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IMPORTANT FORMULAS TO REMEMBI

CHAPTER -1: BASICS OF COMMUNICATION SYSTEM

1. Introduction
Communication is the process of establishing a connection or link between two points for
information exchange.
OR
Communication is simply the basic process of exchanging information.
Communication system
Typical examples of a communication system are line telephony and line telegraphy, radio
telephony and radio telegraphy, radio broadcasting, point to point communication and mobile
communication, computer commu nication, radar communication, satellite communication

television broadcasting, radio telemetry, radio aids to navigation, radio aids to aircraft

landing etc.
2. The Communication Process: Elements Of A Communication System
The whole idea of presenting the communication model is to analyse the key concepts used in
communication in isolated parts and combine them to form the complete picture.
Input Input Transmitted Re::eived Ol.ltput
message Tt signal signal — signal R signal o rr?eﬂl:e
—— ¥ ¥ ¥ Aokl * utput | "
transducer VLSl transducer
3
Distortion
and noise
3. Concept Of Bandwidth & Frequency Spectrum
3.1. Bandwidth:
Different types of passband signals such as voice signal, music signal, TV signal, etc. Each of

these signals will have its frequency range. This frequency range of a signal is known as its
bandwidth.

Thus, we write BW = foi1 f1

The bandwidth of different signals has been listed in table 1.
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TABLE 1
S. No. Type of the signal Range of frequency in Hz EindW'dth n
1 Voice signal (speech) for 300 i 3400 3.100
telephony

2. Music signal 20 7 15000 14,980

3. TV signals (picture) 01 5MHz 5 MHz
300 i 3400

4, Digital data (If it is using the telephone line for its 3,100
transmission)

3.2. Frequency Spectrum

The frequency spectrum may be defined as the presentation of a signal in the frequency
domain. It can be obtained by using either the Fourier series or the Fourier transform. It

consists of the amplitude and phase spectrums of the signal.
4. Classification Of Communication System

It shows that the electronic communication system may be categori zed into three groups
based on:

(i) Whether the system is unidirectional or bidirectional.

(i) Whether it uses an analog  ue or digital information signal.

(iif) Whether the system uses baseband transmission or uses some modulation.

Electronic Communication Systems
|

Unidirectional/Bidirectional Nature of Technique of
Communication Information Signal Transmission
i ] i | _ |
Simplex Half Full Analog Digital Baseband Communication
Systems Duplex Duplex Transmission using Modulation

Classification of Electronic Communication Systems
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5. Classification Based On The Nature Of Information Signa L

Electronic
Communication Systems

I

Analog Communication Digital Communicatio
Systems Systems
Continuous wave Pulse PCM DM ADM
Systems Modulation

e iinne!

AM FM PAM PWM PPM

Classification based on analog ue or digital communication

6. Analog Communication

m BYJU'S

The modulation system or techniques in which one of the characteristics of the carrier is

varied in proportion with the instantaneous value of modulating signal is called a
modulation system.

6.1. Advantages  Of Analogue Communication
Some of the advantages of analog ue communication are as under:
(i) Transmitters and receivers are simple.

(i) Low bandwidth requirement

n analog ue

(iii) All natural signals are analogue, so they donét have to be converted
modulation, so the output is free from quantization errors.
6.2. Drawbacks  Of Analogue Communicat ion
Some of the drawbacks are as under:
(i) Noise affects the signal quality
(ii) It is not possible to separate noise and signal.
7. Digital Communication
The modulation system or technique in which the transmitted signal is in the form of discreet

pulses of constant amplitude, constant frequency and phase is called a digital modulation

system.
7.1. Advantages  Of Digita | Communication

Some of the advantages of digital communication are as under:

(i) Due to the digital nature of the transmitted signal, the interference of additive noise does

not introduce many errors. Hence, digital communication has a better noise immuni

ty.

