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CHAPTER

Introduction to
Communication Systems

1.1 HISTORICAL SKETCH

The development of communication technology has proceeded in step with the development of electronic
technology as a whole. For example, the demonstration of telegraphy by Joseph Henry in 1832 and by Samuel
F.B. Morse in 1838 followed hard on the discovery of electromagnetism by Oersted and Ampere early in 1820's.
Similarly, Hertz’s verification late in the 1880'’s of Maxwell’'s postulation (1873) predicting the wireless propagation
of electromagnetic energy led within 10 years of the radio-telegraph experiments of Marconi and Popov. The
invention of diode by Flaming in 1904 and of triode by deforest in 1906 made possible the rapid development of
long distance telephony, both by radio and wireless.

1.2 WHY STUDY COMMUNICATION

The rapidly changing face of technology necessitates learning of new technology. Today the question is no
longer in the field of invention but of innovation. The question today in the twenty first century in not how to transmit data
from point A to point B but how efficiently can we do it. To be able to answer this question, first we should be able to
diagnose the problem. This can be done only by studying communication from the beginning to its modern form.

1.3 WHAT IS COMMUNICATION

In the most fundamental sense, communication involves implicitly the transmission of information from
one point to another through a succession of processes, as described here:
1. The generation of a message signal: voice, music, picture, or computer data.

2. The description of that message signal with a certain measure of precisions, by a set of symbols:
electrical, audio, or visual.

The encoding of these symbols in a form that is suitable for transmission over a physical medium of interest.
The transmission of the encoded symbols to the desired destination.
The decoding of the reproduction of the original symbols.

The re-creation of the original message signal, with a definable degradation in quality; the degradation
is caused by imperfections in the system.

I
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There are, of course, many other forms of communication that do not directly involve the human mind in real
time. For example, in computer communications involving communication between two or more computers, human
decisions may enter only in setting up the programs or commands for the computer, or in monitoring the results.

1.4 COMMUNICATION MODEL

The study of communication becomes easier, if we break the whole subject of communication in parts
and then study it part by part. The whole idea of presenting the model of communication is to analyse the key
concepts used in communication in isolated parts and then combining them to form the complete picture.

Input
signal
Input l Transmitted Received Output Output
message In signal signal signal message
put . . Output
T e — Transmitter Channel Receiver e i
Distortion

and
noise

Figure : Model of communication system
Source: The source originates a message, such as a human voice, a television picture, an e-mail message,
or data. If the data is non-electric (e.g., human voice, e-mail text, television video), it must be converted
by an input transducer into an electric waveform referred to as the baseband signal or message
signal through physical devices such as a microphone, a computer keyboard or a CCD camera.

Transmitter: The transmitter modifies the baseband signal for efficient transmission. The transmitter may
consist of one or more subsystems: an A/D converter, an encoder and a modulator. Similarly, the receiver
may consists of a demodulator, a decoder and a D/A converter.

Channel: The channel is a medium of choice that can carry the electric signals at the transmitter output
over a distance. A typical channel can be a pair of twisted copper wires (telephone and DSL), coaxial
cable (television and internet), an optical fibre or a radio link. Channel may be of two types.

1. Physical channel: When there is a physical connection between the transmitter and receiver through

wires. eg. coaxial cable.

2. Wireless channel: When no physical channel is present and transmission is through air.

eg. mobile communication.

Itis inevitable that the signal will deteriorate during the process of transmission and reception as a result of
some distortion in the system, or because of the introduction of noise, which is unwanted energy, usually of random
character, present in a transmission system, due to a variety of causes. Since noise will be received together with
the signal, it places a limitation on the transmission system as a whole. When noise is severe, it may mask a given
signal so much that the signal becomes undetectable and therefore useless. Noise may interfere with signal at any
point in a communications system, but it will have its greatest effect when the signal is weakest. This means that
noise in the channel or at the input to the receiver is the most noticeable.

Receiver: The receiver reprocesses the signal received from the channel by reversing the signal

modifications made at the transmitter and removing the distortions made by the channel. The receiver

output is fed to the output transducer, which converts the electric signal to its original form i.e. the
message signal.

Destination: The destination is the unit to which the message is communicated.

