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CHAPTER ONE .. 

INTRODUCTION 

Antenna is the most visible part of the satellite communication 

system. The antenna transmits and receives the modulated carrier signal at 

the radio frequency (RF) portion of the electromagnetic spectrum. 

Antennas received considerable attention since 1970, although the 

idea can be traced to 1953 and a patent in 1955. It consists of very thin 

metallic strip placed a small fraction. 

Antennas now have many applications such as in aircraft, spacecraft, 

satellites, missile, mobile radio, medical equipments, solid state radar system 
and wireless communication. Microstrip antennas have the advantages of 

small size, low cost, high performance and ease of installations. The main 

objective- of our project is to -analyze desiqn, fabricate - and measure the, - 

performance of an array of rectangular microstrip patch antennas. 

Antenna theory is a mathematic description of the operation of 

antenna systems. Antenna theory can be used to predict the performance of 
, 

an antenna before it is built. 

The quantitative study of electricity and magnetism began with the 

scientific research of the French physicist Charles Augustin Coulomb. In 1787 

Coulomb proposed a law of force for charges that, like Sir Isaac Newton's law 

of gravitation, varied inversely as the square of the distance. Using a sensitive 

torsion balance, he demonstrated its validity experimentally for forces of both 

repulsion and attraction. Like the law of gravitation, Coulomb's law was based 

on the notion of "action at a distance," wherein bodies can interact 

instantaneously and directly with one another without the intervention of any 

intermediary. 

Since electromagnetic energy propagates in the form of waves, it 
spreads out through space due to the phenomenon of diffraction. Individual 
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waves combine both constructively and destructively t~ form a diffraction 

pattern that manifests itself in the main lobe and side lobes of the antenna. 

Antenna space has been limited. This has been partly due to formal 

restrictions, such as operating from a college dormitory where I wasn't even 

supposed to have an antenna. Sometimes it's been due to other restrictions, 

like working overseas where my employer specified where I lived and it 

happened to be an apartment in the middle of a high-rise condominium or 

from a hotel room while traveling on business. Other times it was due to a 

desire to stay on good terms with my neighbors. Needless to say, this has 

been a constraint, but it has not stopped me from operating. As a result of the 

constraints of limited space, I have invested a lot of effort into understanding 

more about the performance of small antennas and through experimentation 

and theory devised ways to continue my ham radio operating even though 

limited by antenna size. 

,-. - , ' - Antenn,i have disappeared overthe years, or sirnpiy .gotten outof the 
b~ OtlJ.ers have becqm~ qy_i!~-~~J~ensivefAfew years ago, I was tol~ 

by one store that they could get me a Channel Master FM antenna. Locally, I 

was able to locatean antenna from "Antenna craft" at Ted co electronics, and 

the price was more within my budget. Ted co is a typical electronics hobbyist 

store, offering the usual mix of audio, cable and satellite TV equipment, and 
parts.The model FM-10 is a ten element Yogi, and the elderly man-behind th·e· 

counter was well acquainted with the gain figure for a 10 element yagi: 13dB. 

When I unpacked the box (which was shorter than 120 inches), I found that 

the antenna was in two pieces (not counting a boom support). The days of 

gold anodized antennas are gone - although this one had a nice aluminum 

finish and the quality and durability looked good. All necessary hardware 

(except for one lock washer) was included in two plastic bags, and easily 

assembled with wing nuts. There were no less than 3 "duh-warning" labels 

, telling me not to install the antenna where it could fall on power lines (ah - 

/ ;~.surance and coLs,.what a joy they a_~!}"='\Ac .. tually, this is not as ridiculous/ 

-: it might seem,~ I will tell you later. [I- . --------· . 
----~-=~ 1 
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Antenna fundamentals and parameters: Electromagnetic 
' 

fundamentals, solution of Maxwell's equations, ideal dipole, radiation pattern, 

directivity and gain, reciprocity - measurements, antenna impedance and 

radiation efficiency, antenna polarization, receiving antennas. 

Basic antenna types: small dipoles, half wave dipoles, image theory, 

monopoles, and .srnall loop antennas. Antenna arrays: array factor, uniformly 

excited equally spaced arrays, pattern multiplication principles, no uniformly 

excited arrays, phased arrays. 