(i) Due to the channel coding techniques used in digital communication, it is possible to

detect and correct the errors introduced during the data transmission.
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(iif) Repeaters can be used between transmitter and receiver to regenerate the digital sig nal.
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This improves the noise immunity further and increases the range at which the signal can be
transmitted

(iv) Multiplexing is easier in digital communications

7.2. Drawbacks  Of Digital Communication

Some of the important drawba cks of digital communication are as under;

(i) The bit rates of digital systems are high. Therefore, they require a larger channel

bandwidth as compared to analog ue systems.

(i) Digital modulation needs synchronization between transmitter and receiver in case of
synchronous modulatio  n.

(iii) System has an increased complexity.

8. Baseband And Bandpass Signals

8.1. Baseband Signal

The information or the input signal to a communication system can be analog ue, i.e. sound,
picture, or digital, e.g., computer data. The electrical equivalent of this original information
signal is known as the baseband signal. Baseband is a signal that has a near -zero frequency
range (or a narrow frequency "bandwidth") from close to zero hertz up to a higher cut-off
frequency
f
0l f f Hz ol f. f f, > Hz
(a) Spectrum of a baseband signal (b) spectrum of a bandpass signal

8.2. Bandpass  Signal
It may be defined as a signal which has a non -zero lowest frequency in its spectrum.
This means that the frequency spectrum of a bandpass signal extends from f 1 tof2 Hz.

The modulated signal is called the bandpass signal.

9. Modulation

In the modulation process, two signals are used , hamely the modulating signal and
the carrier signal . The modulating signal is only the baseband or information signal,

while the carrier is a high  -frequency sinusoidal signal.


https://byjusexamprep.com/
https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Hertz
https://en.wikipedia.org/wiki/Cut-off_frequency
https://en.wikipedia.org/wiki/Cut-off_frequency

byjusexamprep.com

Modulating
Signal
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Modulated

Modulator—— sjgnal

T

Carrier Signal

9.1 Need Of Modulation

i. To avoid interference between

ii. To decrease the length of transmitting and receiving

signals

iii. To allow the multiplexing of signals

antenna

10. Comparison Between Analog & Digital Communication

Analog ue modulation

Digital modulation

The t ransmitted modulated signal is
analog ue.

The transmitted signal is digital, i.e.
train of digital pulses.

(ii)

Amplitude, frequency or phase
variations in the transmitted signal
represent the information  or
message.

The a mplitude, width or position of the
transmitted pulses is constant. The
message is transmitted in the form of
code words.

(iii)

Noise immunity is poor for AM but
improved for FM and PM.

Noise immunity is excellent.

(iv)

It is not possible to separate noise
and signal. Therefore, repeaters
cannot be used.

It is possible to separate signal from
noise. Therefore, repeaters can be used.

v)

Coding is not possible.

Coding techniques can be used to detect
and correct errors.

(vi)

The b andwidth required is lower
than that for the digital modulation
methods.

Due to higher bit rates,
bandwidth is required.

a higher channel

(vii)

FDM is used for multiplexing.

TDM is used for multiplexing.

(viii)

Less secure.

More secure

(ix)

Analog ue modulation systems are
AM, FM, PM, PAM, PWM etc.

Digital modulation systems are PCM, DM,
ADM, DPCM, etc.
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1. Amplitude Modulation
Amplitude modulation is defined as a process in which the amplitude of the carr ier wave c(t)
is varied, with the message signal m(t) keeping other parameters constant.

1.1 Time -Domain Description

The standard form of an amplitude -modulated (AM) wave is defined by

Xt)=A c[l+k am(t )] ca)ys(2¢f

Where k a is a constant called the amplitude sensitivity of the modulator , t he modulated

wave so defined is said to be a fistandardo AM wave

representative of amplitude modulation.

T The amplitude of the ti me f ucistalledthe entelopgeiofghe M ng cos
wave s(t). Using a(t) to denote this envelope, we may thus write

a)=A c|1+k am()]

I Two cases arise, depending on the ma gnitude of k am(t), compared to unity.

case 1:
kam(t)] O 1, for all t
Under this condition, the term 1 + k am(t) is always non  -negative. We may therefore simplify

the expression for the envelope of the AM wave by writing

at) =A ¢(1+k am(t)), forall t

case 2 :

|k am(t)] > 1, for all t

The maximum absolute value of k am(t) multiplied by 100 is the percentage modulation
Accordingly, case 1 corresponds to a percentage modulation less than or equal to 100%,
whereas case 2 corresponds to a percentage modulati on of more than 100%.

