phase relationship is not attainable. Moreover, very small

antennas can be used at long wavelength, when efficiency is not important.

In general, the largest antennas are used at the VLF, especially for

transmitting, where radiation efficiency is important. As an example of the

'
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extremely large VLF antenna is Navy's installation that has tower 1000 feet

high, extends over an area of 2 square miles. In contrast, a half wave dipole

at the microwave frequencies may be considerably less than an inch long.

1.1.2 Supports

There must often be some supporting structure to place the radiating

element or elements in a clear location (with often is synonymous with a

high location). Such devices as towers, masts, and pedestals support

antennas.

Towers are used when great height is required. Masts may be quite high,

but they are often as short as a few feet. Pedestals are the base structures of

antennas such as reflectors and lenses, for which height is not important as

strength. Sometimes an antenna may be mounted directly on a vehicle, such

as an automobile, ship, aircraft, or spacecraft, where no intermediate

support is required. Moreover, towers and masts are sometimes themselves

used as antennas rather than as supports. In the standard broadcast band

(550-1600KHz). As an example, vertical towers of heights up to several

hundred feet are used as transmitting antennas.

1.1.3 Feed Line

We can simply define the feed lines as the transmission lines. These

lines are used to connect the transmitter or receiver to the antenna. The

design of the feed lines and any necessary impedance-matching or power­

dividing devices associated with it is one of the most important problems in

the calculation of antenna design. At the very lowest frequencies the earth

5
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(ground) is a part of the antenna electrical system. Therefore, one terminal

of the antenna input is a rod driven into the ground or a wire leading to a

system of buried conductors, especially if the earth is dry in the vicinity of

the antenna. The other terminal is then usually the base of a tower or other

vertically rising conductor. Towers used in this way are usually supported at

the base by a heavy insulator or insulators (series feed), but occasionally

they are directly grounded and fed by connecting the feed wire a short

distance up from the ground (shunt feed).

At somewhat higher frequencies, up to (up to 30MHz), the antenna may

be a horizontal wire strung between towers, or other supports (from which it

is insulated). The feed line is then often a two-wire balanced line connected

at the center of the antenna, either to the two terminals provided by a gap in

the antenna wire (series feed), or to two points somewhat separated on the

unbroken antenna wire (shunt feed). Sometimes the feed line is connected at

the end of the horizontal span, or elsewhere of center, but center feed is

preferred because it results in better balance of the currents in the feed

wires. The spacing between the two-wire-line is range from less than an

inch to 12 inches or more. The last method is used for high frequencies. But

coaxial feed lines are commonly used for upper high frequencies UHF (up

to 1 GHz), because the two-wire-line spacing becomes too great a fraction of

the wavelength to prevent appreciable radiation and because waveguides

below 1000MHz are quite large and expensive. Coaxial line diameters

range from a fraction of an inch up to 9 inches or more. Above 1000MHz,

waveguides are commonly use, with some use of mall-diameter coaxial

lines in low-power noncritical applications.

'
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We should mention that, when the antenna rotates on a pedestal, or has

other motion with respect to its support, the feed line must contain flexing

sections or rotating joints, this require is quite important on the antenna

measurement operations, as we will see later.

1.1.4 Conductors

Metals are the usual conducting materials of antennas. Metals of high

conductivity, such as copper and aluminum (and its alloys), are naturally

preferred. Brass may be used for machined parts. Magnesium is sometimes

used where ultralight weight is important, usually in an alloy and with a

protective coating or treatment. The steel may be used, when the strength is

of primary importance, either with or without a coating or plating of copper.

The conductivity of unplated steel is adequate when it is used in the form of

sheets or other large-surface-area forms (as for the surface of a paraboloidal

reflector). Antenna wire is sometimes made with a steel core for strength

and to minimize stretching and with a copper coating to increase the

conductivity. Such wire is virtually as good a conductor as solid copper.

Since the radio frequency RF currents are concentrated near the surfaces of

conductors (skin effect). For this reason brass and other metals are

sometimes silver plated when exceptionally high conductivity is required.

For the same reason large-diameter conductors may be hollow tubes

without loss of conductivity. At low radio frequencies the conductivity of

large-diameter conductors may be increased, compared to a solid conductor,

by interweaving strands of small-diameter insulated wires; the resulting

conductor is called Litz wire. This technique is most effective below about



500KHz. At higher frequencies it is not effective because the currents tend

to flow only in the outer strands.

Conductor size in antenna design is determined by many factors,

principally the permissible ohmic losses and resultant heating effects in

some cases, mechanical strength requirements, permissible weight,

electrical inductance and capacitance effects, and corona considerations in

high-voltage portions of transmitting antennas. Large-diameter conductors

minimize the Corona, by avoidance of sharp or highly curved edges, and by

using insulators with metal end caps bonded to the insulating material, so

that small air gaps between wires and insulators do not exist. Corona can

occur on metal supports of the antenna as well as on the antenna conductor

itself, as a result of induced voltages.

1.1.5 Insulators

The conducting portions of an antenna not only carry RF currents but

also have RF voltages between their different parts and between the

conductors and ground. So that, to avoid the short circuiting these voltages,

insulators must sometimes be used between the antenna and its supports, or

between different parts of the antenna. The insulators are also used as I

spacer supports for two-wire and coaxial lines and to break up guy wires

with masts and towers to prevent the resonant or near-resonant lengths. The

maximum permissible uninterrupted length of guy wire sections is about

1/8 wavelength. Also, the insulators are used to support long heavy spans of

wire, so that it must be high strength. Typical insulating materials for such

insulators are glass and ceramics, other (low loss) materials such as

8



polystyrene and other plastics are used where less strength is required. Very

large and heavy insulators are necessary in high-power transmitting

applications to prevent flashover. Coaxial lines and waveguides in high­

power applications may be filled with an inert gas, or dry air, at a pressure

of several atmospheres, to increase the voltage-breakdown.

1.1.6 Weather Protection

The antennas are ordinarily out doors, so that, it must withstand wind,

ice, snow, lightning, and sometimes corrosive gases or salt-laden air.

Protection against wind and ice loads is primarily a matter of mechanical

strength and bracing. Guy wires are used with tall structures or towers, to

prevent their overturning in high winds. In the heavy current networks, the

ice is sometimes melted from the heating that is produced from the current.

Sometimes an antenna is totally enclosed in a protective housing of low­

loss insulating material, which is practically transparent to the

electromagnetic radiation. Such housing is called radome. Radomes are

commonly used on some types of aircraft antenna for aerodynamic reasons.

The protection against lightning-induced currents, and static-charge buildup

is necessary for some types of antennas such as broadcasting towers, or any

structure that stands high above its surrounding, if the conducting path to

ground is not heavy, and direct. Insulators may be protected by horn or ball

gaps, and static may be drained by connecting high-ohmage resistors across

insulators.
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