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Unit 1
Text

Introduction to “Communication Systems”

The purpose of this book is to present an introductory
treatment of communication systems. By “communication” we
mean the conveying or transmission of information from one
place and/or time to another. Admittedly, this definition is
not very precise, but the subject of communication is very broad.
It may, for example, mean anything from a telephone hookup
to the use of good gestures, emphasis, and diction in a speech;
from the amateur radio operator chatting about the weather to
an American Indian sending a smoke signal. Note that the
commonality in these examples is that there is information
transmitted that is of importance to the recipient.

In this study of communications we shall restrict ourselves to
the transmission of information over comparatively long dis-
tances. The use of electrical signals (in the broader sense, we
may consider light to fall within this class because it is 1n the
electromagnetic spectrum) has almost completely replaced
all other forms of information transmission over long distances.
This arises mainly because electrical signals are relatively easy
to control (compared, for instance, to the fire for the smoke

1



signals) and travel with velocities at or near that of the speed of
light. Certainly for long distances, then, a study of communica-
tions via electrical signals is appropriate.

What is information transmission? This subject turns out
to be more complicated than it might first appear and will, in
fact, form a basis for part of our study. From a strictly intui-.
tive viewpoint, we can say that the transmission of information
requires that signals vary with time. Consider, for example, a
9-V battery; once the voltage has been established, there is little
further information available without changing the voltage.
Connection of the battery to a variable resistor or transistor
allows such a variation. However, simply the fact that the signal
can vary with time is not suﬁ‘icicnt{ Consider a 120-V 60-Hz
sinusoidal voltage; once the voltage has been established. there
is little further information available without changing the
amplitude or phase of the sinusoidal voltage, even though the
voltage is changing at a 60-Hz rate.

We conclude not only that the transmission of information
is related to signals changing with time but also that these
changes must be made in an unpredictable way. Thus a necessary
requirement is the use of a band of signal frequency content
known as “bandwidth” (Chapter 3). These intuitive ideas will
be enough to discuss the basic methods used in electrical com-
munication systems. However, a more complete mathematical
description of information transmission also demands some
knowledge of probability (Chapter 8 ) and will be postponed
until Chapter 9.

Communication over long distances usually requives that
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some alterations or other operations be performed on the elec-
trical signal conveying the information in preparation for trans-
mission. Upon reception, known inverse operations are per-
formed to retrieve the information. - |

In the process of transmission; the signals bearing the in-
formation are contaminated by noise. Noise is generated by
numerous natural and man-made events and introduces errors
in the information transmission. From an engineering. point
of view, the communication problem consists in designing those
portions of the transmission over which one can exercise some
control. A criterion for doing this is to keep the information
transmission as error-free as possible.

With these desired objectives in mind, we shall consider
different communication systems and their basic. principles of
operation. The emphasis will be-on the methods and not on the
particular circuits or devices ‘currently employed.

A diagram of the basic units comprising a communication
system is shown in Fig 1.1. Not every communication system
makes use of all indicated operations, but each always involves
a transmission medium of some kind. The encoder chooses the
best form for the signal in order to optimize its detection at the
output. The decoder performs the inverse operation to make
the best decision, based on the availabe signals, that a given mes-
sage was indeed sent. The design of the encoder and decoder
must rely on a detailed mathematical description of information
transmission. While the subject of coding often carries with it
an air of secrecy, a more important motive in many modern

coding systems is the improved efficiency in conveying informa-
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tion.

The modulator produces a varying signal at its output
which is proportional in some way to the signal appearing across
its input terminals. For example, a sinusoidal modulator may
vary the amplitude, frequency, or phase of a sinusoidal signal
in direct proportion to the voltage input. The roles of the
encoder and the modulator are similar in that both prepare
the signal for more efficient transmission. However, the process
of coding is designed to optimize the error—free detection that
a given message is being sent, whereas the process of modulation
is designed to impress the information signal onto the waveform
to be transmitted. The demodulator performs the inverse opera-
tion of the modulator to recover the signal in its original form.
The combination of a modulator—demodulator is often referred
to as a “modem” in data transmission. |

The transmission medium is the crucial link in the system.
Without it, there would be no communication problem. The
transmission medium may include the ionosphere, the tropos-
~ phere,free space, or simply. a transmission line. In any caisc,
attenuation and distortion, as well as noise signals generated in
the media and the transmitting and receiving equipment, are
introduced. For our purposes, noise signals are any electrical
signals (voltages or currents) which interfere with the error-free

reception of the message~bearing signal.

