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ABSTRACTS

In this graduation project, I briefly explain the Analysis Guided and

Ungided Media for the Communication Systems. For the human life,

Communication Systems is very interesting and important topic. Because it is

very useful in our daily life to communicate with other peoples.

I specially thank to Prof. Dr. Fahrettin M. Sadıgoğlu for giving me an

opportunity to work with him. I gain thank to everybody who help me in this

project by the bottom of my heart.
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PREFACE

During this graduation project, I tıy to explain the nature and theory of the

Guided and Unguided Media, Communication channels for the Communication

Systems.

In the nearly years, we saw merger of the fields of Guided and Unguided

Media and Data Communication that profoundly changed the technology,

products, and companies of the row combined computer communication industry.

Although the consequences of this revolutionary merger are still being worked

out, it is safe to say that the revolution occured and investigation of the field of

Communication System must be made with in the new context. It is very huge

field and in the coming years the topic will very improved.

In this project I covered the chapter about Guided and Guided Media with

related topics about Communication Systems.
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INTRODUCTION
•.... /

I ıl·-~ '-6- ( };lrly work in Digital Communication)po c-z« f e-c-cc-c-o
Every day, is-our-work.and.in-eur-leisere-tsae, we G~ contact~

and we use a variety of modem communication systems and communication

media the most common being the telephone, radio, television and internet

service. Through these media we are able to communicate (nearly)

instantaneously with people on different continents, transact our daily business

and receive information about various developments and events of note that occur

all around the world. Electronic mail and facsimile transmission have made it

possible to rapidly communicate written messages across great distances.
/'; I I / /

Telegraph~ a)l'd tçl-e.pb6ny(One of the earliest inventions of major
. I t L </

significance to communications was the invention of the electric battery by

Alessandro Volta in 1799. This invention made it possible for Samuel Morse to

develop the electric telegraph, which he demonstrated in 183 7. The first telegraph

line linked Washington with Baltimore and became operational in May 1844.

Morse devised the variable - length binary code given in Table 1. 1, in which

letters of the English alphabet are represented by a sequence of dots and dashes

(code words). In this code, more frequently occuring letters are represented by

longer code words.
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;rhe Mdrse cqBe was;ııe prcurso(to th(variabı/ - lengfh souı/e co~g
. I

methods. It is remarkable that the earliest form of electrical communication that

was developed by Morse, namely, telegraphy, was a binary digital

communication system in which the letters of the English alphabet were

TABLE 1-1 MORSE CODE

A. - N-.
B -... o ---
C -.-. p .--.
D - .. Q--.- 1 .----
E. R .-. 2 ..---
F ..-. s ... 3...-
G--. T- 4 .... -
H .... u..- 5 .....
I .. V ... - 6 - .... 
J .--- w .-- 7 -- ... 
K-.- X- ..- 8 ---..
L .- .. y -.-- 9 ----.
M-- z --.. o-----

-
(a) Letters (b) Numbers

efficiently encoded into corresponding variable - length code words having

binary elements.
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Nearly forty years later, in 1875, Emile Baudot developed a code for

telegraphy in which each letter was encoded into fixed- length binary code words

of length 5. In the Baudot code, the binary code elements were of equal length

and designated as mark and space.

An important milestone in telegraphy was the installation of the first

transatlantic cable in 1858 that linked the united States and Europe. 'Phis--e-able--=- ...

.__·fiıtteid:a::€t~ı;,..ab.outfoııı:._we_e_ks-of-012e!.~tion.A secpud~_cable~was::ia!~a·fe~ ~~ars

-Jater arıd-became-eperatienal-itr'JulyI8ôô~

Telephony came into being with the invention of the telephone in the

1876's. Alexander Graham Bell patented his invention of the telephone in 1876

and in 1877 established the Bell Telephone Company.z'Early versions ~f
,..,.-- - ---- ~

, telephone communication systems were relatively simple and provided service

over several hundred miles. Significant advances in the7,quality and range of
I

service during the first two decades of this centuıy .reşulted fr~m the induction

coil. ---~-------------····----
The invention of the troide amplifier by Lee DeForest in 1906 made it

posible to introduce signal amplification in telephone communication systems

and thus to allow for telephone signal transmission over great distances. F '

example, transc~ntinent-aLıaeJ2ho11etr~missioıLhe.c.ome:ufie:iitınm. .
/
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Two world wars and the Great Depression during the 1930's must have

been a deterrent to the establishment of transatlantic telephone service. It was not

until 1953, when the first transatlantic cable was laid, that telephone service

became available between the United States and Europe.