Antennas are transducers that convert radio frequency electric 

currents to electromagnetic waves that are then radiated into space. Antennas 

are polarized according to the plane of the electric field radiating from the 

antenna. A vertically polarized antenna has an electric field that is 

perpendicular to the Earth's surface. Likewise, the electric field of a 

horizontally polarized antenna is parallel with the Earth's surface. 
-. -·- - ,- 

Chapter 1, is an introductory chapter which introduces the main 

objective of the project, the main steps of the fabrication process and the 

organization of the report. 

Chapter 2 contains a antenna is characterized by a number of 

relevant parameters. These are bandwidth, input impedance, polarization, _ 

antenna gain, radiation efficiency and antenna size. 

Chapter 3 contains a survey of the different types of Antenna Gain 

Measurement. It shows the structure, advantages and disadvantages of the 

different types and their corresponding applications. We also introduce the 

common substrate material. We present the design equations to calculate the 

effective di-electric constant and the characteristic impedance. Effects of the 

strip thickness and dispersion at high frequencies are taken into account. 
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Chapter 4 introduces a survey of the fundarnentat parameters of 
Atennas. Then, we discussed the structure of Polarization Measurement 
defined as the polarization of the electromagnetic wave measured frequency 

and angular. 

Chapter 5 introduces on measurement application of an Antenna 

and it's performance. Yagi antenna has been discussed, it's performance, and 

other measurement application have been discussed in detail with graphical 

presentations and tables. 

In my project, I will discuss the purpose of Antenna parameters and 

the most common components which are included As the applications of 

Antenna parameters.And also the principle of antenna 
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CHAPTER TWO .. 

ANTENNA PARAMETERS 

An antenna is characterized by a number of relevant parameters. These are 

bandwidth, input impedance, polarization, antenna gain, radiation efficiency 

and antenna size. 

2.1 Bandwidth 

The bandwidth, expressed in Hz, is the frequency range over which an 

antenna exhibit a specified behavior with respect to a relevant antenna 

parameter. Because there is in general more than one relevant antenna 

parameter, namely antenna gain, input impedance, polarization, cross 

polarization, radiation efficiency, the specification of bandwidth must be 
accompanied by the antenna parameter for which it is specified. For example, 

- -· -- _,_ --bandwidth is very often specified-with- respect to input impedance, which then - -- - - - 

leads to bandwidth specified with respect to a certain level of return loss that 

is still acceptable. A typical bandwidth specification is given as the frequency 

range where return loss is equal to or better than 10 dB. 

2.2 Radiation Resistance 

If the power radiated by the antenna is P and the antenna current is I, the 

radiation resistance is defined as 

R = p r --- -- 
J2 (2. 1) 

This concept is applicable only to antennas in which the radiation is an 

associated with a definite current in a single linear conductor. 

In this limited application, the definition is ambiguous as it stands, because 

the current is not the same everywhere even in a linear conductor, it is 

therefore necessary to specify the point in the conductor at which the current 
will be measured. Two points sometimes specified are the point at which the 
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current has its maximum value and the feed point (input t~rminals). These two 

points are sometimes one and the same points, as center-fed in a dipole, but 

they are not always the same. The value obtained for the radiation resistance 

of the antenna depends on which point is specified; this value of the radiation 

resistance referred to that point. The current maximum of a standing wave 

pattern is known as a current loop, so the radiation resistance referred to the 

current maximum is sometimes called the loop radiation resistance. 

The word maximum here refers to the effect· current rms in that part of the 

antenna where it has its greatest value. In some texts, however, formulas for 

radiation resistance are written in terms of this peak value, which is the 

amplitude of the current sine wave. The formula in terms of the current 

amplitude lo is 

(2.2) 

(2.2) 

The radiation resistance of some types of antennas can be calculated, when 

there is clearly defined current value to which it can be referred, but for other 

types the calculation cannot be made practically, and the value must be 

obtained by measurement. The typical value of the loop radiation resistance 

of actual antennas range from a fraction of an ohm to several. hundred ohms. 

