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ABSTRACT 

We hacl 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 as a usu'ally 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) is simply as a means for radiating or 

receiving radio waves. The ideal antenna is, in most application, one that will radiate all 

the power delivered to it by a transmitter in the desired direction or directions and with 
the desired polarization. 

The objective in this chapter is to provide the reader with specifications and 

descriptions of television and FM radiobroadcast antennas. The various antennas to be 

described also may be used for other applications in the frequency range of 10 MHz to 10 

GHz. Broadcast antennas have frequency, pattern, power capacity, impedance, and 

environmental requirements which are imposed by regulatory agencies such as the 

Federal Communications Commission (FCC) or by system specifications, For instance, 

frequency and pattern are regulated by the FCC, while impedance, power capacity, and 
environmental requirements are system-related. 
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INTRODUCTION 

\ ' The first antennas were employed by Hertz in 1887 in his classic demonstrations of 

the electromagnetic waves that had been predicted earlier by Maxwell, Hertz's receiving 

antenna was cl: circular loop of wire broken by a microscopic gap. The radius of the loop 

was 35 cm, a dimension that had been found by experiment to put the loop into resonance 
with the transmitter. Hertz later placed his rod antenna in the focal plane of .a cylindrical 

mirror. About 8 years after the early work of Hertz, a Professor Popoff of Kronstadt was 
engaged in a study atmospheric electricity, and in connection with this study, he placed a 

receiving antenna, consisting of a metallic red, above this housetop. The receiver 
("coherer") was connected between this rod and the earth. 

1n 1897, Marconi described a complete system for wireless telegraphy. In this system, 

one terminal of the spark transmitter was connected to an elevated wire and the other 

terminal was connected to the earth. Apparently, Marconi was the first to realize the 

importance of elevating the transmitting antenna. The transmitting antenna for the first 

wireless transatlantic communication (from Poldhu in Cornwall to Newfoundland, in 1901) 

was a vertical fanlike structure consisting of 50 vertical copper wires supported by a 

horizontal wire. The horizontal wire was stretched between two masts about 150 ft high and 

200 ft apart. The receiving antenna in Newfoundland was supported by kites. By 1907, 

commercial telegraph .services had been established, and the advantage of top-loaded 

antennas was widely recognized. The frequency of operation of these early communications 

systems was usually in the range from 50 to 100 kHi, and consequently the antennas were 

small compared to the wavelength. Unlike the transmitters of today, the antennas that were 

employed in the early systems usually strongly influenced the operating frequency. 

One of the earliest papers on the subject was that of Abraham, who, in extending 

some earlier work on spheres by J.J. Thomson, studied the natural oscillations of a 

conducting prolate spheroid. He determined the natural frequencies and calculated the 

fields of a half-wave dipole. Hertz himself had studied the fields of point dipoles. His work 

was carried on further by Sommerfeld and others, and by 1914, Hertz potentials and vector 

potentials had been employed extensively in calculations of the radiation patterns of known 

current. Further, Poyntings theorem had been employed to calculate the total power 
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radiated from antennas together with their radiation resistances. Interest in resonant length 

antennas (half-wavelength dipoles or quarter-wavelength monopoles above ground) began 

to grow about 1920, after the discovery that the De Forest triode tube could be made to 

produce continuous wave oscillations at the higher frequencies (hundreds or even 

thousands of kilohertz). A these higher frequencies, it become practical to construct 

resonant length antennas or even arrays of these. By about 1930, the theory and practice of 

simple linear arrays had been developed and applied to broadcast transmitters for 

interference control. 

As antennas that were of the order of a wavelength came into use, the need for a 

better understanding of the interaction of the antennas with transmission lines and 

transmitters grew more pressing. Outstanding contributions on this subject were made by 1. 

R. Carson, who presented a generalization of the reciprocity theorem, and by P. S. Carter, 

who published antenna terminal-impedance definitions and calculations. Later in the 

thirties the treatment of the antenna as an electromagnetic boundary-value problem was 

revived. King and Hallen formulated the linear-antenna problem as an integral equation. 