MRDE ERSYH www.madeeasypublications.org So]veghg‘)’(gn‘glig;
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1.5 MODES OF COMMUNICATION

1.5.1

1.5.2

There are two basic modes of communication:

1.

Broadcasting, which involves the use of a single powerful transmitter and numerous receivers that
are relatively inexpensive to build. Here information-bearing signals flow only in one direction.
Point-to-point communication, in which the communication process takes place over a link between
a single transmitter and a receiver. In this case, there is usually a bidirectional flow of information-
bearing signals, which requires the use of a transmitter and receiver at each end of the link.

Multi casting: It is similar to broadcasting but message transmission is intended for specific receiver
not for all receivers.

Communication Technique

Communication Technique

l

Base-Band Band-Pass
Communication Communication

Base Band Communication: It is generally used for short distance communication. In this type of
communication message is directly sent to the receiver without altering its frequency.

Band Pass Communication: It is used for long distance communication. In this type of communication,
the message signal is mixed with another signal called as the carrier signal for the process of
transmission. This process of adding a carrier to a signal is called as modulation.

Need of Modulation

1.

To avoid the mixing of signals

All messages lies within the range of 20 Hz - 20 kHz for speech and music, few MHz for video, so that
all signals from the different sources would be inseparable and mixed up. In order to avoid mixing of
various signals, itis necessary to translate them all to different portions of the electromagnetic spectrum.
To decrease the length of transmitting and receiving antenna

For a message at 10 kHz, the antenna length ‘I’ for practical purposes is equal to A/4 (from antenna
theory) i.e.,

8 4
r= 200 _gui0tm andi= 229 7500 m
10x10 4
An antenna of this size is impractical and for a message signal at 1 MHz
8
= %:300 m and /= &: 75 m (practicable)
10 4

To allow the multiplexing of signals

By translating all signals from different sources to different carrier frequency, we can multiplex the
signals and able to send all signals through a single channel.

To remove the interference
To improve the quality of reception i.e. increasing the value of S/N ratio
To increase the range of communication

MRDE ERSYH
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1.6 TYPES OF MODULATION
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1.7 AN EXAM ORIENTED APPROACH

Communication is a modern technology is undergoing many changes. The main focus of a student
should be to single out on optimum path in which he develops a theoretically strong background of the subject
while keeping in mind that he should be able to solve questions asked in various exams using the theory they
have studied. Focusing on one aspect leads to failure in written exam or in the interview. Thus this book and
communication both have the same approach and that is “optimization” and being a communication engineer one
should have this approach too.

I?rfe)q:;rgzy V\:;\)lerlaenngg::h EM Spectrum Nomenclature Typical Application

30-300 Hz 107 - 106 m Extremely low frequency (ELF) Power line communication

0.3 -3 kHz 106 - 105 m Voice frequency (VF) Face to face speech,
communication intercom

3-30kHz 10°~ 10" m Very low frequency (VLF) Submarine communication

30— 300 kHz 10"~ 10° m Low frequency (LF) Marine communication

0.3 -3 MHz 103 — 102 m Medium frequency (MF) AM broadcasting

3 -30 MHz 102 - 101 m High frequency (HF) Landline telephony

30-300MHz [10'=10°m | Very high frequency (VHF) FM broadcasting, TV

0.3-3 GHz 100 - 1071 m | Ultra high frequency (UHF) TV, Cellular telephony

3-30GHz 107" -10%m Super high frequency (SHF) Microwave oven, radar

30 - 300 GHz 10’2 _ 10’3 m | Extremely high frequency (EHF) Satellite communication, radar

