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DEPARTMENT VISION

To excel in technical education and research in the field of Electrical & Electronics Engineering
by imparting innovative engineering theories, concepts and practices to improve the production
and utilization of power and energy for the betterment of the Nation

DEPARTMENT MISSION
1) To offer quality education in Electrical and Electronics Engineering and prepare the students

for professional career and higher studies.

2) To create research collaboration with industries for gaining knowledge about real-time
problems.

3) To prepare students with sound technical knowledge

4) To make students socially responsible
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PROGRAMME EDUCATIONAL OBJECTIVES

1. Graduates shall have a good foundation in the fundamental and practical aspects of
Mathematics and Engineering Sciences so as to build successful and enriching careers in the
field of Electrical Engineering and allied areas

2. Graduates shall learn and adapt themselves to the latest technological developments in the
field of Electrical & Electronics Engineering which will in turn motivate them to excel in their
domains and shall pursue higher education and research

3. Graduates shall have professional ethics and good communication ability along with
entrepreneurial skills and leadership skills, so that they can succeed in multidisciplinary and
diverse fields.

PROGRAM OUTCOME (PO’S)
Engineering Graduates will be able to:

PO 1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering

fundamentals, and an engineering specialization to the solution of complex engineering problems.

PO 2. Problem analysis: ldentify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,

natural sciences, and engineering sciences.

PO 3. Design/development of solutions: Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental

considerations.

PO 4. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and

synthesis of the information to provide valid conclusions.

PO 5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex engineering

activities with an understanding of the limitations.
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PO 6. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities relevant
to the professional engineering practice.

PO 7. Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need for

sustainable development.

PO 8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and
norms of the engineering practice.

PO 9. Individual and team work: Function effectively as an individual, and as a member or

leader in diverse teams, and in multidisciplinary settings.

PO 10. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
effective reports and design documentation, make effective presentations, and give and receive

clear instructions.

PO 11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and

leader in a team, to manage projects and in multidisciplinary environments.

PO 12. Life-long learning: Recognize the need for, and have the preparation and ability to engage

in independent and life-long learning in the broadest context of technological change.
PROGRAM SPECIFIC OUTCOME(PSO’S)

PSO 1: Apply Science, Engineering, Mathematics through differential and Integral Calculus,

Complex Variables to solve Electrical Engineering Problems

PSO 2: Demonstrate proficiency in the use of software and hardware to be required to practice

electrical engineering profession.

PSO 3. Apply the knowledge of Ethical and Management principles required to work in a team as

well as to lead a team.
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Course code Course Name L-T-P -Credits Year of Introduction

EE401 Electronic Communication 3-0-0-3 2016

Prerequisite: Nil

Course Objectives
¢ To introduce the applications of communication technology.
e To understand the methods and techniques used in communication field.

Syllabus:
AM and FM fundamentals-AM and FM transmitters and receivers-Television and radar systems-
Digital communication-Satellite communication-Cellular telephone.

Expected outcome
The students will
i.  Understand the need of modulation in transferring a signal through either wireless or
wired communication systems
ii.  Be able to apply analog modulation techniques and receiver fundamentals in analog
communication.
mi.  Be to apply baseband digital encoding & decoding techniques in the storage / transmis-
sion of digital signal through wired channel
iv.  Understand the performance of communication systems in the presence of noise and in-
terference

Text Books:
1. Kennedy G, Electronic Communication Systems, McGraw-Hill, New York, 2008.
2. Roody and Coolen, Electronic Communication, Prentice Hall of India LTD., New Delhi,

2007.
References:
1. William Scheweber, Electronic Communication Systems, Prentice Hall of India LTD, New
Delhi, 2004.
2. Wayne Tomasi, Electronic Communication Systems, Prentice Hall of India LTD, New
Delhi, 2004.
3. Frank R. Dungan, Electronic Communication Systems, 3/e, Vikas Publishing House, 2002.
4. Simon Haykins, Communication Systems, John Wiley, USA, 2006.
5. Bruce Carlson. Communication Systems, Tata McGraw Hill, New Delhi, 2001.
6. Taub and Schilling, Principles of Communication Systems, McGraw-Hill, New York, 2008.
7. Anokh Singh, Principles of Communication Engineering, S. Chand and Company Ltd.,
Delhi.
Course Plan
Module Contents Hours | Sem.
Exam
Marks
I AM and FM fundamentals
AM - Frequency spectrum — vector representation — power relations
— generation of AM — DSB, DSB/SC, SSB, VSB 6 15%

FM — frequency spectrum — power relations

11 AM and FM transmitters and receivers

Block diagrams of low power and high power AM transmission - AM
receivers: straight receivers super hetrodyne receiver - choice of
intermediate frequency - simple AVC circuit 8 15%
Block diagrams of direct FM transmitter and Armstrong transmitter -
FM receivers (balanced -

slope detector and Foster-Seely discriminator only).

FIRST INTERNAL EXAMINATION
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I Television and radar systems

Principles of television engineering - Requirements and standards —
need for scanning - types of camera tubes and picture tubes - B/W
and colour systems - PAL - CCTV - Cable TV-high definition
television.

Radar and navigation: principle of radar and radar equation, block
schematics of pulsed radar.

8 15%

IV Digital communication: 6 15%
Principles of digital communication — - Sampling process-pulse
modulation Techniques- sampling process-PAM, PWM and PPM
concepts - PCM encoder and decoder

Applications of data communication

SECOND INTERNAL EXAMINATION

v Satellite communication

Multiple access (MA) techniques-FDMA, TDMA, CDMA, SDMA -
applications in satellite communication wire, MA techniques
applications in wired communication. in satellite communication,
earth station;

Fibers — types: sources, detectors used, digital filters, optical link

8 20%

VI
Cellular telephone - Basic concepts, frequency reuse, interference
cell splitting, sectoring, cell system layout, cell processing. Fibers —
types: sources, detectors used, digital filters, optical link: 6 20%

Bluetooth, Zig-Bee, GPS, Wi-Fi, Wi-Max based communication

END SEMESTER EXAM

QUESTION PAPER PATTERN:

Maximum Marks: 100 Exam Duration: 3Hourrs.

Part A: 8 compulsory questions.
One question from each module of Modules I - IV; and two each from Module V & VI.
Student has to answer all questions. (8 x5)=40

Part B: 3 questions uniformly covering Modules I & II. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.

Part C: 3 questions uniformly covering Modules III & IV. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.

Part D: 3 questions uniformly covering Modules V & VI. Student has to answer any 2 from the 3
questions: (2 x 10) =20. Each question can have maximum of 4 sub questions (a,b,c,d), if needed.
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9)

NEHRU COLLEGE OF ENGINEERING AND RESEARCH CENTRE
PAMPADY, THRISSUR
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING
EE 401 ELECTRONIC COMMUNICATION

QUESTION BANK- MODULE -1

Define amplitude modulation.

Draw the frequency spectrum of SSB

Draw the phasor representation of AM

What isDSB SC AM?

Mention the advantages of VSB AM.

What is amplitude modulation? Draw its graphical and phasor representations and derive its
power calculation.

What is double side band suppressed carrier AM? Compare it with AM with carrier with
respective frequency spectrum, phasor representation and power calculation.

Mention the purpose of single side band suppressed carrier AM. Compare it with AM with
carrier with respective frequency spectrum, phasor representation and power calculation.

What is vestigial side band modulation? Explain.

10) Give the comparison between AM with carrier, DSB SC and SSB SC modulation method in

detail.
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QUESTION BANK- MODULE -1l

Compare AM and FM transmitters

Explain low power AM transmission with block diagram

Briefly explain Armstrong transmitter with a neat block diagram.
Explain the choice of intermediate frequency in AM receivers.

Explain about super heterodyne receiver with aneat diagram.

Explain in detail about foster seely discriminator.

Explain in detail about balanced slope detector.

Explain the following 1) direct FM transmitter 2)Armstrong transmitter

With neat block diagram explain the types of AM transmitter.

10) Explainin detail about AVC circuit.
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QUESTION BANK- MODULE - 111

Write a short note on principle of radar.

What is radar? Also write the radar equation.

What are the basic components of aradar system?

What types of camera tubes and picture tubes are used in television engineering?
Compare black and white and colour systems.

What are the principles of television engineering?

Explain in detail about CCTV.

What is meant by high definition television

What are the requirements and standards need for scanning? Also explain PAL

10) With aneat block diagram explain about pulsed radar.
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QUESTION BANK- MODULE - IV
What is sampling process?
What are the pulse modulation techniques?
What are the principles of digital communication?
Give the applications of data communication.
Distinguish between PWM and PPM
Explain PCM encoder and decoder.
Describe PAM concept
Explain PWM with necessary sketches.

Compare PAM and PWM

10) Explain the sampling process of PAM, PWM and PPM.
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QUESTION BANK- MODULE -V

What are the advantages of satellite communication?
Mention the applications of satellites
What is mean by multiple axis techniques?
Applications of MA techniques in wired communications
Briefly explain digital filters
Compare FDMA and TDMA
How MA techniques are applied in satellite communication and earth station?
Explain in detail about the sources and detectors in fiber communications.

Describe CDMA with aneat diagram

10) Explainin detail about SDMA
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QUESTION BANK- MODULE - VI
Explain the basic concepts of cellular telephone
Define cell splitting.
Write a short note on Bluetooth.
List the applications of ZigBee.
What is cell sectoring?
Explain the concept and principle of operation of mobile communication in detail.
What is ZigBee? Explain its functions and ZigBee stacks.
With neat sketches explain the concept of cellular architecture

Explain in detail about frequency reuse and interference cell splitting.

10) What is Wi-Fi? How does it work?



AM and FM Fundamentals (Module 1)

A3

Module 1

/ : AM and FM Fundamentals

AM AND FM FUNDAMENTALS

Ques 1) Define AM. Also write the advantages and
disadvantages of AM.

Ans: AM (Amplitude Modulation)
Amplitude Modulation (AM) is a modulation
technique used in electronic communication, most
commonly for transmitting information via a radio
+ carrier wave. In amplitude modulation, the amplitude
(signal strength) of the carrier wave is varied in
proportion to the waveform being transmitted. That
waveform may, for example, correspond to the
sounds ‘to be reproduced by a loudspeaker, or the
light intensity of television pixels. This technique
contrasts with frequency modulation, in which the
frequency of the carrier signal is varied, and phase
modulation, in which its phase is varied.

Ex V—\ Modulating Signz]/—\

—p Time

1 N

(a)

‘ E‘,"'E-‘--- '“—-—---———--—-----—’ -\----'

J |V . N | L~

~l1_1A L

(c)

Figurel.l: a) Sinusoidal Modulating Signal
: b) Sinusoidal High Frequency Carrier

_ ©) Amplitude Modulated Signal

The modulating signal modulates amplitude,
frequency or phase of the carrier according to its
variations in amplitude. This results in amplitude,
frequency or phase modulation. The frequency and

phase modulation is also called angle modulation, In
amplitude modulation, the amplitude of a carrier

signal is varied according to variations in the
amplitude of modulating signal. Figure 1.1 shows
the modulating signal in figure 1.1 (a), figure 1.1 (b)
shows high frequency carrier and figure 1.1 (c)
shows amplitude modulated signal. In figure 1.1 (c),
observe that the carrier frequency remains same, but
its amplitude varies according to amplitude variations
of the modulating signal.

Advantages of AM

1) Itis simple to implement.

2) It can be demodulated using a circuit consnstmg
of very few components.

3) AM receivers are very cheap as no specialised
components are needed.

Disadvantages of AM
1) Itis not efficient in terms of its power usage

2) Itis not efficient in terms of its use of bandwidth,
requiring a bandwidth equal to twice that of the
highest audio frequency

3) It is prone to higi] levels of noise because most
noise is amplitude based and obv1ous]y AM
detectors are sensitive to it.

Ques 2) Derive equation of AM signal. Also plot a

frequency spectrum of an AM wave with the help of

its mathematical analysis. '
Or

Give ‘'a mathematical analysis of sinusoidal AM.

Also define modulation index and percentage

modulation?

Ans: Sinusoidal AM / Equation of AM Signal
The amplitude modulation technique, in which both
carrier and base band signal are sinusoidal, is called
sinusoidal AM. Thus, let the modldatmg signal be ey
and given by,

en = En sinopt 2 e va(1) Qaae

) And carrier signal can be represcnted by e as

=E. sm 10 S . "':'(2) o

Here, oLy :
En= Maxunum amplitude of modulating signal
E. = Maximum amplitude of carrier signal
®n = Frequency of modulating signal

@ = Frequency of carrier signal
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'is called Modulation ‘Index.
modulation factor, modulation coefficient or the

e
T

g

- Here, -

Using the above mathematical - expressions for
modulating and: carrier signals, we can create a new
mathematical expression for the complete modulated

~.wave. It is given as,

Esnv=E.+en
=E, + E, sinwgt

By puttmg €n from equation (1)

 The instantaneous value of - the amphtudc modulated
" wave can be given as,

‘eam = Eanm 8in0O = E e sinm,t
seam = (B + Ep sinmgt) sinogt : )

This is an equation of AM wave.

Modulation Index and Percentage Modulation
The ratio of amplitudes of baseband to carrier signal
It is also called

degree of modulation. It is a number lying between 0

- and 1 (maximum, when E,, = E.), and it is very often
expressed as a percentage and called the percentage |

modulation.

Modulation Index, m=Em e (D)

<

I?efcentage Modulation Index ,%(m)=mx100

=(E’“]x100
E.

Hence value of modulation index will be equal to 1.

Frequency Spectrum and Bandwidth -
The modulated ‘carrier has new signals at different
frequencies, called side frequencies or sidebands.

- ‘They occur above and below the carrier frequency

Thatls fusg—f +f
'fLSB—f f

" f, = Carrier frequency and

fm = Modulating signal frequency
~ fisg = Lower sideband frequency
fuss = Upper 51deband frcquency

ConSIdcr the expression of AM wavc given by
equatnon(3),1e,_ b

“ean = (B, + Ey, sin®pt) sint R ()

r

. -Since, m= ]IEE_ from equauon (4) Hence, E, ‘mEc.

c

B Puttmg this value of Er, in above equatlon we get,
' eAM (Ec + mE, sin®,t) smu)ct

o =E(1+m smmmt) sino,t -

¥ E sin@.t +m E smwmt sm(nc T

()

¥ AR TOC Y

A-4 e B.Tech, Seventh Semester TP Solved Series (ElﬁmgiﬁAF;qmmunic.aﬁqn) KTy

As,

© * sin(A)sin(B)= -—cos(A B)--—-cos(A+B)
Applying this result to 1ast term in abovc equation we
get, '

e,y = B sino,t +-—-——2 £ cos(m, — mm)ﬁ e < cos(a, + o, it

. (7)

In the above equatlon thc first term represents
unmodulated  carrier, -the second ' term - represents
lower side-band and - last _term -represents - upper
sideband. Since, o, = 2xf. and com = anm Hence
above equation can also be written as, -

mE
e =E.sin ancg + —m—f-cos_.?_n(f —fo - —2—-00821t(f +ia )t

€y = E, sin 2xf t+ %—cos 2nf gpt +—2—£-_cos 21 fyspt

_ )
From this equation the frequency spectrum of AM
wave can be drawn as shown in figure 1.2:

. E.

me t =
2
. fm o 3
< > J

fc - fm f: fc + fm

Frequency
fiss fuse

Figure 1.2: Frequency Domain Representation of AM Wave
This contains full carrier and both the sidebands:

hence it is also called Double Side-Band Full
Carrier (DSBFC) system.

Bandwidth of the signal can be obtained by taking
the difference between highest and lowes!

frequencies. From figure 1.2, bandwidth of AM
wave can be obtained as,

: 'BW = fyss = frsp=(f + f) — (f. - f)

. BW =2f,, RURTRR LA |11

Thus bandwidth of AM sngnal is twice the
maximum frequency of modulating signal b
wave is -an- over-modulated figure shows

- waveform for a sinusoidal baseband signal.

¢ Envelope is no longer the same shape as
(‘ original modulating signal

: Cliping of negat*®
peaks occurs
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AM and FM Fundamentals (Module 1)

Ques 3) Discuss  the
amplitude modulation.

vector representation of

Ans: Vector Representation of AM with Carrier
The vector representation of an AM with carrier is
shown in Figure 1.4.

m, V.
2

L0178

P V)
» X

m, Ve
) 2
Figure 1.4: Vector Representation of AM with carrier

- Itis the easy way of representation of an AM wave,
g where V. is the carrier wave phasor, taken as
i - reference phasor. The two side band having a

frequency of (w.+w®,) and (0, -w,) are
represented by two phasors rotating in opposite
direction with angular frequency of ®,. The
resultant phasor is V(t). It depends on the position of
. the side-band phasor and carrier wave phasor.

. Ques 4) Derive an expression for modulation index of
sinusoidal AM.
Or
 ~ Given amplltude modulated wave at the detector end,
give a mathematical analysis for the calculation of
modulation index of given AM wave?

Ans: Calculation for Modulation Index of
Sinusoidal AM

Consider the AM signal, the more descriptive form
of the given waveform is shown in figure 1.5.

. Modulated wave (Modulation

llguu 15; Amplltndn Modumed Carrier Wave

We know that,
- Modulation Indéx, m= En

Percentage Modulatidn,

%m;._.mxmo=[_l;ﬂJx100 o

Another way of expressing the modulation index is in
terms of the maximum and minimum values of the
amplitude of the modulated carrier wave, This is
shown in the figure 1.6,

s

From the figure we know that:

2Em _:'Emax_Enun
E - E_ :
E, =|—max = “min ' AT
[P
AndE =E,.,-E, : eeee(2)
E. (1 + m sin gty
(1+m) E.

F - = —— = —————

E E4-}A-A- R XA _
(1-m) E, 4 4 = %_ Ec (1 + m sin ©.t)sin @t

R

Figure 1.6: Amplitude Modulated Sine Wave withm <1 .

By putting value of E, from equation (1) to equation
(2), we get:

Ec=Emax ,_(Ema.x — Em:m)
:o 2 .
E _+E
E =| —max —mn e (3
e ( > J (3)

Taking the ratio of equation (1) and (2),

Emax_Emin
" By 2

m= =
E, E x + Epin
(=)
. - Emax _E'm.in
© Ep.+E,.,

This equation gives the technique of calculating .
modulation index from AM wave. For distortion less
transmission m-nust be smaller than 1, practically
preferred between 0.2 and 0.8.

Ques 5) Calculate the modulation index and
percentage modulation if instantaneous voltages
of modulating signal and carrier are 20 sin Ot
and 80 sin (ot, respectlvely. > .

Ans: From the given mstantaneous Equatlon wg'-,""- %
have, - :
En=20and E.=80. -

Hence modulation index wil| be,
i 20"
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Ques6) An * amplitude modulated wave is
ml’r&sented by the expression

= 10(1 +.0.6 cos 6280t) sm 211 x 10%t Volts.
Calcu.late-

.1) The minimum and maximum amplitude of the

AM. wave.
2) The frequencies and amplitudes of the
components contained in the modulated wave. .

Ans: The instantaneous voltage of AM. wave is
glven by,

en=E.(l1+mcosw, t)cosm t

The given modulated wave is represented by the
expression

em = 10(1 + 0.6 cos 6280t) sin 211 x 104t volts

The Maximum and Minimum Amplitude of A.M.
Wave '

En(max) = E(1 +m) = 10(1 + 0.6) = 16 volts _
Ex(imin) = E(1 —m) = 10(1 + 0.6) = 4 volts

Frequency and Amplitudes of Compounds
Carrier wave,

4
£=Q 2MIXI07 g pnsi00me
2n 2
Slgna.l wave f —m——@HIOOOH
n 2n

~ Carrier wave amplitude E. = 10 volts

: L E
Signal wave amplitude E,, is given by m=k—2
: [
Where, k is the proportionality constant. Taking k =
1, we have

m =

m or E, =mE, = 0.6 x 10 = 6 volts

c*

Ques 7) Write an exprossioﬂ for the effective voltage

arid current of a sinusoidal AM signal.

: Ans Effective Voltage and Current ;
In Amplitude Modulated systems, the modulated and

unmodulated: currents are necessary to calculate the

. modulatlon index of an AM wave. The effective: or

Tms value of voltagg E, of the modulatcd wave can be‘
find by the' equauon

" ; s 2 \
m ®
Now, using the relation, P, = Pc[l +-§—J

% ) m
We get, E, =E{ 1+—2—]

A similar agreement applied to currents, yields

| 2
1.=Ic[ 1+E2—}.

Where, I, is the rms current of modulated wave and I,
is the rms current of unmodulated carrier. The
maximum power in the AM wave-is P, = 1.5P;, when
m=1. This is important, because it is the maximum
power that relevant amplifiers must be capable of
handlmg without distortion.

Qus 8) Discuss the power relations of smusondal AM.
Or : '. :

Calculate the average power of an AM system also

derive the expression for:

1) Carrier Powér

2) Power in Side Band”

3) Total Power of AM signal

4) Transmission Efficiency

5) Current Relation in AM

Ans: Power Relations of Sinusoidal AM

AM wave has three components, unmodulated
carrier, lower sideband and upper sideband.
Therefore the total power of AM wave is the sum of

the carrier power, Pc and powers in the two
sidebands Pysg, and Pysp. It is given as,

PT = Pc + P‘USB + PLSB (1)
Where all three voltages represent r.m.s. values and
resistance R is a characteristics impedance of antenna
in which the power is dissipated.
Carrier Power (P,)
The carrier power is given as, -
2
E,
R

.

P_.

! 2
.. The average carrier power = (E, /W/E)

: E‘Z : >
P =—¢ X "
AR L, T e
Power in Slde Band

The power in upper s1dc band and IOWcr 51dc band ‘S
g1ven as,
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AM and FM Fundamentals (Module 1)

mE_ )"
N
V2 R
. mE_
. ESB — -
m’E_*
Pisp =Pysp = SR\ ...... 3)

From the equation (3) it is realised that transmission
efficiency increases as modulation index increase. In
other words, increase in modulation index increase
the information power (Pisg + Pyusg) in the total
power. As a result strong signal is received at the
receiving end for large modulation index. Hence, it is
desirable to have higher modulation index. However,
to avoid over modulation it should be less than 1.

m’E;° m? E’

u.. Pm = PUSB = SR = 4 X ")R

We know that, L =P,
2R

ml

P =Pop=—-F o)

Total Power or Average Power of AM signal
The average or total power of amplitude modulated
signal can be obtained by adding carrier power and
side band power as explained in equation (1) above:
: E' m’E.’ m’E]
P = + e <
‘ 2R SR 8R

EZ m! m: E: m2
== + =] +—
ZR(H a 4) ZR( 2}

m2
R =Pc[1+—é-) SRR ()

This equation (5) relates the total power of

amplitude modulated wave with the power of"

unmodulated carrier. The maximum possible value of
m in the amplitude modulated wave is 1, therefore
from above equation it can be seen that the maximum
total power of amplitude modulated wave is 1.5 P,.

Transmission Efficiency

This transmission efficiency of the AM wave is
defined as the ratio of the transmitted power which
contains the information (i.e., sum of lower side band
and upper sideband power) to lhc total transmitted
powder (Py).

«"» Transmission Efficiency =1 = Blé%f_&z&
e e Toul

A7
m’ m* 2
SRR m
] 4 4 5
s N=- 3 = 2
. P 1+
2
< om’
“2+ml ()]
" The percentage transmission efficiency is given
as,
%n=—2_x100%
2+m*°
If,
m=1,

%1 = %xmo =33.3%

From this, it is calculated that only 33.3% of energy
is used and the remaining power is wasted by the
carrier transmission along with the side bands.

Current Relation in AM

. From equation (5),

mZ
Br = Pcl:l +T]
We know that,
P =I}R
LR=1LR

Hence,

. . : m?
If =IC 1+—2—

m2
sr=le l+——

- Where,
It is the total current, and ¢ is the carrier current.

Ques 9) A 400 watt carrier is modulated to a depth of

+80%. Calculate the total power in the modulated

Ans: 2 \

2 2 )
Py =pc[:+‘%}m{1+“’%] =528 W

Quele)Adoowattwﬂerismoduhtedtoadepth
ol’75% Calculate total power in modulated wave.

Ans: Gwen. depth of modulation, m=75%
m=0.75 ;
- P=400 W —
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We know that,

Ques 11) A 460 watt carrer is modulated to a depth

_of 65%. Calculate total power of modulated wave,

Ans: Given, depth of modulation m=65%

m=(.65
P=460 W

We know that,

o102 14 25)
2 ' 2

P, =557.175W

Ques 12) Explain in detail the generation of AM
waves and also discuss the drawback of AM, -

Ans: Generation of AM Waves

The circuits that are used to generate an amplitude
modulated wave are called Amplitude Modulated
circuits,

The most commonly used modulator circuits are:

)

Square-Law Modulator Circuit: Generation of
AM Waves using the square law modulator
circuit can be understood by observing the square
law modulator circuit shown in figure 1.7. The
generation of AM wave is based on the principle
that, when a nonlinear element such as a diode is
suitably biased and operated in a restricted
portion of its characteristic curve, i.e., the signal
applied to the diode is relatively weak, the
transfer characteristic of diode load resistor
combination can be represented closely by a
square law i.e.,
Va(t) = 8 Vi(t) + 3 Vi ’(0)

" ‘Where, V, is the input voltage and a, and a, are

constants, -

The figure 1.7 below shows the general dlagram

- of the square law modulator that consists of three

- “main components:

i) Non-Linear Device: The non-lmear devices
are the devices that do not show a linear
. relationship between current flowing through

. _.itand voltage across it, the simple diode is an

o exa.tnplc of a non-lmcar device,

ii) Band-Pass Filter: A band-pass filter is a -
» circuit that passes a range of frequencles and

attcnuatcs others.

- V()= aEc[l + %—x(t)]c;)s(2ﬁfct) o

iii) Carrier Source and Modulating Signa,
The carrier source is the circuit thy
generates carrier signal. The base band signal.
or information signal is called modulating

signal, x(t).

Non-linear
Device r

Tuned circuit tuned to f; ucung as a bandpass filter

Figure 1.7; Square Law Modulnlnr

L [

Yy

(l)'A

The modulating sxgnal and carrier are connectcd

“in series with'eaéh other and their sum V,(t) 1s

applied at the input of the non- hncar devmc

Thus, i :
vi(t) = x(t) + Eccos(21|:f¢t) (1) :
The input output relatlon for non-linear device is
as under: ;

v,(t)=av, (t) + bvl (9 Jon 2)-

thrc, a and b arc ‘constants.

Subsntutlng the cxpressmn in equation (1) in

equation (2):

vo(t) = afx(v)

E.cos(2nf.t)]*
Or,

v, (1) = ax(t) +aE cos2nf t)+ b

[2 (1) + 2x(t) cos(2nt,t) + B2 cos?@n 1)) -

+ Eccos(21tfct)]' + b[x(t) +

v, (1) = ax(t) + bx*(t) + bEZ cos® (2xf,, t)
+aE, cos(21tf t)+2bx(t)E cos(2nf t)

The LC tuned circuit shown abovc acts as. abﬂnd
pass filter. Its frequency responsc is tuned ¥
frequency f; and its bandwidth is equal to 2o N

. This bandpass filter eliminates_the frequcncﬂi‘

that are out of rangc thus equatlon Vo_.
-becomes, '

Vo) = éEcco;s(anct) + 2bx(t)&ms(2nﬂt)
Or,

0(t) = [aEc + be(t)EC]cos @rft) -2

Therefore,
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-W 0 w
.Figure 1.8: Spectrum of Message Signal

A-9

c() = A, cos (2nf1)

---- ffis with the expression for standard
=~ AM wave i.e, “@an,
s(t) = E_[1 + mx(t)]cos(2nf 1)

. —————tn
'

The expression for V(t) of equation (3)
- _ represents an AM wave with modulation index,
F - m=(2b/a). Hence,

_ produces an AM wave.

" Assuming a message signal m v, W_hiéh is band

£ limited to the interval :

2 WEfSW

' i The Fourier transform of output voltage V(1) is.
k given by, Cop o

: ,;§‘+Mtf+f°)] i
e f  VLD

i Y B4 atin i

_fv+w‘ Q fs_w f: . fc+w {

FEPWRL ST

P
ot .

) I“lgurcl.Q:Spedr-mbfAMSignal .
P 7" “The AM ‘spectrum consists of

. functions which ‘are located at f. and —f. and

f. +W and band of

" of frequencies from fc to
: f,, and two LSBs,

- frequencies from —f. —W to
-~ " band of frequencies from f.
AW

modulator using a

figure 1.10(a). This diode is assumed to operate

as a switch, Figure 1.10(b) shows the transfer .

characteristics of diode. The modulating -signal

. x(t) and the sinusoidal
“* . connected in‘series with each other.

the square law modulator -

LY VD = A28 + B + £ * Aewkf?fc) ]

LT Henice, iD= Vi)
two - irﬁ;iﬂlse '

" weighted by Acay/2 and aAJ2, two USBS, band
-W to f. and —f. to —

: SWItching Modulator -Circuit: The switching

diode has been shown in’

carrier signal c(t) are .

vi(t) R, (1
f ‘\ V/l)
Piporet10tnr-Switchimg-Moduhtor-tstmgr-biode
" ‘,‘ 1]

: vty = vy (t) for
’ VR ‘ c(t)>0

Vi) = 0.

forc) <0 |, 7
‘-‘VJ l ':1- ¢
’ <% "'. 4

3 :: Elgursllﬂ(h) ‘The Trmfer Characteristic of Diode

" This;

1he jiﬁpi;lt V(;ltagé\ﬁto.,'_ﬂl_c diod@: is given b}ﬂ o

L =80 X = EeosCRly + 50

3 EThe.amplitn'c‘l,c_ of ‘carrier 15 much iargct trhaq._q:at'
‘of .x(t)-and: ¢(t) decides the status of the diode
. (ON or OFF).-. e 2

. Considering an ideal diode, it acts as aclosed

- Jswitch when it is forward biased in the positive-

e hziif"'pycle ~of the ‘carrier. and offers zero

impedance; - ‘Whereafé:it .. dcts. - as - anopen .

~ switch when it is revprse’ biased in the negatiye

" _half#cycle;iof ‘the- carrier and offers infinite -
% jmpedancel ST TR L

% Théwfete,me output. voltége va(t) = vy(1) in the
' posmvchalf ¢gycle of c(t) and vo(t) = 0 in the
o erative hatfeycle-of o)~ T

forc(t)>0
() = 0 - . fore(®)<0

- In other ‘words, the load voltage -v:(t) varies
periodically between the values v,(t) and zero at
 the rate equal to carrier frequency f.. Expressing
* v,(t) mathematically as under:
va(t) = vi(Ony() = [x(t) + Eccos2nfD)ny(t)
Where, ny(t) is a periodic pulse train of duty
cycle equal to one half cycle period ie. To/2
"(whgreTo_:; 1/£). cein T

0

e o

I C 1:‘,' I 5
T Ty4 0 +To4 4T
. ~-Figureldl S

-4 . g x
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: rvz(t).-= %x(t)

ne(t) can be expressed ‘with the help of Fourier
series as,

unwanted, and therefore, are assumed to be

- eliminated,

Hence,

+ % E, cos(2nf,t) + = X(t)cos(2nf _t)
T

w

Ny

Ques 13) Describe in  brief about’ th
modulation technique of AM?

N

B.Tech, Seventh Semester TP Solved Series (Electronic Communication) KTy

Varioys

1. 28 -l (5) Ans: Modulation Technique of AM
N, (t) —_5+;m mcm[?.nf;t(zn h) The common amplitude modulalior} techniques are 4
n,(t)= -;—+ %cos(Znt‘ci) +0dd harmonic components followz:”
‘ wer. (6) bR e .
1 . TN asehand si
Substituting n.(t) into equation (4), we get 1 \ ;
Vo) =[x(t)+E_ cos(2nf,t)] £
: e Band or Message Signal
1 2& (=1t . Figure 1,12: The Base Band or Message §
—+=) cos[2nf t(2n-—1 , .
{2 “E 2n-] nt ) 1) Double-Sideband Modulation (DSB): The
simplest modulation method to implement is
Therefore, DSB, in which the translated spectrum of ‘the
Vo) =[x(t) + E, cos(2nf,1)] message signal or base band signal s transmitted
(1 2 C 7 without further modification, Consider the base
_ {_i+ —cos(27nf t) + odd hannoﬂics} o0 band signal be x(t) as shown aside: . -
n : , : ich
. _ ' The different types of DSB modulation signals are:
The odd harmonics in this expression are i) Double-Sideband Modulaﬂon,.'_ . with

Carrier (DSB-WCQC): It is used on the AM

radio hroadcasting band. In this type of = .

amplitude modulation technique the

side-

bands as well as the carrier signals are
transmitted. The technique is also called Full

Modulating Signal AMWave AM Modulation, the modulated signal is
“shown in figure 1.13,
+-2_E_=cosz(21rfct) gu
. n ]
E—'ﬁ,____‘, N\
Second harmonicof carrier

In. this expression, the first and the fourth terms are

Full AM modulation

required terms’ whereas the second and third term
- together represents the AM wave. The second and
third terms are taken together, we obtain

¥ A ot
‘ 5 . : Figure 1.13; Double-Sideband Modulation with
V,(t) = 7{1 + —E-—x(t) cos(2xf t) + unwanted terms ' Carrier (DSB-W()
T . . ~e .
c 1)) Double-Sideband Suppressed-Carrier

This is the required expression for the AM wave
with m = [4/1;Ec]. Using a band-pass filter (BPF),
the unwanted terms can be eliminated. .