/ information in , " Information out
e e —— iy St . EEY. SR i .y SIS S S A T . el T SR S
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| 'Encoder Modulitor Trm‘un;on L-f Dcmoduhtor‘— _:‘:":'__I""_
Transmiter Channel Receiver

Fig 1.1 A communication system



The purpose of the main part of this book is to introduce
and develop the above topics in a systematic manner and is
based on the methods of signal analysis which are discussed
briefly in Chapters 2 and 3.

Summary

In a system’s approach, an input signal and the resulting
response are used to characterize the behavior of a given system.
For our purposes a signal is defined to be a single-valued func-
tion of time. This function may be complex—valued for mathema-
tical convenience butour observations practice are real-valued.

Signals may be classified into basic categories by their
finite energy or power. Other useful categories include those
of periodic or aperiodic signals and random or deterministic
signals.

Mathematically, a system is a rule for mapping inputs into
outputs. If the systemis linear, superposition applies. If the system
response is not dependent on absolute values of time, but only
on time differences, the system is time-invariant. |

Communication is the transmission of information from one
point to another. This transmission requires the ability to vary
signals with time in a manner which is unpredictable to the:
receiver.

Noise is composed of those signals, both natural and man--
made, which interfere with the transmission of information.
Our interest in communication systems centers around the
design of systemsfor the most error—free transmission of informa-
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tion within constraints of the propagation of signal power the
effects of noise, and economic limitations. -

Notes

1. By “communication’” we mean the conveying or transmission
of information from one place and | or time to another.
BAANELEIMELEOR—RIBEF—wb, RARE—
HANgER—HH,; FTTEAZRAAZ,
By “B” we mean “A” XFHBAER.B” WEE Z R
CA”VRCA” BACBY AT ARSI “A” 1s meant by
“B”; REBBHRURRIE): By “B” is meant “A”, eg. By
technology i3 meant the knowledge and use of the techniques
"and devices by which man explorts his environment to meet his
'md&ﬁiﬁiA%&mﬁ#Hm%%Jﬁia%ﬁ%ﬂﬁ%#
WA d IR RIE R,
“and/or” HEMATEHMHE W W NAE, XWHAM 3T
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2. It may, for example, mean anything from a telephone hookup
to the use of good gestures, emphasis, and diction in a
speech; from the amateur radio operator chatting about the
weather to an American Indian sending a smoke signal.
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3. This subject turns out to be more complicated than it might
first appear and will, in fact, form a basis for part of our
study.
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4. The decoder performs the inverse operation to make the
best decision, based on the available signals, that a given

message was indeed sent.
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5. However, the process of coding is designed to optimizc the
error-free detection that a given message is being sent,
whereas the process of modulation is designed to impress
the information signal onto the waveform to be transmitted.
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Comprehension

I. Read each statement and decide whether it is true
or false. Write ‘T’ after the true statements and
‘F’ after the false statements based on the text.

1. Communication deals with the transmission of information
over comparatively long distances. ()

2. The electrical signal conveying information should be
processed properly before transmitting. ()

3. The requirement of signals for information transmission
is that signals vary with time randomly. ()

4. Electrical signals transmit information because of their
high travel speed. ()

5. Whether the signals are contaminated by noise in the
process of the transmission of information does not depend
on the performance of communication system. ()

6. In communication systems, the norm for designing the
system is to prevent noise from affecting the information.( )

7. The encoder is used to perform some alteration on the
signal for more efficient transmission. ()

8. The function of the decoder and the demodulator is less
important than that of the encoder and modulator in a
communication system. ()

9. The objective for using a modulator in a communication



10.

-system 1is consistent with that for using an encoder for

more efficient transmission. ()

Whether signals are periodic or not depends on their energy.

()

. Interpretation of words or phrases: Circle the letter

next to the best answer or one nearest in meaning to
the words jtaljcized based on the text.

. The purpose of this book is to present an introductory

treatment of communication systems.
(A) exposition

(B) cure

(C) approach

. In this study of communications we shall restrict curselves

to the transmission of information over comparatively long
distances.

(A) ask for

(B) limit

(C) handle

. The use of electrical signals (in the broader sense, we may

consider light %o fall within this class because it is in the
electromagnetic spectrum) has alomst completely replaced
all other forms of information transmission over long dis-
tances.

(A) to pass into

(B) to come within the scope of

(CG) to belong to

. This arises mainly because electrical signals are relatively

easy to control (compared, for instance, to the fire for the
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