. Baseband signal (Modulating signal)

Am% ' | ot : : /

ptime “t”

Carrier'signal

S BB LAt S R RLatEcdatal e e
RV M |

i i ’7 “mmm
0 JIU T

e

- o L Envelope

AM waveform for sinusoidal modulating signal
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1.2 Frequency Domain Description

To develop the frequency description of the AM wave, we take the Fourier transform of both

sides. Let S(f) denote the Fourier transform of s(t), and M(f) denote the Fourier transform of
the message signal m(t); we refer to M(f) as the message spectrum. Accordingly, using the

Fourier transform of the cosine function A cc 0 s (@ and the frequency  -shifting property of

the Fourier transform. we may write
A k
Sﬁﬂfd[df+mg+€¥-fh] £V

M(f)
M(0)

»f
~fm O fm
4X,,.(F)
"""""""" KRgs T
k.A /2
“ »f
~(f.+f) -f. -(f.-f) 0 -(f.-f) f. (f.+f)
je—B.W —>| fe—B.W —|

BW=(@F c+fm)i (fcl fm)
B.W=2f m Hz or kHz
B. W =ntadls

3. Single Tone Amplitude Modulation
Let carrier signal,
xt)=A ccosc R
And the message signal,
mt=A mcC0sSmtR
then after modulation, we get

X =A cos W gm,g gos( . w ) wncerw;cgs( ¢ tw

Full carrier Upper Side Band Lower Side Band
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3.1 The Spectrum Of  Sinusoidal AM Signal

4 X, (F)

C-(f+f) —f-(f-f) 0 (f-f) f (f+f)

le——l
B.W = 2f,

2Am =V max T Vmin
V. -V

' Am - ax ~ Vmin
2
V. +\.
A — max min
¢ 2
Vmin = AE (1 -rncl)
Finally, we get,
X =A_m M modulation index
Ac Vmax + Vmin

% modulation=m a1 x 100

BYJU'S
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4. Over modulation

Whenm 2 >1,ie. Am > A c, overmodulation  occurs, and the signal gets distorted. Because the

negative part of the waveform gets cut from the waveform le aving behind a -isque
ikekd signal , whi arinfigite numbenadf rasnonics , t his type of distortion is known
a s Ndn -linear distortion 0 oHEnveldpe distortion .0
v(t) v(t)
.............. A(1+m,)
"""""" Carrier A,

0---- A(1-m,)

(a) (b)
(a) Under modulated AM wave (b) Over modulated AM wave
6. Power Relations In AM

6.1. The Total Power In AM Full Carrier Dual Side -Band System
The total power in an AM wave is given by,
Pt = [Carrier Power] + [Power in USB] + [Power in LSB]

C P = E +E2USB EZLSB
¢ R R R
E, Euss and E .se are the RMS values of the carrier and side -band amplitudes , and R is the

characteristic resistance of the antenna in which the total power is dissipated.
6.2. Carrier Power (P c)
The carrier power is given by

P = g —IE.—C/ \ﬁ : E=2£
¢ R R 2R
6.3. Power InThe Side -Bands

The power in the two side  -bands is given as

Ese
P =P =
usB LSB R
- - . ME
As we know , the peak amplitude of each side -band is >
o JmER A mE:
PUSB — 'LsB R SR
m: g
PUSB = LSB = 4 2R
m2
P = =—=2pP
usB LSB 4 c

10
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6.4 Total Power

The total power is given by
Pt =Pc¢+Puss +PLss

2 2
R AR

7. Transmission Efficiency

m BYJU'S

1 The transmission efficiency of an AM wave is the ratio of the transmitted power which

contains the information (i.e. the total side -band power) to the total transmitted power.
ém> m?2 @
7 + a
C h _PLSB + FtJSB & 4 4 0 Lnﬁzllz rﬂi
P, e m: g m2 2 +m?
g+ B 1+-—-2 2
e 2 4 2

