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ABSTRACT

The radio communication system is the one of the most important part in

communication world, consists of a transmitter, antenna, propagation medium and
receiver.

However, in this project we will confine to those conditions, which arise in and

between the transmitting antenna and the receiving antenna, with reference to

performance of receivers when appropriate.

This project attempts to provide some insight into the nature of radio

propagation in that part of the spectrum (upper Electromagnetic Fields, Radio

Wave&Polarization, The Effect Of the earth's atmosphere on radio waves , Frequency

Selection Considerations ,VHF to Microwave, Indoor Radio Propagation)

This project is dedicated to providing a simplified overview for some of the

important ionosphere mechanics used in propagation research as well as discussing

limitations due to the complex dynamics of the ionosphere. Because the physics of

ionospheric radio wave propagation is an extremely vast and complex topic, to describe

the physics of ionospheric radio wave refraction in a short and concise manner without

overwhelming the reader requires that certain assumptions be made. Although these

assumptions may appear to oversimplifythe problem at first,

By used experimenters for high-speed digital transmission. It begins with the

basics of free space path loss calculations, and then considers the effects of refraction,.. 
diffraction and reflections on the path loss of Line of Sight (LOS) links.

The nature of non-LOS radio links is then 'examined, and propagation effects

other than path loss, which are important in digital transmission, are also described.
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INTRODUCTION

We had thought to do our work on the radio wave propagation, and we will discus the

important subject since the radio wave one of the most important and famous part in the

communication system.

The term radio wave is defending by dictionary as wave of radio but in institute

of electrical and electronic engineering (IEEE) is an energy wave generated by

transmitter.

The main emphasis of this project is on predicting the path loss of a link, so that

one can approach the installation of the antennas and other RF equipment with some

degree of confidence that the link will work. The focus is on acquiring a feel for radio

propagation, and pointing the way towards recognizing the alternatives that may exist

and the instances in which experimentation may be fruitful.

We'll also look at some propagation aspects, which are of particular relevance

to digital signaling.

We will start from the electromagnetic fields because use it is the basic of the

any wave subject

Finishing chapter one. In the 2nd & 3rd chapter our discussion will explain the earth's

atmosphere and its effect on radio wave and the polarization and will know how radio

wave transmitted in its two principal.

A basic understanding of the ionosphere properties is paramount to

understanding HF radio propagation over distance.•This page is dedicated to providing a

simplified overview for some of the important ionosphere mechanics used in

propagation research as well as discussing limitations due to the complex dynamics of

the ionosphere. Because the physics of ionospheric radio wave propagation is an

extremely vast and complex topic, to describe the physics of ionospheric radio wave

refraction in a short and concise manner without overwhelming the reader requires that

certain assumptions be made. Although these assumptions may appear to oversimplify

the problem at first, the predictions made by the final solution of the Equation of

Motion do adequately describe the observations made by radio wave propagation
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experiments; therefore, the following physics has formed the basis of understanding of

this problem in research groups around the world. In my summary, I have included

supporting data for these conclusions that were obtained by recent HF radio testing

using the PTC-11 HF controller to derive HF radio skip distance over a range of HF

frequencies. Finally, in the physics below, Gaussian units will be utilized and all vectors

will be denoted in bold. Also, in order to properly view the mathematical equations, you

will need to keep the fonts setting in your preference menu set to the document­

specifiedfonts position.

Since we come to the last subject covering the previous chapters we will

conceder the frequency selection consideration in the 4th chapter, and talk abut

VHF/UHF/Microwave Radio Propagation in the 5th chapter.

Indoor use of wireless systems poses one of the biggest design challenges, as indoor

radio (RF) propagation is essentially a Black Art. This technical note will try to shed

some light on this mysterious subject and will seek to quantify or set boundaries for use

of wireless systems inside typical buildings at 900 l\ı1Hz and 2.4 GHz. That will be the

of 6th chapter

••
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CHAPTER I

ELECTROMAGNETIC FIELDS

1.1 Electromagnetic Fields

The way energy is propagated into free space is a source of great dispute among

people concerned with it. Although many theories have been proposed, the following theory

adequately explains the phenomena and has been widely accepted. There are two basic fields

associated with every antenna; an INDUCTION FIELD and a RADIATION FIELD. The field

associated with the energy stored in the antenna is the induction field. This field is said to

provide no part in the transmission of electromagnetic energy through free space. However,

without the presence of the induction field, there would be no energy radiated.

1.1.1 Induction Field

Figure 1-1, a low-frequency generator connected to an antenna, will help you

understand how the induction field is produced. Let's follow the generator through one
cycle of operation.

Figure 1.1 Induction Field About An Antenna

1



Initially, you and that no fields exist about the antenna, as shown in view A 

Now assume that the generator produces a slight potential and has the instantaneous

polarity shown in view B. Because of this slight potential, the antenna capacitance acts

as a short, allowing a large flow of current (I) through the antenna in the direction

shown. This current flow, in turn, produces a large magnetic field about the antenna.

Since the flow of current at each end of the antenna is mırumum, the

corresponding magnetic fields at each end of the antenna are also minimum. As time

passes, charges, which oppose antenna current and produce an electrostatic field (E

field), collect at each end of the antenna. Eventually, the antenna capacitance becomes

fully charged and stops current flow through the antenna. Under this condition, the

electrostatic field is maximum, and the magnetic field (H field) is fully collapsed, as
shown in view C.