0.3-3THz 0.1—1mm Experimental For all new explorations

3-430THz 100 — 0.7 um | Infrared LED, Laser, TV remote

430-750THz |0.7-0.4 um | Visible light Optical communication

750 — 3000 THz | 0.4 — 0.1 um | Ultraviolet Medical application

> 3000 THz <0.1um X-rays, gamma rays, cosmic rays | Medical application

Table: EM Spectrum

S. No. x(t) X(w) X(f) Comment
1 et ! >0 1 A tri |
. e u(t) PRy a a2+ @) symmetric, complex
2 at ! 1 .
. e” u(-t) a—jo a>0 a=j2m) Asymmetric, complex
2a 2a
—alt| 9 =4 Real and even
3. e Zrd a>0 a% +(2nf ) symmetric
. —at 1 >0 S — Multiplication of ¢
. te ™ u(t) (a+j0))2' a @ +j2nf)2 ultiplication o
ngat _"_ as0 _m Multiplication of ¢
5. te " u(t) (a+j0))"“’ a (a+j2m‘)"+1 p
Real and even
6. &) 1 symmetric
MRDE ERSY Theory with
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S. No. x(t) X(w) X(f) Comment
Real and even
7. A 21 Ad(m) Ad(f) symmetric
8 ejmot 21(0 — @) &F—1y) Frequency shifting
1 Used in modulation
9. cos ayt T{&(w— @) + 8o + )] S =fo)+8(f +1)] property
) ) j Used in modulation
10. sin oyt JS( + @) — & — ay)] Elﬁ(f +fo) +8(f —f,)] property
1. u(t) jinrmB(m) 1217+? Unit step function
12 t 2 2 Imaginary and odd
. sgn(t) o jnf symmetric
b 1
13. —[o(0— ) + -+ + =[8(f —fh) +(f + )]+ ——
cos myt u(t) 2 [&(00— ) + Hw+ )] 2[5‘3( o) +0(f +1)] @t —2n )
T i
14. [ J 530+ my) - Ho—oy)] + LrsF +£)=S(F —f ]+ —T0
sin at u(t) 2 2[5( o) —f —1f,)] o — (o P
_ @ 27,
at . ——, a>0 — 20 a>0 ing si i
15. e " sin myt u(t) (a+ joy +u)(2) @+ 2y +27:f02 Decaying sin function
—at a+jo a+ j2nf Decayin i
,a>0 , ying cosine
16. & cos eyt ult) (a+jo)? +al (a+j2nf)? +2nf? @ function
17. rect (t/t) TS, (%) Tsinc(ft) Rectangular function
18. Wsinc(Wt) rect(znmw) rect(%) Sinc function
19. > &t-nT) @ Y, do—kay) fo D &f ki) Sampling function
n=—co k=0 k=—o
20. e"z/202 G\/Z_ﬂe_czwzlz ov2me o @) /2 Gaussian signal

1.9

TRANSMISSION OF SIGNALS THROUGH LINEAR
TIME-INVARIANT SYSTEMS

A system refers to any physical entity that produces an output signal in response to an input signal. Itis
customary to define the input signal as the excitation and the output signal as the response. In a linear system,
the principle of superposition holds: that is, the response of a linear system to a number of excitation applied
simultaneously is equal to the sum of the responses of the system when each excitation is applied individually.

1.9.1 The Time Domain Response

In the time domain, a linear system is usually described in terms of its impulse response. The impulse
response of a linear system is the response of the system (with zero initial conditions) to a unit impulse or delta
function §(t) applied to the input of the system at time ¢t = 0.

MRDE ERSYH
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Suppose that a system described by the impulse response h(t) is subjected to an arbitrary excitation
x(1). The resulting response of the system y(t), is defined in terms of the impulse response h(t) by

=

y(t) = [ x(o)h(t - )d

—oo

Which is called the convolution integral. Equivalently, we may write
() = [ At - Ty

Input = x(f) LTI system h(t) |— Output = y(f)

(1) = x(1) = A(t)

1.9.2 Examining the Convolution Integral

We see that three different time scales are involved: excitation time t, response time t, and system memory
time t—. This relation is the basis of time-domain analysis of linear time-invariant systems. The present value of the
response of a linear time-invariant systemis an integral over the past history of the input signal, weighted according
to the impulse response of the system. Thus, the impulse response acts as a memory function of the system.

1.9.3 Frequency Response

Let X(f), H(f), and Y(f) denote the Fourier transforms of the excitation x(t), the impulse response of the
system h(t) and the output y(t).