The very low values are undesirable because they imply large antenna 

current, and therefore the possibility of considerable ohmic loss of power, that 

is , dissipation of the power as heat rather than as radiation. An excessively 

high value of radiation resistance would also be undesirable because it would 

require a very high voltage to be applied to the antenna. Very high voltage 

value do not occur in practical antennas, because there is always some 

ohmics resistance whereas very low value sometimes do occur unavoidably. 
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2.3 Radiation Efficiency 

The radiation efficiency is defined as the ratio of the power that is radiated 

by an antenna to the power that is accepted by the antenna. The power 

accepted by the antenna is equal to the total power fed to the antenna 

through signal lines minus the power that is reflected by the antenna due to 

impedance mismatch. 

Antennas always do have some ohmic resistance, although sometimes it may 

be so small as to be negligible. The ohmic resistance is usually distributed 

over the antenna, and since the antenna current varies, the resulting loss can 

be considered to be equivalent to the loss in a ficitious lumped resistance 

placed in series with the radiation resistance. If this equivalent ohmic loss 

resistance is denoted by Ro, the full power (dissipated plus radiated) is 12 x R, 

. Hence the antenna radiation efficiency ~ given by 

- ·-· ~ ·- 

(2.3) 

This formula is not really very useful because both Ro and Rr are fictitious 

quantities, derived from measurements of current and power; 

p 
Rr=- 12 (2.4) 

Ro= Po 
12 (2.4) 

(2.4) 

7 



2.4 Input Impedance 

An antenna whose radiation results directly from the flow of RF current in 

a wire or other linear conductor must somehow have this current introduced 

into it from a source of RF power transmitters. The current is usually carried to 

the antenna through a transmission line. To connect the line to the antenna, a 

small gap is made in the antenna conductor, and the two wires of the 

transmission line are connected to the terminals of the gap at antenna input 

terminals. At this point of connection the antenna presents load impedance to 

the transmission line. This impedance is also the input impedance of the 

antenna and it is equal to the characteristic of the line Z0. 

The impedance match between the antenna and the transmission line is 

usually expressed in terms of the standing wave ratio (SWR) or the reflection 

coefficient of the antenna when connected to a transmission line of given 

impedance. The reflection coefficient expressed in decibels is called return 
:-::-c··~ -. . -- - • ..- - - - ,. - . • .. -. . . .- .-- - -- - ·- • • -· - ..• , ·.· .. - -... . 

loss. 

The input impedance determines how large a voltage must be applied at the 

antenna input terminals to obtain the desired current flow and hence the 

desired amount of radiated power. Thus, the impedance is equal to the ratio 

of the input voltage Ei to the input current Ii and it can be written as 

E Z=-; 
I, (2.5) 

Which is in general complex. If the gap in the antenna conductor (feed point) 

is at a current maximum, and if there is no reactive component to the input 

impedance, it will be equal to the sum of the radiation resistance and the loss 

resistance; 

that is 

Z, = R; = R, + R0• (2.6) 
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If this reactance has a large value, the antenna input voltage must be very .• 
large to produce an appreciable input current. If in addition the radiation 

resistance is very small, the input current must be very large to produce 
appreciable radiated power. Obviously this combination of circumstances, 

which occurs with the short dipole antenna that must be used at very low 

frequencies, results in a very difficult feed problem or impedance matching 

problem, they are usually fed by waveguides rather than by transmission line. 

The equivalent of input impedance can be defined at the point of connection 

of the waveguide to the antenna, just as waveguides have a characteristic 

wave impedance analogous to the characteristic impedance of a transmission 

line. For some types of antennas consisting of current carrying conductors this 

is difficult, and it may even be difficult to define input impedance. This is true, 

as an example, for an array of dipoles, when each dipole is fed separately; 
sometimes each dipole, or groups of dipole, will be connected to separate 

transmitting amplifiers and receiving amplifiers. The input impedance of each 
- dipole or -group may--then be defined, butthe.concept.becomes. meaningless, 

for the antenna as a whole, as does also for simple linear current radiation 

elements; but they comprise a very large class of antennas. 