I The percentage transmission efficiency is given by

m2
h% =——2— 100%
2+m;

8. AM power in Terms of Current

Assume | ¢ to be the RMS current corresponding to the unmodulated carrier and the RMS

current AM wave
P =I’RandP, #*R

R_E
PC

2
c

o4

3

F@)
PPy
('D;rw
oo™

JU|T
I

D> ('PA('D'

N

. 2
gl o & m?
§ u=d
ec U e
2
m
It:IC +2
2

11
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9.

Multiple  Single -Tone Amplitude Modulation

Let us assume that there are two modulating signals.
X1() =E m1 C 0 smR

and x 2() =E m2 ¢ 0 smR}

e
ew =E & s cos .\t EPz—(:os Lvegs f
é c Et u
Where, Em - m,
EC
and S - m,
EC
Use the following identity to simplify the equation

cosAcosB = %COS(A B) %%OS(A B) -
m.E mE
e, —E cos w %cos( JWoBHtw —;-bos( .

+mTzE°cos( W+ N T-Z&cos( Wt

9.1. Total Power in AM Wave

The total power is given as,

Pt =Pc¢+ Puss1 + Pissr + Puse2 +P Lsp2

m BYJU'S

Extending the concept to the AM wave with n number of modulating signals with modulating

indices m 1, m 2é mn the total power is given by,

e 2 2 2
PR=Rél A ey M,
e 2 2 2
9.2. Effective Modulation Index (m 1)
e m?
We knowthat P, =P gl + t
a 2
m[:gnlz m22 mjlé

12
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10.

11.

12.

GENERATION OF AM WAVES USING NON -LINEAR PROPERTY

The circuit that generates the AM waves is called a n amplitude modulator
They are of the following type ,

i. Square law modulator

ii. Switching modulator

Disadvantages of AM (DSBFC)

The AM signal is also called as "  Double Side -band Full Carrier (DSBFC) signal . The main

disadvantage of this technique is:

1 Power wastage occurs as the carrier does not contain any information, so it is needlessly
transmitted
AM needs larger bandwidth.

1 AM wave gets affected due to noise as the amount of noise is directly proportional to the
bandwidth .

Detection Of AM Waves

12.1. Square -Law Detector

A square -law detector is essentially obtained by using a square -law modulator for detection.
Consider the characteristic transfer  equation of a non -linear device, which is reproduced here

for convenience

va(t) =a wvai(t) +a 2vi?(t)

where v 1(t) and v 2(t) are the input and output voltages, respectively and a 1 and a2 are

constants.

12.2. Envelope detector

Charging time constant = RC > >fl
Discharging time constant = RC < <fi

m

As the varying voltage across R follows the envelope.

So that, fl < RC <_1<

c m
If RC is very small or RC is very large, then we canbét get the envel ope
waveform in both cases . If RC is very large, then diagonal clipping occurs.

For getting an envelope of m(t), the exactvalue o fRC is given as,

1 ggl -m?
RC¢ —
Wm ma

13
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13.

14.

Types Of Am

Amplitude Modulation (AM)

! ! v ! !

DSB-FC DSB-SC SSB-SC ISB VSB
Double sideband Signal sideband Independent sideband Vestigial
suppressed carrier suppressed carrier system sideband
system system system
Double -Sideband Suppressed - Carrier Modulation

14.1 Time -Domain Description
To describe a double -sideband suppressed -carrier (DSBSC) modulated wave as a function of
time, we write
s(t) = c(t)m(t)
=Accos (D)
14.2. Frequency -Domain Description
The suppression of the carrier from the modulated wave is well -appreciated by examining its

spectrum. Specifically, by taking the Fourier transform

SO = SAME 1), ME )]+

Where, as before , S(f) is the Fourier transform of the modulated wave s(t) , and M(f) is the
Fourier transform of the message signal m(t).