Equivalently, we may write

input, X(t) == X(f)

and output, W) == v(f)
and with a transfer function,

A(t) == H(f)
then its input/output relationship is given by:

Input = x(f) _> Output = y(t)
Y(t) = x(1) * h(t)
apply convolution-time theorem of Fourier transform,

we get,
V() = X(w) H(w)
Y(w) . .
H(w) = m = frequency response of continuous time LTI system.
_ Yo
or H(f) = X()

The new frequency function H(f) is called the transfer function or frequency response of the system. The
frequency response of a linear time-invariant system is defined as the ratio of the Fourier transform of the response
of the system to the Fourier transform of the excitation applied to the system.

In general, the frequency response H(f) is a complex quantity, so we may express it in the form.

H(f) = [H(]explB(h]

MRDE ERSYH www.madeeasypublications.org Theory with
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Where |H(f)| is called the magnitude response, and p(f) is the phase response,.
IH(| = |H(-F)|
and B(f) = —B(-F)
That is, the magnitude response |H(f)| of a linear system with real-valued impulse response is an even

function of frequency, whereas the phase B(f) is an odd function of frequency.
An alternate way of representing the signal in the log scale is
InH(f) = aff) + jB(f)
where aff) = In|H(f)
The function a(f) is called the gain of the system, it is measured in nepers. The phase B(f) is measured

in radians. Equation indicates that the gain a(f) and phase B(f) are, respectively, the real and imaginary parts of
the (natural) logarithm of the transfer function H(f).

where the gain = a(f) = 20log,,|H(f)|in (db)

1.9.4 Frequency Response of LTI System

Distortionless Transmission

For a distortionless transmission, the output waveform is the exact replica of the input waveform.
A delayed output that retains the input waveform is also considered distortionless.
For a delayed transfer function by “t", the system is as below.

x(t) —> Kh(t— td) ——> y(t)
| H)] Amplitude £H(w)
K / plot
- (O]
w
Phase plot
0,(®)
So, if h(t) = &(t)
then, i) = Kx(t-t))
= Y(w) = KX(0) g~ /@'d —— (using time-shifting property)
But we know,
Y(w) = H(w) X(o)
Y(w) ~jot
W = 7 — Ke Joly
() X©)
= It is transfer function (T.F.) required for distortionless transmission.
g = Phase plot of such functions is odd symmetric.
=0 |Ho)| = Kand 6, () = -t
MRDE ERSYH www.madeeasypublications.org Theory with
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REMEMBER

e The concepts of pre-envelope and complex envelope are just mathematical manipulation
to make the analytical study of communication easier they can not exist in real time

because they make a time domain signal complex in nature.

e The use of pre-envelope and complex envelope is understood when we want to represent
operation performed on certain portion of frequency in time domain. Like if we want to attenuate
a single side band by some amount then filter representation helps to express this operation
in frequency domain and complex envelope is used to express it in time domain.

e We can compare this concept of pre-envelope and complex envelope with the concept of
exponential phasor in electrical engineering used for circuit analysis.

L3

Q.1

Q.2

Q.3

Q.4

OBJECTIVE
BRAIN TEASERS

A modulated signal is given by,

S(t) = m(t) cos(2nf_t) + m,(t) sin(2nf_t)
where the baseband signal m,(t) and m,(t) have
bandwidths of 10 kHz and 15 kHz, respectively.
The bandwidth of the modulated signal, in kHz, is
(@) 10 (b) 15
(c) 25 (d) 30

Let 3(t) denote the delta function. The value of
the integral _[ S(t)cos(%j atis
B (b) -1

(©) 0 (d)

N a

The trigonometric Fourier series of an even
function of time does not have

(a) the dc term (b) cosineterms

(c) sineterms (d) odd harmonic terms

The trigonometric Fourier series of a periodic time
function can have only

(a) cosineterms

(b) sine terms

(c) cosine and sine terms

(d) dc and cosine terms

Q.5

Q.6

Q.7

If f(f) is an even function, then what is its Fourier
transform F(jw)?
(a) [f(t)cos(2wt)at (o) 2[F(t)cos(wt)dt

0 0

oo =

(© 2[f(t)sin(ot)dt (d) [f(t)sin(2ot)dt
0 0

If the Fourier transform of f(t) is f(jw), then what
is the Fourier transform of f(—1)?