Automatic switching was another important advance in the development of

telephony. The first automatic switch, developed by Strowger in 1987, was an

electromechanical. With the invention of the transistor, electronic (digital)

switching became economically feasible. After several years of development at

the Bell Telephone Laboratories, a digital switch was placed in service in

Illinoise in June 1960.

Wirelles communications. The development of wirelles communications

stems from the works of Oersted Faraday, Gauss, Maxvel and Hertz. In 1820,

Oersted demonstrated that an electric current produces a magnetic field. On

August 29, 1831, Michael Faraday showed that an induced current is produced

by moving a magnet in the vicinity of a conductor. Thus, he demonstrated that a

changing magnetic field produces an electric field. With this early work as

background, James C. Maxwell in 1864 predicted the extince of electromagnetic

radiation and formulated the hasps theory that has been in use for over a century.

Maxwell's theory was vertifıed experimentally by Hertz in 1887.
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In 1894, a sensitive device that could detect radio signals, called the

coherer was used by its inventor Oliver Lodge to demonstrate wirelles

communication. Marconi is credited with the development of wireless telegraphy.

Marconi demonstrated the transmission of radio signals at a distance of

approximately 2 kilometers in 1895. Two years later, in 1897, he patented a radio

telegraphy system and established the Wireless Telegraph and Signal Company.

On December 12, 1901, Marconi received a radio signal at Signal Hill in

Newfoundland, which was transmitted from Cornwal, England - a distance of

about 1700miles.

The vacuum diode was invented by John Fleming in 1904 and the vacuum

troide amplifier was invented by Lee DeForest in 1906, as previously indicated.

The invention of the triode made radio broadcast possible in the early part of the

twentieth century. AM (amplitude modulation) broadcast was initiated in 1920

when radio station KDKA, Pitsburgh, went on the air. From that date, AM radio

brodcasting grew very rapidly across the country and around the world. The

superheterodyne AM radio receiver, as we know it today, was invented by Edwin

Armstrong during World War I. Another significant development in radio

communications was the invewntion of FM (frequency modulation), also by
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J
Armstrong. In 1993, strong built and demonstrated the first FM

mmunication system. However, the use of FM was slow to develop compared

.ith AM broadcast. It was not untill the end of World War II that FM broadcast

gained in popularity and developed commercially.

The first television system was built in the United States by Vladimir

Zworykin and demonstrated in 1929. Commercial television broadcasting began

in London in 1936 by the British Broadcasting Corporation (BBC).

The past fifty years. The invention of the transistor in 1947 by Walter

Brattain, John Bardeen, and William Shockley; the integrated circuit in 1958 by

Jack Kilby and Robert Noyce; and.Jb~ laster by Townes and Schawlow in 1958,

have made possible the development of small-size, low-power, low weight, and

high-sped electronic circuits which are used in the construction of satellite

communication systems, wideband microwave radio systems, and lightwave

,.
/

communication nication systems using fiber optic cables. A satellite named

Telstar I was launched in 1962 and used to relay TV signals between European

and the United States. Commercial satellite communication services began in

1965 with the launching of the Early bird satellite.
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Currently, most of the wireline communication systems are being replaced

by fiber optic cables which provide extremely high bandwidth and make possible

transmis~ion of a wide variety of information sources, including voice, data, and

video. Cellular radio has been developed to provide telephone service in people

in automobiles. High-speed communication networks link computers and a

varieoty of peripheral devices literally around the world.

Today we are witnessing a significant growth in the introduction and use

of personal communications services, including voice, data, and video

transmission. Satellite and fiber optic networks provide high-speed

communication services around the world. Indeed, this is dawn of the modem

telecommunications era.
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"] lt>/--1" ~ a ~ ~ C-eP-...

rov..~C..~- c4. c...-~
ELEMENTS of AN ELECTRICAL COMMUNICATION SYSTEM

--CHAPTER I

1.lELEMENTS of AN ELECTRICAL COMMUNICATION SYSTEM

Electrical communication systems are designed to send messages or

information from a source Jb~t gwer4lte:s=:t:J,e message~ır-0ı=m@ıı©-,

destinations. In general, a communication system can be represented by the

functional block diagram shown in Figure 1. 1.