Drawbacks of AM : ‘
In conventional AM doubje side-band system, the
carrier signal does not carry’ information. The
information is contained in the side bands. Due {o the -
nature of this system, the drawbacks are as follows:
. 1) Carrier power constitutes two-thirds or more of
~ the total transmitted power.

Transmission (DSB-SC): In “this type of
amplitude modulation technique only - the
side-bands are transmitted, Double-sideband
Suppressed-carrier transmission (DSB-SC) is
transmission in' which frequencies produced
by  amplitude modulation (AM)  are
Symmetrically spaced above and below the
carrier frequency and the carrier level is
reduced 1o the lowest Practical level, ideally
being completely suppressed, the modulated .
signal is shown ip figure 1,14 below: .

2) Both side bands contain the same information,
Transmitting both side bands is redundant ang
thus causes it to utilise twice as much bandwidth

' as needed with single side-band system,

'-‘3)= “Conventional AM is both power and bandwidth
- inefficient. X :

Full AM modulation

an

Flgure 1.14: Double-Sideband Suppiressed Carsler -
Madulnﬂmll (DSBSC) - - .

5 ; i . ‘
‘s e

i -
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2)

In the DSB-SC modulation, unlike in AM, the
wave carrier is not transmitted; lhus,.much of
the power is distributed between the r;u‘lcbundh'.
which imply an increase of the cover n DSB-
SC, compared to AM, for the same power
used. It is used for radio data systems.
iii) Double-Sideband Reduced Carrier
Transmission (DSB-RC): It is a technique
of modulation in which, the frequencies
produced by amplitude - modulation are
symmetrically spaced above and below the
* carrier and the carrier level is reduced for
transmission at a fixed level below that,
which is provided to the modulator.

Single-Sideband Modulation (SSB, or SSB-
AM): Single sideband is widely used for HF (High
Frequency) communications. It is formed by taking

~a signal that has the carrier and one sideband

removed. In this way it becomes far more efficient
in terms of both spectrum and power.

Types of SSB

The different types of SSB are as follows:

i) SSB with Carrier (SSB-WC): In this type of
modulation only one of the side band is
transmitted with the carrier signal. Usually
never preferred due to increased power
-consumption. The figure 1.15 shows the
modulated signal with Lower Side Band (LSB)
and Upper Side Band (USB). Either LSB with
carrier or USB with carrier is transmitted.

SSB modulation (LSB) ¢

SSB modulation (USB)

5

2.
»

ot

Figure 1.15: SSB with Carrier (SSB-WC)

ii) SSB Suppressed Carrier Modulation

(SSB-SC): In this type of modulation only
one of the side band (either LSB or USB) is
transmitted without the carrier signal. Single-
sideband suppressed carrier. modulation
reduces the bandwidth to half, and thé power
wasted on a carrier, at the cost of increased
device complexity and more difficult tuning
at the receiver. The figure 1.16 sh
modulated signal. /

ows the

3)

4)

A-11

-

SSH modulation (LSB)

3
S

$SB modulation (USB) r\

ot

Figure 1.16; SSB Suppressed Carriey Modulation (SSB-SC)

Vestigial Sideband Modulation (VSB, or VSB-
AM): The SSB-SC transmission requires a filter
with  sharp  characteristics  for  signal
demodulation which is hard and expensive to
build, thus VSB technique is used. A vestigial
sideband (in radio communication) is a sideband
that has been only partly cut off or suppressed.
Television broadcasts (in analog video formats)
use this method if the video is transmitted in
AM, due to the large bandwidth used.

Vestigial lower sideband

Vestioial unner sidshand

/0

o
Figure 1.17: Vestigial Sideband Modulation (VSB, or VSB-AM)

Quadrature Amplitude Modulation (QAM):
Quadrature amplitude modulation (QAM) is both
an analog and a digital modulation scheme. It
conveys two analog message signals, by changing

(using modulation) the amplitudes of two carrier -

waves. The iwo carrier waves of the same

frequency, usually sinusoids, are out of phase with -

each other by 90° and are thus called quadrature

carriers or quadrature components, thus the name
of scheme is quadrature amplitude modulation.

Ques 14) Discuss about the DSBSC modulator of AM
wave. '

Or

Explain balamj.ed mbdulator and ring modulator
of AM wave. : :

Ans: DSBSC Modulators : ‘
The following two modulators generate DSBSC wave.
1) Balanced Modulator: The block diagram of the

balanced modulator is shown in figure 1.18.

- Balanced modulator consists of two identical

AM modulators. These two modulators are

) - ‘ )-‘
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arranged in a balanced configuration in order to
suppress the carrier signal. Hence, it is called as
Balanced modulator.

The same carrier signal c(t) = A, cos(2nfet) is
applied as one of the inputs to these two AM
modulators. The modulating signal m (t) is
applied as another input to the upper AM
modulator. Whereas, the modulating signal m (t)
with opposite polarity, i.e., —m(t) is applied as
another input to the lower AM modulator.

Output of the upper AM modulator is
$1 (0 = Ac [1 +kym (1)] cos(2nf,t)

Output of the lower AM modulator is
s2 () =A. [1 +k,m (1)] cos(2nf.t)

‘We get the DSBSC wave s (t) by subtracting s,
(t) from s; (t). The summer block is used ta
perform this operation. s, (t) with positive sign
and s; (t) with negative sign are applied as inputs
to summer block. Thus, the summer black
producer an output s (t) which is the difference of
s; (t) and s; (t).

= s () = [1 + kam(t)] cos(2nf.t) ~ A, [1 -
kam (t)] cos(2xf.t)

= s (1) = A; cos(2nfet) + Ackym (1) cos(2nfct)

- A; cos(2rfet)+Ak,m (t) n.omAma.nc
= s'(t) = 2Ak.m (t) cos(2nf,t)

We know the standard Equation of DSBSC
wave is

s (t) = A (t) cos(2nf.t)

By comparing the output of summer block with
the standard Equation of DSBSC wave, we will
get the scaling factor as 2k,.

Ring Modulator: The block diagram of the ring

modulator is shown in figure 1.19.

In this diagram, the four diodes Dy, D,, D; ang
D, are connected in the ring structure. Hence,
this modulator is called as the ring modulator,
Two center tapped transformers are used in thjs
diagram. The message signal m (t) is applied to
the input transformer. Whereas, the carrier
signals c(t) is applied between.the two center
tapped transformers. For positive half cycle of
the carrier signal, the diodes D, and D; are
switched ON and the other two diodes D, and D,
are switched OFF. In this case, the message
signal is multiplied by + 1.

For negative half cycle of the carrier signal, the
diodes D, and Dy are switched ON and the other
two diodes D, and D; are switched OFF. In this
case, the message signal is multiplied by -1. This
results in 180° phase shift in the resulting
DSBSC wave. From the above analysis, we can
say that the four diodes D), D,, D;, and-D, are
controlled by carrier signal. If carrier is a square
wave, then the Fourier series representation - of
c(t) is represented as e :

c(t)= MM W:—NH_ oo&mﬂw&ma -1)] :

We will get DSBSC wave s(t), which is just the
product of carrier signal c(t) and the message
signal m(t) i.e.,

mSuMMAl:_.-_ cos[2nf t(2n—1)m(t)

nig 2n-1 ¢
The above Equation represents DSBSC wave,
which is obtained at output transformer of the
ring modulator. DSBCS modulators are also
called as product modulators as they produce the
output, which is product of two input signals.

Ques 15) Discuss about the DSBSC demodulators of
AM wave,

- Or

Give the brief description of Costas Loop and

Coherent Detector demoduilator of AM wave..
Ans: DSBSC Demodulators

" The process of extracting an original message signal

from DSBSC. wave is known as detection or

‘demodulation of DSBSC. Following demodulators

(detectors) are used for demodulating DSBSC wave: °

""1) Coherent Defector: Here, the same carrier

signal (which is used for generating DSBSC
signal) is used to detect the message signal,
Hence, this process of detection is called as
coherent or synchronous detection. The bluck
diagram of the coherent detector. is shown_in
figure 1.20. R vEl i ;o

’
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S ’ Product V(U | Low puss | Yalt
DSISC wave Musdulator filter | pemodulated
' Output

o1y = Acos(2rlt + §)
Lewcal
Oscalliton
Flgures 1.20

In this process, the message signal can be
extracted from DSBSC wave by multiplying it
with a carrier, having the same frequency and the
phasc of the carrier used in DSBSC modulation.
The resulting signal is then passed through a
Low pass filter. Output of this filter is the desired
message sipnal,

Let the DSBSC wave be,

s(1) = A, cos(2rf t)m(t)

The output of the local oscillator is,
c(t) = A, cos(2nft + &)

Where, ¢ is the phase difference between the
focal oscillator signal and the carrier signal,
which is used for DSBSC modulation. From the

figure 1,20, we can write the output of product
modulator as

v(t) = s(1) c(t)

Substitute, s(t) and c(t) values in the above
Equation.

=5 v(1) = A, cos(2rf )m (1) A, cos(2rfct + ¢)
= AZ cos(2nf,t)cos(2nf t+ ¢)m(1)

1
» %"— [cos(dnf, t +¢)+cosdm(t):

Al Al
v(t)= -il cos om(t)+ -59- cos(4nf,t + ¢)m(t)

In the above equation, the first term is the scaled
version of the message signal, It can be extracted by
passing the nbove signal through a low pass filter.
Therefore, the output of low pass filter is,

Al
Vot = m_-;‘ cns¢m(l)
The demodulated  signal amplitude will be
maximum, when ¢ = 0° That’s why the local
oscillator signal and the carrier Signal should be

in phase, i.c., there should not be any phase
difference between these two signals,

The demodulated signal amplitude will be zero,

when ¢ = 290° This effect is called as
quadrature null effect.

A-13

2) Costas Loop: Costas loop is used to make both the

carrier signal (used for DSBSC modulation) and
the locally generated signal in phase. The block
diagram of Costas loop is shown in figure 1.21.

Ac
—=cospmil
S() N Product Low pass 2 cosg () -
DSBSC . Modulator filter
cos (2nf L + &)
Phase
vCo discriminator
-90° Phase
shifter
Product Low pass|
Modulator filter Ae .
—_,:—sm ¢n1[l)
Figure: 1.21

Costas loop consists of two product modulators
with common input s (t), which is DSBSC wave.
The other input for both product modulators is
taken from Voltage Controlled Oscillator (VCO)
with —90° phase shift to one of the product
modulator as shown in figure 1.21. ,

We know that the Equation of DSBSC wave is,

s()=A. cos(ZTEfct)m (t)
Let the output of VCO be

¢y (t) = cos(2rfet + ¢)

This output of VCO is applied as the carrier input
of the upper product modulator.

Hence, the output of the upper product modulator
is,

vilh=s (@ c (1)

Substitute, s (t) and ¢, (t) values in the above
Equation.

= vy () = A cos(2rf t)m (t)' cos(2rfct + ¢)

After simplifying, we will get v, (1) as,
N A
v,(t)= —;}‘—cos_¢1n(t)+ -%E—cos(-mfct +d)m(t)

"This signal is applied as an input of the upper
low pass filter. Output of this low pass filter is

‘ val(t)= f‘;,‘—cosfom(t)

F4

Therefore, the output of this low pass filter is the
scaled version of the modulating signal.

The output of ~90° phase shifter is, -

¢z (t) = cos (2nft + ¢ — 90°) = sin2rfL + 9)

This signal is applied as the carrier input of the
lower product modulator. _
The output of the lower product modulator is,

vaiy=s(t)ca(t)
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Substitute, s (t) and ¢, (t) values in the above
Equation.
= ¥, (t) = A, cos(2nf.0)m (1) sin(2nf.t + 6) '
After simplifying, we will get v, (t) as,
. 5
2

This signal is applied as an input of the lower low
pass filter. The output of this low pass filter is,

Vao(t)= Z=sin gm()

“ The output of this low pass filter has —90° phase
difference with the output of the upper low pass
filter. The output of these two low pass filters is
applied as inputs of the phase discriminator.
Based on-the phase difference between these two
signals, the phase discriminator produces a DC
control signal. ' '

vy(t)= %‘-sin¢m(t)+ sin(47f t + ¢)m (1)

This signal is applied as an input of VCO to
_correct the phase error in VCO output. Therefore,
the carrier signal (used for DSBSC modulation)
- and the locally generated signal (VCO output)
are in phase. ]

Ques 16) Calculate the bandwidth and power of
DSBSC wave

Ans: Bandwidth of DSBSC Wave
We know the formula for bandwidth (BW) is
BW = {0 — frin

Consider the Equation of DSBSC modulated wave.
s (t) = AnA. cos(2rf,t) cos(2nf.t)

=3 O0= 2elecolantr, + £ M+ 22 coontr, -1, 1]

The DSBSC modulated wave has only two

frequencies. So, the maximum and minimum
frequencies are f; + f, and f, — f,, respectively.
ie.,

M=+ f and fp =1, - £,

Substitute, foe and fun values in the bandwidth.

formu;a,

BW=f,+fn=(f-f) = = 7 :
= BW = 2f, S

Thus the bandwidth of DSBC wave is same as that of

AM wave and it is equal to twice the frequency of -

the modulating signal.

Power Calchlhﬁqn of DSBSC Wave :
Consider the following Equation of DSBSC

- modulated wave.

B.Tech, Seventh Se

mester TP Solved Series (Electronic Communication) KTy

s(t)= A;A" COS[IZTF(fc + £ ]+ i"'~2~A—‘vL:os[Zr:(fc ~f, ]

Power of DSBSC wave is equal to the sum of powers
of upper sideband and lower sideband frequency

.

components. - s
P, =Pysg + PLss

We know the standard formula for power of cos
signal is ‘ :

" R R

First, let us find the power of upper sideband and
lower sideband one by one. Upper sideband power

b _(AgA 12M2) _AZAZ

e R 8R

Similarly, we will get the lower sideband power

same as that of upper sideband power. '
A2 A?

8R -

Now, let us add these two sideband powers in order
to get the power of DSBSC wave.

ALAL AZA]
8R 8R
_ARAl

4R

P[=

=P,

Therefore, the power required for ' transmitting

DSBSC wave is equal to the power of both the
sidebands.

Ques 17) Give the brief description of SSBSC

modulator and demodulator in AM wave,

Or
E.xplain about the frequency and phase
discrimination method of AM wave, '
Ans: SSBSC Modulators
SSBS(? - Wave can be generated by using the
following two methods: , :
1) Frequency Discrimination Method: ‘The

“following figure 1.18 shows the block diagram
of SSBSC  modulator using  frequency
| dlscrl-mlnalinn method. '

In this, method, first we will generate DSBSC
wave with the help of the product modulator.
Then, apply this DSBSC wave as an input of

band pass filter This band
e pass filter produces an
output, which is SSBSC wave, P

tShCIm the frequcmy range of band pass filter 35
® Spectrum. of the desired SSBSC wave, This
means the band Pass filter can be tuned to eithef

-
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AM and FM Fundamentals (Mogule 1)

2)

upper sideband or-lower sideband frequencies to
get the respective SSBSC wave having upper
sideband or lower sideband.

Phase Discrimination Method: The following
figure 1.22 shows the block diagram of SSBSC
modulator using phase discrimination method.

Amcos(2nfy,t)

P

Product s

Modulat

3
1;\ cos(2nf.t

Local
Oscillator

+
O s(t)

-90° Phase| -90° Phase s *
Shifter Shifter

Acsin(2nfc)

3

Product
Medulator

Amcos(2nf 1) “s2(1)

' Figure: 1.22

~ This block diagram consists of two product

modulators, two —90° phase shifters, one local

. oscillator and one summer block. The product

modulator produces an output, which is the
product of two inputs. The —90° phase shifter
produces an output, which has a phase lag of -
90° with respect to the input.

The local oscillator is used to generate the carrier
signal. Summer block produces an output, which
is either the sum of two inputs or the difference
of two inputs based on the polarity of inputs.

The  modulating signal A, cos (2nf.f) and the

carrier signal A. cos(2nfit) are directly applied as

inputs to-the upper product modulator. So, the
upper product modulator ,produces an output,
which is the product of these two inputs.

* The output of upper p.roduc; {t_lbdulalor is,

: s,>(t) = A_A_cos(2nf, t)cos(2f t)

= 5,(t) = 2nfe

5 {'cos[Zn(fc +f,)t] '7

+ cos[21_t(fc —-f )tl}

The -modulating signal Ap cos(2rfyt) and the ,

carrier signal A, cos(2af.t) are phase shifted by —
90° before applying as- inputs to the lower
product modulator. So, the lower product
modulator .produces “an_output, which is .the

_product of these two inputs.

The output of lower product modulator is,
s()=ALA,  (2nf,t=909)  (2nf.t-90%)

A-15

= s,(t) = A_A_sin(2nf t)sin(2nf t)

= 5,(t) = A“‘2A° [<:os;[.21':(fc —f. )t]—cos[2n(f, +1)t])

Add s,(t) and sy(t) in order to get the SSBSC
modulated wave s(t) having a lower sideband.

s(t)= ér';Z—Ac{o::os[211:(f,: +f )t} +cos[2m(f —f )t]}+

%{cos[h(fc ot 14 B coé[Zn(fc +£)t]}
= s(t) = A A, cos[2n(f, — f,,)t]

Subtract s,(t) from s;(t) in order to get the
SSBSC modulated wave s(t) having a upper
sideband. - . '

AmAc

s(t) = {cos[2m(f, + £, )t]+ cos[2n(f, -f )]} -

A A

7 < {cos[2n(f_ ~f,)t]—cos[2n(f, +1f )t]}

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

Hence, by properly choosing the polarities of
inputs at summer block, we will get SSBSC wave
having an upper sideband or a lower sideband.

" Ques18) Give the brief description of. SSBSC
demodulator in AM wave.

Or
Describe the coherent detector demodulator in
AM wave. ' -

Anis: SSBSC Demodulators (Coherent Detector)
The process of extracting an original message signal

" from SSBSC wave is known as detection or

demodulation of SSBSC. Coherent detector is used
for demodulating SSBSC wave.

Here, the same carrier signal (which is used for
generating SSBSC wave) is used to dctcc‘t ﬂ'{e
message signal, Hence, this process of detection 1s

~called as coherent or synchronous detection. The

block diagram of coherent detector is shown in
figure 1.23.

S(t)

' ' ——Pemodulated
V() Z | Qutput
Product s
Modulator o !

. SSBSC wave
v Y

3
c(t) = Accos(2nft)

Local
Oscillator]

7 Figure; 1.23
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In this process, the message signal can be extracted
from SSBSC wave by multiplying it with a carrier,

" having the same frequency and -the phase of the

carrier used in SSBSC modulation, The resulting
signal is then passed through a low pass Filter. The
output of this filter is the desired message signal.

Consider the following SSBSC wave having a lower
sideband, ‘ St ; ‘

A A

s(t) = =22 cos[2n(f, ~f,)t]

The output of the local oscillator is,
c(t) = A cos(2nf.t)

From the figure 1.23, we can write the output of
product modulator as,

v(t) = s(t) c(t)

“Substitute s(t) and c(t) values in the above equation,

v(t)= A“;“ cos[2m(f, ~f,, )t]A_ cos(2xf t)

o )
= A“‘ZAC cos[2n(f, —fm)t]cos(anct) \

2
— mtre

cos[2n(2f, £, )]cos(2nf, )t}

L 2 2,
v(t) = A.,;Ac cos(2nif,, ) + ifz“"‘—ccos[zn(zfc ~£)]"

—.-.In_the -above_equation, the first term s the scaled - _
. version of the message signal. It can be extracted by

passing the above signal through a low pass filter.

Therefore, the output of low pass filter is,

2 ;
€ cos(2mf,t)

3 iy A_A
Vo(t)z n:‘

.2_

. . A .
. Here, the scaling factor is —;— A

We can use the same block ’diagram for
demodulating SSBSC wave having - an upper

- - _sideband.: Consider the following SSBSC wave
having an upper sideband. i

Cs(t)= AmzA-c cos[2m(f, + L)t -

: The output of the local oscillator is,

c{t)"‘_—-;_ACOS(Z“}C&‘):,'!-;',..' il

: _'.We can writé the outpuiof thc_: product modulator as, kS

iv_(t) = s(t) c() ,‘

. s .'fm and it is

- Power Calculation of SSBSC Wave

B.Tech, Seventh Semester TP Solved Series (Electronic Communication) Ky,

Substitute s(t) and c(t) values in the above equatiop,

= v(0) = 222 cos[2(f, + £ 1A, cos(2t,D)

2 .
= A‘“;% -cos[2m(f, +f  )t]cos(2nf t)

2 % inie
- é"—‘zéL{cos[Zn(ch +£,)t]+ cos(2nf . 1)}

2 . 2
< cos(2nf t) + Anh

v(t)=Aud cos[2n(2f, +£_)t]

2 A a ’
In the above equation, the first term is:the v'sca]ed
version of the message signal. It can be extracted by
passing the above signal through a low pass filter.-

Therefore, the output of the low pz‘issr filter 1s, hf-"'

2

Vo(t)= A";Ac cos(2xf, t)

: . AL
Here too the scaling factor is —f

Therefore, we get the same demodulated output in
both the cases by using coherent detector.

Ques 19) Find_ the bandwidth and power of SSBSC
wave,

Ans: Bandwidth of SSBSC Wave

i YVc know that the DSBSC modulated wave contains

two sidebands and its bandwidth is 2f,. Since the
SSBSC modulated wave containg only one sideband,

its bandwidth is half of the bandwidth of DSBSC
modulated wave.

ie, Bandwidth if SSBSC  mog

ulated wave
2f R
=Zm_f
2
Therefore, the bandwidt

h of SSBSC modulated wave
: qual to the frequency of the
modulating signal, ‘ o A e ALY

4 o

Consider the followin uatio lsS‘BSC
modulated wave. 8 et '

L TAA . - sic 7
s(t)= -L2_§_cos[2n.(fe + ; )] for the upper sideband

‘ : Or - ' st
; AmAc iz it oA
S(t)=-—2——cos[21‘t(fc‘+ fm)t] for  the Jowe!
sideband - FEE iy
- Power of SSBSC w

1.0 ave is equal-tg the power of 88/
one sideband frequ °“°y'00mcll:>oncnt§. o i
Pt'—' PUSB =.'?LSB O v

TN e
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AM and FM Fundamentals (Module 1)

We know that the standard formula for power of cos
signal is,

e _(/JT

R_

In this case, the power of the upper sideband is,

_(anac/242] _ A2A7

P =
i R 8R
Similarly, we will get the lower sideband power
same as that of the upper sideband power.
ALA?
P =——
- 8R

‘Therefore, the power of SSBSC wave is,

ALA:

P, =Pysg =Pisp = SR

Ques 20) Discuss the advantages, dlsadvantagﬁ and
applications of SSBSC wave.

Ans: Advantages of SSBSC Wave -
1)° Bandwidth or spectrum space occupied is lesser
than AM and DSBSC waves.

'2) Transmission of more number of signals is
- allowed.

3) Power is saved. .

4)" High power signal can be transmitter.
'5) “Less amount of noise is present.

6) Signal fading is less likely to occur.

~ Disadvantages of SSBSC Wave
‘1) The generation and detechon of SSBSC wave is
a complex process. :

2) The quality of the signal gets affected unless the
SSB transmitter and receiver have an excellent
frequency stablhty

4

' Apphcatmns of SSBSC Wave

1) For the power saving requu'ements and low
' bandwidth reqmrements :

2) In land, air and maritime
, communications. - o A

- 3) 'In point-to-point communiéaﬁbps._ E

4) Inradio communications.

5) In - -television, telemetry,‘ and
- communications. :

radar

6) In military commumcauons _such’ as -amateur
i radlo, etc.

mobile.

A-17

Ques 21) Discuss about the VSBSC modulator and
demodulator of AM wave.

Ans: VSBSC Modulator !

Generation of VSBSC wave is similar to the
generation of SSBSC wave. The VSBSC modulator
is shown in the following figure 1.24.

DSBSC VSBSC
m(t) Product wave Side band shaping | wave
—_— > ——>
Modulator Blters

b

c(1) = Accos(2nft)

Local
Oscillator

Figure: 1.24

In this method, first we will generate DSBSC wave
with the help of the product modulator. Then, apply

- this DSBSC wave as an input of sideband shaping

filter. This filter produces an output, which is
VSBSC wave. The modulation signal m(t) and
carrier signal A.cos(2nf.t) are applied as inputs to the
product modulator. Hence, the product modulator

produces an output, whlch is .the product of the
product modulator is

P(t)= A, cos(21rfct)m(t)

Apply Fourier transform on both s1des

_P(f)= '2° [M(f—fc)+M(f +1.)]

The above equation represents the equation of
DSBSC frequency spectrum.

* Let the transfer function of the sideband shaping
filter be H(f). This filter has the input p(t) and the -

output is VSBSC modulated wave s(t). The Fourier

transforms of p(f) and s(t) are P(t) and S(t),l

respectively.

Mathematically, we can write S(f) as, -

S(t) = P(f) H() |
Subsutute P(f) value in‘the above equauon
S(f) = —-“—,[M(f f )+ M(f +f, )]H(f)

’

The above e"qﬁatien represents the equation of
VSBSC frequency spccp'um.. :

VYSBSC Demodulator

Demodulation of VSBSC wave is sumlar t0 the

demodulation of SSBSC- wave. Here, the same
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A-18 B.Tech, Seventh Semester TP Solved Series (Elwﬂpﬂl'f.gﬂmmmﬁcaﬁon) K1t
carrier signal (which is used for generation VSBSC -

wave) is used to detect the message signal. Hence, A [M(E - 2f )+ M(E)JH(E —£.) +

this process of detection is called as coherent or Al 2 ) i
synchronous detection. V(f)=—2— A,

—<[M(f)+M(f +2f )H(f +1,)]
The VSBSC demodulator is shown in the following 2

2
Saurs 128 , = V(f) = ‘-“4& M(D)[HE ~£,) + H(E +£,)]

L0 Product | VO | 1% Pass | Valt) A2
: : Vsnscrve_. Modulator "—’D e +—:—[M(f =2f) H(f —f) + M(f +2f,) H(f +f,))
; 3‘ . Output
1 - R In the above equation, the first term represents th:
1 (0 = Accosl2nic) scaled version of the desired message signd
) frequency spectrum. It can be extracted by passing
3 the above signal through a low pass filter,
3| Local | . ~ A2 ; S
. Ccifaloe : Vo(f) = T“M(f)[H(f =f)+H(f +£)]
il : o . ' _ S o
Wl Flgure: 138 Ques22) Explain the bandwidth of VSBSC

In this process, the message signal can be extracted ~ Medulation. Also enlist the advantages, disadvantages
fil from VSBSC wave by multiplying it with a carrier,  20d application of VSBSC wave.
i - which is having the same frequency and the phase of Ans: Bandwidth of VSBSC Modulation

M the carrier used in VSBSC modulation. The resulting The bandwidth of SSBSC modulated is f,
il .signal is then passed through a Low pass filter. The ' det-rirali b e 1B

| ’ 4 ' h Since the VSBSC modulated wave contains th
N output of this filter is the desired message signal. frequency components of one side band along wit
I Let the VSBSC wave be s(t) and the carrier signal is  the Vestige of other sideband, the bandwidth of it wil
b A. cos(2x£.t). be the sum of the bandwidth of SSBSC modulatel.
1 !{E wave and vestige frequency f,.

»

From the figure 1.25, we can write the output of the

product modulator as, ~ ie., Bandwidth of VSBSC Modulated Wave = f, +
{ ‘ v(t) = A, cos(2nf t)s(t) : Advan.tages of VSBSC Wave'
i : ~ M Following are the advantages of VSBSC modulatior
! Apply Fourier transform on both sides, 1) Highly efficient,
‘ itk il 2) Reduction in bandwidth when compared to AN .
@ . V) =7°[S(f —f)+S(f+f,) ) ;nd DSBSC waves. . ‘
& el ' ilter design is easy, si : SURERT
kG " We know that, needed. & asy, since high accuracy 18
i S(f) =ﬁ[M(f ~£,)+ M(f +£,)H(f ) M 4) The transmission of low frequency componeﬂ"’“\
4 ﬁﬁ 2 , : 15 possible, without any difficulty.

From the above equation, let us find S(f - f,) and " 5)

i Possesse st
11 S(F+£). $ good phase characteristics. .

il , g ety | ?l;adv‘a_ntages of VSBSC Wave . s
it S =0 = ZEME =1, =6 + M=, +E)] H(E£,) pogii8 & the - disadvaniages of YSBY
N 8 ‘ -~ 1) Bandwidth is more when compared to SSB%
=~S(f-fo)s-,%‘-[M(f—ch)-i-M(f)] H(E -£,) wave, e
. A _ A i 2). Demodulation is complex. |

o S(f+£,) =< [M(f +1, ~£) +M(f +1, +£,)) H(f +f,) ‘ 2 T ML ‘

2 o o , e %l:pllcationorvsnsc Wave T

: °t ; -~ The most prominent standard ‘applicatio? . *
o PG IMOIMERIE L) = VSRS Tor s s, MBS

¢ 5 . : 3 . - x | R A/ 7% i ._~‘,~‘.l.
o . Substitute, S(f~f) and ST+ £ values in V (. © ‘yoohr this is the most ‘convenient and i "

- technique when bandwidth usage is considered:

Lo L
G b

Scanned by CamScanner



\‘_
A

- Here,

AM and FM Fundamentals (Module 1)

Now, let us discuss about the modulator which
generates VSBSC wave and the demodulator which
demodulates VSBSC wave one by one.

Ques23) What do you mean by frequency
modulation and sinusoidal frequency medulation?
Differentiate between wide band FM and narrow
band FM. o

) Or
Explain sinusoidal frequency modulition (FM)
signal in detail. Discuss its frequency spectrum.

. Ans: Frequency Modulation -
Frequency modulation is a technique in which the
amplitude of the modulated carrier is kept constant,
whereas, its frequency is varied in accordance with the
modulating signal. The angular frequency can be
written as: '
ax(t) = o + kemn(t)

If is the message signal is m(t) = Aycos(2nfyt), then '

the frequency modulated signal is given by,
2nf; (t) = ©, + kA cos(2nf,t) and

0,(t)=nt+

kA, .
m sin(2nf, t)
ot Sm@nt,t)

m

ksz“' is called frequency deviation (Af) and
T .

E is called modulation index (B).
m I

Sinusoidal Frequency Modulation (FM)

The frequency modulation in which both carrier and
modulating signal are sinusoidal in nature is called
sinusoidal frequency moglulation (FM). The
figure .1.26(a) below shows the carrier signal. The
base band or modulating signal, as shown in

figure 1.26(b) is superimposed by carrier signal and .

the resulting signal i.e., the frequency modulated
signal, shown in figire 1.26(c), is the signal whose
with that of

instantaneous frequency varies
modulating signal.
v,

(a) Sinusoldal Carrier Wave .

Va t__/_,_\ Modulating sagn.l/_\
0
l \/m u!

(b) Sinusoidal Modulating Signal :

—>
Time

e

(c) Simusoldal Frequency Modulated Signal
.75 Figure 126

Time

A-19

The modulation index is denoted by p,

Af
B_f

m

The angle of the modulating signal is given by,
8i(t) = 2nft + P sin (2nfnt)

The modulating signal is given by,
s(t) = A, cos [2nft + B sin (2nft)]

Frequency Spectrum

Discrete amplitude spectra of an FM signal,
normalized with respect to the carrier amplitude, for
the case of sinusoidal modulation of case of
sinusoidal modulation of fixed frequency and varying
amplitude. The FM spectra of the sinusoidal signal
(only the spectra for positive frequencies) are shown
in figure 1.27(a), (b) and (c) below.

10 -~

F 3

1

" st

P o e £
(a_) ‘o
. .1| “ lt. :
= o e
: (b)
10 r
LLH“HHH :
B=50 _ :

A —’l
2Af ——-l
@ .