Stratton and Chu employed a prolate spheroidal model for the linear antenna and deduced 

some of its properties by means of spheroidal wave functions. Perhaps the most 

illuminating model was introduced by Schelkunoff According to ms initial model, the 

straight-wire antenna was regarded as a limiting case of a biconical horn antenna, With 

such a model, the solutions may be expressed in spherical coordinates. 

In the mid-thirties, a new branch of antenna technology began to develop. The 

developments went hand in hand with the development of generators in the microwave 

frequency range and the use of metallic pipes as Waveguides. These waveguides were flared 

out into horns, a rather natural step by analogy with the corresponding a,~~:n1stic problem, 
; "' i :: . ' .· < • 

Later, radiating slots were introduced into the walls of the waveguides. Still later, the 

World War II requirements for special high-gain antennas led to the development of large 

parabolic reflectors and lenses. Schelkunoff also published a beautiful .generalization of 

linear array theory. 

The commonly used "whip" antennas on cars "rabbit ears" on TV receivers single 

turn loop antennas for UHf TV reception roof mounted log-periodic TV antennas and 

satellite paraboloidal reflector receivin~ antennas are so prevalent that most people are 
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clearly aware of need for antennas in the support of our daily communication needs. These 

commonly occurring antennas represent only a small segment of the antenna systems that 

have peen developed. Fot specialized and high performance communication links, radar 

systems, navigational systems, and scientific studies highly complex antenna systems ate 
needed. 

The objective in this project is to provide the reader with specifications and 

descriptions of TV and FM radio broadcast antennas. The various antennas to be described 
alsb may be used for other applications in the frequency range of 10 MHz to 10 GHz. 

Broadcast antehnas have frequency, pattern, power capacity, impedance, and environmental 

requirements which are imposed by regulatory agencies such as the Federal 

Communications Commission (FCC) or by system specifications. For instance, frequency 

and pattern are regulated by the FCC, while impedance, power capacity, and environmental 

requirements are system-related. 

Broadcast frequencies in the United States are allocated and regulated by the FCC. 

The following frequency bands are assigned to television broadcasting: 

Table 1. Frequency bands in TV broadcasting. 

Low VHF Channels 2-4 54-72 MHz 

Channels 5-q 76-88 MHz 
Higp. VHF Chanrtels 7-13 114-216MHz 
UHF Channels 14-83 470-8,90 MHz 

Each channel is assigned 6 MHz of bandwidth, with visual carrier and color 

subcarrier at 1.25 and 4.83 MHz above the lower edge of the channel, respectively, and 

with aural carrier at 0 .. 25 MHz below the upper edge of the channel. The power levels of 

the visual subcarrier and aural carrier usually are within 20 percent of the visual carrier. 

FM radio frequencies are limited to the band between 8.8 and 108 MHz. There are 

1 OQ channels, .each with a 200 .• kl-Iz bandwidth. Pattern requirements are functions of 

coverage goals, site location, local terrain, and the available options on mounting 

structures. Coverage goals are regulated and limited by FCC specifications as spelled out in 
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Table 2. Grade contours of TV broadcast stations. 

the Code of Federal Regulations (CFR 47). For instance, a TV station's coverage is 

specified by the distance to the "city grade," "grade A," and "grade Bil contours. Table 28-1 

shows the minimum levels of the field strength (present at 50 percent of locations 50 

percent of the time) assigned to these contours. the transmitter location and power and the 

antenna height and gain are chosen such that the city-grade Contour covers the entire 

principal community to be served. 

For an FM station, the coverage limits are defined by two contours, These are the 70~ 
dBu contour (3,16 mV/m), for city grade, and the 60-dBu contour (1.0 mV/m). These 

limits, along with the path-loss curves (also known as the 50-50 curves), which are docu 

mented in CFR 47, are used to determine the ERP* and/or the gain of the antenna for a 

given antenna height and location. The FCC manual specifies the maximum ERP for TV and FM 

stations. rpe maximum power/ varies with regions or zones of the United States and with the 

antenna height above the average terrain (HAAT). Towers that support broadcast antennas 

are either self-supported or guyed, and their heights range from 100 to 2000 ft. 