The information generated by the source may be of the form of voice

(speech source), a picture (image source), or plain text in some particular

language, such as English, Japanese, German, French etc. An essential feature of

any source that generates information is that its output is described in

probabilistic terms; that is, the output of a source is not deterministic.,.-~tlıe~js~

~0-ne.e.d.Jo-tr-ans-mit-the-messaggs-. -

Output
signal

Information
source and input - Transmitter

transducer

Channel

Output Receiver
transducer

FIGURE 1.1 Functional block diagram of an communication system.
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A transducer is usually required to convert the output of a source into an

electrical signal that is suitable for transmission. For example, a microphone

serves as the. transducer that convers an acoustic speech signal into an electrical

signal, and a video camera convers an image into an electrical signal. At the

destination, a similar transducer is required to convert the electrical signals that

are received into a form that is suitable for the user.

The transmitter. The transmitter convers the electrical signal into a form

that is suitable for transmission through the physical channel. or tranmission

medium. For-aa:mple,...in_raida.JındJ-Y-bı:eadeast;--the-Fetfo:ral-Geımnunicatipns

Çmnmi.ssion~ECCµ_p__ecifi~e freguency_ıange-for-each-trarrsmittion-station.

Hence, the tranmistter must translate the information signal to be transmitted into

the appropriate frequency range that matches the frequency allocation assigned to

the transmitter. Thus, signals transmitted by multiple radio stations do not

interfere with one another. Similar functions are performed in telephone

communic~tion systems, where the electrical speech signals from many users are

transmitted over the same wire.-- In g;meral, the transmitter performs the matching of the message signal to

the channel by a process called modulation. Usually, modulation involves the use

of the information signal to systematically vary the amplitude, frequency, or

13
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phase of a sinusodial carrier. For example, in AM radio broadcast, the

information signal that is transmitted is contained in the amplitude variations of

the sinusoidal carrier, which is the center frequency in the frequency band

allocated to the radio transmitting station. This is an example of ampitude

modulation. In FM radio broadcast, the information signal that is transmitted is

contained in the frequency variations of the sinusodial carrier. This is an.example

of frequency modulation. Phase modulation (PM) is yet a third method for

impressing the information signal on a sinusoidal carrier.

The choice of the type of modulation is based on several factors, such as

the amount of bandwidth allocated, the types of noise and interference that the

signal encounters in transmission over the channel, and the electronic devices that

are available for signal amplification prior to transmission.

The channel. The communications channel is the physical medium that is

used to send the signal from the transmitter to the receiver. In wireless

transmission, the channel is usually the atmosphere (free space). On the other

hand, telephone channels is usually employ a variety of physical media, including

wirelines, optical fiber cables, and wireless (microwave radio). Whatever the

physical medium! for signal 'transmission, the esential feature is that the

transmitted signal is corrupted in a random manner by a variety of possible

14



mechanisms. The most common form of signal degradation comes in the form of

amplification is performed. This noise is often called thermal noise. In wireless

transmission, additional additive disturbances are man - made noise and electrical

lighting discharges from thunderstorms is an example of atmospheric noise.

Interference from other users of the channel is antoher from of additive noise that

often arises in both wireless and wireline communication.

In some radio communication channels, such as the ieaespherie-eheenel-

,aGng- range.

signal degradation is multipath propagation. Such signal distoriton is

characterized as a nonadditive signal disturbance which manifests itself as time

variations in the signal amplitude, usually called fading. o T Muitı~co{-;'-'--<_
~'£.

Both additive and nonadditive signal distortions are usually characterized

as random phenomena and described in statistical terms. The effect of these

signal distortions .must be taken into account in the design of the communication

system.