Figure 127: Frequency Spectrum

From the figure 1.27 above, it can be casily seen that
with increase in the modulation index, f the number

: Sk
‘of side bands increases, where, B= 'fA“‘ . Thus, the

spectrum of a signal with large p is difficult to trace.
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Depending on the }:',]lell[u'c lof ? dt‘l:se frequency
ulation index, the is classified as:
lII;Ode'rowband Frequency Modylated (NBFIV_I)
* Signal: Narrowband FM signal, is a FM sllgnal in
which the value of frequency modulation index is
smaller than unity ie., p << 1. It is used in
mobile communication system to save
bandwidth.

-'2)- Wideband Frequency Modulated (WBFM)
Signal: Wideband FM signifies the signal having
theoretically infinite bandwidth. Wideband FM
signal, is a FM signal in which the value of
frequency modulation index approximately equal
to unity, i.e.,, = 1. -

The table 1.1-below shows the difference between

wide band FM and narrow band FM.

Table 1.1: Difference between Wide Band FM and
.. Narrow Band FM

S. Parameters/ Wideband '
No | Characteristics FM Narrowband FM
1)’ (Modulation Index - [Greater than|Less  than  (cr)
' 1 slightly greater
than 1
7). | Maximum 75kHz  |SkHz
deviation
Range of i
3) |modulating . 29 He 1015130 Hz to 3 Kz
frequency
4) |Bandwidth 2Af+1,) |26,

Ques 24) Discuss the power relations in FM and also
discuss its vector representations. b '

: -2 Or . *
Explain about the bandwidth calculation in FM.

Ans: Power Relations in FM'

In  frequency - miodulation, power “of - an angle-

modulation ' wave is equal to ' the power of

unmodulated carrier, The _power - from an

‘ umqqdulatcd carrier- signal is redistributed among

carrier and sidebands. LG R

The average power of angle modulation is defined as, 7

Gk Pl h T v (D)
R % g

“Vec'is. the _peak voltage ‘of the unmodulated -

-carrier, and R is the load resistance,:

defined as, Lo for angle modulation as

Bandwndth Calculation in FM . . -

s the number of gignificnt sidebands; and

vi[1 . 1
P, =—RQ[—2-+-2'C°S(2‘DJ+29(0]” e (2)

Average power of the second term is zero. Thus:

/A

e =IR --en(3)

The total power for a modulated wave is defined
follows,

P=P+P+P+...+P, ()
2 2 2 2

p=Yc 2V 2V) | 2V,)°

' 2R . 2R 2R 2R

. (5
Where,
Py is the modulated carrier power,
P, is the power in the first set of sidebands,-
P; is the power in the second set of sideband, and
P, is the power in the nth set of sidebands.

Vector Representation of FM Wave

Any alternating wave having a frequency f, and
amplitude V may be represented as a rotating vector
OA with OA representing magnitude and rotating as
a constant angular velocity- ..

If its frequency is increased or decreased, the rotation
of the phasor will be faster or slower than @, and the
phasor would advance or retard to position OB or OC
from the position OA. However, it will maintain &
constant magnitude: Such a situation is depicted in .
Figure 1.28. The result is variation in phase angle ¢
of the wave. i : !

L 0.3
ngm'e 1.28: Vector R;presentaﬁon of an FM

Wave

The bandwidih of frequency ‘modulation . can

- determined by using Bessel table and is defined a5,

‘ ‘B=2(anm)Hz,'.
Wh(:fe;_ ‘, 3 %

Vi

Forw «,»..u;u-‘_“.\.{.g MR I ;.:-“ >

-system in W .

~ ' instead of its frequency; a5

" the . amplitude of the carri
- ifstantaneous 2ngular

%

AM and FM Fundar;lenials (Mo
By using Carson’s rule, t

modulation is defined as,
B =2(Af +f_)Hz

and carrier swing is denote

. Where,
. -~ -Af is the Peak frequen

£ is the Modulating si

Such a system is termed n
use in police, defence,
frequency deviation lying i

" For ,valﬁes of modulation

bands ‘produce a wide fre
amplitudes decrease. In s
significant side bands in

. referred as wideband FM.

Wideband - FM  requires
bandwidth ‘a compared t
wave. i

‘When m; > 5, the Bessel

rapidly and the = syst

approximation may be give
- B=2.my. fyHz

Such a large bandwidth le
quality  of reception, W
compared to AM. Narrow
this characteristic due to s
deviation, bandwidth, etc.

* Ques 25) Explain about th

‘frequency modulation. %
: 3 ]

= _Wﬁte'a short note on th

FM signal: ‘

1) Modulation Index

2) . Deyiation Ratio
Ans: Mathematical A

"~ Modulation :
" “In Frequency modulatic
~amplitude of the modulate
: - 'whereas, its frequency 18 1

b S

4 ; h:
.modulating signal. Pl
et hich the phas
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AM and FM Fundamentals (Madule 1

By using Carson’s rule, the bandwidth of frequency
modulation is defined as,
B=2(Af +f_)Hz

and carrier swing is denoted as 2Af

Where.
Af is the Peak frequency deviation (Hz), and
f., is the Modulating signal frequency (Hz).

Such a system is termed narrowband FM. It finds its
use in police, defence, fire, services, etc. with
frequency deviation lying in the range of 15-25 kHz.

For values of modulation index m¢ < 0.6, the side
bands produce a wide frequency spectrum but their
amplitudes decrease. In such cases. the number of
significant side bands increases and the system is
~ referred as wideband FM.

Wideband FM requires a considerably larger
bandwidth a compared to the cormresponding AM
wave. .

When m; > 5, the Bessel coefficient Jo(my) diminish
rapidly and the system bandwidth, to an
~ approximation may be given by,

B=2. m;. fy Hz

Such a large bandwidth leads to improvement in the
quality of reception, with very low noise as
compared to AM. Narrowband FM does not possess
this characteristic due to small bandwidth frequency
deviation, bandwidth, etc.

Ques 25) Explain about the mathematical analysis of
frequency modulation. !

Or,
Write a short note on the following in context of
FM signal: K
1) Modulation Index
2) Deviation Ratio
Ans: Mathematical Analysis of Frequency
Modulation ‘
In Frequency modulation technique  since the
amplitude of the modulated carrier is kept constant,
"whereas, its frequency is varied in accordance with
the modulating signal. Phase modulation is similar

system in which the phase of the carrier is varied

instead of its frequency; as in frequency modulation,
the amplitude of the carrier remains constant, the

instantaneous angular frequency of frequency

- - modulated wave can be written as, . 3
@ = @ + K¢ En coS(0al) eene(1)

A-21

Where, the proportonality factor K¢ determines the
maximum variation in frequency for a given signal
strength E.. If @) {Fan instantancous phase, then

o= f odt= .C[m: + K E_ cos(_t)dt}

=@1+K; -E—'“sin(mmtnﬁc e (@)

The initial phase (8,) is neglected as it plays no part
in modulation process. Thus FM wave can be written
as

e=E, sinl-(nct +K; —E—-“‘—sin(mmt)] R )

| 0

The instantaneous frequency of FM wave is,

£=2 o +K, = cos(@,t) e @
2 2

Therefore,

A =fc+K,E£ and f,, =1, —Kf-E—“l

2n 2

Hence Frequency Deviation
Af=f . —f =f —f_ =K, == e 5)
: 2z

"The instantaneous frequency can then be expressed

as, \
f = f. + Af cos-(B))

Modulation Index
The modulation index is given by,
Af E
mi == Kf —= L e (6)

f 0]

m m

and therefore the expression for FM wave becomes,
e = E. sin[m.t + m; sin (®xt)] ) _

In FM broadcast system, Af has a maximum

permissible value of 75 kHz and f, may vary from
about 33Hz to 15 kHz, consequently, m; can have

both greater than unity or less than unity whereas in

amplitude modulation m, should not exceed unity for

distortion less transmission.

Deviation Ratio ;
Minimum bandwidth is greatest when -maximum' -
frequency deviation is obtained with the maximum:
modulating signal frequency. Worst case modulation
index and is equal to the maximum peak frequency -
deviation divided by the maximum modulating signal
frequency.Worst case modulation index produces the
widest output frequency spectrum : "

_ Max peak frequency deviation _ Af

DR : -
Max signal frequency

£ soiman)
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Ques 26) Give the comparison between AM & FM.

Ans: Comparison between AM and FM

The comparison between AM and FM techniques are given below:

AM

FM

The equation for AM wave is
v =EJ[1 + msinw,t] sin .t

The equation for FM wave is
v = A sin [@.t + B sin @yt] -

The value of modulation index is always between zero and
one.

The modulation index can have value either less than
one or more than one.

Transmitted power is dependent upon modulation index

2
b, =pc[1+m7] \

Since in FM, amplitude of the carrier is constant, the

transmitted power is constant, independent. of the
modulation index.

In an AM signal, only two sidebands are produced, for any
value of modulation index.

The modulation index, determines the number of
significant pairs of sidebands in an FM signal,

The amplitudes of the sidebands is dependent on the

modulation index, and is always less than the amplitude of
carrier,

The amplitudes of the carrier and side bands vary with

the modulation index and can be calculated with
Bessel functions.

The sideband amplitude is hever zero for any value of
modulation index greater than zero. )

The carrier or sideband amplitudes are zero at some
modulation indices.

The bandwidth of an AM signal is twice the highest
modulating frequency.

The bandwidth of an FM signal is proportional to the
modulation index. ' :

The AM system is more susceptible to noise and more
affected by noise than FM.

The main advantage of FM over AM is its noise
immunity, as limiter stage in FM receiver clips off
noise signals. - ‘ '

When two AM signals occupy the same frequency, both
signals will generally be heard regardless of their relative
signal strength. ‘ .

The capture effect in FM allows the strongest.signal on

a frequency to dominate without interference from the
other signal.

The demodulation of AM signal is very easy practically by
use of a single diode, which is very simple to operate and is
cheaper. ‘

The circuits to produce and demodulate FM are _

usually more complex and expensive than AM
circuits. '

|
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AM and Transmitters nﬁd Receivers (Module 2)

AM and Tran

AM AND FM TRANSMITTERS

AND RECEIVERS

smitters and Receivers

Ques 1) What is AM transmitters/transmission?
Also draw and describe the block diagram of low
power and high power transmitters/transmission.

Or
Discuss the low power and high power
transmitters/transmission.  Also  write there

advantages and disadvantages.

Ans: AM Transmitters/Transmission

AM transmitter is a device that is responsible for
transmission of amplitude modulated wave. There
are two types of AM transmitters, these are, high
power amplitude modulated (AM) transmitter and
. low power (AM) amplitude modulated Transmitter.
Figure 2.1 shows AM transmitter with low power
modulation and Figure 2.2 shows AM transmitter
with high power modulation.

It must be noted that stable RF source, buffer

amplifiers and subsequent RF power amplifiers are

common for both, low power modulation transmitter
and high power modulation transmitter.

1) Low Power (AM) Amplitude Modulated
Transmitter/Transmission: Low level AM
modulation is usually the best method for low
power transmitters such as walkie-talkies

" (handhelds). Figure 2.1 shows the block diagram
of a low level amplitude modulated transmitter.
The working of low level modulator is similar to
that of high level modulator; with the exception
that here Pre driver acts a modulator.

Bufler |—] Pre-driver |—| Driver |—| Power Amp |—T

(Must be linear amplifiers)

AM-Low Level Modulation
. Figure 2.1: Low Power Amplitude Modulated Transmitter/Transmission

Advantage of Low Power Amplitude
Modulated Transmitter/Transmission

The advantage of low power AM transmitter is
that much audio power is not required, for
modulation.

2)

A2}

Module 2

Disadvantage of Low Power Amplitude
Modulated Transmitter/Transmission
Al radio frequency amplifiers  after  the

modulator (pre-driver in this case) must be
lincar. This is a disadvantage of low level
transmitter as lincar amplifiers run at lower
efficiency.

High Power Amplitude Modulated (AM)
Transmitter/Transmission: The stable RF
source is provided by crystal oscillator with a
carrier frequency or submultiple of it. The buffer
amplifiers are usually class A amplifier whereas
power amplifiers are class C amplifiers. In both,
audio and power Audio Frequency (AF)
amplifiers are present. In fact, the only difference
is the point at which the modulation takes place.
In case of low level modulation, modulation
takes place at low power level, i.c., before the

final output amplifier.
Antenna
Matching J/
Network

Modulator AF Class
B Output Amplifier

Stabilized
RE Crystal
Oscillator

Class A
RE Buffer
Amplifier

Class C RF
Power

Amplifiers

Class C RF
Output

= Amplifier

-

AF Claxs B
Power
Amplifiers

AF Pre-

di
¥t umplifier

Input =¥ =

Figure 2.2: AM Transmltter/Transmission Block Diagram with High
Power Modulation

Advantage of High Power Amplitude
Modulated Transmitter/Transmission

The advantage of high power transmitter is that
the carrier (the signal from oscillator) can be
“amplified using high efficiency Class C
amplifiers. :

Disadvantage of High Power Amplitude
Modulated Transmitter/Transmission

The disadvantage of high power transmitter is
that a large amount of audio amplification is
required to modulate the high power carrier.

L
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Ques 2) Glve the comparlson between low power and high power transmitter/transmission.

Ans: Comparlson between Low Power and High Power Transmitter/Transmission
Tuble 2.1 below shows the comparison between low power and high power transmitter circuitry.

Table 2.1: (‘umpnrhnn Between Low Power und High Power Transmitter/transmission

S, NQ.T B !’Uarnrn_mtc Low Power Transmitter High Power Transmitter
1) [Complexity Modulation clreuitry is simple as it has to | Modulation circuitry is quuc complex as it
M- _ | handle fow power. has to handle high power! .
2) | Power level Modulation circuitry has 1o handle low | Modulation circuitry has to handle high
= ) power, power.
3)  |Point‘at which Modulation takes place in the initial stages Modulation !ﬂkcﬁ place in the final stage
modulation of amplification, of ampliﬁcmlon.
takes place R
4) | Audiopower |Low audio pnwu is required to prodyce ngh powpr is required to produce
modulation, 1 |modilatjon,
5) |Prime factors Simp\iclly is the prime rcquircmdnt. £ 5. Pﬂmgrcquiremcnt is high cfﬁc:cncy and
in design Nk , e | low distprtion
0) | Amplifier used |Liner umphhcr such as class A amplifier !\!iph efficient class C amplifiers are used,
+ |is used because all stages must be capable | > < T '
of handling amplitude variations caused by .
the modulation. o4 5
7 |Design Each amplifier sthge following modulation 'I‘his is not thc case with high level
» requirements of {must handle sideband power as well ‘as mogulaﬁon becgusc in this modulatxon
amplifier stages | carrier. All these subsequent amphﬁers takes. plaoéin tha butput stage.
must have sufficient bandwidth for the [1#7%7 @5T 283"
sideband frequencies. “““é‘i e & R S
8) Efficiency Lower than high level modulators. . Vgry.hvgé ‘ L ¥
9) | Amplifiers Transistors and Op-amps. Yo Qat:\l?m“‘tubcs and powcr transistors.
used o ouer pReRhaty P vibide
Ques 3) Discuss about the AM receiver with R e e, SR : "
suitable block diagram. Also explain tuned radio =~ Y agenm - PR g 1o A
frequency receiver in detail and list itsadvantages | . . UL c o0
and disadvantages. : a | iz bm,“ A Bt | | [sanien .
- section [ - Pler v hgpeton . - ¥iliss-» || section [} Bl T ]
Ans: AM Receiver Lk e T RS
The block diagram of general AM receiver is shown M N TR
in Figure 2.3. The receiver consists of art RF section, - L AM | | Bundpes | ;| Addio] 5
the signal is first amplified to level that it can be 3 detecto [ - Plter [™] stetio’[™L
detected by the Band pass filter, the mixer and

converter section, then converts the frequency to a

IF section consists of various stages, these stages
contain most .of the amplification in the receiver as
well as the filtering that enables signals on one
: frcqucncy to be_ separated from those on the next.

The AM detector circuit simply consists of a diode
and possmly a small capacitor to remove any

remaining . radio frequency, Thc signal is finally
- fetrieved in the audio scctlon. ;

particular level,

! i Speake
Figure 2,3: Block Diagram of AM Recelver T

The twned radio frequency receiver and - Supt
Heterodyne Receiver -

commonly used AM receivers. -

Tuned Radio Frequency Recelver .

The tuned radio frequency receiver is a receil
device in which the tuning or selectivity is provid¢
at the radio frequency stages. The tuned radi
frequency receiver was used in the early days ¢
wireless technology but it is rarely ased"today ¢

other- techniques - offenng much better ‘performadt
are available,

are examples of soU
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3) Selectivity requires narrow bandw1dth

© AMand Trausrnitfers and Receivers (Module 2)-

The TRF receivers consist of three main sections:

1) Tuned Radio Frequency Stages: This consisted
of one of more amplifying and tuning stages.
Early sets often had several stages, each provmcr
some gain and selectivity.

~2) Signal Detector: The detector enabled the audio

‘from the amplitude modulation signal to be
extracted. It used a form of detection called
envelope detection and used a dxode to rectify the
signal.

3) Audio Amplifier: Audio stages are required to
provide audio amplification. These amplifiers are

* not always required; but when the amplitude of the
~output of the detector is significantly low, the
amplifier stages are required.

- The -tuned radio frequency receiver was popular in

the early twenty century as it provided sufficient gain

. and selectivity for the receiving the data from
broadcast stations. However, tuning took a little time

as each stage-in the early radios needed to be
adjusted separately. Later ganged tuning capacitors
were introduced, but by this time the super
heterodyne receiver was becomm g more popular.

Advantages

. The advantages of TRF receiver are:

1) Simplest type of receiver since it does not
"> involve mixing and IF operation. -

2) Very. much suitable to receive single frcquency

*3)  TRF receivers have good sensitivity.

Dlsadvantages -
" 'The TREF receiver has largely been dlsregarded in recent

Y ~'-gytia:s The disadvantages of a TRF receiver are:
3-1) Poor selectivity and low sensitivity in proportion to

the number of tuned amplifiers used.

Other receiver topo]ogles offer far better levels
“of ‘performance, and with mtegratﬂd circuit
technology, the additional circuitry in advance

", receiver is not an issue.

“and
narrow bandwidth at a high radio frequency
implies high Q or many filter sections.

" The probleul with TRE receiver is the problem in
. tuning different frequencies

. 4) ‘Another problem is the narrow "bandwidth tumng

several. tuned Cll’CUltS allgned is

‘Keeping
difficult.

5) The bandwidth of a tuned circuit doesn’t remain

constant and increases with the frequency
increase. .

A5

Ques 4) Desgribe about the straight radio receiver
and also write its disadvantages.

Ans: Straight Radio Receiver

The functional block diagram of a simple radio
receiver is shown in figure 2.4. The receiving
antenna receives the radiowaves from different
broadcasting stations. The desire radiowave is
selected by the radio frequency amplifier, which

employs a tuned parallel circuit. The tuned RF

amplifier amplifies this selected radiowave.

" The amplified radiowave is fed to the detector circuit

which consists of a PN diode. This circuit extracts

the audio signal from the radiowave. The output of -

the detector is the audio signal, which is amplified by
one or more stages of audio amplification. The
amplified- audio signal is given to the loud speaker

for sound reproduction.

Receiving = *
* antenna
Loud
Speaker
RF AF /
amplifier »— Detector —1 amplifier :
Figure 2.4: Simple Radio Receiver
stadvantages :

* The simple radio receiver ClIClllt has followmg

disadvantages: .
1) Poor sensitivity

"2) Poor selectivity

Ques 5) Explain super heterodyne receiver in
detail and also dlS(:llSS its workmg with the help of
block diagram.

Or
Write a short note on in context of a receIVer

© circuit:

1) Tuning range
2) IF amplifier

Ans: Super Heterudyne Receiver

" Super heterodyne receiver is one of the most popular

forms of receiver-used in a variety of appllcatlons
from broadcast receivers to two way radio

communications links as well as many mobile radio
communications systems.

This form of receiver is based on the idea of mixing
signals in a non-linear manner. This idea was’ first

noticed when beats were detected between two

signals. R.A Fessenden was the first person to notice

this and he patented the idea in 1901.

The idea of the super heterodyne receiver revolves
around thie process of mixing. Here RF mixers are

oy 5 y
8 . ‘N L
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sed (o multiply two wgnals tgoher. Wien e
signals are multiplied together the oupnt s e
prodiict of the instantaseins level of the sigmal at ore
legmat and the instantaneous level of the signal at the
oAher,

It fs found that the evtpit contzins sigrals « WEz
ffﬂ,fﬂi(-l}‘.:' otfier than the the input frennencies

Ny

NeW signals are seen at frequencies that zze the s
and difference of the twe inpus signals, i, o the twe,
input frequencies are £ and £, then new signais ae

AT
seen at frequencies of (fovfz) and (f A

Considering an example, if tve signals, ore a0 2
frequency of 3 MH7 and anottier 22 & frequercy of &

W MHz are mixed togetber then new signals at
g

* frequencies of || MHZ and 2MHz are generatet.
Working of a Super Heterndyne Recsiver

The received modulated signal enters 2t ore gt of
the mizer. A locally generated signaf (local osciilarer
sighaly is fed into the otfier. The result is that mewy
tignals are generated,

These are applied 16 7 fized freruency intermediane
freqiiency (IFy amglifier and fifter, The sigrzis tha
are convensd down and fall withis the passhand of
the IF amplifier will be amplified znd passed on 1o
the next stages, Thene that (401 ontsice the passhand
of the IF are rejected,

Turiing is accompliched very simply By varying the
frequency of the local oncillator, The advantage of
this process fx that very sefective fized frerprency
filters can be nsed and these far ot perform any
variable frequency ones

They are also normatly at 4 lower frearency than the
incorifag Sigial and agaiv this  emables el
performance o be better and Jess crntly.

The Woek dlagram of 4 simple sager heterndyne

_recelver is shiown in fhe figuee 2.5
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AM and Transmitters and Receivers (Module 2)

3) Local Oscillator: The local oscillator may
consist of a variable frequency oscillator that can
be tuned by altering the setting on a variable
capacitor, or it can be a frequency synthesizer
that will enable greater levels of stability and
setting accuracy.

4) Intermediate Frequency Amplifier or IF
Amplifier: The signal now enters in the IF
stages. These stages contain most of the
amplification in the receiver as well as the
filtering that enables signals on one frequency to
be separated from those on the next. Filters may
consist simply of LC tuned transformers
providing inter-stage coupling, or they may be
much higher performance ceramic or even
crystal filters.

5) Demodulator Stage: The signals passed through
IF stages of the super heterodyne receiver need
to be demodulated. Different demodulators are
required. for different types of transmission, and
as a result some receivers may have a variety of
demodulators that can be switched in to
accommodate the different types of transmission
that are  to be encountered. - Different
demodulators used may include:

i) AM diode detector

ii) Synchronous AM detector

iii) SSB product detector .

iv) Basic FM detector

v) PLL FM detector

vi) Quadrature FM detector )

6) Audio Amplifier: The output from the
demodulator is the recovered audio signal. This
is passed into the audio stages where they are
amplified and presented to the headphones or

loudspeaker.

IF Amplifs RF
Amplificr [*] M [-#] and filter | Amplifier

Local
Oscillator

I
[~1

Figure 2.6: Block Diagram of a Basic Super heterodyne Radio Recelver

"* Ques 6) Explain the concept of Image frequency
and its rejection. What are the main functlons of
RF stage in a receiver circuit? ;

Ans: Image Frequency and its Rejection
In a standard broadcast receiver (and, in fact, in the
vast - majority of all receivers made) the local

A-2T

oscillator - frequency is  made  higher than the
incoming signal frequency for reasons that will
become apparent. It is made equal at all times to the
signal frequency plus the intermediate frequency.

Thus f, = f, + f,, or f, = f, = f, no matter what the
signal frequency may be. When f, and f., are mixed,
the difference frequency, which is one of the by-
products, is equal to f,. As such, it is the only one
passed and amplified by the IF stage.

If a frequency f,, manages to reach the mixer, such
that f,, = f, 4+ f, that 15, f, = f, + 2f,, then this
frequency will also produce f; when mixed with f...

Unfortunately, this spurious intermediate-frequency
signal will also be amplified by the IF stage and will
therefore provide interference.

This has the effect of two stations being received

simultaneously and is naturally undesirable. The term
fy is called the image frequency and is defined as
the signal frequency which is twice the intermediate
frequency.

Reiterating, we have
fi=f, +2f; oisssk})

The rejection of an image frequency by a single-
tuned circuit, i.e., the ratio of the gain at the signal
frequency to the gain at the image frequency, is given
by.

a=1“+Q2[]2 ..-.‘(2)

Where, ‘
f
p=-=L--L reiel3)

Q = Loaded Q of tuned circuit

If the receiver has an RF stage, then there are two
tuned circuits, both tined to f,. The rejection of each
will be calculated by the same formula, and the total
rejection wiil be the product of the two. Whatever
applies to gain calculations applies also to those

‘involving rejection.

Image rejection depends on the front-end
selectivity of the receiver and must be achieved
before the IF stage. Once the spurious frequency
enters the first IF amplifier, it becomes impossible
to remove it from the wanted signal. It can be seen
that if f/f, is large, as it is in the AM broadcast

| S 1
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band, the use of an RE stage is not essential for
good image-frequency rejection, but it does
become necessary above about 3IMHz,

Functions of RF Stage in Receiver Circuit

This is a class C tuned voltage amplifier. The main
functions of this stage are:

1) Amplification of the received radio signal to

provide better sensitivity and improved signal o~

noise ratio.

~2) Rejection of the unwanted signals and improved
adjacent channel selectivity.

3) Rejection of the image signal.

Ques 7) In a broadcast super heterodyne receiver

having no RF amplifier, the loaded Q of the

antenna coupling circuit (at the input to the

mixer) is §0. If the intermediate frequency is 455

kHz, Calculate

1) The image frequency and its rejection ratio at
1000 kHz

2) The image frequency and its rejection ratio at
50 MHz

Ans:
*1) The image frequency and its rejection ratio at
1000 kHz

fo=1f,+2f
= 1000 x 10° x 2 % 455 % 10°
= 1910 kHz
+1910x10°  1000x10°
P=1000x10°  1910x10°
=1.910-0.524
=1.386

"Rejection ratio is given by, :
0= /1+Q%p? =1+ (80)> x(1.386)* |
=110.88

2) 'The image frequency and its rejection ratio at 50
MHz :
fo = f. +2f = 50 x 10° + 2 x 455 x 10°=
5091MHz :

’

_5091x10°  50x10°
_50x10°  5091x10°
=1.018-0982=0.036 -

Rejection ratio is given by,

, _u_:JHQl % = J1+(80)2 % (0.036)*
=3.049 |

4: 'l : - < . . % " v
éﬁ . 7 v L i 8¢

geries (Hilectronie Communication) Ky,

-

Ques 8) What is the hasie concept of using doub,.
heterodyne receiver?

Or
Why double-heterodyne receiver 8 used? Explaiy
the term double-conversion

Or |
What are the reasons behind using double super.

_heterodyne receiver?

Ans: Double-Heterodyne Receiver

Although the super heterodyne radio receiver worky
well, to ensure the optimum performance under o
number of situations, an extension of the principle,
known as the double super heterodyne or double
super heterodyne radio receiver may be used.

The double heterodyne radio receiver improves the
performance in a number of areas including stability
(however, synthesizers work well to overcome this
problem), image rejection and adjacent channel filter
performance. 1t also meets the requirements of high
selectivity at lower frequencies.

The double super heterodyne radio receiver is still
widely used, especially at high frequencies where
factors such as image rejection  and filter
performance are important.

Basic Double Super Heterodyne Receiver Concept
The basic concept behind the double super
heterodyne radio -receiver is the use of a high.
intermediate frequency to achieve the high levels of
image rejection that are required, and a further low
intermediate frequency to provide the levels of
performance required for the adjacent channel

selectivity.

Typically the receiver will convert the incoming
signal down to a relatively high first intermediate
frequency (IF) stage. This enables the high levels of
image rejection to be achieved. As the image
frequency lies at a frequency twice that of the IF
away from the main or wanted signals, the higher the
IF, the further away the image is and the easier it is
to reject at the front end. |

Filtering provides Adjacent channel
image rejection - . filteting *
L RF amp Mixer 1* IF amp Mixed 2MIF amp
and filter ] - {-» lificrand [-» =¥ lifierand [*
_E filter ¥ filter
=3 b
1* Local 2™ Local
‘oscillator oscillator

Figure 2.7: Basic Double Super Heterodyne Receiver

\

\
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AM and Transmitters and Receivers (Module 2)

’ The signal once pass through the first IF at the higher
frequency, is then passed through a second mixer to
convert it down to a lower intermediate frequency

. where the narrow band filtering is accomplished so
that the adjacent channel signals can be removed. As
the lower frequency, filters are cheaper and the
performance is often higher.

Although it must be said that filter technology now
allows effective filters to be made at much higher
frequencies than was previously possible. Since the
receiver uses only two IF stages for conversion thus
this process is called double-conversion. If there are
three IF stages for conversion, it will be called as
Triple-conversion and so on.

'Ques'9) What are the various characteristics of _

amplitude modulated (AM) receiver?

Ans: Characteristics of Amplitude Modulated
" (AM) Receiver ‘

The performance of the radio receiver can be

measured in -
characteristics:
1) Adjacent-Channel  Selectivity:  Adjacent-
channel Selectivity is a measure of the
performance of a radio receiver to respond only

terms of following receiver

to the radio signal it is tuned to (such as a radio-

station) and reject other signals nearby in
frequency, such as another broadcast om an
adjacent channel. :

It is usually measured as.a ratio in decibels
(dBs), comparing the signal strength received

against that of a similar signal on another °

* frequency. If the signal is at the adjacent channel
of the selected signal, this measurement is also
known as Adjacent-Channel Rejection Ratio
(ACRR). ' : :

Selectivity in a receiver is obtained by using
tuned circuits. These are LC circuits tuned to
resonate at a desired signal frequency. The Q of
these tuned circuits determines the selectivity. It

shows attenuation. that the receiver offers to |

~ signals at frequencies near to the one to which it
is tuned. A good receiver isolates the desired
signal in the RF spectrum and eliminates all
other signals. , .

| Q is the ratio of inductive reactance to resistance
(Q = X/R), and bandwidth of the tuned circuit is
given by, : :

H’ .

B, =~
- Q

A-29

Where, f, is the resonant frequency.

The bandwidth of a tuned circuit is measure of
the selectivity. Narrower the bandwidth better is
the selectivity and to have narrower bandwidth
and better selectivity the Q of the tuned circuit,
By, must be high.

The figure 2.8 shows the selectivity curve for the
typical tuned circuit.

" 100 - D
N hY
T 80 \\ pd
©60
8 40 \
¢ \ /g =d-1
% 20 v / -
= 2
g o M—-’. il el ¥
< 40 =30 -20 +10 420 ? +30  +30

r

»
P

AM generator detuning kHz

Figure 2.8: Selectivity Curve of a Tuned Circuit
2) Fidelity: Fidelity refers to the ability of the
receiver to reproduce all the modulating
frequencies equally. Figure 2.9 shows the typical
fidelity curve for radio receiver.

L

0
Attenuation in
1 1 I (] L 1 >

dd -3
50 100 500 1000 5000 10kHz
Frequency —»

Figure 2.9: Typical Fidelity Curve
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The fidelity at the lower-modulating frequencies
is determined by the low frequency response of
the IF amplifier and the fidelity at the higher
modulating frequencies is determined by the high
frequency response of the IF amplifier.

It is also difficult to obtain in AM receiver
because good fidelity requires more bandwidth
of IF amplifier resulting in poor selegtivity,

3) Gain: Gain is the factor by which an input signal
is multiplied to produce the output signal. In
general, higher the gain of a receiver, the better is
its sensitivity. The more the gain of the receiver,
the smaller the input signal, that is necessary to
produce a desired level of output. High gain in

~ communication receivers is obtained by using
- multiple stages of amplification. :

4). Sensitivity: The sensitivity of a communication
receiver refers to the ability of receiver to pick up
weak signals, and amplify it. It is often defined in
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terms of the voltage that must be 2pplied to the
receiver input terminals to give a standard output
power.  measured at the output terminals. The
more the gain. a receiver has. the smaller the
input signal necessary to produce desired output
power. Therefore, sensitivity is a primary
function of the overall receiver gain. It is often
expressed in microvelts of in decibels.

Sensitivity in a receiver is normally taken as the
minimum input signal (Smin) required to
produce a specified output signal having a
specified signal-to-noise (S/N) ratio and is
defined as the minimum signal-to-noise ratio
times the mean noise power.

The sensitivity of receiver mostly depends on the
gain of the IF amplifiers. Good communication
receiver has semsitivity of 0.2 1o uVv.
Sensitivities of 5 to 10uV are typical for FM
receivers, whereas the semsitivity of an AM
receiver could be 1001LA or more.

5) Double Spotting: The phenomenon of double

\ " spotting occurs at higher frequencies due to poor
front end selectivity of the receivers. In this,
receiver picks up same short-wave station at two
nearby points on the receiver dial.