14.3. Generation of DSBSC Waves

A double -sideband suppressed -carrier modulated wave consists simply of the product of the
message signal and the carrier wave. A device for achieving this requirement is called a

product modulator.

14.4. The Spectrum Of  DSB -SC Signal

M(w)
M(0)
=W, 0 [ ©
CRAREREARAREEE 7 PLREEEEREEEEY
2
—(m,‘+ @) =0, =(a, = o,) 0 +(o, = o,) =0, (o, + mm)‘*"

f—B.Ww—
Modulated DSBSC signal

TransmissionmB. W = 2R

14
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14.5. Balanced Modulator

m(t) AM s,(1)
Modulator

F

+ ¥
Local s(t)
Oscillator c(t)=A_cos(2nft) Z

h 4

-m(t) AM
*| Modulator

s,(t)

14.6. Ring Modulator

Modulating

. DSBSC signal
signal output
+ -
_' ._
Carrier =
signal -
14.7. Coherent (Synchronous) Detection of DSB -SC Waves

Let x(t) be the DSB  -SC signal at the input of the product modulator and the local oscillator

having frequency A cc o s ¢t 2 ¢f. The signal x(t) can be represented as

X)) =m{) A3 cos@ ft) p

x(t) | Product | X'(t) | Low-pass
modulator “| filter H(f) | Message
signal
m’(t)

A cos(2nft + ¢)

Hence the output of the product modulator is given by
xZ(t) cmps ] R2PAcogf Ay f
xZ(t) cnmps ] RHAN cosc)2¢f

But cosAcosB :%[cos(A B) cos(A B) -
Therefore, Xx{t) = :—2Lm(t)A [cos(4 ftp ) <o ]+

x{t) =%A c6os ) ) r%zla(t)A cos(4 ft p

15
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Signal xZ(t) is passed through a | ow pass filter.

through and will reject the second term. Hence the filter output is given by,

m(© = A gos my

I f G=90A the cos 0= O0hecomesO0 thitiecaledthemuadrature null effect
15.  Hilbert Transform

Hilbert transform of x(t) is represented with Kt) , and itis given by

g e l
ji=e? forw Q
rﬂM:W,m~wﬂ l
I ip T
Il-i =2, forw ©)

&) = Tlr/m z(k) 41

Lt

F(H (u)(w)= dsgn( yF (u)( }

Where sgn() is the signum function
16. Single Side -Band Supressed Carrirer

Let m(t) is modulating signal and a 0O is Hilbert transform of m(t) then,

Xsspsc () =m(t) cos th(tESin t _.WwlUSBY
Xsspse ( F) m( ty chs t W m( Y)

Also,

dl
+
X
= o))
pull
[3)

B. W
B. W

11
3
X

16.1. Power Saving

DSB - SC:
. P
The p ower saved in DSBSC = EC 3100
t
2
e = S 3100%
SSB-SC:
. P.+RgorPR
Power saved in SSB = -&——YS8—_LSB 190
t
4 +m?
=——2 3100%

save 4+2m§

16
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17. Vestigial Side -Band Modulation (VSB )

VSB transmission is similar to single -sideband (SSB) transmission, in which one of the side -bands
is completely removed. HOWEVER, in VSB transmission, the second side -band is not completely
removed but is filtered to remove all but the desired range of frequencies.
Antenna
VSB
Modulating Balanced |PSB-SC | sideband [signal Linear | Power
signal modulator filter "| amplifier ~| amplifier

Carrier
oscillator

VSB Transmitter

X(f)

—f 1 f

LLL] 0 m

Spectrum of message signal

FullUusg _ Part of USB Full USB

L i

l‘:{walll i:Iil 1] t:{ f[2+ rl'll

Spectrum of VSB signal

17.1. Transmission bandwidth
The transmission bandwidth of the VSB modulated wave is given by,
B=(Ff m+fv)Hz
where f m = Message bandwidth

And f v = Width of the vestigial sideband.