The receiver. The function of the receiver is to recover the message

signal contained 111 the received signal. If the message signal is transmitted by

carrier modulation, the receiver performs carrier demodulation to extract the ., - ~ı

}"
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message from the sinusodial carrier. Bttıee-signaL..demGdulatiGn..is..perfo~d..in

the_pr,e,senG@-ef-a:dditive-rroise~-~-and-.possibly ._otheL signal.ı.distortion, .the---- -

demodulated message signal is generallyoegiaded"tosomexrenrbylne presence

-of-these-distertiorrs-trr-the•.received-signal. As we shall see, the fidelity of the

received message signal is a function of the type of modulation, tlre-strength.-0£.
~ ~~P l'-1-o ha-),ı..- ~ıı:;...,t.n /ı.-ı ~ ,:.--.-(, u--~

tliea1td11ıvmrse~he-type-arrcf-,strengtlf0faıiy other additive interference nd the

Besides performing the primaıy function of signal demodulation, the

receiver also performs a number of peripheral functions, including signal filtering

and noise suppression.

l--;ıDigital Com-munication-System-s
f~,,_L-7

Alternatively, an analog source output may be converted into a digital

form and the messsage can be transmitted via digital modulation and

demodulated as a digital signal at the receiver. There are some potenti~l

.._ advantages to transmitting an' analog signal by means of digital modulation. The

most important"reason is that signal fidelity is better controlled through digital

transmission than analog transmission. Another reason for choosing digital

transmission over analog is that the analog message signal may be highly
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redundant. WY prıorvto

mochılatroıi';'thu,s-cQilv.:ersin~haıme)_,..bandwidth. Yet a third reason may be that

digital communication systems are often cheaper to implement.

1.2.1 Early Work in Digital Communications
/,

Although Morse is responsible for the development of the first electrical

"T -t~
digital communication system (telegraphy); the beginnings of what ewe-now

,,:J> i .f ? ,,.f'c••-te:-t" ~ ,'""K.
regard-as-mcdern digital communications stem -from-the work of Nyquist ( 1924)

'LR.& r'-flld~rZo )v ;;a iJ<iu bo.,._ tf.t:ep l6'.1e ,ı,h , G..f. ,· t.ı:ı. •. t.t
who investigated th~
'~cı:..4-ı,,c.vuı.,"' Cl/YU4Ve.A( ,J·/!Jvt-e,ıd' ~ ~ (T,) c.e"~e ...-/
_beırs·ed-over a telegrap·lrcha:rrn:el of a gıven oandwidth--w-tth:e>ttt--iıtterSJ'"ffli*}l-
&Y a. f}-7v e,471.., c he.?AA.-<.e---/' b G.M.fi'ıU<.P -r:ıPU lı ·
inteı=fe-Fe-Hee: He formulatlci'a model of a telegraph system in wbic'lı a transmitted

transmitted jt a rate of 1/T rits Per second.

ovirnum /uıse shape that was bandlimited to W

--n-·

where gft) represents a basic pulse shape

l

VT under the constraint tht the pulse caused no inte he

ampljng times k/T, k=O 1 2 His studies lei°him to conclude that the

17



~O(J., ,t
c/rı-~;f

; , !
maximum pulse rate ıl/T is 2W pulses Per second. This rate is.now called the

Nyquist rate. Monlver, this pulserate can be ,achieved!using /ruıses

I I J

g(t)={sin Wt)/2 Wt. This ulıse shape allo"'l£the recovery of the data without

· /b1· j 1ııl linz i I ·, lt i · ııntensm o ınterterence at t le sanıp g instaats. Nyquıst s resu t ıs equıva ent to

a version of the sampling theorem for bandlimited signals, which was later stated "- (~&--, . \
that a 'signal .<f-f_,cn~. ))

~Y. by S1ıann_mı_Jl91:_Ş).örhe .sampling theorem states
0-t (c?,,~fa-y'J---.,,.._,.._ ~ ı n · .tc~ ~
samples Per second using the interpolation formula

Another significant advance in the development of communications was

the work of Wiener(l942) who considered the problem of estimating a desired

signal w~~s(t}in the presence of additive noise mt), ba~b-seı:vatieı
( --- .

+of the received signal r(t)=s(t)+n(t). · em arises in signal demodulation.
0/?0~ /tt£e-rJfL#

Wiener determined t~flllt-erwliose output is he best mean-square

apJ2_!'oximation to the desired signal s(t:J..I.he-ı:e-s-al-tıng-fılteris-c·a-ltedlneoptimum

,ltrrezır(WTerie r) filter.

Hartley's and Nyquist's on the maximum transmission rate of digital

information were precursors to the work of Shannon(1948 a,b) who esttblished

the mathematical foundations for information theory arrd-deri·ven~~

':f:.te.:.e. d ?L .& ka Cl?ı ~<' u:ı. ,,g I C6l4f't:l ~!-; 1-y zY) -
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