When the receiver is tuned across the band, a
strong signal appears to be at two different
frequencies, once at the desired frequency and
again when the receiver is tuned to 2 times IF
below the desired frequency. In this second case,
the signal becomes the image, reduced in
strength by the image rejection, thus making it
appear that the signal is located at two
frequencies in the band.

6) .Image Frequency Rejection Ratio (IFRR); Its
value depends upon the value of the loaded Q of
the tuned circuits of the RF stages, the value of
the IF of the receiver (higher the better) and on

whether f; is close to the lower end or the higher '

end of the tuning range of the receiver. It should
be at least 40dB, where IFFR js given'by:

2
IFRR A10log, | F1re(fe)
Hge(f)

Ques 10) Give the reason of choice of intermediate
frequency. :

Ans: Choice of Intermediate Frequency -
.Many factqrs are involved in the choice of a receiver
IF.'» most cases the choice is a compromise and

i . may vary from one brand of receiver to another, The

- value of IF for a specific receiver is chosen by the:

‘es (Electronac Commmunication .
B.Tech. Severth Semester TP Solved Series (Electronsc e

designer. or manufacturer, from a wide rang. y
vaIuEs. In fact since the discm:cg cf tht' I’,—g:;r,:) .
principle, intermediate frequencies ranging in vz,
from 130 kHz to 485 kHz have been uses
broadcast band “Superhezat” receivers. Values z tre
low end of this range are used only occasionally.

The use of a low value IF results in slightly bers.
gain and stability characteristics. A low IF 5,
results ina 2 to 3 percent Improvement in selectivy:,
However, the advantages gained are overshados .,
by the increased susceptibility to image- frequenc,
réception. The majority of modern broadcast by,
receivers use one of three values for the IF; 455 ki,
456 kHz. or 465 kHz. These values, throug:,
experience. have been found to give sufficient gz
and stability characteristics  while retainin;
acceptable image-frequency rejection.

As ubual with making choices, the choice of zn If

also constitutes a comprorise between _Vvarios:

requirements, some of which point to 2 Tow IE, whils

others demand a higher IF.

1) The higher the IF the poorer is the selectivity of
the receiver.

2) Higher IF is more difficult to track and tune.

3) The lower the IF, the poorer the image-frequenc;
rejection.

4) Very low IF can make the selectivity too sharp.
and may even cut-off the side bands,

5) A lower IF requires a higher degree of stability
from the local oscillator, as any “drift” is now of
a greater proportion.Most standard AM broadcast
receivers use an IF in the range 438 KHz to 46°
KHz, with 455 KHz being the most commonly
used IF. The intermediate frequency in ¢
commercial AM receiver has a fixed value of

455 KHz. This value is chosen as 3 compromist
between two conflicting factors,
) Adjacent channe] selectivity and easy
tracking for which IF should be low, and

ii) Image signal rejection for which IF should -
high, ,

be

For proper channel selectivity, the intermedizt¢
frequency f; should be low. A lower f; needs a lowe!
Q. and the proper tank circuit can be easily designed
wher::}s if f; is large, it will require a large Q and th°
tank circuit design will be complex. For example

fy = 455 kHz and the baseband is 10 kHz, the Q-val®

desired by the tank circuit is, .
455 '
Se—= 4 -
Q 10 5

‘Figure 2.

lower, Ake, 2 ow 555
betwery 3

Z
P 1%
@ arevily A TPy, ez,

The valos of §, s e
regection. We hzye,

f,=1 +2§
Or,

%: 142§ /1)

c
Therefore, if f, s kegn lzrge, the ime
be far apert from desires signa! f, 2
rejected.  In  commercizl  AM
intermediate frequency is kept fixe
order 1o achicve 2 COmpPIomis
conflicting factors. This value of I
image signal rejection 2t broadeast
RF amplifier is used, as the ratio f’,/

At short waves, however, the image
becomes poor due to a phenomenon |
spotting. In this phenomenon, signal
short waves station is picked at two |
the receiver tuning dial. Double spo
because it can mask a weak static
strong station at the spurious point on

The spurious point corresponds to a

‘Double spotting can be avoided by a

selectivity to avoid image sigpal, Tt
adds more tuning circuits and improv
selectivity of the receiver at short way

Ques 11) Describe the simple AV(
draw the characteristics of AVC cir

Ans: Simple AVC (Automatic Vo
Circuit
Automatic volume control (AVC) bia
keep the receiver output subs.ranm'xlly
time for any variations in receiver inp

- magnitude of the receiver input v‘olwgtz '
7 due to fading, or when lhc' raccwcr“ is 1
“station to another having differcnt Sigr

AVC eliminates the effect of these variat
10 provides a “simple AVC

D in AVC circuit is .removed. The
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The tuned circuit for this Q can be easily designed.
But, if f; = 10MHz. the Q desired is.
10x10°
Q =—7 =
10x10°

The design of a tuned circuit with such a high Q is
impossible. Hence, for a better selectivity. f, shouid be
lower. Also, a low value of IF makes the difference
between signal and local oscillator frequency small, and
as a result tracking becomes easy.

The value of f, should be large for image signal
rejection. We have,
f.=1 +2f

Ory

£
= =1+2f; /f)

fC
Therefore, if f; is kept large, the image signal f'. will
be far apart from desired signal f. and can be easily
rejected. In commercial AM receivers, the
intermediate frequency is kept fixed at 455 kHz in
order to achieve a compromise between the
conflicting factors. This value of IF provides good
image signal rejection at broadcast band even if no
RF amplifier is used, as the ratio f ‘Jf. is large.

At short waves. however, the image signal rejection
becomes poor due to a phenomenon known as double
spotting. In this phenomenon, signals from the same
short waves station is picked at two nearby points on
the receiver tuning dial. Double spotting is harmful
because it can mask a weak station by a nearby
strong station at the spurious point on the dial.

The spurious point corresponds to an image signal.
‘Double spotting can be avoided by a good front end
selectivity to avoid image signal. The RF amplifier
adds more tuning circuits and improves the front and
selectivity of the receiver at short waves.

Ques 11) Describe the simple AVC circuit. Also
draw the characteristics of AVC circuit.

Ans: Simple AVC (Automatic Volume Control)
Circuit
Automatic volume control (AVC) bias is obtained to
~ keep the receiver output substantially constant with
time for any variations in receiver input voltage. The
- magnitude of the receiver input voltage varies with time
“ . due to fading, or when the receiver is tuned from one
" “station to another having different signal strength. The
AVC eliminates the effect of these variations.

Figure 2.10 provides a “simple AVC™ bias if diode
- D in AVC circuit is removed. The AVC circuit

A3

samples a fraction of the detector vutput and converts
it 1o AVC bias voltage. The AVC hias v appliad to
RF and IF stages to provide them a negative hias, As
the input of the receiver signal inereases, the AVC
bias voltage also increases. and in tum, the negative
bias to RF and IF amplifiers is increased. thereby
raducing their gain. The output of the recetver is,
thus, maintained constant.

The simple AVC circuit has a disadvantage is that it
1s operative even for low magnitede signals at the
receiver input. This deteriorates the sensitnvity of the
receiver. Therefore, it is desirable that AVC should
be operative only when the input signal is strong.
This arrangement is made by a circuit called delayed
Called delaved AVC. which 13 obtaimned by
incorporating a forward biased diode D in the AVC
filter circuit as shown in Figure 2.10.

Figure 2.10: A Detector Circuit wik AVC

The AVC is operative only if the signal is more than
the diode bias voltage. The AVC characteristic can
be further improved by amplifying the dela3ed AVC
bias with the help of a DC amplifier. This is known

as amphﬁed and delayed AVC.

Characteristics of AVC circuit

"The characteristics of the various types of AVC circuits

are shown in Figure 2.11 obviously, amplified and
delayed AVC is very much near to the ideal AVC. An
ideal AVC remains inoperative for signal strength
between certain limits, and provides a constant output
for signal strength exceeding this limit.

Audio - Delayed AVC
oltage --~ Simple AVC
€ = Smele .
W gl Amplified & delayed 4%
,:',-" T T el AVC et
g & t
Inpat carmrier voltage

Figare 2.11: AVC Cha.mdﬂiﬁxs
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Ques 12) What do you mean by FM tl‘m‘“‘.j“er_S?
Also write the different types of FM transmitters.

. Ans: FM Transmitters
‘The circuit that- is used to trammit‘ frequency
modulated signal is called FM transmitters. »Tne
(general block diagram of an FM transmitter 1s‘g1\‘en_
- in figure 2.12; the FM transmitter mainly consists of
! pre-amplifier. FM modulator. escillator, frequency
_multiplier and power amplifier. Basically common
P - FM transmitter contains following functional blocks.

o T !
’ |

i Pre- M . Frequency Power
f ampl Modulator Oscillator Multpher

R S5 S0y

L’*‘Lﬁ:

Figure 2.12: Block Diagram of Standard FM Transmitter

Types of FM transmitters

The different types of FM transmitters are as follows:
1) Direct FM Transmitter

2) Indirect FM transmirter

1

! Ques 13) Explain types
! ] transmitter in brief.

! J ! 2 Or

i Write a short note on:

i 1) PLL direct FM transmitter

j 2) Varactor Diode Transmitter
1

~ R

the of direct FM

-4

; 7 _Ans: Direct FM Transmitter

§ B In a direct FM system the instantaneous frequency is

} directly varied with the information signal. The

g various methods f Direct FM transmission are:

{ 1) PLL Direct FM Transmitter: PLL Direct FM
transmitter “is . the most widely used FM
transmitter. Figure 2.13 shows the phase locked
loop direct FM transmitter. This transmitter is
used to generate high index wideband FM si gnal.
When both the input frequencies of phase
comparator are- same, then they are locked 'to

e S A iat L &
i

: each other. -
g 8 % | piviac | N6
o s
1 § G .
{ reference | Low pass Summer vco |32
togl oscillaior | s C""‘W"“T i output
i : 1
. )
T k Correction Modulat
| 3 oy @ mnz
} g ) 15 Voltag Signal
i
|78 Figuré 2.13: Block Diagram of PLL Direct FM Transmitter
A :
i

Under this situation, phase comparator output is
- zero. It is ‘passed through low pass filter to the
.;Summer. The summer has modulating signal as

- another input.. This modulating ‘sighal is gsed to

« -
_ - TP Sohved Senies {Elcrronic Comm:
SSKT x b

S
LREN0n o

conmol the output frequency of VCO. Thys «
ouput of VCO is FM signal whose Treque.
julanne <3 - 2
depends upon modulating signal. _m oup
VCO is divided by N and given o P
N

COMparator.

If there is any shift in centre frequency (g, .
VCO. then phase compamator generaes e
correction voltage. which is given 1o SUmme
through low pass filter. This correction voltzss
adds to modulating signal voltage and COomTac;
the VCO output. The lowpass filter is uses .
remove the rapid changes in comection voltas
due to frequency variations in FM signal. )
Ve

Coysmal é By
o

3 O

)

37:&.!%:_:; 'J
o—f—romn— |
R |

Figore 2.14: Varactor Diode Frequency Modulator

2) Varactor Diode Transmitter: The circuit below
shows a varactor diode transmitter circuit. Th:
circuit changes the frequency of the crvst
oscillator using diode. R, and R- develop a DC

voltage across the diode which reverse biasesit - -
_Give . the -brief description of

The voltage across the diode determines t
frequency of the oscillations. Positive inpus
increase the reverse bias, decrease the diok
capacitance -and thus increase’ the oscillatic:
frequency. . :

Similarly,” negative inputs  decrease ¥
oscillation frequency: The ‘crystal - oscillalf
ensures that the output waveform is very stabl
but this is only the case if the frequenc!
deviations are kept very small. Thus, the varact™
diode modulator cap only be used in Limi®
applications. In direct FM- the instiiﬂmw_u;
frequency of the carrier is varied directly W
the message signal by means of a device kno"
as a valtage controlled oscillator (VCO).

A VCO is a sine wave generator (oscillator), 'hdf
18 capable of producing different . freque™
sinusoid depending on its input veltage.

Thus, a VCO is an FM modutator. If the inp™t* .

~ the VCO is the message m(t)

lmT%mRm‘mm@

Va(®) =m(y)
fow =+ km(y)

. e\g(t) =
28ffa O =2nf 1.4 2xkjm(1
ks Q

L, L

s Y g
Cw
Figure 2.15: The Hartley Osc

Thus, the VCO output signal is

Vo =cos(8,, () = cos[?.ltfct +2nk
{

which is desired FM signal.

A typical implementation of the V

Oscillator that uses a voltage varia

control the frequency of the oscillato

Ques 14) Discuss - the indirect F!I
Also draw the block diagram

method and explain for FM genera
Or

transmitter. N

‘Ans: Indirect FM transmitter
The indirect transmitter uses a NBF

. with frequency multiplier and mix

‘WBFM signal. A method to genera
below, in this method a NBFM §
through a frequency multiplier. The
below shows various components of F

= Nammow-
T =
signal phase
| modulasor]

Crystal
controlled
oscillator

¥ Method of ge
Disgram ol S I )
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Via(t) = m(t)
Opun(t) =

] t
20 £ (1) dt =27 t + 21k [m(t)dt
0 0

L, L,

| 1
1
C(t)
Figure 2.15:.The Hartley Oscillator

Thus, the VCO output signal is

]
vy =cos(0,, (1) = cos[zm'ct +2nk j m(t) dt] 4
0

which is desired FM signal.

A typical implementation of the VCO is a Hartley
Oscillator that uses a voltage variable capacitor to
control the frequency of the oscillator,

Ques 14) Discuss the indirect FM transmitter.
Also draw the block diagram of armstrong
method and explain for FM generation.

Or
. Glve . the brief description of indirect FM
transmitter. " -
‘Ans: Indirect FM transmitter
The indirect transmitter uses a NBFM signal along
with frequency multiplier and mixers to generate
WBFM signal. A method to generate FM is given
below, in this method a NBFM signal is passed
through a frequency multiplier. The block diagram
below shows various components of FM generation.

Information Nasrow-
signal —o]Integratorl ;: 4|Frequency| FM signal
modulator

Crystal
controlled
oscillator

Figare 2.16: Block Disgram of the Indirect Method of generating s Wide-

A-33

Consider a signal x(t), where,
x(t) = A; cos (2nf t + 6(t))

For a phase modulated system

0(t) = 2mk, m(t)
For an angle modulated system

o(t)= anfj'm(‘t) dr
0

Where, t is a dummy variable.

The information signal is passed through the
integrator circuit, then is passed to narrow band
phase Modulator, the signal is passed to the
frequency multiplier circuit, the signal generated is a
wide band modulated system, this increases the
quality of signal reception at the receiver end, but in
the expense of increased bandwidth.

The main disadvantage of direct FM is that, it is hard
to build a stable high frequency Oscillator. Thus
indirect method of FM is used.

Armstrong Method or RC Phase Shift Method

The stability of the circuit is a major problem in
direct methods of FM generation. Particularly, even
if crystal oscillators are used, stability problem still
exists. Since, FM is one form of phase modulation.
Hence it is possible to obtain FM from PM. This
method is called indirect method to generate FM.

The phase modulated signal is represented as,

*€pm = E sin (@t + B, cos wgt)- _ (D)

The instantaneous angular ﬁ'equcncy @y, of the above
phase modulated signal can be obtained by,

_ de(t)

P dt
- Here 0(t) = ot + m cos Wnt, hence abovc equation
will be _
o, =It[m°t+ﬁ" cosm;,,t]: o, — ﬁp'sin Opt X O

: - 1 i(2)

In tcrms of linear frequcncu:s above equauon can be
written as,

fp=fc~Pfa sm(an.,.t) g .;[._.._..(3)"

';;" ‘:_1”

The second term in thc above equauon represents the
frequency shift with respect to centre frequency,

ie.fp=fo+Af el )
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The above equation shows that frequency of the
phase modulated signal varies around the carrier
frequency f. with the derivation of Af, from equation
(3), the frequency deviation can be written as,

- Af=Bf,sin'2nf, 0

The RC circuit is used to provide a phase-shift of 90°
* thus it is also known as the RC phase shift method of

FM generation. Hence Maximum deviation will be,
Af=fB

. : Carrier
~ Crystal £ Buffer Combining ™M
oscillator T network output

£
AM at f,
AFin | Ao | T [ Balanced |AM [ gpr piee
= amplifier modulator " shifter
1

Figure 2.17: Block Diagram ofArmstrong Method to Generate FM

The RC circuit is used to provide a phase-shift of 90°
thus it is also known as The RC Phase Shift Method
of FM generation.

Ques 15)Discuss FM receiver with the help of a
block diagram._ 3 s
. b Or - ,
. With the help of a block diagram of FM receiver,
also discuss FM reception. , v

Ans: FM Receiver : :

The circuit that is used to receive the ffequency
modulated signal is called FM receiver. The ‘process
of receiving a modulated signal with the help of FM
receiver is called FM reception. It is necessary to be
able to successfully demodulate it and recover. the’
original signal. The FM dcmodu]ator may be called a
variety of nameg including FM demodulator, FM

.~ -detector or an FM discriminator.

~ System. The demodulator circyjt

- :diagram of an FM receiver is shown in fj

There are a number of different types of FM. -
demodulator, but all of them enable the ffequency '

variations of the incoming signal to be converted into " -

-amplitude variations on ' the output.. These are

typically fed into an audio amplifier, or possibly. a
_digital Interface if data is being passed over the
is one of the most
he functional bléci{
gure 2,18

~important part of FM receiver, T|

(5.

Receiving
antenna

IF amplifier
and Limiter

M

detector
Loud
{ speaker
s
De-emphasis AF -
network [ | amplifier \

Figure 2.18: FM Receiver

The RF section selects the incoming modulateq
signals and is amplified. It is then.fed into the mixer
and local oscillator. Here the frequency of the
modulated  signal is changed to intermediate
frequency. For FM receivers, this IF is 10.7 MHz
The intermediate frequency wave is amplified using
IF amplifier and then its amplitude is maintained

constant using a limiter.

The output of this section is applied to the FM
detector which demodulates the modulated wave.
The AF signal from the FM detector is then passed
on through a de-emphasis network, where the various

frequencies attain their original power distribution. .

Finally it is fed into. the loud speaker after
performing AF amplification. )

Ques 16) Give the detail -description of balanced
slope'detector. -

Or

Discuss the workiﬁg of balanced slop detector
with the help of various cases, - '

Ans: Balanced Slope Detector.

The circuit of balanced slope detector is shown i0 ‘
-~Figure 2.19. It consists of two identical circuits

connected back to back. The FM signal is applied 10
the tuned LC circuit, Two tuned LC -circuits ar¢

connected in series. The inductance of this secondary -

tuned LC circuit is coupled with the inductance of
the primary (or input side) LC circuit, Thus it forms 2

“tuned transformer.

In figure 2.19, the upper tuned circuit is shown as T1 -
and lower tuned circuit is shown as T,.- The inp®

side LC circuit js tuned to f. carrier frequency. T is

tuned to f, +§f, which represents highest frequency -
-and lower LC circuit Tyis tuned to f, =5 f i

. Tepresents the minimum frequency of FM signal. TH . e
";IP‘“ FM signal is Coupled-to T, and T, 180° out & + o
- phase. T R e G

o which

i 2 ¢

P Solved Series (Electronic Communication) K1y

AM and Transmigters and Re,

eceivers (Modal
e

Figure 2.19: Balanced Sjope Detect,

The secondary side tuned circuits -
<connected to diodes D; and D, witt

. total output V., is equal to differer

and Vg, since they  subtract
figure 2.19. Figure 2.20 shows the
the balanced slope detector. It sl
respect to input frequency.
Working
The working of balanced slop detec
with the help of various cases:
-1) Case 1: When the input frequenc
both T,and T, produce the same
Vi and Vo, are identical and the
.other. Therefore Vg, is zero. Tl
figure 2.20.

2) Case 2: When the input frequency
upper circuit T, produces maximun

. is turned to this frequency ie. f;
lower circuit T, is tuned to f. —Of
away from f, + &f. Hence T, prox

* voltage. Hence the output Vo, is n
V(21s minimum. Therefore o
Vou = Vo1 — Vi is maximum posit

3) Case 3: When input ﬁequ?ncy is ﬁ
circuit T, produces maximum sl
tunéd to it. But upper circuit
minimum signal. Hence a rectifiec
maximum and Vy; is minimum. T!
Vout = Vigy = oz is maximum neg:
This is shown in figure 2.20.

Vou

: ‘ j slope d
Figure 2.20: C hmclterfs‘gf ‘:Ii:'fanad slope :
o ies of inpt
k ther frequencies
f\cf’r ,)Lhi: :roduced accotd;ng»tf; xt::fn
: . ¢ or
S shgwn in figure 72.20. o
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Fture L1 Ralanced Nope Detector

The secondary side tmned cincuits (T, and T2 are
conneciad w di\\k\\: D, and D, with RC loads, The
rotal ourput Vg s aqual o difference between Vi,
and Voo amee  they  submact as shown  in
figure 2.19. Figure 2.20 shows the charactenstic of
the halanced slope detector. 1t shows V.. with
respRC 1o Input frequency.

Woerking

The working of halanced slop detector is described -

with the help of vanous cases:

1) Case 1: When the inpur frequency is equal 1o f-
both Thand T: produece the same voltage. Hence
Vo and Vi are 1dentical and they subtract each
other. Therefore V. 18 zero. This is shown in
figure 2.20.

2) Case 2: When the input frequency is f. + 8 the
upper circuit T; produces maximum voltage since it
is tumed to this frequency ie. §. + 3 Whereas
lower circuit Ts is tunad to f, -Of, which is quite
away from f, + 8f. Hence T: produces minimum

voltage. Hence the output Vy; is maximum where

Ve is minimum. Therefore ,
Ve = Vor — Ve is maximum positive for f; + 8f.
3) Case 3: When input frequency is T, —3f. the lower
circuit Ty produces maximum signal since it is

wnad to it. But upper circuit T, produces

minimum signal. Hence a rectified outputs Vo is
maximum and Vg, is minimum. Therefore output
Ve = Vo — Voo is maximum negative for f, -3f.
~This is shown in figure 2.20.

_ .

OSSP o //\

M TN >

£+ &

Wmmdmmmmw
T §'curve -
For the other frequencies of input, the output
(Vow) is produced according to the characteristic
shown in figure 2.20. For example, if input

A-35

frequency e to increase above £ then Vo, will
be areater than Vi, and net output V, will be
postinve. Toas desirable that characteristic shown
in figure 2.20 should be linear between . — 8f
and £+ 8, then onlyv proper detection will rake
place. The lincanty ot the charactenistic depends
upon abignment of twning circuits and coupling
charctenstics of the wned coils,

Ques 17) Explain foster seely discriminator and
alse distuss its phasor diagram.

Ans: Foster-Seely Discriminator
Discriminator)

The phase shift between the primary and secondary
voltages of the wned transformer 1s a function of
frequency. It can be shown that the secondary
voltage lags primary voltage by 90%r the carrer
genter frequency. This camer frequency (1)) is the
resonance (or tuned) frequency of the wansformer.
Foster-seeleyv discriminator utilizes this principle for
FM detection.

(Phase -

The circuit diagram  of basic foster-seeley
discriminator 1s shown in Figure 2.21. In the figure
2.21 observe that primary voltage is coupled though
C:and RFC 10 the center tap on the secondary. The
capacitor Cs passes all the frequencies of FM. Thus
the voltage V) 1s generated across RFC. RFC offers
high impedance to frequencies of FM. The volitage
V, thus appears across (RFC) ceater tap of secondary
and ground also. The voltage of secondary is V, and
equally divided across upper half and lower half of
the secondary coil. ' :
' V, RFC :

A _ o

x F

. ' P o
Figare 2.22: Veltage generalor equivalent circumit

Scanned by CamScanner



* ' Figure 2.22 shows the generator equivalent circuit of
- . Foster-Seeley discriminator, In this figure observe
that the voltage across diode D, is Vp; = V1+ 0.5 V2

and that across Dyis Vpz = V= 0.5 V.. The output of
upper rectifier is Vg, and lower rectifier is Voo The

E net output Vo = Vo, - Vo Since Vo =|v |and Ve, =
E :
i V| output, Vo= [V ||V ;| Thus the net output
!. L - depends upon the difference between magnitudes of
| . Vpi and Vpa.
i i‘f Phasor Diagram of Foster-Seeley Discriminator
‘1% . ' At the center frequency, both Vp, and Vp,; will be
equal, since V; will have 90° phase shift with V,.
1 Figure 223 (a) shows how Vp; and Vp; are
(12 generated from V) and V,. In the figure 2.23 (b) and
i (¢) vector addition is shown and it shows that
\ IlelzlvDZI :
’ 0.5V, g——===""% Vn, =V, + 0.5V,
AN
90" phase shift I\
het\wen i& '
S vemt
05V, ¥

(»)

iR W, 290
0 s : Az s
Sy A

|
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In figure 2.23 (a), at center frequency, phasc ;.
between V, and V is 90°, hence IYDII =Vp,|

In figure 2.23 (b), for the frequencies above ccr.
frequency, the phase shift between V; and V

reduced. Hence Ile >lvm|

In figure 2.23 (c), for frequencies below cen
frequency, the phase shift between V, and V..

increased. This makes Ile <|Vp4|

Hence the net output of the discriminator will t
zero. Now consider the situation when inp:
frequency increases above f. .Hence the phase shi:
reduces. Therefore |VD,] is greater than]VDzl A

This is. shown by vector addition it
figure 223 (b). Hence net output V, = |V -

[V ;| will be positive. Thus the increase in frequenc:

- increases output voltage. Now consider the situatior

when frequency reduces below

f..- This make:
[V | less than|v -

DZI *

This is shown in the figure 2.23 (c)..Hence the

output V, = |Vm|-—]vmlwi11 be negative. Thus the

Foster-Seeley  discriminator - produces  outpu
depending upon the phase shift. The linearity of the
output depends wupon the linearity between
frequencies an‘induced phase shift. il

TR

Yy

4
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Module 3
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Television and Radar System
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TELEVISION ENGINNERING

Ques 1) What do you mean by television broadcasting System? Also describe the principle of television
engineering. '

Ans: Television Broadcasting System

The word tele means far away. The word television then means viewing at a distance. In television systems,
two-dimensional pictures and scenes are converted into one-dimensional electric signals and transmitted by
means of electromagnetic radiations to distant places. These signals arc received and demodulated into
corresponding electric signals by means of TV receivers. The demodulated signals are then applied to
respective TV screens to reproduce the picture televised.

In other words, television is used to extend the sense of sight beyond its natural limits and to transmit. Sound is
associated with scene. Amplitude modulation (AM) is used for the picture signal and frequency modulation
(FM) is used for sound signal.

Principle of Television Engineering

In television, light signals from the object being televised are converted into electrical signals by a television
camera and transmitted to distant points by radio carrier waves. The television receiver separates the television
signals from carrier waves and converts them into light signals which form a picture of the televised object on
the screen of the picture tube.

However, in the television system sound has also to bg transmitted alo‘ng with. the picture. Separate earner
waves are used for the transmission of picture signals and sound signals but they are radiated by the same
transmitting antenna. . -

At the receiving end, the same receiving antenna receives both carrier waves but the television receiver converts
these signals separately into sound waves which drive a loudspeaker and light waves which produce a picture
on the screen of the picture tube. For the proper display of the picture and the reproduction of accompanying
sound, several controlling signals have also to be transmitted.

Ques 2) Discuss about the working operation of television system with the help of its block diagram,

Ans: Working Operation of Television System - . .

A block diagram of a complete TV system for the transmission and reception of picture and sound signals is
given in figure 3.1. At the TV studio, the TV camera focuses an optical image of the scene on a photosensitive
Plate in the camera and the picture elements of varying light intensity are converted into correspondingly
varying electrical signals by a process of electronic scanning. The electrical signals so formed by scanning the

Picture image by an electric beam are called video signals.

At this stage, certain synchronising signals meant to keep the reassembly of the picture at the receiver in step
With the scanning at the studios are also added to the video information. The composite video signal so formed

is amplified by video-amplifiers and made sufficiently strong to amplitude-modulate a picture carrier wave
Which is transmitted by the transmitting antenna.



AN television broadcast systems use a 4:3 aspect ratio, 2:1 interl
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; P hose frequency ig
rengthened hy the audio amplifier which freque rate RF carrier W

a 1 (F sound carrier ig

ncy-modulates a sepi
radiate() by the same Irnnsmillinp_

. i . Jul
"y of the video carrier. The frequency mot ¢ picture carricr.
antenna as used for the transmission of the video or p

Thu ‘ - o icture signals and the

mlu-:' r'll the ‘Tv Iransmitting station WO separate RF carriers, one for the lmnsmlssmn_“r plzl-:rricr i amplitude-
or sound s iated by a common transmitting antenna. The picture (video) ¢

d carrier js frequency-modulated (FM).

At the receiving en,

Passed onto a wideb

_ s and sound

::Uﬂll(“ll hy lu‘lcrmly it al oscillator as in a superheterodyne receliver. The plCl'u:li :}?l(sl stage UI:

rt‘t|u;|]1;:cslmc amplified by y common IF amplifier and then detected by the video dc[eclof-d d fed int(; the

SOUN( of 5.5MHz (the difference between video and sound IF from the tuner) is separated an

sound channel where it is

; : ified and fed into the
detected by 4 method of FM detection and the AF is amplifie
speaker to produce the sound as in o normal FM receiver.

i ) ame recetving antenna and
both the picture and sound carricrs are intercepted by the same re g

h the . sound signals are
n'_‘d circuit called the tuner. In the tuner two separatc IFs for picture g
ning with a Joc;

Sound IF & Al

Loud
/:,4\\// Atector | amplifier :ﬂj) speaker
- mm [

) video tignals

Video
amplifiers

Am.video
(cture)
transmitter

[t‘.; TV camera

1

Video
-4 detector

Sound & video if
amplifier

RF Tuner
Scanning and

synchronising circuits

-

Video Picture
Audio FM gound * amplifiers tube
§ ; amplifiers Transmitter
-
E |
3

Sync. & !
™V mm

J, deflection circuits

e e

TV receiver
Flgure 3.1: Block Diagram of a Complete Television

.?y.sl(-m
The video signal from the video detector stage is amplifi
electron beam in the picture tube to produce a picture of 1
signal is also fed to a synchrmﬁsing separator whe
signal and applied to the deflection circuits to kee
the electronic beam at the transmitter.

ed by a video amplifier and s used to modulate the
he television scene, A portion of the composite video
re the synchronising signals are separated from the video
p the electronic scanping beam in the picture tube in step with

‘The above method of obtaining the sound IF (5.5 MHz) by beating or hctcrodyning the video and sound carriers
is known as the inter-carrier system and is the modem system used in TV receivers,

Ques J) Explain about the requirements and standards of television engineering,

Ans: Requirements of Television Englneering
Ace and a scanning se
top to bottom. ‘The field scanning frequency is usually the same as the power su
countries have a 50Hz supply frequency and yet use a scan rate of 60 fields

teceiver designs do not involve any great problem of hum-b
reanting systems provide a greater freedom from flicke

quence of left to right and
pply frequency, except in some
. per second. Modemn low ripple
ar or rolling ripples i (he picture. The 60Hz
rat high brightness levels than the 50Hz systems.

High resolution systems, such as the French 819-line system,
nllocated UHF and VHFE bands, because of large bandwidth ¢ is a revived interest in high
resolution high fidelity television service in HDTV, for cine film grade picture, if not better. All systems, except

the old British 405-line system, employ horizontal polarisation because of reduction of interference from man-
mode sources, such as cars, in the horizontal polarisation mode. :
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Standards of Television Engineering
In the intemational scenario, there are

2) The US-based NTS (National Telev
3) The French-based SECAM.

India follows the PAL-D system,

A

‘ T three main television systems, They are!
1) The CCIR PAL (Phase-Alternation by line) system

ision systems Committee)

Table 3.1

Western-Eurpe, North & South
Middle-East Alnerich ,
Particulars F—. including US, | England | USSR France
India &most C 18, Mexlco
Asian Countries FRUISY STRIES
& Japan B S P FE—
Lines per frame 625 525 625 625 | 025
Frames per second 25 10 25 AN A
Ficld frequency (Hz) 50 60 S0 | so | 50
Linc frequency (Hz) 15,625 15,750 150625 | 15625 | 15623
Video bandwidth (MHz) Sor 4 5.5 6 |06
Channel bandwidth (MHz) Tors 6 R R R
Video modulation Negative Nepgative _Negative | Negative | Positive
Picture modulation AM AM -~ AM __AM M
Sound modulation FM FM M M __AM
Colour system PAL NTSC PAL SECAM | SECAM

Ques 4) What do you mean by scanning? Also
discuss the need of scanning in television system.