2.5 Polarization 

The polarization of an antenna is defined as the polarization of the 

electromagnetic wave radiated by the antenna along a vector originating at 

the antenna and pointed along the primary direction of propagation. The 

polarization state of the wave is described by the shape and orientation of an 

ellipse formed by tracing the extremity of the electromagnetic field vector 

versus time. A brief explanation about polarization will be discussed in the 

next chapter. 

9 



2.6 Principal Patterns 

Antenna performance is often described in terms of its principal E and 
H plane patterns. For a linearly polarized antenna, the E plane pattern is 

defined as " the plane containing the electric field vector and the direction of 

maximum radiation" and the H plane as "the plane containing the magnetic 

field vector and the direction of maximum radiation." 

2.6.1 Radiation Pattern 

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

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

Antenna radiation patterns are graphical representations of the distribution of 

radiated energy as a function of direction about an antenna. Radiation 

patterns can be plotted in terms of field strength, power density, or decibels . 
. __ They can.be absolute or .... - ·- . 

relative to some reference level, with the peak of the beam often chosen as 

the reference. Radiation patterns can be displayed in rectangular or polar 

format as functions of the spherical coordinates e ando. 

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 Eis then a function of the two variables ~ and 8, so it is written E(8,~) in 

functional notation. 

A measurement of the electric field intensity E (8,~) of an electromagnetic field 

in free space is equivalent to a measurement of the magnetic field intensity 

H (8,~), since the magnitudes of the two quantities are directly related by 

E ='lox H. (2.7) 

10 



(of course , they are at right angles to each other and their .• phase angles are 

equal) where 7Jo =377 Q for air. Therefore the pattern could equally be given 
in terms of E or H. 

the power density of the field, P (8,~), can be computed when H (8,~) is 
known, the relation being 

E2 
p = --- 

77 0 (2.8) 

Therefore a plot of the antenna pattern in terms of P (8,~) conveys the 

same information as a plot of the magnitude of E (8,~) . In some 

circumstances, the phase of the field is of some interest, and plot may be 

made of the phase angle of E (8,~) as well as its magnitude. This plot is called 

the phase polarization of the antenna. But ordinary 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. 

-If theradiation pattern is··p1otfodTn termsofthe field streriqth lnelectrtcal" 
units, such as volts per meter or the power density in watts per square meter, 

it 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). 
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It is also fairly common to express the relative field strength or power 
6 

density in decibels. This coordinate of the pattern is given as 20 log (EI E Max) 

or 

10 log ( p I p Max). The value at the maximum of the pattern is therefore zero 

decibels, and at other angles the decibel values are negative. 

Finally, we should mention that the antenna patterns 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 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. In these 
cases, the pattern must include the effect of the earth. 

- . __ : ·- _, ;•,. -· 

2.6.2 Radiation pattern lobes 

Various part of a radiation pattern are referred to as lobes, which may be 

sub classified into major, minor, side, and back lobes. 

A radiation lobe is a "portion of the radiation pattern bounded by regions of 

relatively weak radiation intensity." Figure 2.1 demonstrates a symmetrical 

three-dimensional polar pattern with a number of radiation lobes. Some are of 

greater radiation intensity than others, but all are classified lobes. Figure 2.2 

illustrates a linear two dimensional pattern where the same pattern 

characteristics are indicated. 

A major lobe (also called main beam) is defined as "the radiation lobe 
containing the radiation of maximum radiation." In figure2.1 the major lobe is 

pointing in the 8 = 0 direction. In some antennas, such as split-beam 

antennas, there may exist more than one major lobe. 
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A minor lobe is any lobe except a major lobe. 

A side lobe is "a radiation lobe in any direction other than the intended lobe." 

Usually a side lobe is adjacent to the main lobe and occupies the hemisphere 

in the direction of the main beam. 

<: ll~wJ~ '.li;)iJ~ - - 
:-:-.••w" 

Figure 2.1: Radiation lobes and beamwidths of an antenna . 

•. .:r.e:.. .• =-----:~~----- -·- 
,9 

Figure 2.2: Linear plot of power pattern and its associated lobes and 

beamwidths 

A back lobe usually refers to a minor lobe that occupies the hemisphere in a 

direction opposite to that of the major lobe. 
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