17.2. Generation of VSB Modulated Wave
The modulating signal x(t) is applied to a product modulator. The output of the carrier
oscillator is also applied to the other input of the product modulator. The output of the

product modulator is given by

17
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. VSB signal
Modulating __,| Product o Sld_eband
signal modulator filter »
F 3
Carrier
oscillator

Generation of VSB signal
m(t) = x(t).c(t)
=x(t)Vccos (D¢ f

The spectrum of the VSB modulated signal is given by,
V, .
S(f) = ?C [X(f T fo) + X(F+T  )H()

18. Noise in amplitude modulation

N, (noise power=#/ f

Where E=white noise power density

S
. . N

Figure of merif FOM) = 30
N,

I:C)'VIDSBSC:

FOMSSBSC=1

2
FOM pgpre = =
DSBFC 2+n’l§

18
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CHAPTER -3: FREQUENCY AND PHASE MODULATION

1. Angle Modulation

An angle modulated wave can be expressed mathematically as
st)=A ccos [ R# & (t)]

Where A ¢ is the peak carrier amplitude,
Rcis the carrier frequency and
e(t) is the instantaneous phase deviation.

In angle modulaton ,e(t) is a function of modul ating signal

2. Phase Modulation (PM)
2.1. Mathematical Expression for PM

A phase -modulated can be mathematically expressed in the time domain as follows:

s(t)= A, cos[2nf t+ k m(t)]

t Varying phase angle

Constant amplitude

Kp is the phase sensitivity in radians per volt , and m(t) is the message waveform.
2.2 Mathematical Expression for FM
We canh use e(t) to write the ¢imedenminassusderon for FM in

s)=A ccos e (t)

FM wave:

t
s(t) = A, cos [2nft + 2anjm(t) dt]
0

L Unmodulated carrier

Constant amplitude
Ks is the frequency sensitivity inrad/V ~ , and m(t) is the message signal

3. Single -Tone Frequency Modulation

Changing the frequency of the carrier according to the  -message signal is called Frequency
Modulation.

fi) =f ¢+ Km(t) Hz

Kt = Frequency sensitivity (Hz/V )

fit)=f c+KitAmc 0os 2t f

19
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fimax =fc+KtAm Hz
fi, mn =fcl KiAm Hz

gf FAm Kz =frequency deviation

3.1 Maximum  Frequency of FM Wave:
The maximum frequency of FM wave is given by

fmax =f cN @ Hz

3.2. For a single tone modulation:

Mmt)=A mcos mt¢f

a A ¢
s(t) =A . g9s &fR PR Ao ¢ t,.p ¢
2pf :
¢ ¢ m
a 3 o
= A, g80s &8 Tt ﬁfA—’“sian;np ¢
¢ ¢ fo +
3.3. Modulation Index:
The modulation index of FM wave is defined as under:

_ Frequency deviation
Modulating frequency

f

KA, Df
f f

m m

b

3.4. Deviation Ratio:
The modulation index corresponding to the maximum deviation and maximum modulating

frequency is called the deviation ratio.

. . Maximum deviation in frequency
Deviation ratio = : -
Maximum modulating frequency

3.5. Percentage Modulating of FM Wave:

Actual frequncy deviation
Maximum allowable deviation

% Modulation =

3.6. TYPES OF FM

The FM systems are classified into the following two types:
i. N\arrowband FM (a << 1)

i. Wi deband FM (a >> 1)

BW of NBFM = 2f n,

20
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The spectrum of AM and NBFM are identical except that the spectral component at f ¢ fm is
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180° out of phase.

3.7. Narrow -band FM
Narrowband FM is very similar to AM; therefore, it is rarely used
Figure 6 shows the generation of narrowband FM using a balanced modulator.
BWng=2f m

SusFm (t) - ACOS(Wct) - AK; n( D Sir( WD

Figure 6: Generation of Narrowband FM

3.8. Wideband FM

Bessel function of order 6éné is given by
3,00 =2 )pgj o d

s(t) is wideband FM

s(t)=Aa A(o)co{ 24 1 1))

= i3

Wideband FM spectrum
Generation Of WBFM Signals

WBFM signal can be generated by two methods
i. Direct Method or parameter variation method

ii. Indirect Method or Armstrong Method

21
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