Ans: Scanning

Scanning is the process by which a two-dimensional
physical picture is converted into corresponding
unidimensional electric signals. Figure 3.2(a) shows
a full picture, which, in this case, is a circle. In figure
3.2(b), shows a wide scanning line. Using such wide
scanning wide scanning lines, we scan the circle
from top to bottom, which results in the scanned
circle, shown in figure 3.2(c). We find from figure
3.2(d) that the scanned circle resembles the original
circle only approximately. The smooth edge of the
original circle is seen to become square cdges in the
recreated circle.

s

]

b) Wide scanning line

a) Full picture

| s—

d) Narrow scanning line

¢) Scanned picture

Figure 3.2: Scanning Details

Figure 3.2(d) shows a narrow scanning line and figure
3.2(c) shows the scanned picture using these nammow
scanning lines. Now, comparing figure 3.2(c) and
figure 3.2(a) we find that the circle recreated by using
the narrow scanning lines resembles the original circles
closer than that recreated by using the wider scanning
lines. However, the circle recreated by using the namow
scanning lines requires more number of scanning lines.
So, all scanning systems employ large number of
scanning lines for scanning pictures.

Need for Scanning

To transmit all the variations of light present in the
space of a picture at a single instant of time,
thousands of channels would be needed. It is not
feasible to use so many channels to transmit a single
programme. Thus the first requirement for
transmitting the variation of light in a picture is to
convert them into signals varying with time so that
there is only a single variation at any onc instant.
Hence, there is the need of scanning,

The whole picture is divided into a number of small

clements called pixels. This infinite number of pieces
picked up

of information are need to he
simultaneously for transmitting picture information
but it is not practicable because, it is not feasible to
provide separate signal (path channel) for each
picture signal. This problem can be solved by a
method known as “Scanning”,

A

'
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Ques 5) Define camera

Principle, tube and also discuss its

What do Or
you mean by camera 9 o
the types of camera tube, a tube? Also write

::ns: Camera Tube

camera i
variations of ltu‘:t;]e 1S transducer which converts
S 1ght intensity into variations of electric

current or volt i i
nt age (video signal i 2 ey
television system. ' itk

The essenti -
ntial requirem
ents of a ¢
follows: camera tube are as

1) Photos'ensit_ive target plate capable of converting
an optical image into an electric charge image.
Fh‘eater the brightness of a pixel in lﬁe optical
image, greater is the electrical charge produced
at the corresponding point in the target plate.

2) S_tomge of the charge at the points in the target
till the time it is not neutralized. The charge
should not get dissipated during this time. Hence
the target plate should not be a conductor.

3) Neutralization of the charge at every point of the
target plate in quick succession by the scanning
bezfm, causing current to flow through a load
resistor.

Principle of Camera Tube

The basic principle employed in the construction of
camera tubes is the photo electric effect which allows
the conversion of light energy into electrical energy
with the help of certain photosensitive materials like
potassium, seetenium, lead and their oxides. Based
on the principle of threc photo electric effects used
for converting variations of intensity into electrical
variations they are:

1) Photo emission,

2) Photo conduction, and

3) Photo voltaic.

Beside the above two photoelectric effects, the solid-
state image scanner based on'the properties of charge
coupled devices (CCD) are also coming into voguc.

Types of Camera Tube
There are various types O
of target plate, which are as follows:
1) Vidicon camera tube

2) Plumbicon camera tube

3) Saticon camera tube

4) Silicon-vidicon camera tube

5)" Pyroelectric vidicon camera tube
6) Image orthicon camera tube

f camera tube on the basis

s e X !
A 53 i) v TR
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' Sol d Serics (Elcclmnic ()mmunicmim) 'TU
ester IPS() ved © C
idi era tube.
) CSCI‘ibC lhc VldlCUn can
QIICS 6 D

n camera tube with the help of

Discuss the yidico
its block diagram-

Ans: Vidicon-Cnmcrﬂ rq:c of relatively simpler
Vidicon camerd ces use of the photoconductivity
construction r materials such ag
of certain resistances of which
amorphous light. As shown .in
decreascs be consists of target, a fine
Figt;lre 33 [h(i:id cusing electrode (grid
mesh screen (g .

3) and an electron gun.

seleniumi,

on cxposer
idicon tu
4), beam fo

ate consists of a very 'thin and
a conducting material coated
directly on the inside of the glass face flé:e;r’l[]*hls is
the signal plate for the camera qutput signal. The gun
side of the signal is coated wntl} an extremely fhln
layer of a photoconducﬁvc material such as selenium

or antimony compounds.

The target Pl
transparent film of

Alignment Coil
Vertical + Horizontal
Deflection coils

Focussing

St i

Glassface Grid no. 2
plate — . T Grid no. |
Fine mesh 3 Cathode

(Grid No 4)

Signal plate

And Photo .

Layer Signal P!:uc
Connection

Figure 3.3: Vidicon

When illuminated with light from the optical image,
the resistance of each element of the photoconductive
layer decreases in proportion to the amount of light
falling on it. The photoconductive layer is scanned
by an electron beam from the electron gun.

This electron beam originates from the cathode that
is at a potential of about -30 V with respect to the
signal plate. The scanning electron beam deposits
enough elt':ctrons on each spot that it scans to reduce
the potential. Excess electrons not dt;, osited on the
target are turned back but not used in ttfe vidicon

Grid 4 is a wi .
rd 4 1s a wire mesh which provides a decelerating

0
;el.:?lg ec:f;r lc:l: zletﬂmn beam so that the low velocity
without Proch[:c'Slt electrons on the charge image
photo layer, TIEE sccondary electrons from the -
particular spot op ttE)otenual difference across 2
30V before ang afte Photoconductive material i
change in potentjg] F 1t has been scanned. This
! causes a capacitive signal current -
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(o flow in the signal plate circuit producing a voltage
drop across the load resistance Ry. This is the video
signal voltage.

The vidicon has l.he same sensitivity and resolution
as the image ortl.ucon but it is not able to reproduce
rapid motion quite satisfactorily as the resistance of
the photoconductive  material does not va

insmnmneously with changes in li ght intensity. Y

Ques 7) What do you mean by plumbicon camera
tube? Also describe the working of plumbicon

Ans: Plumbicon Camera Tube
plumbicon is small camera tube like the vidicon. It
_ has overcome most of the drawbacks of the standard
vidicon tube. It has fast response and produces high
quality pictures at low light levels. Because of its
small size, light weight and low power operating
characteristics, plumbicon is ‘the most suitable
camera tube for transistorised television cameras.

Camera
Signal Plate Sn0O, Signal
| |_>0 tput
{" / Intrinsic PO ! v
P
Ry = 50kQ
Scanning beam \ Doped
. PbO
Cathode of
- Electron gun
+40V

Figure 3.4: Plumbicon Camera Tube

Working

Except for the target, plumbicon is very much similar
o standard vidicon. The target operates effectively as
a PIN semiconductor diode coating on the inner side
of the glass face plate. P-type semiconductor is
doped to have an excess of positive charges, N-type
has excess of electrons as negative charges. Intrinsic
semiconductor, of I-type is pure PbO to bc_ ne.ulral
without doping. In the manufacture, an intrnsic 1))
layer of pure PbO is sandwitched between the N-type
$n0; signal plate to form a PIN-type semiconductor

diode.

The functioning of the photoconductive target .in
plumbicon is similar to the photo conductive pmtcnal
in vidicon except that in standard vidicon, each
element acts as a leaky capacitor, with leakage
resistance decreasing with increasing light intensity.
In the plumbicon, however, each eclement serves as
capacitor in series Wwith ‘a reverse biased light

A4l

controlled diode. The incidence of light on the target
results in photo excitation of semiconductor junction
between the pure PbO and doped layer.

The resultant is decrease in resistance causes signal
current flow which is proportional to the intensity of
light on each photo element. The average thickness
of the target is 10 to 20 pm.

The higher sensitivity of plumbicon compared to
vidicon is due to much reduced recombination of
photo generated clectrons in the intrinsic layer which
contains very few discontinuities.

Ques 8) What is saticon camera tube? Also
describe the construction and working of saticon
camera tube.

Ans: Saticon Camera Tube

Saticon camera tube is suitable for broadcast. It
consists of selenium,. arsenic and tellurium, and
hence the name saticon.

Construction and Working

Construction of face plate, signal plate (tin oxide),
electron gun, focussing and deflecting devices is the
same as*in vidicon. In fact in all photoconduction
type camera tubes, construction of the camera tubes
is the same, except for the construction of the target
plates.

Saticon’s target plate consists mainly of selenium
which is the first chemical element that was tried in
TV camera tubes. At that time it was not successful
because - it suffered from crystallisation and
instability. As a result of rescarch, these problems
have been successfully solved in saticon.

The target used in saticon is shown in Figure 3.5.
Selenium was doped with arsenic which made it
chemically stable and prevented crystallization.

To increase sensitivity for red light and to prevent
halo, tellurium was added in traces close to the signal
plate. Thus a thin layer at the signal plate consists of
selenium, arsenic and tellurium.

Tellurium gives a black appearance to the target and
prevents scattering. This layer gives n-type polarity
due to conductor signal plate. After this layer, there
is a layer of selenium and arsenic. Thereafter a thin
layer of antimony trisulplide (p-type) is used on the
gun side of the target to suppress emission of
secondary electrons. -

T L e e
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[ S
From electron gun and
deflection devices as
in vidicon

Face plate Signal plate

(tin oxide)

Figure 3.5; Target Plate of Saticon

The transparent tin oxide layer allows light to fall on
the target but being an electrical conductor, it

connects the current path to the load resistor through
the conducting.

Working of the target depends on the principle of
photoconduction. Free electrons are created inside
the semiconductor when light is incident on it. These
clectrons are removed by the positive voltage
through the signal plate and hence, a charge image is
formed on the gun side of the target. When a sharply
focused electron beam from the electron gun scans
the target, the charge at individual pixels is
neutralised, resulting in signal current through the
load resistor.

Ques 9) What is meant by silicon and
Pyroelectric vidicon camera tube with the help of
its construction.

Or
Write the short note on:
1) Silicon-vidicon camera tube
2) Pyroelectric vidicon camera tube

Ans: Silicon-Vidicon Camera Tube

It is also called silicon diode array. The target plate
consists of a very thin n-type silicon wafer. A thin
silicon dioxide layer is applied 9ver the wafer. Then
by photo masking and etching process p-type
r'nateriz;l (boron) is diffused into lhc wafer at various
opening, resulting in an array ?f silicon photodiodes.
A fine layer of gold is deposited for connection on

the p-type layer.
Its construction is shown in Figure 3.6: This tube is
useful in a high light environment which produces
image lag in an ordinary vidicon.

,1
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._r‘."cc(ion .
Antl coating

Silicon (p-type)

Light
—_— Scanning beam
— e —————
from gun side
———
] Gold-
" <—plated
; \ terminal
silicon (n-type)
Face plate Signal
Plate (+10V)

Figure 3.6: Silicon Vidicon Camera Tube

Total number of diodes are 549 X 540 (abeUt
300,000). The diodes are reverse biased by applying

. +10 V to the signal plate.

This reverse bias decrcase due to production of
electron-hole pairs when light falls on the target.
When the electron beam scans the surface, it deposits
electrons, neutralizing the p-type diode side to zero
potential of cathode as in other photoconductive
camera tubes. The diode current generated by this
neutralisation causes signal voltage across the load
resistor. Typical value of signal current is TUA peak
for white light.

Pyroelectric Vidicon Camera Tube .

Pyroelectric vidicon camera tube is used for night
vision. Pyroelectric effect means production of
voltage by variation of temperature. Triglycine
sulphate (TGS) crystal exhibited pyroelectric effect.
When this type of detector is used in vidicon format,

as shown in figure 3.7, it is called pyroelectric
vidicon.

When the temperature
produced. Infrared |

the temperature ch
e : anges by 8T
kelvin, there is change in charge by 0Q agnd h);nce

change in voltage by 8v across the target as per

sQ=PxAx5T;hcnc‘c8V=£i‘::~xﬂ (1)

A = Areain m? ip wh
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De
Cosducting g flection coil

Face \

Alignment coil

plate
! L | l Heater
EL__/—'I lE“ -
R S R -.\i\ Cathode
5205 layer —\ G2 \
(ugsal plate) G3 G-1
Triglycine sulphate crystal

Figre 3.7: Pyroelectric Vidicon

Ques 10) Give the detail description of image
orthicon camera tube.

Or
Describe the image orthicon camera tube along
with its construction.

Ans: Image Orthicon Camera Tube

The main transducer in image orthicon camera tube
is a photocathode. It consists of a coating of bismuth-
silver-cesium compound on the inside of the glass
face plate of the tube. When light from a scene is
focused on the photocathode, electrons are emitted
from it. The energy of the electrons emitted from
different points of the cathode depends on the.
intensity of light (energy of the photons).

Being a conductor, the photocathode cannot store
charge. Hence the design of cathode is such that
electrons come out in parallel beam. These electrons
are accelerated towards the target, strike an n-type
silicon plate placed parallel to the cathode. They
cause emission of secondary electrons from the target
plate. '

The number of secondary electrons emitted frem.the

target depends on the energy of the striking electrons.
* Loss of the secondary electrons from the

semiconductor makes it positively charged.

The positive charge at any point on the
semiconductor depends on the number of electrons
lost from that point. Thus different points of the
target possess different positive charges proportional
to the intensity of light of the corresponding points in
the scene. Hence a charge image of the picture is
formed on the surface of the target.

A constructional detail of the image orthicon
camera tube is given in Figure 3.8. Photocathode is
at —400 V and G—6 at —320V. Thus G-6 is positive
by 80V with respect to cathode and hence attracts the

L
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emitted electrons. These electrons pass through an
extremely thin wire mesh screen, having about 300
holes per cm. It is at +400 V. The target plate (n-type
silicon) is 50 microns away from the wire mesh.

The electrons from the photocathode 'varyi.ng in
energy according to the intensity of light in .the
picture, strike the target plate at the corresponding
points. It emits several secondary electrons for each
electron striking it. The secondary electrqns
dislodged from the target are collected by the wire
mesh screen and are returned to the photocathode,
and so are lost to-the target. The  deficiency of
electrons results in positive charge in the target,
which ‘at any point is proportional to the energy of
the striking electrons from the corresponding point of
the photocathode.

As the target plate is very thin, about 4 microns, this
positive charge extend to the other side of the target
plate. Thus charge image of the original picture is
formed on the surface of the target plate. The charge
at each point of the target remains stored at that point
due to target being of glass, till it is not neutralised
by the electron beam. Neutralization of charge is
discussed below. '

Wire mesh
(+400)
. Deflection coils
Alignment coils
W Heater and
v) cathode of
) electron gun’

(+1500 V)

= ad i D5
[ \ (+1450 V)
D- o /
G6 : (+600V) | (31200 v) /!
(-320V) *0V) g o /
(+300V) (+300 V)

Figure 3.8: Construction Detalls of Image Orthicon
Camera Tube

The charge from each. point of the target surface is
extracted by deflecting an electron beam produced by
the electron-gun., Beam consists of electrons emitted
by the thermionic cathode and controlled by control
grid G-1 which is kept at =50 V with respect to ‘the
cathode. Generally cathode is kept at +50 V and grid
at 0 V. The beam is deflected horizontally as well as
vertically by sawtooth currents made to flow through
respective deflection coils. Interlaced scanning of the
target is thus achieved.

eI AT S G N T T

|



ST e . S ———

(Electronic Communication) KTy

' ~d Serics
A-43 TP Solved ' )
B.Tech. Seventh Semester o rectangular pICture 1s (o be

ather than a circular screey,
‘ed screen area. The large

Because & larg

The electron pe : i
beam reaches 4 point on the target picture. : ectangular T

perpendicular]y witl . ; d

) " almost zero velocity due to displayed, id unus Lo ;
decreasing Voltages, 120 v, 40 v RY -u}{} 4. G-5 is required let aIVf)I(; ) large deflection dn_g!c il the
- et * s P -ty = ¢ & P
and the target plate, respectively. The beam is rich in~ display area rcqm[:e excessively long, This large
electrons and hepee heutralises the positive charge by ~ tube is not 10 °°

. igh beam currept
X with the hig
leaving alee . . le, togtflhcr . 1, on the screen
as m_z;ne\luul"o"'\ on the target, The beam leaves only deflection ang | being displayed ’
o any - electrong

- sa : sed i
defic: a5 are necessitated by the  when white arcas | deflection has 10 be used instead
eficiency of electrons in the target, and then returns ~ means that magnetic jon
10 the grid G-2 upg L " or electrostatic deflection:
uch as these that the

: jons S . .
iderat elevision picture tube

i h cons Y
Iufs througs and-white t
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Ques 11) Discuss ab
enlist its types.

Ans: Picture Tube s of Picture Tubes . '
?zcture tube is a transducer (o convert electrical video '{4);11;:1)' there are two types of plctulr;cl‘t)l‘llbé?;-s o
signals varying with time into variations of ‘light in 1) Monochrome Picture T“be./ d to produc
space (through width ang height of the screen) to monochrome picture tube 15 USC P e
reproduce  the original picture. It uses the black and white picture. '

phenomenon of fluorescence and scanning. . 2) Colour Picture Tube/ Colour System: The

" ; ) : o reproduce
A television picture tube can be regarded as a c.r.t. colour picture _tube is to be used t p
adapted for the special requirements of displaying a original colour in the picture.

Ques 12) What do You mean by monochrome picture tube/black white system.
Or

Draw and discuss the block diagram of black white system.
Or

Define electron gun in black white system and also discuss its elements.

Ans Monochrome Picture Tube/Black White System

A monochrome picture tube consists of an evacuated glass envelope, housing an electron gun to produce a
sharply focused electron beam and a fluorescent screen to produce light when the electron beam strikes the
phosphor elements on the screen. Also, there are devices to deflect the electron beam horizontally and vertically

to enable it to scan the screen through width and height to reproduce the original picture. Construction of the
monochrome picture tube is shown in figure 3.9. - e

~

Electron Gun produces a welt focussed electron beam, using thermionic emi

' 1 ssion of electrons from a cathode,
and a few grids for controlling, accelerating and focusing the electrons. '

These elements-of the electron gun are described as follows: .

1) Cathode: It consists of a thoriated oxide of tungsten which is heated by a heater wire placed close to the cathode
but without touching it electrically. The material between the heater and the cathode is a thermag] coT duct;)r but
is an electric insulator. Such a cathode is known as indirectly heated cathode. In this type of cathode. th h’ u
wire is heated by AC voltage. The insulator keeps the AC voltage isolated from the electron *bc ¢, the heater
hence prevents production of ac hum in the picture. Heater requires 6.3V AC (at about 400mA) am current and

Beam centering ring magnet External aquadag coating
Screen grid \
(G-2) N

B el
- = -

g
2
l

—-_—— u
Heater >_ e e e LT ‘E_
............... s
». 3
’ Focu:grid/
Control gnd (G-)

Figure 3.9: Monochrome Picture Tube
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2) Control Grid (G-1): It is a metallic cylinder of nickel, and has a small aperture which allows the el

A-43

ectrons

to pass through. Control grid is kept negative with respect to cathode (either the cathode may be kept at

P"_S“;;_e - lta%e and grid grounded, or the grid may be kept at negative voltage and ca
grid bias 1s -30 10 -50V variable. Negative grid bias enables the control grid to contro

the electrons coming out of the cathode.

path. The screen grid has a positive voltage of about 400V and hence accelerates the electro
It is therefore also called accelerating anode. Effect of voltages on the screen and control grids

3) Screen Grid (G-2): It is a metallic cylinder of nickel w

thode grounded). The
| the space charge of

ith internal baffles to restrict the beam to a narrow
ns in the beam.

are such that

the electrons converge in the apace between these two grids.

1) Focus Gf'id (G‘3)f This grid provides the required electrostatic field to prevent spreading of the electrons
and help in producing a sharp spot on the screen with the help of a final anode described below-

5) Fluorescent Screen: It consists of a rectangular face plate made of an optically flat glass of high quality.
The glass is 1.5 cm thick to withstand the outside air pressure against the internal vacuum.

There 1s a very

thin aluminium coating on the back of the phosphor surface (towards gun side). It improves brightness by

reflecting the light back to the front.

Ques 13) Give the brief description of colour
system with the help of diagram. -

Ans: Colour System/Colour Picture Tube

Colour television transmission and reception can be
described as a system which reproduces colour
images (Figure 3.10). A colour scene is scanned
and converted into a corresponding video signal by
a colour television camera. In turn, this signal is
processed by the colour-television system and
finally supplied to a colour-television picture tube.

Thus, the original colour scene is reproduced as an
identical colour image on the screen of the picture
wbe. There are various steps in the processing of
the video signal. These steps do not necessarily
have to be the same in different countries or not
even in the same country, but the end result would
always be the same. However, due to number of
limitations, this system did not find practical
application.

Output
From

receiver

Figure 3.10: Colour Picture Tube Recombines the
Primary Hres 10 Reproduce the Colour Image

Ques 14) Discuss the bandwidth in television

-system

Ans: Bandwidth in Television System

It is the highest video frequency related to the time
taken in scanning two adjacent  pixels.
Figure 3.11(a) shows 4 successive pixels. and
Figure 3.11(b) shows the corresponding 2 cycles of
brightness. Time peried T is the time taken in
scanning one cycle or 2 adjacent pixels.

(a)

(b)

Figure 3.11: (a) Four Adjacent Pixels of Black and White Shades,
and (b) Two Cycles of Brightness Signal Corresponding to Pixels of
Figure (a)

If t is time in seconds for scanning one line

(excluding retrace time), then Ry pixels are scanned

in t seconds. Therefore 2 pixels shall be scanned
in2URy second.

Thus time period T is given by equation (1).
2xt

l [
Rn '
Video bandwidth will be given by equation (2).

Bandwidth =—l- i
. T 2t
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Ques 15) p
.~ tSCribe ¢

escription of colour sih:lf]:[;lcsTV along with
Ans: p
DAL AL agl:hase Altel.'natmg Line) TV
€ncoding con Alfema““g Line) is the colour
the VeIsion standard, [ng

CCIR p ndia has adopted

-D colour Ty |

'A]SO it has more § ;

i . can
the 525 in NTSC), nin
clarity.

ling lines (625 compared to
which results in better picture

Basic of Colour Schematics

It has been found that any colour can be generated

b y Y :
agdeggflfymg three basic colour viz... red, green,

For‘ €xample, white colour may be obtained by
addm.g 30% of red, 59% of green and 11% of blue.
That is, white (or luminance) signal.

Y =0.3R +0.59G +0.11B o)

To get white colour, other ‘similar ratios are also
possible. However, each of these white colours are
unique and different from one another. Equation (1)
is the ratio of the white colour adopted for colour-
television scheme. ‘

Ques 16) Draw and discuss the block diagram of
PAL TV transmitter. o

Ans: PAL TV Transmitter
A PAL colour TV transmitter, called the PAL

encoder. Figure 9.3 shows the simplified block
diagram of PAL coder.The TV transmitter consists
of two transmitters: an audio transmitter and a
video transmitter. The audio transmitter is an FM
transmitter and produces frequency modulated
audio signal, which is applied to a unit called the

'Diplexer.

The video transmitter is an AM transmit[e;. It
a colour TV camera that produces ‘the

ists of
Gty ¥, and the colour

Juminance (light-intensity) signal
or chrominance signal U and V.

is added with the respective

ignal

synchronizing, blanking,

‘content in th

*way, the output of BM 3

; lectronic Communication) KTy
geries (E
ester TP Solved |

ras COD\’en any glVCﬂ .SCene into :
TV colour came G. and B. depending on theiy

ination of K+ =

combina O e telovise d
ne contains red only, the

K sce M .
if as t that is proportiona]

le
For examplé, curren

: a
-camera will output d colour only.

the intensity of the ¢
e contains 2 combination of tr;fd and

If the _S‘;cn ellow) 8 certain proportl:]):r,ns g,; the

gn:;?lt(;ig.;m)l, will contain the componen of red

an ion.

and green in the same proporti

TV signal, and to receive it
ts of colours, viz, the red
(B), and the luminance

To transmit a colour
i n
we require 4 compone
(R), the green (G), the blue
(Y) components.
onents are needed, all these
me set of the three
using appropriate
we use the Signal

Even though four comp
four can be generated from the sa

primary colour R, G, and B, by
proportion. Thus, in PAL system,

Y,Uand V.

U =R =Y - R (0.3R + 0.59G + 0.11B)

=0.7R-0.59G-0.11B
V=B-Y=-0.3R-0.59G + 0.89B

The U and V signals are added to the Y signal and
transmitted. In the receiver we use thesc_a three

signals to recover the original image.

It is applied to the adder, video amplifier,
modulator and final power amplifier, as shown.

The chrominance signals U and V are modulated by
a colour subcarrier frequency, which is produced by
a colour subcarrier oscillator. In the PAL system,
this frequency is fixed very accurately at
4.43361875 (=4.43) MHz 1t is applied directly to
balanced modulator BM 1, and applied thr;)ugh at

20° phase-shifter switch to balanced modulator BM

The second input of BM 1 i
signal U, and its oy
where, o, is the subc,

s the chrominance
tput is the term U cos O,
arrier frequency. In the same
$ £V sin g, as thisisa + :
Now, the +V sin ot term
are added in adder 2, which

90° phase-shifted signay,
and U cos Ot term are
produces the output,

C=UcosmstiVsinmst
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This summation pmduce_s the desired side band terms, which can then be added on the Y signal as its side band
ssing Adderl, as shown in below figure 3.12.

; . mmmeemmmeeeao-
1Audio transmitter

1
]
+ 1Audio input ! F
! Frequency | »| Diplexer
:I e modulator \
. |
Vemmcee e eee—/— 1
e et YT Y SOUGC O, LRSS P S PSGUI O S '
1 1
' N Svne Y ¢ :
: > yne LI Video Modulator Power '
'y pulses Adder | T7  Amplifier [ (AM) ™ Amplifier |!
] 1
: : !
] 1
] ]
] 1
! Y=R-Y 1
1 1
] ]
: TV colour BM1 |— Master -
! camera and Adder 2 Oscillator 4
' resistance T '
1 matrix V=B-Y 1
H Ucos st I Ucos wxt=Vsinact ;
; BM 2 Al :
' 1Vsin wct ;
i sin wct > oS (et )
' :
[} ]
- 90° Colour :
: phase shift Oscillator _ , '
1 . Video transmitter '
] | ]
]

~ Figure 3.12: Block Diagram of PAL Colour TV Transmitter

The luminance Y signal acting as the carrier and the chrominance signal as its side-bands get amplified in the

video amplifier, RF modulation in an AM modulator, power amplified and applied to the diplexer as its second
input.

The diplexer is a circuit that isolates the audio and video signals from interfering with each other, and at the
same connects them to the transmitting antenna. :

It may be noted that the PAL transmitter makes use of the vestigial sideband transmission (VSB) scheme. This
is a double sideband-full carrier (DSB-FC) AM scheme with the full upper sideband and a vestige (portion) of

the lower sideband being used for transmission. For the Indian 625-line PAL system, the VSB scheme is shown
in figure 3.12.

Ques 17) Give the brief description of PAL TV Receiver with its suitable block diagram.
" Or
Discuss the block diagram of PAL TV Receiver.

Ans: PAL TV Receiver : N
The simplified block diagram of PAL receiver is shown in figure 3.13. The signal from a TV station is captured
by the receiving antenna and applied to an RF tuner. The RF tuner is a single tuning block consisting of ‘an RF
amplifier, a local oscillator, and a mixer. The block tunes in the desired siation and converts the signal
fl’equency to an intermediate frequency (IF). For TV, the IF is 39.5 MHz, a very large value compared to the [F
(455 KHz) in radio receiver. This large value is used because TV operates in the VHF or higher bands.

The output of the IF consists of audijo, colour and video carrier frequencies and their sidebands. The IF signals
Is applied to the video detector, which rectifies this and outputs the three carrier frequencies, which are to be
Separated now into respective components. :
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Block Diagram

The block dia
a video ampl;
the TV picry

fier, which am

Of PAL TV Receiver

&ram of PAL Ty receiver shown in the figure 3'13_‘ .
plifies the signal as the luminance SIgN¢
'€ tube. It may he noted that it is the Y component -

. icatiy
. (Flectronic Communication) .
TP Solved Serics (Electr i
/ Semester
B.Tech, Seventh

the video ge;pplics it to the Y-control griq
1Y, an

t giv

. N L}
Sound section

> [ Y
= Inter-carrier N I.C. L)
Freq. der. Amp.
Video section '
L T —— ”
15
s:a ' . Y Delay
B Video " Video Video > line
‘é det. pre-amp. power amp. y
g ' — Y . Colourdrivers
. ] U R-Y R .
PAL = ) C I
—  Colour 2 Gy G !
decoder |V E‘ . é — ] — Folour
E 2 pic. tube
-b = -
= By B
B | T
v —
T AGC Colour decoding section
S V-deflection current
Deflection - -
circuits . ’
H-deflection current

4

Deflection

Figure 3.13: Block Diagram of PAL Receiver

The block diagram of PAL TV receiver is discussed below:

1) Super Heterodyne Section: It is similar to the super-
that the inter-carrier frequency signal is taken out (for
the output of the detector or video pre-amplifier.

The reason fbr this is to save the picture from the beat sign
MHz) with inter-carrier frequency (45 MHz).Beat of
which falls within the video bandwidth and would cauge inte

2)

-3)

Video Section: Video detector recovers CCVS signal, L
a line so that it reaches the adder simultaneously with th
in the colour decoder circuit due to lower bandwidth and

Colour Decoder: CCVS signal is available at the video
which amplifies. the CCVS signal. The effective bandwidty of Ys

MHz (1.3 MHz lower than 4.43 MHz).

heterodyne section in

al produceq by

0 signals woylg pe g ;

Uminance signal (Y)is 5
€ chroma signal,

hence Y signal b

the tw

Chiromg rgnep 14 5 deayed by
Signal pr,

as to be delayedl,) Opagated slowly

detector'g Outpui y

T Ieceiver is aboyt 3.13

sor output is applicd as such .

ary light intensity to the |

-
|

|

)
i
!

|
|

MiXing chroma signél (3.58 |

1

Y At g .. iy y iR
B0 for gl o V1920 pre-amplifier
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Y signals sepanated from signal eith
pass a handwidth of 313 MH2Y sienal Loe
There are tWo types of col
1 Simple PAL

m Delay line PAL,

our decoders:

Ques 18) Draw and describe the
of basic CCTV system with
Jiscription.

block diagram
IS complete

Or
What do You understand by CCTV System®
Al enlist its application. )
Ans: CCTV (Closed-Circuit Television)
CCTV (Closed-Circuit Television) is a television
astzm that makes use of co-axial cables for
rmemission display and reception of TV signal.
CCTV in principle consists of a TV camera (black
od white or colour). a cable. and a monitor. The
camera shoots the scene to be televised, convent it
im0 corresponding video signals, and transmits to a
monitor  through  the cable connecting  the
trezsmutter and the moenitor.

In this process no RF modulation such as AM or
FM is used. The monitor receives the video signal
and coavert it back to the sent signal (transmitted
by the transmitter) on its screen.

Figure 3.14 shows a simple CCTV schematic.

J L

. Svnc and
i}'ﬁ S - “5: ot Momitor

Cadie

Figare 314 Basic CCTV System

b many pratical situations. threre may be more
@1 ope TV camera in operation. For example. ina
shop, there mav be some four or five cameras in
Operation at specific locations in the shop so that
eft in the shop can be detected.

Block Diagram of CCTV System

When several cameras and monitors are used,
¥ideo-switching scheme is to be used. Switching
@8 be either manual or automatic. In manual
®uching, an operator can manually scan the
“eras and supply the signals so obtained to
Pferred monitors. In automatic switching scheme,
“Aning  and resulting  display are done

®omatically. Such a scheme is shown in
Bure 315

er by using

A0

a comb filter or preferably by a simple band pass filter to
S 10 the video power amplifier and C goes to the decoder.

e 1
CamxT Mosutor
Camera ) - - 5
=
§ i
- Momutor 2
~ - 5 s MO o
Caxta 2 LuT_; _-___.—u
3 9
= -]
b3 .
Cabie 2 re——
U: Camers ¥ " || Momor !
L _—

Figure X15: Rlock Disgram of CCTV System

As shown'in the figure 3.15, there are three video
cameras and three monitors in this system. Assume
that these cameras are respectively placed above
three counter of a shop to monitor the transactions
in them. We use a multiplexer at the transmitting
section.  which will connect cameras in the
sequence 1. 2,3, 1. 2, 3..... To the cable. The cable,
in turn, will take these respective signals to a de-
multiplexer. which will connect monitor 1 to
receive signal from camera 1. and monitor 2 to
receive signal from camera 2 and so on.