Since broadcast antenna structures usually consist of vertical arrays of radiating 

elements, antenna 'directivity is approximately equal to the product of azimuth-pattern 

directivity and the elevation directivity (the number of bays in some antennas). The antenna 

gain is always referenced to the gain of a half-wave dipole (2.15 dB above the isotropic 

element) and is equal to the directivity less the losses, such as impedance loss and/or 

polarization-mismatch loss.The majority of applications call for omnidirectional azimuth 

patterns. The circularity of the pattern depends .on the typ~ of antenna when top-mounted 

and also on the 

Channel 

2-6 

7-13 

14-69 

City grade ( dbu) 

74 

77 

80 

Grade A ( dbu) 

68 

Grade B ( dbu) 

47 
71 

74 

56 

64 

configuration of the support structure when side-mounted. Other requirements call for 

various types of azimuth patterns, such 11s .cardioid, skull-shaped, peanut-shaped, etc., to 



protect other stations or reduce radiation into low-population areas, An azimuth pattern 

with a circularity of ±2 dB is considered omnidirectional. The maximum to minimum 

ratio of directional patterns should not exceed 15 dB fot FM and UHF TV (with the ERP 

greater than 1 k W). For Channels 2 to 13 this ratio is 10 dB. 

TV and FM broadcasting was originally limited to horizontal polarization. In the 

1960s, the FCC allowed circular polarization (CP) for FM broadcasting. This provided 

improved reception, especially for vehicles with whip antennas, which are predominantly 

vertically polarized. In 1977, the FCC permitted TV broadcasting in right-hand 'CP as well. 

In going from horizontal polarization to CP, the stations were allowed to maintain their 

maximum ERP in horizontal polarization so as to maintain the field strength existing 

before the conversion. By allowing the same ERP for vertical polarization, the FCC 

actually allowed doubling the radiated power. this has provided improved reception for 

receivers with indoor antennas such as monopoles and rabbit ears. 

In some instances, use of CP has reduced ghosting because reflections from buildings 

and other objects tend to have the opposite sense of CP. The acceptable axial ratio for CP 

antennas is 3 dB or less. The receiving antennas are almost all linearly polarized, and 

because of this and the unfriendly propagation path of most broadcast ,environments, the 

importance of axial ratio is somewhat superfluous. For instance, the majority of FM 

antennas are omni directional CP antennas side mounted on towers without regard to the 

effect of the tower on the axial ratio of the radiated CP wave. FCC regulations are limited 

to the shape and directivity of the vertical and horizontal polarization patterns and do not 

specify the' axial ratio of the radiated CP wave 

Chapter one is primary concerned with definitions and releated terminology. There is 

an explanation of antenna parameters and structure with some equations and the figures. 

Chapter two gives an information about the types of broadcasting antennas such as 

circularly polarized antennas. Chapter three presents an explanation of horizontally 

polarized antennas and FM antehnas. Finally; in chapter four we give a conclusion of the 
project. 

vi( 



CHAPTER ONE 

A/J7_ff/Jffl /?01P~A7A£SAAD S?A7L7Cfb??ffS 

I.LAnteitn« Structure 

The structure of the antemias depends upon the type and the destination, but m 
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 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, arid 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 
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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 (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 ff 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 reed wire a 

short distance \IP 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 feeq), 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 mote. 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 W€ 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 ware i~ 

sometimes made with a steel core for strength and to minimize stretching and with a copper 

coatin~ 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 

condu,ctivity 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 transmltting 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 thd 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. 
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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 spacer supports for two-wire and coaxial lines and to break up guy wires with masts 

and towers to prevent the resonant 'Of 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 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 pf 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. 