As the generator potential decreases back to zero, the potential of the antenna

begins to discharge. During the discharging process, the electrostatic field collapses and

the direction of current flow reverses, as shown in view D. When the current again

begins to flow, an associated magnetic field is generated. Eventually, the electrostatic

field completely collapses, the generator potential reverses, and current are maximum,

as shown in view E. As charges collect at each end of the antenna, an electrostatic field

is produced and current flow decreases. This causes the magnetic field to begin

collapsing. The collapsing magnetic field produces more current flow, a greater

accumulation of charge, and a greater electrostatic field. The antenna gradually reaches

the condition shown in view F, ,.where current is zero and the collected charges are
maximum.

~ 
As the generator potential again decreases toward zero, the antenna begins to

discharge and the electrostatic field begins to collapse. When the generator potential

reaches zero, discharge current is maximum and the associated magnetic field is

maximuı:n.A brief time later, generator potential reverses, and the condition shown in
view B recurs.

NOTE: The electric field (E field) and the electrostatic field (E field) are the

same. They will be used interchangeablythroughout this text.
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The graph shown in figure 1-2 shows the relationship between the magnetic (H)

field and the electric (E) field plotted against time. Note that the two fields are 90

degrees out of phase with each other. If you compare the graph in figure 1-2 with figure

1- 1, you will notice that the two fields around the antenna are displaced 90 degrees from

each other in space. (The H field exists in a plane perpendicular to the antenna. The E

field exists in a plane parallel with the antenna, as shown in figure 1 - 1 . )

FIGURE 1.2Phase Relationship oflnduction field Components .
•• 

All the energy supplied to the induction field is returned to the antenna by the

collapsing E and H fields. No energy from the induction field is radiated from the

antenna. Therefore, the induction field is considered a local field and plays no part in

the transmission of electromagnetic energy. The induction field represents only the

stored energy in the antenna and is responsible only for the resonant effects that the

antenna reflects to the generator.
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1.1.2 Radiation Fields

The E and H fields that are set up in the transfer of energy through space are

known collectively as the radiation field. This radiation field is responsible for

electromagnetic radiation from the antenna. The radiation field decreases as the distance

from the antenna is increased. Because the decrease is linear, the radiation field reaches

great distances from the antenna.

Let's look at a half-wave antenna to illustrate how this radiation actually takes

place. Simply stated, a half-wave antenna is one that has an electrical length equal to

half the wavelength of the signal being transmitted. Assume, for example, that a

transmitter is operating at 30 megahertz. If a half-wave antenna were used with the

transmitter, the antenna's electrical length would have to be at least 16 feet long. (The

formula used to compute the electrical length of an antenna will be explained in chapter

4.) When power is delivered to the half-wave antenna, both an induction field and a

radiation field are set up by the fluctuating energy. At the antenna, the intensities of

these fields are proportional to the amount of power delivered to the antenna from a

source such as a transmitter. At a short distance from the antenna and beyond, only the

radiation field exists. This radiation field is made up of an electric component and a

magnetic component at right angles to each other in space and varying together in

intensity.

With a high-frequency generator (a transmitter) connected to the antenna, the

induction field is produced as described in the previous section. However, the generator

potential reverses before the electrostatic field has had time to collapse completely. The

reversed generator potential neutralizes the remaining antenna charges, leaving a

resultant E field in space.

Figure 1-3 is a simple picture of an E field detaching itself from an antenna. (The H

field will not be considered, although it is present.) In view A the voltage is maximum

and the electric field has maximum intensity. The lines of force begin at the end of the

antenna that is positively charged and extend to the end of the antenna that is negatively

charged. Note that the outer E lines are stretched away from the inner lines. This is

because of the repelling force that takes place between lines of force in the same

direction. As the voltage drops (view B), the separated charges come together, and the

4



ends of the lines move toward the center of the antenna. But, since lines of force in the

same direction repel each other, the centers of the lines are still being held out.

E 

B C D 
DECREASED APPLIED 

VOLTAGE 
ZERO APPLIED 

VOLTAGE 
INCREASED APPLIED 

VOLTAGE 

NOTE: ONLY ELECTRIC (E) FIELD SHOWN 

FIGURE 1.3Radiation from an Antenna .

As the voltage approaches zero (view B), some of the lines collapse back into

the antenna. At the same time, the ends of other lines begin to come together to form a

complete loop. Notice the direction of these lines of force next to the antenna in view C.

At this point the voltage on the antenna is zero. As the charge starts to build up in the

opposite direction (view D), electric lines of force again begin at the positive end of the

antenna and stretch to the negative end of the antenna. These lines of force, being in the

same direction as the sides of the closed loops next to the antenna, repel the closed

loops and force them out into spate at the speed of light. As these loops travel through

space, they generate a magnetic field in phase with them.
•

Since each successive E field is generated with a polarity that is opposite the

preceding E field (that is, the lines of force are opposite), an oscillating electric field is

produced along the path of travel. When an electric field oscillates, a magnetic field

having an intensity that varies directly with that of the E field is produced. The

variations in magnetic field intensity, in tum, produce another E field. Thus, the two

varying fields sustain each other, resulting in electromagnetic wave propagation.
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