Thus we find that the multiplexer and de-
multplexer in synchronized mode will transfer
signals from  respective cameras to respective
receiver. Since the switching of the MUX and
DEMUX are done at fast rates, the received signals
will show no discontinuity and we get the feeling
that each of the cameras is connected to its own
receiver through individual cables.

CCTYV Applications

The CCTV applications are as follows:

1) In secunty system in shops, offices. ete,

2) As outside display in meeting halls, wedding
halls etc.

3) Asdisplays in sports grounds.

4) For monitoring patients in hospitals.

5) For showing operation to persons standing
outside the operation theatre.

6) For monitoring the conditions of various

system that are not directly accessible and also
dangerous. '

Ques 19) Explain about the cable TV system.
Also draw its block diagram.

Ans: Cable TV (CATYV) _
Cable television (CATV) system is a very popular
form of television distribution system. For TV

R

b

LTS AL e
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signal receptiop from
antennas g requiring,
Operators op 3 diffc\rc
MANY numbery of
stationg received.

CXPensive, and foo
individual antenn
€an be used. By
receive only a lim

individual stations individual
Since each of these station
nt frequency, we require as
antennas as the number of
This IS a very cumbersome,
lish method. Instead of several
a5, 2 single broadband. antenna
_l such broadband antennas can
1ted number of stations.

For receiving very large number of stations, cable

SYStem is to be used, which in turn makes use
of argﬁcial satellites of the transmission and
reception of TV signals. There are currently several
Communication satellites in operation in the outer
Space, each of which is capable of supporting
several TV channels. Thuys using one satellite
antenna, and corresponding low-noise amplifier, a
cable TV operator is able to receive several TV
channels. If he installs several such antennas on a

roof top, he can receive signal from a large number
of TV stations. '

After downloading signals from a satellite (or

satellites), a cable operator converts them back into
" individual channel signals from several stations

using hos down conversion equipment, multiplexes

and distributes them to his subscribers using co-

axial cables or optical fiber cables that capable of

carrying several TV channels through them. The

name cable TV network has been evolved from this

type of distribution network.

Cable distribution
box
Cable supporting

P'Oj_-l .

operator’s office
Repeater Repeater
Cable TV amplifier amplifier
equipment TV set in bouse 1 TV set in house 2

Figure 3.16: Cable TV Distribution

The block diagram of cable TV is 'shown in the
figure 3.16, the distribution line consists of tl}e co-
axial/optical fiber cable, repeater amplifiers,
distribution boxes, and cable-supporting posts. The
signals transmitted through cables get attenuated
due to various reasons. Therefore, we have to use
repeaters.

Repeaters are receive-axnplify;:_etmn@llt units. For
co-axial microwave cables, we require repeaters at

Series (Electronic Communication) Ky
d Se

Je case of optical fibeg
acing varies from aboy

ding on the type of cap),

Semester TP Solve

gistance- 1n ¢

repcﬂ[ﬁl’ sp
s of km depen

. o0 boxes shOWD in the'figu 2:{31? e

The dismbuuo.nn that contain taQngtP. p Trom

distribution po! onnections are given t0 individuy

where cable-T c poxes also contain attenuatop
tion

houses. Distribu e signal strength

re ula : . 3
that are used t(:;n d iﬁipcdance matching circuig
S

individual houses when tapping are made. Cab]e

that avoid mg::%zgome a major area of busineg
Tf¥ s‘i:e::nployment to thousands of people al]
offeri

id. It also has become a major

und the wor ecor
g?nce of entertainment 0 mgny ho

Ques 20) What do you mean by high definitioy

television system? And also explain HDTV

formats.

Ans: High-Definition Television (I-!DTV) System
High-definition television (HD.T_V) is a TV system
that gives more clarity (dcﬁmtlgn) in the Plcmm
reproduced on a TV screen. Consider a 625-lme- TV
system displayed on a TV screen of 25 cm height.
Then the spatial frequency of this screen is 625/25
=25 lines/cm.

Now, assume if TV system has 1250 line. Then the
spatial frequency of 25 cm high screen is: 1250/25 =
50 lines/cm. Thus the same picture with a 25
lines/cm is now displayed with much higher (50
line/cm) spatial frequency, which means that the
clarity of the second picture is much more than the

first picture. This better clarity is also called better
resolution.

The high-definition TV ori
contained doubling the number o
lines. Thus the 525-lin
system had proposed 5
and the CCIR 625.}ip
1250-line HDTY syste

ginally proposed
f existing scanning
¢ NTSC (American) TV
1050-line HDTV system

€TV system had proposed a.
m.

HDTV Formas

The two new

e HDTYV ¢,
(20 Progressiye scx;)de (120p): The 720p

PeT picture - System scans 720 line$
% 30 picture per second using' the:

TMats are in operation. They
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pmgI‘CSSi"'e~ sequential, or continuous-sca
mode. There are 1280 pixels (picture elements)
on each line, resulting in gy tofa] resolution of
1280 X 720 = 9.212 % 10° pixels per picture.

nning

2) Interlased-Scan Mode (1080i): The 1080
(1080 interlaced scan) system employs 1080
scan lines, in interlaced mode, The 1080 lines
are divided into even and odd fields, with each
field containing 540 scanning lines. There are
1920 pixels on each line and the overal]
resolution is 1920 x 1080 = 2,0736 x 10°

- pixels
per picture.

The standard TV picture width to hej ght aspect
ratio is 4:3. This has been modified to 16:9 in
HDTV system. This gives a wider screen

display, and hence a more realistic TV picture
reproduction.

Ques 21) Give the brief discirption of high
definition television system. Also explain its
advantages and disadvantages.

Or
Enlist the disadvantages of high definition
television system.

Ans: High Definition Television System (HDTYV)
Transmitter

An HDTV transmitter is the same type of TV
transmitter used for the standard low-resolution TV
transmission. As stated above, if the number of
scanning lines is doubled, then the channel width
also is to be doubled. -

However, channel width has to be preserved. So

data compression teaching are adopted which will:

1) Provide higher picture resolution

2) At the same time, preserve bandwidth at the
stahdard value of 5.5 MHz

This means that to increase/ our standard TV
transmitter sweep frequency from 625 lines to 720
or 1080 lines per picture. This is not a difficult task
since the clock generators that can produce clock
frequency of over 4 GHz. However, in transmission
Over a standard existing channel, this increased
frequency cannot be used as the channel bandwidth
fequired will have to be doubled.

Itis in this context that frequency-compression
gorithms are used. Thus we. conclude - that an
TV transmitter will be the regular type of TV
mitter that uses a higher sweep frequency and
Makes use of data-compression techniques.

Y

‘.\
\.—'_,
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High Definition Television System (HDTYV)
Receiver ¢
To receive HDTV signal, an HDTV tuner 1s
required. Conventional TV receivers require set-top
boxes, which contains built-in HDTV ‘tuner
sections. However, specially constructed HDTV
receivers have in-built HD tuners.

Further, in these receivers decompression
algorithms are used to expand the compressed data.
Except for this, the HDTV receiver will be very
similar to the conventional TV receiver.

Advantages of HDTV

The advantages of HDTV over analog transmission

are as follows:

1) Digital channels require shorter bandwidth,
which means that more number of channels can
be transmitted.

2) Can provide non-television services such as
Multimedia and Interactive TV are possible.

3) Several programs can be multiplexed on the
same channel.

4) Electronic program guides and additional
languages, spoken or subtitled.

5) HDTV signals do not generate ghosts
(reflections).

6) Noise is greatly reduced.

Disadvantages of HDTV

The disadvantage of HDTV is as follows:

1) HDTV images have some picture defects that
are not present in regular TV transmission. This
is due to the bandwidth limitations.

2) When a compressed image is decompressed to
get the original data, some distortion may take
place due to the inadequacy in the compression
algorithm also.

3) HDTV signals have a significant delay when
channels are manually changed. '

4) Due to antenna mismatch, ‘in digital TV,

reception of a channel may become difficult
leading to its no reception at all.

5) Multi-path fading is a serious problem for
digital TV reception, which leads to intensity
fluctuations in TV images.

6) ‘Interlacing reduces the overall image quality
- and introduces image flickering and crawling
scan lines. :

e e T T
A M ST T
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RADAR AND NAVIGATION

ues . ,
an;“ 122) (_;iw the detail description of radar
also discuss its principle,

Or

Discuss the hac;
15cuss the basic elements of radar system.

Ans: Radar

BADAR, stands for Radio Detection and Ranging,
15 an electromagnetic system for the detection of
objects by radio waves or location of reflecting
object such as aircraft, ship, spacecraft, vehicles,
people and the natural environment.

Human cye though has great resolution and can
identify colour, yet radar is considered to be more
powerfyl as it can operate under conditions
Impervious to human vision/optical and infrared
sensors such as darkness, haze, fog, rain and snow.
Its ability to measure distance with high accuracy
and in all weather conditions makes it a powerful
Flcctronic eye. Radars can be classified basically
Into two categories Pulsed Radars and Continuous-
wave Rader.

Principle of Operation of Basic Radar

The radar operates by transmitting electromagnetic
waves by directive - antennas into a specified
volume in space to search for targets. These targets
reflect a fraction of incident energy back to the
radar. The reflected electromagnetic energy is
called radar returns or echoes. These echoes are
processed by the radar receiver to obtain the
information about the target.

The information includes range, angular position,
velocity, size, direction of movement and
identification of friendly and enemy targets, etc. In
brief, the principle of operation depends on

transmitted and reflected waves. The principle of

operation is explained by the figure 3.17.

Transmitted

e T o . o
: VWA
Transmutter, n_—-ﬂ’:: ' :
J Signal Data Display
Recciver processor processor 21 unit

Figure 3.17: Basic Radar System

Basic Elements of Radar System

The basic radar consists of: . .

1) Transmitter: It provides a high power sngpa! at
a specified frequency 1o the transmitting

3)

)

3)

6)

7
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1e ;|r0n vacllﬂg—W:lva Tu
,y‘ ’

antenna. ;
Cross-Ficld Amplifier (CEA). ete
ross-

mugnclron(i

(TWT) an

most of the radars, the sam
Duplexe™ ' for transmitting and receiving
antenna i$ US€ py duplexer: It connects thg .
This i5 do?:d myc receiver alternatively (o the
transmitter @

antennd.

In

receiver from the high
Duplexer . provideg
en Tx and antenna while
- 1es connection between
- sion. It provide
transmission.

tenna and Rx during reception. When the twg
an

antennas are used for Tx and Rx, then duplexer

It is used

transmitter
connection  betwe

is not required. |

The antenna converts“ transmitter
electrical signal into electromagnetic waves 'and
sent these towards the target. It also receives
echoes from the target and converts intp

electrical signal.

Antenna:

This clectrical signal is given to the receiver,
Most often, the same antenna is used for
transmitting and receiving purposes through a
switch called duplexer.

Receiver: The electrical signal of echo from
the antenna is given to the receiver. The
receiver amplifier conditions the signal
suitably. The output or the receiver is given to
the signal processor unit. It includes ECCM
circuits. It does the following tasks:

1) Amplifies weak echoes

il) Separates noise and clutter.

iii) Sends-the amplified signal to a signal
processor. :

S-lgnal Prgcessor: It processes the received
signals to increase the signal-to-noise ratio, I
provides the information about the target.

Data .
Processor; |t processes the information

of t

emilr]: tﬂl;igell and then stores it, It converts the
COOl'dina[eZa d Mo casily  understandable

§ and then gjyes to the display unit.
Displa it: ; :
targ];t ?s I(Jl?sl[t)ialn dlhls unit the information of
. ed ;
Operators apg )Slu In a form useful to radaf

Pervisors. The input to the

fom the data processor. The.

tube, lly consists of a cathode ray




Television and Radar System (Module 3)

Ques 23) Enlist ~ the  advantages  and
disadvantages of basic radar system.,

Ans: Advantages of Basic Radar
|y Itactsasa powerful eye,

7) It can see through fog, rain, snow, darkness,
haze. clouds and any insulators,

3) It can find out the range, angular position,
location and velocity of targets.

pisadvantages of Basic Radar
1) Itcannot recognise the colour of the targets.

2) It cannot resolve the targets at short distances
like human eye.

3) It cannot see targets placed behind the
conducting sheets.

4) It cannot see targets hidden in water at long
ranges.

5) Itis difficult to identify short range objects.

Ques 24) Derive the radar equation for the
calculation of radar range. Also discuss about
the factors affecting range of radar.

Ans: Radar Equation

Consider a pulse of very short duration (in the
range of microseconds) is sent to a target, such as
an enemy aircraft. Let the pulse.reflected from the
aircraft be collected by a receiver. This situation is
shown in figure 3.18.

Target

- Transmitted rays
Transmitting and _,,

receiving antenna

! ‘.
R%ﬂectcd ray

Figure 3.18: Diagram to Develop Radar-Range Equation

Let Py = powér of the transmitted radar waves.
Assuming that the transmitter is an isotropic
Tadiator (one that radiates equally in all directions),
the power spreads in all direction "around the
tansmitter uniformly. Therefore, the power
tansmitted per unit area around the transmitter is in
dsphere of radius R:

P§=4PT w/m? e (1)

Now, if we assume that! the transmitting antenna
% a parabolic reflector, then the transmitted power

P

A-53

gets concentrated along the direction of the
reflector. Let Gr = gain of the transmitting antenna.
Then the transmitted power per unit area will be,

P{'z-plG—;"w/mz ‘ e (2)
4nR

Let us assume that we have a target at distance R.
Then the transmitted power absorbed by the target
is given by,

pr - PiGrA

e watts e 3)
T

Where, A= area of cross-section of the target.
Assuming that the target reflects the entire power
absorbed by it all around it, the reflected power at

. distance R from the target

oo PI__PGiA 1 _PGA

*Ta4nRT T anR? 4nR? (3nR?)
(@)

If we assume that the receiving antenna has a
surface area of Sm?, then the power received by it is
given by,

W/m?

Py =Mwans : ceenn (5)
)
' . e
It can be proved that the target area,
2
=20 2 ()
4p

Using the expression for S from equation (6) into
equation (5), we get:

P.G,G A'A
P, =T(4;T';4-waus ceene (D

It is quite common to use the same antenna for
transmission and reception in radars. Therefore, we
have Gy = Gg = G. Using this, we get the radar-
range equation:

_PGNA ‘
R —W veree (8)

Rearranging Equation (8) yields the radar (range)
Equation:

2.2
R= 4’Mm | e 9)
(4n)Pg
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Equati rmin

toqa m;;:t‘@ €an be used to determine the distance

o o Since the values of Pr and G should be

on thic. qr ECt @2 A is a variable, and depending
S, that the range varies. ‘ )

Factors Affecti
. ng the Range of
Consider the radar-range eqﬁat(i)oz:z e

 (4r)’p,

From this equation, th
) c rad H

the following factors: ar range is dependent on

X ie B f‘ef Power Py: To double the range,
€ to increase the transmi

factor of 2* = 16, smitter power by a

2) Wavelength of the Transmitted
Electromagneﬁc Wave: By using EM waves
of longer wavelengths, range can be increased.

3) Area of the Target: In fa;:t, we have no
control over this. However, for the same

target, various angles of its view with respect

to the transmitter give various areas of cross-
section.
Choosing that cross-section offering maximum
area of the target to the transmitting antenna
optimizes the range. -

4) Received Power Pg: This must be as minimum
possible to. increase the target range. This

means that we must have a highly sensitive
receiver that can detect even the weakest signal

returned from a given target.

Gain of the Antenna used: It can be seen that
gain of the antenna must be very large to

increase the range.

3)

Ques 25) Find the following: .
1) The power density at a target s1tuatgd at a
distance of 50km from a radar radiaﬁng a
. power of 100MW from a lossless isotropic

antenna. ’
ploys a lossless isotropic
5000 and the target
of 1.2 m’ then
f the echo signal

2) If this radar now em
antenna with a gain of
has a radar cross-section
what is the power density 0

at the receiver? |
ble signal of the

minimum detecta
¥ gd:::‘els 10°*MW and the Wavelquth of the

th Semester TP Salv

Ans:

1) Power radi

% 10°W.

Distance of the t

Power density at the target,

-

d

]

P __

od Series (Electron
.02m, then what g the
“"émm which the radar

ated by th

.
-

arget

ic

is0

ts of the kind me

ffective area ©

100><106
e 3.2
"”FRZ 41[}((50)(10 )

_ 03183 x 107W/m’

2) Antenna gain G=
Radar cross-sect1o
Power density at

antenna is used

P, _B,G=03183x107x5000=15.915W/m’

5000. :
n of the target = 0 = 1.2m
the target when a directive |

Communication) KTy

ntioned in (b)?

f the receiving

e mdm- P‘ = 100MW = 100

=R=50Km=50x 103m

The amount of power-intercepted by the target,

P =P,0=15915x1.2=19.098W

This power is. now reflected back to the
receiving antenna. Hence, the power density of
the echo signals at the receiver. -

-

f, i

19.098

P = =
T 4nRT  4mx(50%10°)2

=6.079x107°W/m?

3) The wavel l .
by elength of the transmitted energy, A =

The minimum detectg

mW = 10" w..

Then the maximum r

(2.17) as

‘R

PG2, V4 '
=[—IGA’_] ={100><106 X (5000) x (0.02)* x1.2 ¢

(4n)’s,;

ble Signal Smm = 107 g

ange Ry, is given by

(@)’ x10™!

= 88183.6m = 88,1836k,

4) The effecti ,
. live area of the receiving antenna

A

. =G)3

(-
)

—
-—

an

3000

X(0.02)2
P

=0.0159m?

[}
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26) Define pulsed radar and also discuss
he principle of operation of pulsed radar,

Ans: Pulsed Radar

puised radar s radar,  which  transmits
clectromagnetic. waves in the form of bursts or
s. It measures the time interval between
qansmitted and received pulses. The pulse radar
also measures the range of a target. It measures the
dant range by determining the time taken by
ansmitted pulse to come back to the receijver.

The pulsed radar is used to determine direction and
dgistance of the target. It also measures altitude of
the target, if necessary.

Principle of Operation

Pulsed radar transmits a high power and high
frequency clectromagnetic waves in the form of
pulses. The pulse interval is so designed that the
echoes are conveniently received before next pulse
is transmitted.

Itis used to find distance and direction. The altitude
of the target is also determined indirectly from the
antenna position and propagation time of the pulse

signal.

The pulsed radars transmit and receive a chain of
modulated pulses. Range is extracted from the two-
way time delay that takes place between a
transmitted and received pulse. Doppler frequency
is obained from the range data.

This method is satisfactory if the range is not
changed drastically over a time interval of At. If the

range is changed drastically, pulsed radars use -

doppler filter bank. Its operation depends upon:
1) Carrier frequency,

2) Pulse width,

3) Modulation and

4) Pulse repetition frequency.

The carrier frequency is decided on the basis of
radar mission. The pulse width decides bandwidth
d range resolution. Different modulation
techniques are used to enhance radar performance
ad capabilities. The pulse repetition frequency 1s
designed to avoid Doppler and range ambiguities. It
 dso required to optimise average transmitted
Power,

Ques 27) Describe the block schematics of pulse
fadyy, _

Or
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Explain the transmitter and receiver part of
pulse radar.

Ans: Block Schematics of Pulse Radar

Figure 3.19 shows the block schematic of pulsed
radar. It consists of a transmitter and a receiver
part. The operation of the transmitter and receiver
are synchronized by a synchronizing circuit.

Transmitting 2nd
receiving antenna

Pulse Microwave
enerator > modulator

Eeat s

Superheterodyne J

Display  fe—o receiver

Figure 3.19 Block Schematic of Pulsed Radar

The radar transmitter, channel and receiver parts

are discussed below: ’

1) Radar Transmitter: The radar transmitter
consists of an RF pulse generator and
microwave modular, These are discussed below:

i) RF Pulse Generator: A typical hard-tube
pulser is shown in Figure 3.20. The circuit
consists of a transistor switch to which a

capacitor, a diode, and a magnetron tube
are connected.

When the transistor T is off, the capacitor
C charges through the diode D in the
polarity shown. Now, the triggering pulses
applied to the base of T will turn it on, and
C discharges through T and the
microwaves tube magnetron, as shown in
Figure 3.20. This discharge of C through
the magnetron produces sharp high-power *
pulses at microwave frequencies, which
can be directed to the required target(s) by
the antenna.

Figure 3.20: Hard-Tube Pulser

-

————
o
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i. .
i) Mlcrnwave Modulati(m: T

ard-ty .

modulall)ieo PUIsar IS applied to for

applied { I_] of Microwave, then the signal
O antenng through duplexer.

he output of the

the tmnsmi:::relf:r:hc d“Pchc'r is used to isolate
isolation betwe M the receiyer. This kind of
receiver s rcqui;f:?l blht-‘ transmitter and the
used for both (s ‘e?‘msc the same antenna is
be noted that ;f S ;ms.smn and reception. It may
transmission ‘;r1d the sz.mlc antenna is used for

* “Hd reception, the transmitted high-

POwer pulses wi]] j .
. Interfere with ;
receiver. the operation of

3 g
! Radar Receiver: The pulses reflected from

varlous targets are recejved by the antenna and

fed to a super-heterodyne radio receiver through

ll.)e duplexer, as stated above.

1) Superheterodyne Receiver: Thé receiver
demodulates the information regarding the
targets contained in the reflected pulses,
,al‘ld applies this to display, unit. The
display unit then shows the nature and
‘range of the target(s) under consideration.

ii) Plan-Position Indicator (PPI): Plan
position indicator is a major form of radar
display. This scheme makes use of a
cathode-ray tube with a rotating electron
beam, as shown in figure 3.21. While the
electromagnetic  radiation  from  the
transmitter scans the targets all around it at
a finite scanning frequency, the rotating
electron beam in the CRT display also
rotates at the same frequency.

This results in the targets being displayed
on the CRT screen at their respective
positions in the space around the
transmitting antenna, relative to the
position of thé antenna. The CRT screen
can be calibrated to indicate the range of
the target from the antenna.

Target obscrved

On the screen CRT screen

Rotating electron
beam

Figure 3.21: PPI Radar Display

Ans: Applicat

.« (Flectronic Communication, %
.| Series (Electro b,

PSuI\uI‘

upplicminn of radar "

ot the
nlist ation.

Ques 28) B nt and nuvi;(;

measureme

e application of radar jn Irp

Discuss “bou()RAN-

System 'anll L '

. of Radar in Measurment

IO‘I(; for accurate measurement
Radars are .llm-m instrument s callt_:d 4 DMg
distance. SUC ing Bquipmen?-  Figure 3,
(Distance V&0 pitch. Consider a jump_beip
shows a long-jump the jumping base line, wiy

ar fixed on ! \
made. A r:;il:rt(i)lz mirror fixed on the jump-falling
Se"]dtﬂ 1phl]c eflected  pulse i captured by tp,
point.

receiver part of the rzuln.r. The :;::ei:le,:e}; :lcrt:;egn
the transmitted and rcce}vcd pu i.n [.he . ;li . ;
the radar and using the comp_uter . Com?g gn;m‘
this time delay is converted 1nto 1 .l © O_‘;I:.b] ing
distance. Very accurate measurement is possible by

this equipment.

/o

Long-jump pitch
l Jump-falling point

Jumping base line

}

|
= 3 —l

| Radar Ll"_ Mirror

Incident ray Reflected ray

Figure 3.22: Distance Measuring
Equipment

Application of Radar in IFF and LORAN (Long
Range Navigation) System ‘
The application of radar in IFF and LORAN is
system discussed below:

1) Radar Beacons in [FF System: Radar beacons
are established along air-plane routes and sea
shores for the identification of the location of a
moving aircraft or sailing ship, as the case may
be. A radar beacon comprises of radar

- ransmitter a  receiver, ahd an antenna.
Figure 3.23 shows a radar beacon established to
aid navigation in an aerodrome. '

Beacon beam

Figure 3.23: Radar Beacon

A be ; .

radaraC(:: Starts its action on the reception of 8

aempl;lncse fm.m a larget such as a moving
Or ship. If (hjg pulse is in a form of &,

-

e
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Television end Radar System (Module 3)

F.,micul;u' frequency or code acceptable to the
beacon. the beacon replies with its own identity
and the moving target will know its posilioh
with respect to the location of the beacon. When
this is a mulitary application, the radar beacon is
called an IFF (identification of friend and foe)
system.

3) Radar Ben;nns_» in LORAN: A LORAN (Long-
Range Navigation) is a navigation system using
radar beacons 1o help moving ships to find their

A-57

ti.... and that Beacon 3 emits pulses at
intervals G, L, ts, ty2, .... It must also be noted
that (t, - t2) = (& = ts) = ... Similarly. (t =t =
(L - tg) = ... These equations shows that the
time difference between power transmissions
between two radar systems.

Intersection of hyperbolas (showing position of ship)

DL BN

‘;:::;“.‘. L+« Hypertol
\

Beacon2 W A\
_'.“\‘“\\\\ &V & SRR PRY (N

position with respect to and distance to a given
shore. The operation of a LORAN system can be
explained with reference to figure 3.24.

In figure 3.24, we notice that a typical LORAN
system will have three radar beacons, located on
the shore line of a given sea at distance of a few
kilometers from each other. These beacons will
be transmitting high-power radar pulses at
regular intervals of time to the sea. They also
maintain a constant time difference between
themselves.

For example, assume that Beacon 1 1s the
master beacon and it emits radar pulses at time
intervals t,, L, t3, to,.... Let us also assume that
Beacon 2 emits pulses at intervals ty, ts, lg,

AR .“\\m\&ﬂm\“‘ .

Hyperbola ,* ‘\<\ SR
‘ ‘\ Beacon 3

Hyperbola Hyperbola

Beacon 1
Figure 324 LORAN System.

Application of Radar in Navigation

The application of radar is as follows:

i) Radar is used to detect target such as enemy
aircrafts and ship, and range them.

ii) Radar is used to detect and find the speed of
fast moving objects.

iii) Radar beacons are used in navigation to help
aircraft and ships to fix their location.

iv) Radar beacons are used to indicate standard
time in maritime applications.

B e e e

i
i
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QUCS 1§ D'cr]ne
Principle.

digital COommunication and its

A.ls'o list the advantages and disadvantages of
digital Communication.

Ans: Digital Communication

.In digital communication,  transmission  of
information takes place in digital form. The major
reason of digital communication recently is the

availability of wideband chann el such as optical
fiber, satellite channel etc,

Principal of Digital Communication
Communication systems that use such a digital
sequence as an interface between the source, and
channel input (and similarly between the channel
output and final destination) as shown in figure 4.1.

Source Source i Channel
| Encoder . |Encoder | [
1
]
1 Binary
- 1 Interface Channel
]
1
. ]
Destination| Source 1 |Channel
< decoder 1| decoder
1
Figure 4.1

Figﬁre 4.1 is placing a binary interface between
source and channel. The source encoder converts [h(;
source output to a binary sequence and the channhe
encoder (often called a n?oqmator) p;oce?]scs the
binary sequence for transmission over the ¢ ta:mzﬁé
The channel decoder (demodulator) relgrzaln«; the
incoming binary sequence (hopefully retlamy,

the source decoder recreates the source output.

The idea of converting an analog. source Ollngiugt t;,;
1 ite revolutionary 1n i
nary sequence was gul .
tbhle ztiog that this should be done before chann

i ’ / revolutionary.
processing was even more

J Series (Electronic Communication) KTy

igital Communication
U

b digi eras, digital video, digita

today, with digital camer i :
\l?gice ct)é.. the idea of digitizing any kind ?]f so?]rcg.ls
common place even among the most t?c nopho e,
The notion of a binary interface before - channel

i ce.
transmission is almost as common pla
For example, refer to the speed of our internet
connection in bits per second.

Need of Digital Communicafion. .
The need of digital communication is discussed below:

1) Digital hardware has become so cheap, reliable,

and miniaturized,  that digital interfaces are
eminently practical.

2) A standardized binary interface between source

and channel simplifies implementation and

understanding, since source coding/decoding can |
be done independently of the channel, and,

similarly, channel coding/decoding can be done

independently of the source.

3) A Standardized bina;y interface between source
and channel simplifies networking, which now

reduces to sending binary sequences through the
network.

4) One of the most important of shannon’s
information theoretic results is that if a source
can be transmitted over a channel in any way at
all, it can be transmitted using a binary interface
between source and channel. This js known as
the source/channe] Separation theorem,

Advantages

1) Now a common format of gj
different variety of
transmit voice, vide
digits,

: gital can be used for
Signals. For €éxample we can
0, photo by using the binary

2) By using eror ¢
codes, we can im
system.

orrecting and error detecting
Prove the nojge performance of

Disadvantage



pigi al Communication (Module 4)
ges 2) Draw apd fiescribe the block diagram of
digital communication system.

ps: Block Diagram of Digital Communication
The basic block diagram of a digital communication
gystem 18 SQOW“ in Figure 4.2. The source of
information signal are also non-electrical quantity so~
cannot be processed directly,

Source
Encoder

Channel
Encoder

Base-band
Processor/

Band Pass

Ch:mncﬂ

Source Channel Base-band

W Out De-
sgnal ¢ Trens- 1€ Forma- Decoder/Band
ducers tters Pass

Decoder |« Decoder
Demodulator

A

Figure 4.2: Element of Digital Communication System

The elements of block diagram of digital

communication system are described below:

1) Input Transducer: Input transducers convert the
applied non-electrical quantity into electrical
quantity.

7) Formatter: Now the received signal should be
converted into digital form that task is initiated
by formatter; formatter converts an analog signal
into a digital signal. If the source of information
already provides the information in digital form
such as computer there is no need of formatter.

3) Source Encoder: Source encoder simply
provides a representation in the form of binary
digits to the applied digital signal.

4) Channel Encoder: Channel encoder plays a
very important role. According to the channel
properties, channel encoder provides some
reduency bits to the message SO that at the
receiver side, a error free signal can be

reproduced.

5) Baseband Modulator: For very low-speed

. wireless transmission directly base-band signal
can be transmitted. -For high speed transmission
as in case of analog transmission, digital data is
modulated with the help of high frequency
carrier. This task is performed by the baseband
modulator.

6) Channel: The communication channel is the
media via which the signal is transmitted from
the transmitting end to the receiving “end.
Communication channeL is-the part of model at

Input Input Form-
source Trans [ | atters > B
\nwsignzn ducers
Modulator —
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which the maximum noise is added to the
signal.

7) Baseband Demodulator: At the receiver side we
just reciprocal sequence of transmitting end. By
baseband decoder by pulse shaped ‘or’ line
coded data, original data is recovered back. If at
the transmitter side we have used baseband
modulator, at the receiver side; by demodulator,
the data is demodulated to get original signal. '

8) Channel Decoder At the receiver side, by the
channel decoder, the redundancy bits are

removed back to the signal.

9) Source Decoder: By using source decoder, we
are able to decode the digital digits sO that the
original data is now available in digital form.

Deformatter converts data into
analog and that data is applied to an appropriate
output device.

10) Deformatter:

Ques 3) Give the detail description of sampling
process and sampling theorem. Also give the
mathematical description of sampling theorem.

Ans: Sampling Process

The process of converting continuous time signals
into equivalent discrete time signals, can be termed
as Sampling. A certain instant of data is continually

.sampled in the sampling process. The following

figure indicates a continuous-time signal x(t) and a
sampled signal xs(t). When x(t) is multiplied by a
periodic impulse train, the sampled signal xs(t) is
obtained.

A sampling signal is a periodic train of pulses,
having unit amplitude, sampled at equal intervals of
time Ts, which is called as the Sampling time. This
data is transmitted at the time instants T, and the
carrier signal is transmitted at the remaining time.

- Sampling Theorem

xi(0

Continuous time
signal

"\ )

<

B <

xa(1)
Sampled signal

e G e - AL
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;Ii};fmslm:?\l‘l?g .theorem shgw§ that a continuos-time
gnal Ich is a band-limiteq to f, Hz can be
;?pfeicnlcd perfectly by a series of samples spaced
» (572 f) seconds apart. T, called sampling period.

Sty
s|

= -2.10 11 12 13
4 56 7% g
Sampling period

S[m)|
]

=2nf,, 27l

The band-limited signal is a signal which its Fourier
transform is non-zero for -2nfy< o< 2nf, When
m(t) is sampled uniformly at intervals of T, seconds,
!hc resultant sequence is denoted by m(nT.), for all
Integer values of n.

Let's define a sampling rate f, = I/T, which is the
number of samples per second.

Thus, the sampling theorem states that a band-limited
signal can be recovered completely from a set of
samples taken at the rate of f(2 2f,) samples per
second.

The preceding sampling theorem is often called the
uniform sampling theorem for baseband or low-pass
signal.

The minimum sampling rate, 2f;, samples per second,
called the Nyquist rate; its reciprocal 1/2f,, is called
Nyquist interval.

In each case the sampling rate must be at least twice
the highest frequency contained in the analog signal,
according to the Nyquist criterion. Figure 4.3 shows

the waveform for ideal sampling.