@ f(jo)
(b) (= jw)

(€) —Hjw)

(d) complete conjugate of f( jw)

The trigonometric Fourier series expansion of an
odd function shall have

(@) only sine terms

(b) only cosine terms

(c) odd harmonics of both sine and cosine terms
(d) none of the these
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HINTS & EXPLANATIONS

B @

s(t) = my(t) - cos2nf_t + my(t) - sin2nf t
Taking Fourier transform,

S(f) = %[M(f— fo) + My(f +1£.)]

;

+2_j [Mo(f = £,) = My (f +1£,)]
m,(t) and m,(t) have bandwidths of 10 kHz and
15 kHz respectively, we can assume the
frequency spectrum of m, (t) and m,(t) as below:
M,(f): M, (f)

-10 0 +10  f(kHz)

My(f): M)

-15 0o +15  f(kHz)
Using above, the frequency spectrum of the
modulated signal can be drawn as below:

|S(f)|

|
3 ittt

e e e 282 f 2 @ f(kHz)
[ + + [ + +

WO WO .Tu un WO o RIS

[

Bandwidth of modulated signal
= (f,+ 15) - (f,— 15) = 30 kHz
2. [0

Let, I= j 6(t)~cos(%)~dt

—oo

Using the property of impulse function,

soon pacwsce P
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T 8(t) - x(t) - dt = x(0)

Hence, I = cos0° =1

E ©

For the trigonometric Fourier series,

T,/2
b,= = [ x(t)-sin(nwgt)- o
To -T/2
2 0 2To/2
b,= = f x(t) - sin(no,t) + — j x(t) - sin(nw,t) at
To -T,/2 To o

In the first integral, substitute t = —t.
For an even signal, x(t) = x(-t).

2 Top/2
b, == j x(t) - [-sin(nw,t)] dt
T i
T,/2
+ = j x(t) - sin(nw,t) - dt
T i
= b,=0

n
Hence, the trigonometric Fourier series of an even

function does not have sine terms.

| 4. [B

The trigonometric Fourier series representation of
a periodic signal is given as

x(t) = @+ Y, (a,cosnw,t + b, sinnm,t)
n=1

It can be expressed as
x(t) = Y, (a,c08nm,t + b, sinnw,t)
n=0

Hence, the trigonometric Fourier series of a
periodic time function has cosine and sine terms.

5. [

F(jo) = T f(t)- e ®at

—oco

F(jo) = ]: f(t) - [cosot - jsinwt] dt

F(jw)= [ f(t)coswtdt - j [ f(t)-sinwt - dt
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0 oo
I f(t)coswt - dt + _ff(t) coswt - dt

—oco

F(jw)

—/.f (t)-sinwt - dt — /If )sinwt - dt

Substituting t = —u in first and third integral.

Hence, dt = - du.

Since, f(-t) = f(t), we get,
0

F(jo) = [f(u) (coswu) (-au) + [f(t)(coswt)at

0

=)

o0

o

0
~j[ f(L) (~sinwu) (-au) - j[ (1) (sinwt)dt
0

oo

o0

F(jm) = jf(u)(cosmu u+ff (cosmt)at
0 0
/Tf(u)(smwu au - /_ff (sinwt) - dt
0
F(jw) = Z]Of(t)cosm-dt

0

A

Q.1

P

magnitude spectrum with respect to frequency.
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6. [0)]

FIA(-1)] = j f(-1)- e - at
Let-t=u =>—dt—du
J'f )- (-

FIf-0) = ]° f(w)- eIV

FIf(=0)] =

fl-jw)

(a)

For an odd function,
1 T2
a== | fith-at=0
-T/2
o TI2
£ [ ft)-cosmogt-at=0
T 712 aamncion
Since, a, = 0 and a, = O, therefore the
trigonometric Fourier series expansion of an odd
signal have only sine terms (- b, # 0).

a, =

CONVENTIONAL BRAIN TEASERS

For the rectangular pulse shown in the figure below, determine the Fourier Transform of x(¢) and sketch the

x(f)
y

[ ——

-T 0 +T —t
(1. [§8 )
1
The Fourier transform of signal x(t) is given as !
X©) = [ x(t)-e7"-dt
- -T 0 +T t
-T<t<
We have, x(t) = ! T_th
0 otherwise
MRDE ERSY Theory with

www.madeeasypublications.org

Solved Examples





