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ABSTRACT 

Antenna is one of the most common and important parts in the communication 

system. The antenna is one that will radiate all the power delivered to it by a transmitter 

in the desired direction and directions and with the desired polarization. 

The antenna parameters are defined which are useful to achieve this purpose. 

We demonstrate the basic principles of the antenna parameters although the basic 

principles and theory remain unchanged. The objective in this analysis of the antenna 

measurement is to demonstrate the theory and investigate some applications to this 

subject. 

The very-high-frequency (VHF) and ultrahigh frequency (UHF) bands are used 

for private and public-access services carrying speech, data, and facsimile information. 

The ends of a link may be installed at fixed locations or in vehicles (including ships and 

aircraft) or may be carried in an operator's hand. The length of a link may vary from a 

few tens of meters up to the maximum over which reliable communication can be 

obtained. This wide variety of applications generates a need for many different types of 

antennas. In this project we examine the selection of antennas to perform various tasks, 

together with aspects of reliability, siting, and economics. 

11 



TABLE OF CONTENTS 

ACKNOWLEGMENTS 
ABSTRACT 

INTRODUCTION 

1. FUNDAMENTALS OF ANTENNA 

1.1 Antenna Structure 

1.1.1 Size 

1.1.2 Supports 

1.1. 3 Feed Lines 

1.1.4 Conductors 

1.1.5 Insulators 

1.1.6 Weather Protection 

1.2 Antenna Parameters 

1.2.1 Radiation Pattern 

1.2.2 Near and Far Field Patterns 

1.2.3 Antenna Gain 

1.2.4 Receiving Cross Section 

1.2.5 Beam width 

1.2.6 Minor Lobes 

1.2. 7 Radiation Resistance and Efficiency 

1.2.8 Input Impedance 

1.2.9 Bandwidth 

1.2.10 Polarization 

2. ANTENNA MEASUREMENTS 

2.1 Impedance Measurement 

2.1.1 Bridge Measurement Method 

2.1.2 Standing-Wave Method 

2.2 Impedance Charts 

2.3 Pattern Measurements 

2.3.1 Pattern Measurement Method 

2.3.2 Low Frequency Pattern Measurements 

i 

ll 

lll 

1 

1 

1 

1 

2 

3 

4 

4 

5 

5 

8 

10 

13 

15 

16 

17 

19 

20 

21 

23 

24 

25 

27 

33 

38 

39 

42 



2.3 .3 High Frequency Pattern Measurements 

2.4 Beamwidth and Side-Lobe-Level Measurement 

2.5 Gain Measurements 

2.5.1 Absolute Field Strength Method 

2.5.2 Gain Measurement by Using Standard Antennas 

2.5.3 Gain Measurement by Comparison 

2.6 Antenna Efficiency Measurement 

2.6.1 Radiation Efficiency 

2.6.2 Aperture Efficiency Measurement 

2. 7 Radiation Resistance 

2.8 Polarization Measurement 

3. TECHNIQUES FOR VHF AND UHF ANTENNA 
3.1 System-Planning Objectives 

3 .1.1 Reliability 

3.1.2 Wind-Induced Mechanical Failures 

3.1.3 Corrosion 

3.1.4 Ice and Snow 

3.1.5 Breakdown under Power 

3.1.6 Lightning Damage 

3.1.7 Precipitation and Discharge Noise 

3.1.8 Choice of Polarization 

3 .1. 9 Meeting Cost Objectives 

3.1.10 Trade-Offs 

3.2 Antennas For Point-To-Point Links 

3.2.1 Yagi-Uda Antennas 

3.2.2 Log-Periodic Antennas 

3.2.3 Helices 

3.2.4 Panel Antennas 

3.2.5 Corner Reflectors 

3.2.6 Feeding Multiple Arrays 

3.2.7 Paraboloids 

3.3 Base-Station Antennas 

43 

45 

46 

46 

47 

48 

49 

50 

51 

51 

52 

53 

53 

54 

54 

55 

55 

56 

57 

58 

58 

58 

59 

59 

59 

61 

63 

64 

65 

66 

67 

69 



3.3.1 Simple Low-Gain Antennas 69 

3.3.2 Discone Antennas 70 

3.3.3 Collinear Arrays 71 

3.3.4 Parallel-Fed Arrays 72 

3.3.5 Dipoles on a Pole 73 

3.3.6 Antennas on the Body of a Tower 74 

3.3.7 Special-Purpose Arrays 76 

3.4 System Considerations 78 

3.4.1 Mounting Arrangements 78 

3.4.2 Coupling 79 

3.4.3 Coverage 80 

4. APPLICATION VHF/UHF TRANSMITTING AND 

RECEIVING ANTENNAS 

4.1 Types of antennas usable for VHF/UHF 

4.2 Lower band antennas on VHF/UHF 

4.3 VHF/UHF antenna impedance matching 

4.4 VHF/UHF antenna examples 

4.4.1 coaxial vertical 

4.4.2 collinear vertical 

4.4.3 Yagi antennas 

4.4.4 Two-meter yagi 

4.4.5 5/8 wavelength 2-meter antenna 

4.4.6 J-pole antennas 

4.4.7 Ground plane 

CONCLUSION 

REFERNCES 

82 

83 

83 

84 

90 

90 

92 

93 

95 

95 

97 

99 

101 

102 



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 systems. 