In ideal sampling, an arbitrary analogue signal is
sampled by a train of impulses at uniform intervals,
T,. An impulse (having virtually no pulse width) is
generated at each instant of sampling.

Amplitude

f Analogue signal

—» Time

\\‘
T
O | l |
1r Ts \\‘ - =

Figure 4.3: Ideal Sampling
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Mathematical D,

Let g(t) be a SIE™

to fuHz
G(w)
&>
(3}
> T
“” m
(a)

e of £, Hz (s samples per
ot rdl'<;hcd by multiplying g(t) by
compP ng of unit impulses

sisti
s r;O'lllgIscconds where Ty = I/f,

Sampling &) @
second) can be ac
an impulse train O
repeating peridically eve

M I
© T S

(d) ™ J 1,

-

This results smﬁplcd signal g(t) consists of impulses

spaced every T seconds. N
The n® impulse, located at t = nTy has a strength

g(nT,) (the value of g(t),(at t = nT),
g(1) =g(t)dr ()= Zg(nTs)ﬁ(t -nTy)

Because the impulse train 8r,(t) is'a periodic signal of
period T, it can be expressed as a Fourier series. The

trigonometric Fourier series is

Or (1) =-%—[1 +2cos @t +2cosw,t + 2 cos 3wt +....]

]

) .. (D
L

(UJS _i‘—znfs)

Therefore,

gv =g,y (2)

8 =g()3 (1)

_1 [g(t)+2g(t)cos At +2g(t) cos 2.t |
g3 +2g(t)cos3m§t g L O |

To find G(w), the Fourjer
the Fourier transform
equation (2), term by te
term in the brackets is
second term 28(1) éos o,
Tepresents spectrym G(

transform of g(t), we take

of the right-hand side of
rm. The transform of the first
G(®). The transform of the

tis G(@-0.)+ G(w+w,). This
) shifted to s and — @,
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Di
gimilarly, the transform of the third term
ygcos2od is G200+ G(o+2w,), which

represents the spectrum G(w) shifted to 2w, and -

2., and so on 1o infinity.

This mean that the spectrum G(w), consists of G(w)
epeating periodically with period w;

G(w)
NS \;:/l} A\

If we are to reconstruct g(t) from g(t), we should be

ble to recover G(w) from G(w). This is possible if
there is no overlap between successive cycles of

G(w)-

Thus, as long as the sampling frequency f, is greater
than twice or equal the signal bandwidth B (in hertz),

G(w) will consists of non-overlapping repetitions of
G(w). When lllis is true, g(t) can be recovered from
its samples g(t) by passing the sampled signal

é(l)lhrough an ideal low-pass filter of bandwidth B
Hz. The minimum sampling rate f=2f, required to
recover g(t) from its samples g(t)is called the

Nyquist rate from g(t), and the corresponding
sampling  interval T=1/2f, called the Nyquist

interval for g(t).

Low-pass
filter

N\
AN

n B ] f_p filter

G,(w) /

| >

-0, gy [0 o O

|
£
=
2
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Ques 4) Define sampling rate and also discuss the
methods of sampling.

Or
Give the brief description of natural sampling and
flat-top sampling. Also list its disadvantages.

Ans: Sampling Rate
To discretise the signals, the gap between the

samples should be fixed. That gap can be termed as
the sampling period T,.

Sampling Frequency=— = f

i
T
Where, Ti= Sampling time ‘

_ = Sampling frequency or sampling rate

Methods of Sampling o
There are two methods of sampling which 1s

discussed as follows:
1) Natural Sampling: Natural sampling refers 10

PAM signals when tops of the sampled pulse
retain their natural shape during the sample

interval.
Amplitude

A
Analogue signal

Al
' N[ UH

Figure 4.4: Natural Sampling

Figure 4.4 shows the waveform for natural
sampling. In natural sampling, an arbitrary
analog signal is sampled by a train of pulses
having finite short pulse width occurring  at
uniform intervals. The amplitude of each
rectangular pulse follows the value of the
analogue information signal for duration of the
pulse.

Disadvantages of Natural Sampling

The disadvantages of natural sampling are as

follows:

i) It is difficult for an analogue-to-digital
converter to convert the natural sample to a
digital code.

ii) In fact, the output of analogue-to digital
converter would continuously try to follow
the changes in amplitude levels and may
never stabilize on any code.

2) Flat-Top Sampling: Flat-top sampling refers to
PAM signals when the tops of the sampled
pulses remain constant during the sample
integral.
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Analogrue sigmal

Figure 4.5: Flat-Top Sampling

Figure 4.5 shows the w

sampling. aveform for flat-top

}n flat-top sampling, an arbitrary analosue signal
is sampl.ed by a train of pulses Having finite gzlilon
Pu]se_ width OCCUrring at uniform inhter\'als, The
amplitude of each rectangular pulse is retained as

the \.’aIue of the analog information signal at the
leading edge of the pulse.

Notc-:'A sample-and-hold circvit is used to keep the
amplitude constant during each pulse in flat-top sampling
_process. )

Disadvantages of Flat-Top Sampling

The disadvantages of flat-top are as follows:

1) The use of flat-top PAM samples results into
amplitude distortion.

ii) There is delay by T/2, where T, is the width
of the pulse that results into lengthening of
the samples during transmission.

iii) At the receiver, amplitude distortion as well
as delay causes errors in decoded data

Ques 5) Define pulse modulation technique and
also enlist its types. -

Ans: Pulse Modulation Technique -
Pulse communication systems differ from continuous

wave communication systems in the sense thgt the
message signal or intelligence to be transmitted is not
supplied continuously as in case of AM or'Flva. In
turn, it is sampled at regular mte_rvals and it is the
sampled data that is Lrans:mmcd: All  pulse
communication systems fall into either of _two
categories, namely analogue. systems and _dngftal
systems. Analogue and digital commun_lcat:or;
systems differ in the mode of transmission o

sampled information.
f analogue communication systems,

of the sampled amplitude ma_y.bc
ble whereas in the case of digital

In the case O
representation
infinitely vana

(NS

TP Solved Series (Electronic Communication) KTy
mester )
a code representing

Stemms. :
BYR est predeterrmned Ie"El

unication
comm 4o to the near

sampled amplitu
is transmitted. ‘
the carrier is no longer ,
' :anal but consists of a pulse train. Nog,
continuous SIg of pulse is vaned’acco.rdmg 10 the
:<ome parametc-tﬂue of the modulating Slgnal‘ “rhen
$Stmsli[§:§;)uiss‘in the form of pulses, the pulse
€

modulation method is used.

In pulse modulation.

amplitude of the pulse,
f the pulse are important
we have various
such as Pulse

In concern with 3 pul_se,
width of the pulse, locauon 0
rs. Depending on them,

ulse modulation techniques .
?\mplitude Modulation (PAM), Pulse Width

Modulation (PWM), Pulse Frequency Modulation
(PFM), Pulse Code Modulation (PCM) etc.

paramete

Types of Pulse Modulation Systems’
These are two types of pulse modulation systems:

Pulse
Modulation

Ana]og Dlgul

| !

Pulse amplitude modulation 1)  Pulse code modulation
Pulse position modulation  2)  Delta modulation
Pulse duration modulation 3)  Adaptive delta modulation

4)  Differential pulse code modulation

Ques 6) Discuss about the types of pulse
modulation techniques with its proper waveform.
Or

Write a short note on:

1) Pulse Amplitude Modulation (PAM)
2) Pulse Width Modulation PWM)

3) Pulse Position Modulation (PPM)

Ans: Types of Pulse Modulation Techniques

The types of pulse . .
follows: puise modulation techniques are as

_ €, which is a pulse, is
;:iro:;motnal to l.he amplitude of the molzjulating
vlgnal at the time instany of sampling. The

sa i
;r!p-les, shown in figure 4.6, can have either a
positive or negatjve polarity
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In a single pnlan:ly PAM, a fixed D.C. leve] can
be added to the signal, as shown in figure 4.6(c)

/N

nnﬂnv
NN

o, o

(c)

Figure 4.6: Pulse Amplitude
Modulation

These samples can then be transmitted cither by
a cable or used to modulate a carrier for wireless
transmission. Frequency modulation is usually
employed for the purpose and the system is
known as PAM-FM.

Pulse Width Modulation (PWM): In Pulse
width Modulation (PWM) or pulse duration
modulation (PDM) or pulse time modulation
(PTM) technique, the width or the duration or the
ime of the pulse carrier varies, which is
proportional to the instantancous amplitude of
the message signal.

The width of the pulse varies in this method, but
the amplitude of the signal remains constant.
Amplitude limiters are used to make the
amplitude of the signal constant. These circuits
clip off the amplitude to a desired level, and
hence the noise is limited. The following figure
explains the types of Pulse Width Modulations.

Carrier Pulse

Modulating Signal

]
]
]
'
]
[}
]
]

—M— (a)

i1

, (b)

J_L.__A—I-rl—l—
N (©
] .

[P - .
-—— - —-—

There are three types of PWM.

i) The leading edge of the pulse being constant,
the trailing edge varies according to the
message signal. The waveform for this type
of PWM is denoted as in the above

figure (a).

3)
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ii) The trailing edge of the pulse being constant,
the leading edge varies according to the
message signal. The waveform for the type
of PWM is denoted as in the above figure

(b).

iii) The center of the pulse being constant, the
" leading edge and the trailing edge varies
according to the message signal. The
waveform for this type of PWM is denoted

as in the above figure (c).

Pulse Position Modulation (PPM): Pulse
Position Modulation (PPM) is an analog
modulation scheme in which, the amplitude and
the width of the pulses are kept constant, while
the position of each pulse, with reference to the
position of a reference pulse varies according to
the instantaneous sampled value of the message

signal.

The transmitter has to send synchronizing pulses
(or simply sync pulses) 10 keep the transmitter
and the receiver in sync. These sync pulses help
to maintain the position of the pulses. The

following figures explain the Pulse Position

Modulation.
Amplitude
Base band signal
Ao
An i
¥ !
\/ b
}
Amplitude
h Periodic sequential putse train
’ - Time
Am‘pliu‘ldc
R B A HH
Time

-
=
T




Ques 7) Give the

. Compar;j
modl“atlon techni p rison of

ques.

Ans; C()mp

arison between
e follow

: PAM, PWM,
Ing table presens and PPM

> the compari
three modulation techp; ues, PHTIROn between
PAM PWM PPM
Amplitude ; itk .
\["ariede 1S Width is varieq Position is varied
X R
q BandW1dth Bﬂnd\\width Bandwidth
Cp%nds on the depends on the depends on'the
width of the rise time of the rise time of the
S pulse
\_
Instaptaneous Instantaneous Instantaneous
transmitter power

transmitter power | transmitter power
varies with the remains constant

amplitude and with the width of

varies with the
amplitude of the

pulses the width of the the pulses
pulses
System System System
complexity is complexity is complexity is
high low low
Noise Noise Noise
interference is interference is interference is
high low low
It is similar to It is similar to It is similar to
amplitude frequency phase modulation
modulation * modulation

Ques 8) Describe the pulse code modulation with
the help of its diagram. :

Or
Draw the schematic diagram of puls? code
modulation system with its proper description.

Ans: Pulse C’o«ie Modulation (PCM) '
Two basic operations in the conversion of analog

signal into the digital is time discretization and
amplitude discretization in the context -of PCM, .the
former is accomplished with the sz?mphng operation
and the latter by means of quantization.

iti inv ther step, namely,
addition, PCM involves another
cI:l:)nversion of quantized amphtudes. into a sequence
of simpler pulse patterns (usually binary). G_enerally
it is called as code words. (The word code in pulse

: ries (Elect
B.Tech, Seventh Semester TP Solved Se

M) @ ol filter

ronic Communication) KTU

dulation refers to the fact gﬁg Cve
code .mg l:q;nple i Con\rcr'(th to an R-bit ¢q4
quantized 5¢

T) tr.binary
word.) m(nT,) man __———cquence
Quantizer »| Enceder
m(t) @—+|Sampler
y
Channel
Recd.
) binary
m q(nT,) , sequence
Reconstruction Decoder

Figure 4.8: A PCM System

Figure: 4.8 show the PCM system. Helre;hm[ (t) i
the information bearing message _51gna ;1 is 1o
be transmitted digitally. m (t) 18 flrst‘satmp ed an‘d
then quanlizdd. The output of the sampler jg

m(nTs) = m(t)|,_,r - Ty is the sampling period and

: _ 1. lled th
n is the appropriatg integer. f; = ?ls called the

S

sampling rate or sampling frequency. The
quantizer converts each sample to one of the
values that is closest to it from among a pre-
selected set of discrete amplitudes. The encoder
represents each one of these quantized samples by
an R-bit code word.

This bit stream travels on the channel and reaches
the receiving end. With f, as the sampling rate and
R-bits per code word, the bit rate of the PCM

. o R . ’
system is Rf =?b1tslsec. The decoder converts the
S .
R-bit code words into the corresponding (discrete)
amplitudes. Finally, the reconstruction filter, acting
on these discrete amplitudes, produces the analog

signal, denoted bym (). If there are no channel
errors then m (D=m(t).

Ques 9) Describe by

iefly about the PCM encoder
and decoder with jts

Proper block diagram.

) PC ,
) chllilclcgder_ Th.e elements which come under
i) Lowoper e discusseq ag follows:
i oo Filter. is Tilter eliminates the
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input analog signal which is greater than the
highest 'fre'qucncy of the message signal, to
avoid aliasing of the message signal ,

ii) Sampler: This is the technique which helps
to collect the sample data g instantnncog;
values_o_f message signal, so as to rccon‘;truC‘l
the original signal. The sampling mte‘musl
be greater than twice the highest frequency

component W of the message signal, in
accordance with the sampling theorum.

iii) Quantiser: Quantizing is a process of
reducing the excessive bits and confining the
data. The sampled output when given to

Quantizer reduces the redundant bits and
compresses the value.

iv) Encoder: The digitization of analog signal is
done by the encoder. It designates each
quantized level by a binary code. The
sampling done here is the sample-and-hold
process. These three sections (LPF, Sampler,
and Quantiser) will act as an analog to digital

converter.  Encoding  minimizes the
bandwidth used.
Source of

continuous-time

Low-pas .
message signal [ ot‘;usr s _7 Sampler 3] Quantizer || Encoder
PCM signal
appliedto

channel input
i Figure 4.9 (a): PCM Encoder

2) PCM Decoder: The elements which come under
PCM encoder are discussed as follows: '

i) Regenerative Repeater: This section

. increases the signal strength. The output of

the channel also has one regenerative
repeater circuit, to compensate the signal loss

and reconstruct the signal, and also to .

increase its strength.

ii) Decoder: The decoder circuit decodes the
pulse coded waveform to reproduce the
original signal. This circuit acts as the
demodulator.

A-65

iii) Reconstruction Filter: After the digital-to-
analog conversion is done by the
regenerative circuit and the decoder, a low-
pass filter is employed, called as the
reconstruction filter to get back the original
signal.

iv) Hence, the pulse code modulator circuit
digitizes the given analog signal, codes it and
samples it, and then transmits it in an analog
form. This whole process is repeated in a
reverse pattern to obtain the original signal.

Final )

channel | Regeneration od Rccorfslrucllnn Destination

nmpm" circuit [ DEcOCRE™ 1 filter ]

Figure 4.9 (b): PCM Decoder
Ques 10) Enlist  the  application of  data
communication.
Or

Write the various application of digital
communication,

Ans: Application of Data Communication/ Digital
Communication
The applications of data communication/ digital

communication are as follows:
1) It is used in military application for secure
communication and missile guidance.

2) It is used in image processing for pattern
recognition, robotic  vision and image
enhancement.

3) Itisused in digital signal processing.

4) The digital communication systems used in
telephony for text messaging etc.

5) It is used in space communication where a
spacecraft transmits signals to earth,

6) It is used in video compression and speech
processing.

7) Itis used in digital audio transmission and also in
data compression. '

Y]
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SATELLITE
COMMUNICATION ‘

Ques 1) What is mean by ' satellite
communication? And also discuss the principle
and features of satellite communication.
' ~ Or -
- Define satellite communication with the help of its
principle of operation. o

_ Ans: Satellite Communication _
Satellite communications is the use of satellite
technology in the field of communications. The
services provided by satellite communications are
voice and video calling, internet, fax, television and

radio channels.

Satellite . communications can provide
communication capabilities spanning long distances
and can. operate under. circumstances or conditions
which  are inoperable for other forms .of

. communication. Communication satellite comprises

of a transponder, antenna, communication payload,
switching systems, command, and control system.

Satellite

. Earth Station Receiver
C F e Earth Station
Figure 5.1: Satellite Communication
Principle - of Operation  * of Satellite

Communication

' The transmission of signal ﬁ'om_ first earth station to .
" satellite through 2 channgl is called as uplink..
A repeater is a circuit which is provided in a satellite, -

' Upﬁnk frequency

- of useful strength from the satellite.

S of the received sikfnal
which increases =, O ' repeater works as
.o jt. But, this P :

d then transmits 1 = ion of Si
?;ransponder. Similarly; Sgaltlis(:;o througina:
from satellite to second_ earth S ‘
channel is called as downlink.
js the frequency at which, the first
communicating with satellite. The
er converts this signal into another

the second earth

earth station 18
satellite transpond ;
frequenicy and sends it down to :
station. This frequency. is called as downlink
frequency. In similar way, second earth station can

also communicate with the first one.

The process of satellite communication begins at an

. earth station. Here, an installation is designed to

transmit and receive signals from a satellite in.an
orbit around the earth. Earth stations send the

" information to satellites in the form of high powered,

high frequency (GHz range) signals.

The .satellites receive and retransmit the signals back |
to f:arth .where they are received by other earth
stations in the coverage area of the satellite:
Satellite's footprint is the area which receives a signal

f‘)‘aatstlat;esulpf Satellite Communication '
ellites used in satellite communications . ar€

usually in geostation it. S
in g ary orbit. Some of them ¢
placed jnhighly elliptical orbits, °° |

2) Satelli i '
) Satellite communications can provide globel |

availabilj
‘maﬁtimlell:f.eletsc:: not only land masses but also
be covered quiet ea‘:ii;l' Large distances can th%

3) One of the
€ mai :
commuﬂiéai?:l n advantages provided by sateli®®
other fOI'Ins'o? 8 b superior reliability ike
terrestria] infrasfr(:,mtrl?unlcation. It does not n¢ed |
c s -
4) Satellite Coﬁlmu ' re for operation.

more " pronoyy (‘:Jel'gfomuty and speed are MV
- Communicatiq, - than ° other- forms
5) Scalabilj .' -
: COmmuD%Caﬁons hlgher 'lIl ‘case | of satelhtﬂ

Scanned by CamScanner
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6) Deployment cost is p;

communications. satellite

7) As it is less Vulnerab)e
communication, it jg hig
departments.

than othe, forms of
hly useq in defense

8) Satellitt communicationg

. also provig :
information. p € weather

9) It can be helpful durin
services rarely fajl,

10) High amount of data ¢y

g times of disasters as the

n be transmitted with the

help of satellites,
Ques 2) Discuss  about e advantages,
disadvantages and applications of satellite
communication,

Ans: Advantages of Satelljte Commimication
1) Area of coverage is more

systems ;
2) Each and every comner of the earth can be covered
3) Transmission cost is independent of coverage area
4) More bandwidth and broadcasting possibilities

than that of terrestrial

Disadvantages of Satellite Communication

1) Launching of satellites into orbits is a costly
process.

2) Propagation delay of satellite systems is more than
that of conventional terrestrial systems.

3) Difficult to provide repairing activities if any
problem occurs in a satellite system.

4) Free space loss is more

3) There can be congestion of frequencies.

Applications of Satellite Communication ‘

1) Radio broadcasting and voice communications

) TV broadcasting such as Direct To Home (DTH)

3) Internet applications such as providing 'Imfltrnet
connection for data transfer, GPS applications,
Internet surfing, etc.

4) Military applications and navigations

+3) Remote sensing applications

6) Weather condition monitoring & forecasting

Ques 3) Define  the multiple  access
technique and also write its types.

(MA)

-Ans; Multiple Access (MA) Techniques

Multiplexing deals with how multiplc signals can
utilize a single resource that is sampling, modulation

. €tc. Whereas multiple access on the otffer hand_,_dea]s _
With which signal can utilize which particular

fesource frequency allocation/time slot allocation etc.
en more than two nodes send at tl'le same time,

the transmitted frames collide. All collide frames arlc‘l,

lost and the bandwidth of the broadcast channel wi
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be wasted. We need multiple -access protocol to
coordinate access to multipoint or broadcast link
(Nodes or stations are connected 10 or use a common
link). Multiple access protocols are needed in wire and
wireless LANs and satellite networks Channelization is
4 multiple-access method in which the available
bandwidth of a link is shared in time, frequency, or
through code, between different stations, :

Types of Multiple Access Technique

The types of multiple access technique are as
follows:

1) Frequency Division Multiple Access (FDMA)

2) Time Division Multiple Access (TDMA)

3) Code Division Multiple Access (CDMA)

4) Space Division Multiple Access (SDMA)

Ques 4) Explain  FDMA
multiple access) techniques
features. '

(frequency division
and also enlist its

Or
Draw the schematic of FDMA technique with

- complete description.

Ans: FDMA (Frequency Division Multiple Access)
This was the initial multiple-access technique for
cellular systems in which each individual user is
assigned a pair of frequencies while making or
receiving a call as shown in figure 5.2. One frequency
is used for downlink and one pair for uplink. This is
called Frequency Division Duplexing (FDD).

That allocated frequency pair is not used in the same
cell or adjacent cells during the call so as to reduce
the co-channel -interference. Even though the user
may not be talking, the spectrum cannot be
reassigned as long as a call is in place. Different
users can use the same frequency in the same cell
except that they must transmit at different times. In
FDMA the total bandwidth is divided among M
simultaneous users such that each user is allocated a
channel with a bandwidth of,

Wepma= W/M Hz _
From equation the capacity of each channel is
)

Croma = (W/M) logy(148/N) = C/M

s
anuqncy

Channel 2

ChanpelN

/1' ime ) )
Figure 5.2: FDMA (Different Channels are Assigned
Different Frequency Bands) .

(1)
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divided among the M users. In practice, each user
occupies a bandwidth slightly narrower than W/M so
that interference between channels will be acceptable
in a system using realisable filters, which have 2
frequency response that does not go to zero abruptly
outside the channel bandwidth. This approach is
applicable to both digital and analogue modulation
formats.The number of channels that can be

i simlliltaneously supported in a FDMA system is

given by,

B, -2B
B

‘Where,
B, = Total spectrum - .
_ Bguraa = Guard band allocated at the edge of
the allocated spectrum , ‘
B¢ = Channel bandwidth

Features of FDMA :

The features of FDMA are as follows: -

1) The FDMA channel carries only one phone
circuit at a time.

2) If an FDMA channel is not in use, then it sits idle
and cannot be used by other users to increase or
share capacity. It is essentially a wasted resource.

N= (3

3) After the assignment.of a voice channel, the base
station. and the mobile transmit simultaneously
and continuously.

4) -The bandwidths of FDMA channels’ are
relatively narrow (30 kHz) as each channel
supports only one circuit per carrier that is;
FDMA is usually implemented in narrowband
systems.

5) The symbol time is large as compared to the
average delay spread. This implies that the
amount of inter-symbol interference is low and,
thus, little or no equalization is required in
FDMA narrowband systems.

6) The complexity of FDMA mobile systems is
lower when compared to TDMA systems.

7) Since FDMA is a continuous transmission
scheme, fewer bits are needed for overhead
purposes (such as synchronisation and framing
bits) as compared to TDMA.

8) FDMA systems have higher cell site system costs
as compared to TDMA systems, because of the
single channel per carrier design, and the need to
use costly band pass filters to eliminate spurious
radiation at the base station. '

- of the two communicating nodes can transmif at 2

“interference  dye

-increased cost,

| i t miﬂimjl
Ques A f

i i tures.
technique with its .ﬂf? i | 4
Write the short note on TDMA technique and alsp
draw its diagram-

- i . iion Multiple Access)
. TDMA (Time Division
?irrlse Division, Multiple Access (TDMA) shares the

available bandwidth in the time domain. Each
frequency band is divided Into several time S_lots
(channels). A set of such periodically repeating time
slots is known as the TDMA frame.

: .. Communication) Ky
l i lectroni€
h Semester TP Solved Series (E l - |
A-68 B.Tech, Sevent o dup - 3 |
‘ ile unit . <8
. . MA mobl s duploren g
‘The schematic of FDMA" technique is shown in 9) 'Ehﬁl 1:;2  ansmitter - d rzzemcrease e o
figure 5.2. For a constant S/N, the capacity of the Onc time. Thi results .n n b i
total bandwidth is the same as in equation (1), but is Z?FDMA SUbscnbcr s 0 011

Each node is assigned one or more time slots in‘each |

frame, and the node transmits only in those slots. For
two-way communication, the uplink and downlink
time slots, used for transmitting and receiving data,
respectively, can be on the same frequency band
(TDMA frame) or on different frequency bands.

The former is known as time division duplex -

TDMA (TDD-TDMA), and the latter as frequency

division duplex — TDMA (FDD-TDMA). TDMA is °

essentially a half-duplex mechanism, where only one

time.

t

synchronization is :
P : required between the and -
the receiver. < the sender

To o :
prevent synchronisation errors and inter-symbol

differences to signal -propagation time
time slots ,Sg uard intervals are introduced betweep
the intrc;(.iu;tl'l'ce the sizes of slots are already small
i on of guard inte in @
signi . rvals results in
thin:jtiiz;:t ct)verhead‘for the system FDMA requires
€. Y ‘e
receiving a:dhave ‘h‘? capability of simultaneous!y
transmlmﬂg signals, which leads to

receiving also, H,
. . He 5 : T
is less.” “ice, the equipment cost in TD

Scanned by CamScanner

,EFe small duration of time slots creates the illusion :
ol a two-way simultaneous communication. Perfect
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Code
Channel N
’/
Time slot - /’
/ Channel 2 I —
Channel 1~ / oo Erequency . .
Time

Figure 5.3: Basic Concept of TDMA

Features of TDMA

In the cases where continuous transmission is not

required, there TDMA is used instead of FDMA. The

features of TDMA include the following:

1) TDMA shares a single carrier frequency with
several users where each user makes use of non-
overlapping time slots. '

2) Data transmission in TDMA is not continuous,

but occurs in bursts. Hence hands-off process is
simpler.

3) TDMA uses different time slots for transmission
and reception thus duplexers are not required.

4) TDMA has an advantage that is possible to
allocate different numbers of time slots per frame
to different users.

5) Bandwidth can be supplied on demand to
-different users by concatenating or reassigning
time slot based on priority.

Ques 6) Discuss about the CDMA (code division

" multiple access) technique. And also. explain its

features. ,

Ans: CDMA (Code Division Multiple Access)
- Unlike other systems such as TDMA and FDMA,

Code Division Multiple Access = - .

- (CDMA) does not assign a specific frequency to each
.. user. Instead, every channel uses the entire spectrum.

Individual - conversations are encoded with - a

pseudorandom digital sequence. As the narrow-band

transmission frequency is spread random digital
sequence.

As the narrow-band transmission frequency is spread
- -over-the entire’ wideband $pectrum, the technique is

also called as spread spectrum. The \_‘;ransrrnjssions'are- _

‘4

‘ o .
Pelamadr., et s b LA 0
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differentiated through a unique code that is
independent of the data being transmitted, assigned
to each user. The orthogonality of the codes enables
simultaneous data transmissions from multiple users
using the entire frequency  spectrum, thus

overcoming -the frequency reuse limitations seen in
FDMA and TDMA. : '

CDMA was first used during World-War-H-by the"
English Allies to foil attempts by the German army
to jam the transmissions of the Allies. The Allies

. decided to transmit signals over several frequencies

in a specific pattern, instead of just one frequency,
thereby making it very difficult for the Germans to

get hold of the complete signal.

Code
Channel N &
Channel 3 F_b
requency .
Channel 2
Channel 1

Time
Figure 5.4: Basic Concept of CDMA

.Fealures of CDMA

Code division multiple access technique is an
example of multiple ‘access where several

. transmitlers use a single channel to send information

simultaneously. Its features are as follows:

I) In CDMA every user uses the full available
spectrum instead of getting allotted by separate
frequency.

2) CDMA is much recommended for voice and data
communications. ’

3) While mul"tiple codes occupy the same cham_igl in
CDMA, the fusers having same code can
~communicate with each other. R
4) CDMA offers %‘&qrc air-space capacity than
“TDMA. o o
5) The hands-off between base stations is very well
- handled by CDMA ‘ (RS

Ques 7) What do’ you mean by SDMA (space
division multiple access) technique?

: S Or
Discuss about the features of SDMA technique.

" Ans: SDMA (Space Division Multiple Access)

The fourth dimension in which multiplexing.can be.
performed is space. Instead of using omnidirectional -
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‘ransmissions *

A-70° .

: (as in FDMA, TDMA, and CDMA)
that cover the entire circular region around the

transmitter, Space Division Multiple Access (SDMA) -

uses directional transmitters/antennas to cover

angular rc_agions. Thus different areas/regions can be
served using the same frequency channel.

-

0 1 0 o0 1
[ D T O I T N A |
[ : [} : I| [
+1f | R
Bitpaternto | § | 1 |} ) 1 |V}
: ] 1 L1} [
transmitted=1[ 1 | | T B 1
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(U U S O I B T ] —_—
: 1 [ f
Chipping . 1 1 Hil
1
sequence ' : P
ST T ' 3 :
A2 1 1 ' L1 1
N .
Ly
+1 1 'l |
DSSS ' I
signal ! s
-1 : [ :
[] 1 ] .
—

Signal spectrum ¢
* Figure 5.5: Illustration of DSSS -

This method is best suited to satellite systems, which
often used a narrowly focused beam to prevent the
signal from spreading too widely and in the process
becoming too weak. A satellite can thus reuse the

same frequency to cover many different regions of-

the Earth’s surface.

Feature of SDMA.

Space division multiple access or spatial division
multiple access is a technique which is MIMO
(Multiple-Input Multiple-Output) architecture and
used mostly in wireless and satellite communication.

"It has the following features:
1) All users can communicate at the same time

 using the same channel.

2) SDMA is completely free from interference.

3). A single satellite can communicate with more .

satellites receivers of the same frequency. "

4) The directional spot-beam antennas are used and
hence ‘the-base station in SDMA, can track a
moving user. : B

5) Controls the radiated energy for each user in space:

Ques 8) Describé the application’ of SDMA in
satellite communication. ' - 1 #

Ans: Applications
Communication . . - ' o

In the satellite business, SDMA is.more commonly
referred to as- frequency reuse because it allows

alimost identical satellites to operate independently by
separating them along the Clarke orbit and limiting

their power. For a single satellite, SDMA, or

eventh Semester TP Solv

B.Tech, S

. on-board switchin

of SDMA in Satellite

: frequenqy channg] -

" Serics @l ectronic Communication) K1y

_ lished by having t_:list.inq
e, 1 a":‘ﬁguiw pointed at differen

from th be categorized by the

radio beams arth, these may

parts of the €

- Servcs
rcg}onzl [bh:a{ns hational beams, O SPOt bt}Tams. If the
Legloﬂ o mot o’v erlap, and then the same frequencieg
eams

be used in € '
Eﬁa\iidm available by the number of beams

A satellite that is designed for m(?bl_le_l‘;ﬁtmnf::;'t‘l;:\t’mn
for users anywhere the sz:’tfslhtf: is visi rh— teh 1
single global beam, 17.3° in diameter, a s the
entire region of the earth that the satellite call; see.
Since there is only one beam, Fhere_can e no
frequency reuse except for cross-polapzed beams,
Previous systems have use frequency, time and COt?e
domains to achieve multiple access. Space Domam
Multiple Access (SDMA) uses spat;al separation.

A single satellite may achieve spatial separation by
using beams with horizontal and vertical polarization
or left-hand and right-hand circular polarization. This
could allow two beams to cover the same earth
surface area being separated by the polarization.

Additionally, the satellite could have multiple beams
using_ separate antenna or using a single antenna with
multiple feeds. For multiple satellites spatial

separation can be achieved with orbit longitude or

latitude and, for inter satellite links, using different
planes. ' '

The use of SDMA allows for frequency re-use and

bo: ing which, in turn, enhances channel
ﬁsacnyl.rA.ddmonally, the use of narrow beams from
satellite allows the earth station to operate with

sm '
= :Sl}::; antennae and so produces a higher power
Per unit area for a given transmitter power.