The term antenna is defined by the dictionary as a usually metallic device 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 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 or 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 objective in this project is analysis of the antenna measurement and designs a 

simple, method to determine the antenna gain to real antennas. For 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, also we present the VHF/UHF application and 

there techniques. 
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This Project is divided in to four Chapters and conclusion, chapter one is present 

the primary concerned with definitions and related terminology. 

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. 

Chapter Three studies techniques for VHF and UHF antenna. We discuss the 

system planning objectives, antennas for point to point links, base station antenna and 

system considerations. 

Chapter Four, we present the application of the VHF and UHF antennas, we give 

overview about the VHF and UHF transmitting and receiving antenna, and we give 

-some examples for the VHF and UHF antennas showing the out put and the input. 

Conclusion presents the important results obtained by the author of the project and 

practical antennas measurements and the VHF I UHF antennas. 
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CHAPTER 1 

FUNDAMENTALS OF ANTENNA 

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 

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

feet are used as transmitting antennas. 

1.1.3 Feed Lines 

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 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, 
2 



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

power noncritical applications. 

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 SOOKHz. 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. 
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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 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 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 connecting 

high-ohmage resistors across insulators may drain static. 
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1.2 Antenna Parameters 

The most fundamental properties of antennas are the following: 

1.2.1 Radiation Pattern 

The radiation pattern of an antenna is one of its most fundamental properties, and 

many of its performance parameters pertain to various aspects of the pattern. 

We should mention that antennas have a reciprocal relationship between the 

processes of radiation and reception; so, it is customary to speak of the antenna pattern as 

radiation pattern, and a reception pattern as well because it also describes the receiving 

properties of the antenna. 

The radiation pattern describes the relative strength of the radiated field in various 

directions from the antenna, at a fixed or a constant distance. 

Because the antenna pattern is three dimensional, a three-dimensional coordinate 

system is required. So, either Cartesian (rectangular) coordinates (x, y, z) or spherical 

coordinates8 ( r, 8, Cl>) is used. The spherical coordinate system is an appropriate 

coordinate system to describe the antenna pattern because the radiation pattern may be 

expressed in terms of the electric field intensity, (for example, at some fixed distance r 

from the antenna), at all points on the spherical surface at that distance. Spherical points 

on the surface are then defined by the direction angles 8 and Cl>. The pattern then becomes 

a function of only two independent variables, since r is a constant, and this fact greatly .. 
simplifies the matter. 

z = r cos e 
y 

X = r cos Cl> 

Y =r sin Cl> 

Figure 1-1 Interrelationship of space variables (x, y, z) and (r, e, Cl>). 
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Figure 1-1 illustrates the relationship between the Cartesian and spherical 

coordinates. The projection of this distance r onto the xy-plane is designated e, <J>,this 
means that changing r courses changing on O; 

An antenna is supposed to be located at the center of a spherical coordinate 

system, its radiation pattern is determined by measuring the electric field intensity over 

the surface of a sphere at some fixed distance, r. Since the field E is then a function of the 

two variables B and ¢ , so it is written E ( e , ¢) in functional notation. 
A measurement of the electric field intensity E ( B, ¢) of an electromagnetic field 

in free space is equivalent to a measurement of the magnetic field intensity H (B, ¢ ), 

since the magnitudes of the two quantities are directly related by 

(1-1) 
(Of course, they are at right angles to each other and their phase angles are equal) where 

n, = 3 77 Q for air. Therefore the pattern could equally be given in terms of E or H. 

The power density of the field, P (B, ¢ ), can also be computed when E (B, </>) 
known, the relation being 

E2 
P= 

n, 
(1-2) 

Therefore a plot of the antenna pattern in terms of P ( B, ¢) conveys the same 

information as a plot of the magnitude of E ( B, ¢ ). In some circumstances, the phase of 

the field is of some interest, and plot may be made of the phase angle of E ( B, ¢) as well 

as its magnitude. This plot is called the phase polarization of the antenna. But ordinarily 

the term antenna pattern implies only the magnitude of E or P. Sometimes the 

polarization properties of E may also be plotted, thus forming a polarization pattern. 

Although the total pattern of an antenna is three dimensional, the pattern in a particular 

plane is often of interest. In fact, there is no satisfactory way of making a single plot of 

the entire three-dimensional pattern on a plane piece of paper. The three-dimensional 

pattern is usually represented in terms of the two-dimensional pattern in two planes that 

from 90-degree angles with each other, with the origin of a spherical coordinate system 

on their intersection line. 

The main method of depicting three-dimensional pattern information is to plot 

contours of constant signal strength on the surface of a sphere containing the antenna at 

its center. But ordinarily only the principal plane patterns are given, as they convey an 

adequate picture of the three-dimensional pattern for most purposes. 
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Pattern in a plane involves only one angle, so that, it is represented by polar 

coordinates, it would be possible to use Cartesian coordinates. If this were done, the 

shape of the pattern would be unchanged; but because interpretation of the meaning of 

the pattern in terms of the Cartesian coordinates would be relatively difficult, this is never 

done. It is fairly common to plot the pattern on rectangular-coordinate graph paper but in 

terms of the direction angle as the abscissa and field strength or power density as the 

ordinate. This type of plot distorts the appearance of the pattern geometrically but 

preserves the interpretability of an angle representation and makes the plotting and the 

reading of the low amplitude portions of the pattern easier. Figures l-2a and l-2b compare 

these two representations. 

E= 1.0 

180° 
(a) 

1.0 

I I I I I I \I I I o.s I I I I I J 

tE 
0 

180° 270° ~ 90° 180° 

(b) 

Figure 1-2 Comparison of plane pattern plotted in polar and rectangular form. The same 

pattern is represented in both cases and the coordinates are the same. Only the plot is 

different (a) polar (b) rectangular plot. 

Note that it is easier to locate the angular positions of nulls (zeros) of the pattern on 

the rectangular plot. If the radiation pattern is plotted in terms of the field strength in 

electrical units, such as volts per meter or the power density in watts per square meter, it 
7 



is called an absolute pattern. An absolute pattern actually describes not only the 

characteristics of an antenna but also those of the associated transmitter, since the 

absolute field strength at a given point in space depends on the total amount of power 

radiated as well as on the directional properties of the antenna. 

Often when the pattern is plotted in relative terms, that is, the field strength or 

power density is represented in terms of its ratio to some reference value. The reference 

usually chosen is the field level in the maximum field strength direction. This type of 

pattern provides as much information about the antenna as does an absolute pattern, and 

therefore relative patterns are usually plotted when it is desired to describe only the 

properties of the antenna, without reference to an associated transmitter ( or receiver). 

It is also fairly common to express the relative field strength or power density in 

decibels. This coordinate of the pattern is given as 20log(E/ Emax) or 10 log (P I Pmax ). 

The value at the maximum of the pattern is therefore zero decibels, and at other angles 

the decibel values are negative (sine the logarithm of a fractional number is negative). 

Finally, we should mention that the antenna patters are usually given for the free 

space condition, it being assumed that the user of the antenna will calculate the effect of 

ground reflection on this pattern for the particular antenna height and ground conditions 

that apply in the particular case. Some types of antenna are basically dependent on the 

presence of the ground for their operation, for example, certain types of vertical antennas 

at low frequencies. The ground is in fact an integral part of these antenna systems as has 

been shown in Sec. 1.1. 3. In these cases, the pattern must include the effect of the earth. 

1.2.2 Near and Far Field Patterns 

In principle it is possible to calculate the values of the electric and magnetic field 

components set up in space by any antenna. The mathematical difficulties may be 

formidable if the antenna is complicated, but the calculation is always possible in 

principle when we use Maxwell's equations. For some simple types of antennas such 

calculations may be carried out in considerable detail, and the results illustrate certain 

features that apply to all antennas and are confirmed by experimental investigations of 

antenna fields. One such feature is that the radiation pattern in the region close to the 

antenna is not exactly the same as the pattern at great distances. The term near field refers 

to the field pattern that exists close to the antenna; the term far field refers to the field 

pattern at great distances. The significance of these terms is conveniently illustrated by 
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considering the fields set up by a simple dipole antenna. The mathematical analysis 

reveals that in a given direction the total electric field can be expressed as the sum of 

three terms, each of which decreases in magnitude as the distance from the antenna, r, 

increases; but they decrease at different rates. 

The electric field intensity is inversely proportional to the first power of the 

distance. The dipole field is found to have components that decrease inversely as the 

square of the distance and inversely as the cube of the distance, in addition to the inverse 

first-power term. Mathematically this means that one term contains factors 1 / r , 1 / r 2 , 

and 1/ r", 
The behavior of such terms, as r increases, is illustrated in Fig.1-3. These terms are 

equal in magnitude at r=l.Or smaller values of r; the factor llr3 ·is -largest, ·and the 

1 / r term is smallest. But for large values of r, the 1 / r factor is larger than the other two, 

becoming increasingly so as r increases. 

Practically in the far zone the field consists of only the term containing the l / r 

factor. The field at great distance from the dipole behaves like the field of point source, 

with inverse-first-power dependence of the electric field intensity on the distance from 

the dipole. At very close ·distance, on the other hand, Ilr3 and 1/r2 terms becomes 

much larger than the 1/ r term dominates the far-field region, as seen in Figurel-3. 

·-·-T.-: :::::: .r:::::.- ------ -1--- - - --- - - 

0.5 1.00 1.5 2.0 2.5 3.0 

Figurel-3 Relative variation with distance of short-dipole static ( U r3); induction 
( 1 / r 2 ), and radiation ( 1 Ir), field components ( electric intensity). 

For more complicated antennas, the near field has more complicated dependence on r 

The near-and far-field pattern is in general different; that is, plots of relative field strength 

at a constant distance do not have the same form. In fact, the pattern taken at different 
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