SDMA i - ‘ . .

tS’Pestfl i llsu‘ally achieved in conjunction with othef
CDMA multiple access such as FDMA_ TDMA and
simultaneously share thoer more Earth stations 10

Ques 9) Dis; | | ‘
access) tecllixcl'ilss the application of MA (multiplé

, ” que in satellite comniunicatioll- |
Ans: Apblicati _ ‘

. - on Df
'X;;l;;;ﬁlpe In Sate]ljte Communicatj
ons : on ;
‘ - e-access systems ©

such as - hemispherical beamg |

ach beam, effectively multiplying the |

stations to sj usly
es - simultaneou>?/
Olurceg of the same franspoﬂder
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satellite Communication (Moduy]e 5)

These include the three fapy;
TDMA, and CDMA, they are
.1) Application of FDMA

application of satelljte C

as follows: :
Technique; Practical
ommunication. FDMA

based on analog technolog
in the early days of satellite Communication
owned much to its efficient and reliable nature,

Its use continues to this day, although primarily
as a legacy from older network ,

Y, and its development

Recently, due to advances in d
and the growth of networks with relatively small
amounts of traffic in each earth station, such as
business communication networks. FDMA is
currently used by all the mobile satellite
communication  systems providing  audio
communication services in each country,

igital technology

This is for several reasons, including the ease with
which new modulation techniques can be

. introduced into the System as they are developed,
the ability to adapt to the specifications of various
communication schemes, and the ability to expand
them in terms of frequency allocation and the like
to accommodate future growth in the number of

* mobile stations. The Mobile sat system also uses
SCPC DAMA for communication between mobile
stations and base stations.

2) Applicaiion of TDMA Technique: In TDMA, -

an entire network can be in principle configured
by a single repeater, although dcpending on-the
network capacity it is possible to use multiple
Tepeaters or just a part of the bandwidth of a

single repeater. Satellite channels are divided by .

defining TDMA frames, which repeat at a
constant period, and time slots of suitable length
. in each frame are assigned to each earth station.
_ These time slots are called data bursts. TDMA
Can also be applied to continuous real-time
signals such as audio and video. .

" The bit rate of the baseband digital signals is
converted to the transmission bit rate of the

TDMA channel and then the signals are:

transmitted as data bursts after digital mbdll-lation
such as PSK.SS-TDMA (satellite switched

TDMA) is an advanced version of TDMA in -

Which ' switching is performed on the satellite,
and which can be combined with a multi beam
anterina onboard the satellite to produce a highly
. efficient network. :

liar methogs: FDMA, |

| Ques 10)

ATl

. 3) Application of CDMA Technique: CDMA
allows multiple earth stations to establish
independent channels by sharing simultaneously
the same frequency band of the satellite’s
onboard repeater, and is based on a different
.concept of FDMA and TDMA. It also makes it

, €asy to design a system that is less susceptible to
interference from existing terrestrial networks in
the same frequency band. For such reasons,

. CDMA is often used in special circumstances.

However, it has also.recently attracted attention
for use ‘in mobile satellite communication

systems using low earth-orbit satellites, Its

communications quality degrades slightly as the
number of stations communication

simultaneously in the same bandwidth increases, .

but with fewer simultaneously communicating
stations it allows the link margins to be

increased. To deal with interference between

beams when a multi-beam antenna -is employed
to re-use the frequencies in each beam.

" CDMA, also called spread  spectrum
communication, differs from FDMA and TDMA
because it allows users to literally transmit on top
of each other. This feature has allowed CDMA to
gain  attention in  commercial satellite
communication. It was originally developed for
use in military satellite communication where its
inherent antijam and security features are highly

desirable. CDMA was adopted in cellular mobile -

telephone as  an- interference-tolerant
communication technology  that increases
- capacity above analog systems.

Write the MA . techniques
application in earth station. ‘

Ans: MA Techniques Applications in ‘Earth
" Station : :

Wireless communications is essentially. a multi-user
communication system. It also reuses frequencies in

a certain predetermined pattern. The frequency reuse

results in interference that places a performances
limit that is related to the transmission rate. To

increase the channel capacity, several interference -

mitigation techniques have been suggested. These

include serial, parallel  and hybrid interference

cancellation techniques. -

The other -strategy could be to use certain multiple
access technique which does not produces high levels
of multiuser interferénce. The wideband spread

Spectrum multi-access could lead to higher spectrum

efficiency.
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B = . -
cf)iri Increasing the complexity of receivers, the MA
ciency can be increased nearly fourfold.

1) Frequency Division Multiple Access (FDMA):

2)

3) Code Division Multil;ie ‘Access (CDMA):

B

~In wideband TDMA, the
- between bursts).

e i =) -
“'fhe “direct ‘sequence S

Where_ iqdividua] earth stations separate their
transmissions from each other by up linking them
on different frequencies. This is the simplest MA
tef:hmque, since stations transmit to the satellite
without  coordination and  with minimal
interaction. Single channel per carrier (SCPC) is

B.Tech, geventh Semester

that form of FDMA. where each individual signal —

(voice conversation, TV program channel, or
data -stream) gets .its own carrier within the
satellite repeater.

-The alternative is to multiplex several channels
into a carrier’s baseband, which
multiple channels per carrier (MCPC). In either
case, loading of the transponder on a bent-pipe
satellite repeater requires management of
multiple carriers and the resulting RF
intermodulation distortion (IMD), Due to the
required amplifier output back off of 3 to 5 .dB,
the capacity of the transponder is reduced by the
least 50%. :

“Time Division Multiple Access (TDMA):

where separation is achieved by having earth
stations transmit their data as bursts at different
times; according to a preset time frame. Thus, the
transmission must be synchronized in time to
prevent collisions among the transmissions when
received at the satellite. An alternative from of

TDMA, called ALOHA, allows earth station -

to beé uncoordinated and so

transmissions
introduces the possibility of collisions and a
corresponding requirement  for automatic
retransmission:

burst transmissions at
between 60 and 250 Mbps use the full bandwidth
and power of the transponder, resulting in nearly
95% efficiency (allowing for the necessary
synchronization overhead and guard time
More commonly, TDMA
networks use lower data rates (between 256 Kbps
and 20 Mbps) to share the capacity of a
transponder in an FDMA mode and educe the
uplink power required from the earth station. The

inherent digital feature of TDMA has made it the, |

most popular multiple access ‘technique for

“WVSAT networks.

rhere.t arth station transmissions encoded using
YT pread-spectrum waveform.’

is called.

. - . o mnnicati
P Solved Seri€s (Electronic Communicaiem KTU
(8} .

:ochnique obtained by
a very high-speeq .

This 18 anome;r ata with

e us i
i thli ts from & seudo-random noise (PN)
stream of < may be transmitted op

generator. Several czu'rlearr e
the same frcqucncy'but e
the different spreading ¢ .

parated by virtue of
The information on
| is recovered at the

. hanne

articular CDMA - " :

z.my '[?aer - multiplying the 1incoming P.N.
recei . the original PN stream. Prior

modulated datd by _receiv

ng se(iuence and lock

synchronize to P @ technique called

onto its precise timing
autocorrelation).

multicarrier CDMA, and
division multiplexing |
DMA multiple accesses '
that uses orthogonal carrier  set to counter |
multitude  of channel impairments. Another
multiple access technique, though not legal at
this ~time, is called impulse radio where
information is modulated by the position of
nanosecond pulses that results in infinitesimally
small power spectral of the transmitted signal. ..

CDMA  hybrid,
orthogonal frequency
(OFDMA), a form of C

CDMA allows multiple earth stations to establish.
independent channels by sharing simultaneously '
the same frequency bond of the satellite’s
onboard repeater, and is based on a different’

. concept to FDMA and TDMA. To separate of¢. |

_ spreads the outgoing carrier wave across .

Ques 11)
technique in wired communication.-

Explain appllc AR Or vy o T ., gt o LT
ation ™~ of ~“M: o A .
between wireless e of “MA: fmdq“ezm

Ans: "Application
gommunication
DMA . i ; y

A-is considered in the form of the receivi® .

co

‘code, for which a PN (Pseudo noise) codes |

Beam .Formin _
nnect'i(;_‘ Af (BF) -1n" the wired . end of ﬂ%f i
s Compared to the *other. MultiP"

_channel from the other channels, each egl‘gh |

station is allocated a, specific spread spectruml’

normally used. :

U51.ng the. PN code allocated to the station fof’
which a signal is destined, a transhﬁtting-istﬁti
f}rgtlum;cy band ‘hundreds of times larger thal. |
Seque?lc the baseband signal either by: dire€t |
bty of by a method called frequency |

pping. The receiving station uses its OW! '

sl-)liead code to detect the signals add;ess_‘ed“,to:it{_i-‘f:‘ :
"e‘li;_,..

application: of - MA?

o

Discuss the

ors and wired network

of MA Technique in Wiréd |

<

& ]
i

d : = I.
W aruct A4
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satellite C(')mmunical_ion (Module 5)

Access (MA) techniques, S_DMA does not require
accurate scheduling as Tgme Division Multiple
Access (TDMA) or as wide frequency band as
Frequency Dl_wsxon Multiple Access (FDMA). It is
applicable simultaneously  with * the other MA
techniques for better communicationa] capacity.

Link between Wireless Sensors angd Wired  all, the- power-consumption  of the analog/digital-
Network .. s CONVETSIODOf receivRIishighe L.

A-T3

The upsides of connections without feedback are
lighter hardware and software, leading to smaller
battery usage. The lack of feedback enables wireless
sensor node constructions without receivers. The
advantage of the receiver less node is the smaller
requirement for - hardware and complex signal
processing, and the small power consumption. After

: ﬂ_sDMA_]_s__CDDS‘idCI‘Ed_fQLJhP CP]]nan:v(qt’emg in
'—'wireleSS sensor networks, which commu;licate ad-
hoc, are obviously able to communicate with
feedback to  wired stations. In those cases,

communication capacity between nodes and bases

can be restricted, and hence the yse of SDMA is

worthwhile. If the wireless nodes are distant to the

base of SINR is small, it is advisable to collect the
information to a single node from a larger cluster of
nodes and then send to the wired base station.

The downside of the feedback less connections is
inability to use several multiple access and radio
resource management techniques, e.g. TDMA,
FDMA, Power Control (PC) and collision avoidance
algorithms, and therefore the communication
capacity is reduced. Also, SDMA with BF requires a
control signal channel for efficient interference
rejection in bursty traffic.
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- Cellular Telephone and ~

“CELLULAR TELEPHONE

Ques 1) Exp]aih the basic concepts of cellular
telephone system. Also explain its basic structure.

Ans: Cellular Telephone System

A cellular telephone system provides a  wireless
connection to the PSTN (public switched telephone
network) for any user location within the radio range
of the system. Cellular systems accommodate a large
number of users over a large geographic area, within
a limited frequency spectrum. Cellular radio systems
provide high quality service that is often comparable

- to that of the landline telephone systems.

High capacity’is achieved by limiting the coverage of
each base station transmitter to a small geographic
area called a cell so that the same radio channels may
be reused by another base station located some

distance away.

A sophisticated switching technique called a hand-
off enables a call to proceed uninterrupted when the
user moves from one cell to another.

" Basic Structure of Cellular System ' .
Figure 6.1 shows a basic cellular system - whic

consists of mobile stations, base stations and a

" - mobile switching centre  (MSC). The mobile
switching centre' is sometimes called a mobile
telephone switching office (MTSO), since it is
responsible for connecting all mobiles to the PSTN in
a cellular system. &

Each mobile communicates via radio with one of the

mobile station contains a trans-receiver, an antenna,
and- control circuitry, and may be mounted in a
vehicle or used as a portable hand-held unit.

The base stations consist of several transmitters and
receivers which simultaneously handle full duplex

-

‘maintenance functiong
k]

_ Ques 2) Describe ¢
telephone system,

-base stafions and may'bb handed-off to any number -
of base stations throughout tlie duration of a call. The .

lly have towers which
and receiving antennas,
tion serves as a bridge between al|
in the cell and connects the
(Is via telephone lines or

and generd
ral transmitting

communications
support seve
The base sta
mobile users

simultaneous mobile ca
links to the MSC.

microwave

MSC PSTN

Figure 6.1

T;hc_ MSC coordinates the activities of all of the basc‘
153 é}f;‘ONnS aAnd connects the entire cellular system to the
subscr-ibers typ(;cal MS(_: handles 100,000 cellular
Sk andan 5,000 simultaneoys conversations at
: , accommodates a] billing. and system
as well. iti
several MSCs are ygeq by a single cagierl'mge -
Xe working principle of cellular
Iso write jts features.
Ans: Workin inci A .
Bvstem & Principle of Cellular Telephone
When a cellular
( hone j
engaged in g call,pit ;-:fstls
control channe|g to d 5

and

tumed on; but is not yet
cans the group of forward
etermine the one With. “the
then monijtors that control
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Cellular Telephone and Optical Link (Module 6) .

For each cellular system the control channels are

defined and standardized over the entire geographic -

area covered and typically make up about 5% of the
total number of channels available in the system (the
other 95% are dedicated to voice and data traffic for
the end-users). :

Since the control channels are standardized and are

identical throughout different markets within the
country or continent, every phone scans the same '

channels while idle. When a telephone call is placed
to a mobile user, the MSC dispatches the request to

all base stations in the cellular system. The mobile °

identification number (MIN), which ~is  the
subscriber's telephone number, is then broadcast as a

paging message over all of the forward control
channels throughout the cellular system. -

The mobile receives the paging message sent by the
base station which it monitors, and responds by

identifying itself over the reverse control channel.

The base station relays the acknowledgment sent by
the mobile and informs the MSC of the handshake.
Then, the MSC instructs the base station to move. the
.call to an unused voice channel within the cell
(typically, between ten to sixty voice channels and

just one control channel are used in each cell's base
station).

At this point, the base station signals the mobile to
change frequencies to an unused forward and reverse
voice channel pair, at which point another data
message (called an alert) is transmitted over the
forward voice channel to instruct the mobile
telephone to ring, thereby instructing the mobile user
to answer the phone. .

Features of Cellular Systems . :

Wireless Cellular systems solve the problem of

spectral congestion and increases user capacity. The
features of cellular systems are as follows: _
1) Offer very high capacity in a limited spectrum.

2) Reuse of radio channel in different ceils,

3) Enable a fixed number of channels to serve an

arbitrarily large number of users by reusing the
channel throughout the coverage region.

4) Communication is always between mobile and
base station (not directly between mobiles).

'5) Each cellular base station is allocated a group of
radio channels within a small geographic area
called a cell.

6) Neighbouring cells aré assigned different channel
groups. e

-A-15

7) By limiting the- coverage aréa to within the
boundary of the cell, the channel groups may be
reused to cover different cells.

8) Keep interference levels within tolerable limits.
9) Frequency reuse or frequency planning.
10) Organization of Wireless Cellular Network. °

" 11) Cellular network is organized into multiple low

power transmitters each 100w or less.
Ques 3) What is mean by frequency 'reuse‘ in
cellular telephone system?

‘Ans: Frequency Reuse in Cellular ‘Telephone

System _ RN

A given geographical area coverage can be sub-
divided into hexagonal cells where each cell has its
own set of channels (or band of frequencies) and a

number of channels were required for cellular
communications.

But this is not a practical approach to allow different
sets of channels o each cell for entire geagraphical
area due to limited range of frequency spectrum for
wireless (cellutar) communication. Therefore to
overcome this drawbuack, a technique is adopted
which uses same set of channels for different cells,
the cells are separated from one another by a distance

' large enough to kesp interference levels within

tolerable limits.

In the cellular concept, frequencies allocated to the
service are re-used in a regular pattern of areas,
called 'cells', each covered by one base station. In
mobile-telephone  nets  these cells: ave usually
hexagonal. in radio broadcasting, a similar concept
has been developed based on rhombic cells.

« = Cell base station location

Figure 6.2: Frequency ReuserF"ormat W=7
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5 cell. "The co-channel interference does not depend ori -

8 : ' Blectronic Communication) Ky

A - ) d SCricS (
" A-76 ‘ . ‘ B.Tech, Seventh Sermas.wr’rpSO]ve .rference depends RiEa the
- B interferent d as
. : _channel 1 is defined as,
Figure 6.2 shows frequency reuse concept (N.= 7 - Thcue;(;y reuse ratio, 4 a_nd,_
reuse format). Frequency reuse plan can Silﬁpl_y .be fied =D/F
defined as how technocrats and engineers sub-divide =" 4 tance between the 1y
and assign’ the FCC allocated radio ‘spectrum, Where, D is the dllscells and R is the radius o
throughout the coverage area. neighbouring C"_fchanl::r q is also referred 1o as th,

ame
11s. The paral
the ce ratio or CO_

\ Di euse
Ques 4) Discuss about the frequency r frequency reuse rat

distance in cellular telephone system.

~

channel reuse ra_tio.

sed to find. the relationshi,

: and cluster size K

reuse ratio q an :

b?tww; gi%ﬁf );n array of regular hexagonal cells

Figure R is the cell radius. Due to t'he he;legonm

Wher:";ry each hexagon has exactly six equidistant
geom

neighbours.

; re u
‘ llowing steps are
Ans: Frequency Reuse Distance The fo

To reuse the same set of radio channels in another
cell, it must be separated by a distance called
frequency reuse distance, which is generally
represented by D.

Reusing the same frequency channel in different cells
is restricted by co-channel interference between cells.
So, it is necessary to find the minimum frequency
reuse distance D in order to minimize the co-channel
interference.

Figure 6.3 shows the separation of cells by
frequency reuse distance in a cluster of 7 cells. In
order to derive a formula to compute D, necessary
properties of regular hexagon cell geometry.

Figure 6.4: Distance between Two
Adjacent Cells (d)

Le}, d is the distance between two cell centers of
nc1ghbounng'cells. Therefore, ‘

d=43R

The re
. ' ' is, -

lationship between D, d, and shift parameters

\ 2.
Frequency Reuse Distance (D) D=3 Rz_ x'(iz +--j2 A4 1)
Figure 6.3: Frequency Reuse Distance ’ . :
. bich alowe rs DB EK=EET Ly
The frequency reuse distance (D), which allows the N

‘ ; : D*=3xR2\ g
" same radio channel to be_reuse'd_m co-channel cells, D% .
depends on many factors: —=3
2 XK
1) The number - of co-channelu;‘,.cells in the - R
- - neighbourhood of the central cell * - . D R
2) The type of geographical terrain ;. g E‘ =v3K
'3) The antenna height Ny R : :
-4) The transmitted sig_r_)al _strengtl_l'by each cell-site “As, q = DIR -
Suppose the size of all.the cells in a cellular s = 9=V3K = g

approximately same, and it is usually calculated by the ‘_ _ ‘
coverage area of the proper signal strength in,every‘ As the eé§u .
Temien

is decréased ' L1s a ratip if . i
P s et DS et ] L = . w o B : 1] - s t lus
 transmitted power of each, if the cell size is fixed,qie.. “cells mygt th € distance ‘be _he coll
‘ : : h At Lo e nust also be tween co-channels
 the threshold level of received signal at the mobile’ x Keeping *COChapmes 25ed:by the Same amount, for
unit js tuned to the size of the cell. o, el same el Amel. ‘htErféréhcé: i'éductin fﬁ’c ot
_ . B e . S0, Srcn Te S

. - Ry "_‘- k4, - "L 2 A
"“'.",'J""‘b'-_ _7.“ M T e s oz U i LA MREL T ¢ an
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Cellular Telephone and Optical Link (Module 6)

On the other hand, if a cell has a large radius, then
the distance between frequency reusing cells must be
increastfd proportionally in order to have the same
D/R ratio. .

Ques 5) Determine the frequency reuse ratio for a
cell radius of 0.8km separated from the nearest
co-channel cell by a distance of 6.4km.

Ans: G'iven,

Radius of a cell, R = 0.8 km

Distance between nearest co-channel cells, D = 6.4
km >

To determine the frequency reuse ratio, q

Wekndw thatq=D/R ‘
Or,q=64/08=8

Hence, the frequency reuse ratio for given
parameters, q =8 -

Ques 6) Find the distance from the nearest co-
channel cell for a cell having a radius of 0.64dkm
and a cq-channel reuse factor of 12.

Ans: Given,

Radius of a cell, R = 0.64km

‘Co-channel reuse factor, q = 12

To determine the distance from- the nearest co-
channel cell, D

We know that,
q=D/R
Or, D=gqxR

Therefore, _
D =12 x 0.64km = 7.68km

Hence, the distance from the nearest co-channel cell,

D =7.68km.

Ques 7) What do you mean by interference in
cellular system.And also discuss its sources and

" types. ’

Explain co-channel and adjacent interference in

cellular system.

Ans: Interference in Cellular System _ .
Interference is the sum ofall signal contribution that
is neither. noise not -the wanted signal. In cellular
mobile transmissions interference is a main limiting
factor that degrades the system 'performancg. '

A-77

Source of Interference

There are many factors that act as ‘source of
interference such as: ’

1) A call progress in the neighbouring cell..

.2) Some other mobile in same cell.

3) Foreign base stations that operate in same
frequency band. - .
4) Leakage of energy due to any non-cellular
- systems. ' '

The effect of interference due to any of the reasons
given above may lead to occurrence of cross talk.
Due to cross talk the user will hear interference in the

background in his own set because of an undesired -

transmission.

Types of Interference in Cellular System

There are two types of interference in cellular system
such as: ‘

.1) Co-Channel Interference: When frequency

reuse is implemented, ‘several cells within a
given. coverage area use the same set .of
frequencies.. Two cells using the same set of
frequencies are called co-channel cells, and the
interference between them is called co-channel
interference. ' :

Co-channel interference cannot be reduced by
simply ‘increasing transmit powers because
increasing  the transmit power in one cell
increases the likelihood of that cell’s
transmissions interfering with another cell’s -
transmission. To reduce co-channel interference,
a certain minimum distance must separate co-
channels. ' ‘ '

Figure 6.5 shows.co-channel interference. The
base station in cell A of cluster 1 is transmifting .
on frequency f;, and at the same time, the base
station in cell A of cluster 2 is transmitting on the
same frequency. Although the two cells are in
different clusters, they both use the group of
frequencies. ’

The mobile unit in cluster 2 is receiving the same
frequency from - two different base stations.
Although the mobile unit is under the control of
the base station in cluster 2, the signal from

_ cluster 1 is received at a'lower power level as co-
channel interference.. '

Interference between cells is proportional not to -
the distance between the two cells but rather to
the ratio of the distance to the cell’s radius. Since
a cell’s radius is proportional to transmit
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power, more radio. channels can be added to a
system by either:

1)  Decreasing the transmit power per cell,

!{) Making cells smaller, or :

1) Filling vacatéd coverage areas with new

cells.
o v
f / A-

ASS—=__  Base .\‘smtion cell
\ S
L‘\% A Cluster 2
Mobile

unit’

N

—_—

Base station cell
A Cluster 1

Figure 6.5: Co-channel Interference

In a cellular system where all' cells are
same size, co-channel
interference is dependent on the radius (R) of the
cells and the distance to the center of the nearest
co-channel cell (D). Increasing the D/R ratio
(sometimes called co-channel reuse ratio)
increases the spatial separation between co-
channel cells relative to the coverage distance,
Therefore,” increasing the co-channel reuse ratio
(Q) can reduce co-channel interference. For a
hexagonal geometry, "

. D
3= R
Where,

Q = Co-channel reuse ratio (unitless)

D = Distance to center of the nearest co-
channel cell (kilometers)

R = Cell radius (kilometers)

The smaller the value of Q, the larger the channel
capacity since the cluster size is also smaller.
However, a large value of Q improves the co-
channel interference and, thus, the overall
transmission quality. Obviously,. in actual
cellular system design, a trade-off must be made

between the two conflicting objectives.

Adjacent-Channel Interference: Adjacent-
channel interference occurs when transmissions

_from adjacent channel (channels next to another
in the frequency domain) interfere with each

other. Adjacent-channel interference results from

_imperfect filters in receivers that allow 'nearby
- frequencies to enter the receiver.
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Adjaccr;[;:hl?dn:;ille I::::f ‘I:rfsn receiving frequcn:;
ggt"lr:;‘:n-ina.se station A. At the same time, b_a.se
station A is transmitting frequency f2 tg mobile
unit 2. Because mobile unit 2 is muc faru-l?r
from the base ‘station than mobile unit 1, f; js
transmitted at a much power level than f,. MO!JIIC
unit 1 is located very close to the base station,
and f, is located next to fi in the frequency
spectrum (i.e., the adjacent chz_a.nnel).
Therefore, mobile unit 1 is receiving f; at a much
higher power level than f;. Because of the high
power level, the filters in mobile unit 1 cannot
block all the energy from f,, and signal intended
for mobile unit 2 interferes with mobile unit 1’s
_reception of f. f; does not interfere with mobile
unit 2’s reception because f; is received at a much
lower power level than f,.

Filter response
Imperfect filtering /" »
allows some of the f, + N
signal toenterthe , fi 2%, L L &
receiver and interfere! A
with f,
f2 plus
weak f; signal
\ strong f, '$\\
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Mobile unit 2
) Nae=
Mobile unit | :
Figure 6.6: Adjacent-Channel Interference -

US. . s ! :
asslilflgfm?;zzse filtering ang making careful channel
_ _ can minirnis; adjacent - channe!
frequency separgs; Vers. Maintaining a reasonable
cell can algq redtlﬁn b?twe'en channels in a give®
However, if the uce adjacent-channe] interference:
:e‘l_:llfe‘ factor is small, the separatio”
1annels may not be sufficient 0
adequate’  adjacent-channe!
M AL tLe v

Fhe Mmaintajy
Interference leve]

Iy

Scanned by CamScanner



- Cellular Telephone and Optical Link (Module 6)

Ques 8) Define cell splitting. And also explain the
techniques for it.

Ans: Cell Splitting

Cell splitting is a method in which congested (heavy
 traffic) cell is subdivided into smaller cells, and each

smaller cell is having its own base station with

reduction in antenna height and transmitter power.

The original congested bigger cell is called macro
gell and the smaller cells are called microcells.
Capacity of cellular network can be increased by
creating micro-cells within the original ‘cells which
are having smaller radius than macro-cells, therefore,
the capacity of a system increases because more
channels per umt area are now available in a
network.

In principle, a cellular system can provide services
for an unlimited number of users. However once a
system is installed, it can only provide to a certain
fixed number of users.

As soon as the number of users increases and
approaches the maximum that can be served, some
technique must be developed to accommodate the
increasing number of users.

There are various techniques to enhance the capacity
- of a cellular system. One technique is cell splitting, a
mechanism by which cells are split into smaller cells,
each having the same number of channels as the
original large cells, as shown in Figure 6.7.

. _ ! - \ Original
== — - - w—
o Sas P T *{"“//\ cell
ey \ \‘ ¢ ’r\ 5 ‘r \\ Ay . .
’ \ .
i L ! LN 1 \ 1
fen A ! ] 1 >= '
," 1 N ! N ] h [ ~ \ h
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" NV \ - h v o T
- ]
I e 4r0e ! 3= 1o
1 Ll Y - ] P a o [
N N hd 1 ‘) ‘I FELY
W, /) R W] 'l v ';\ . .r ll
~ ~ ’ >
\\ " 8 “." ’ 1 Q 1" N ’ !
\ ’ \ N \ i
A Y
s A R \ N Y ’
£ "t LT T e LW g
—— -

Flgure 6.7: Concept ol‘ Cell Sphttmg

Cell Spllttmg Techmques '

The two techniques of cell splitting. are - . described

below:

‘1) Permanent Splitting: The installation of every
new split cell has to be planned a head of time;
the number of channel, the transmitted power,

the assigned frequencies, the choosing of cell site

selectmn -and the trafﬁc Ioad conélderatlon

A-79

should all be considered. When ready the actual
service cut-over should be set at lowest traffic

- point usually at midnight or weekend. Hopefully,
only a few cells-will be dropped because of this
cut-over assuming that the downtime of the
system is within 2 hours.

2) Dynamic Splitting: This scheme is based on
utilizing the allocated spectral efficiency in real
time. The algorithm for dynamically splitting cell:
sites is a tedious job since we cannot afford to
have one single cell unused during cell splitting
at heavy traffic hours.

Ques 9) Discuss about the factor on which size of
the splitting cell depends. And also write the
advantages and disadvantages of cell splitting.

Ans: Factor on whlch Size of the Cell Spllttmg
Depends
The size of sphttmg cells is dependent on a number

of factors. These include radio aspect and capacity of '
“switching processor:

1) Radio Aspect: The size of a small cell is
dependent upon how well the coverage pattern
can be controlled and how accurately vehicle
locations will be known

2) Capacity of bwltchmg Processor: The Smdl]er
the cells, the more handoff will occur and the
more cell splitting process is needed. This factor,
the capacity of switching processor is -a larger

factor than handling of coverage area of small
cells.

R Advantages of Cell Splitting

The advantages of cell splitting are as follows:

1) It is normally possible to increase the system
capacity through creating new cells, sectoring,
cell splitting and or by 51mply scaling the
network up progressively.

2) Lower transmission power.

3) Increasmg the coverage area

4) Robustness

Disz_idva_ntages of Cell Splitting

- The disadvantages of cell splitting are as follows:

1) The need to engineer necessary handover within .
(and between) th~ networks. s

2) Cell sphttmg causes increased handoff

3) Inter cell interference occurs due to co-Channel -
. interference and adjacent channel interference.

4) . Implementanon of cell-sphmng techmque is
B costly i
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Ques 10) Explain the cell sectroing function in
cellular system.

Ans: Cell Sectoring -

The co-channel interference in a cellular system may
be decreased by replacing a single omnidirectional
antenna at base station. by several directional
antennas for each sector within a cell. So “The
technique of decreasing co-channel interference and

thus increasing system capacity by using directional -

antennas is called sectoring.”

A cell is normally'divided into three 120° sectors ‘or’
- 60° sectors as shown in figure 6.8 (a) and 6.8 (b)
when sectoring is-employed, the channels used in
particular cell are broken down into sectored groups

and are used only within particular sector as shown
in figure 6.8. :

(b) 60° Sectoring

Figure 6.8: Concept of Cell Sectqn_‘ingw

" But the'only disadvantage of 'the cell sectoring is
decrement in capacity of cellular system. Here radio
channels have been fixed for a sector that’s why; we
have very less channels available in a sector for
sharing by different users. .

The numbers of the handovers are also increased;
that also may be problem for service provider but
now-a-days many base stations are- available for
sectored cell structure so handoff problem can be
handled by base station without involving the main
switching centre (MSC).

If cell splitting (D / R) ratio was constant and then
improvement of capacity was achieved. In cell
sectoring, the number of cells in a particular cluster is
decreased. So the ratio (D / R) is decreased.

So following results have been achieved:
1) As cluster size decreases, capacity of cellular
‘radio system is increased as repetition of radio

channels. also has been increased. .
2) As the value of D /R is decreasing by relation,

DIR=J» 3N .
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ration technique- So in case of ¢
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sectoring, the,separatllc]:psh o
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interference should be controlled.
Q_ues 11) Exi)lain with diagram cell system laygy
in cellular system.
out in Cellular System
hape which is quite close to,
radiation pattern  of gy
omnidirectional antenna. Bt-ecausc-of the randfjmﬂess :
inherent nature of the mobl}e I'fidl.o propagation ang
irregular geographical terrain, it is easier (o Ol_nflln
insight and plan the cellular network by visualizing
all the cells as having the same shape.

Ans: Cell System Lay
Cells are of arbitrz'lry s
circle, is the ideal

By approximating a uniform cell size for all cells, j
is easier to analyse and design a cellular topology
mathematically. It is highly desirable to construct the
cellular system such that the cells do not overlap, and
are tightly packed without any dead signal‘ spots. The
cellular topology formed by using ideal circular
shape results into overlaps or gaps between them
which is not desirable in cellular communications
which has to be essentially continuous. ‘

i

This form of layout requires the use of regular
topologies (such as hexagonal topology) instead of a

- circular shape, as shown in figure 6.9..

(b) Hexagonal

cell structure

. Figure 6.9: Ideal and Regular ‘
Hexagonal cell Structure

(a) Ideal (circular)
cell structure

In Figure 6.9, the midqje
sites. This is where the b
and their antennas mg

darks circles represent cell- |
ase-station radio equipment
unted on tall towers art

The design énd
e perfo
using regular géometrnilcl:?llce ol
correspond to req) i
mobile en

ellular systems
topologies may no!
topologi i vironments, but thes¢
gupidelignl:: d?orpmvlde valuable inft:fgrn’latt,il;n an
configuration layoutsstmcmnng practical  cellulaf
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Cellular Telephone and'Optical Link (Module 6)

Cells of the same shape form a tessellation so that
there are no ambiguous areas that belong to multiple
cells or to no cell. The cell shape can be of only lhrcc
types of regular polygons: equilateral triangle
square, or regular hexagon as shown in Figure 6.10. '

Triangular Square Hexagonal

Figure 6.10: Possible Geometrical Cellular
Structures

A cellular structure based on a regular hexagonal
topology, though fictitious, offers best possible non-
overlapped cell radio coverage. A regular hexagonal-
shaped cell is the closest approximation to a circle
‘out of these three geometrical shapes and has been
used for cellular system design.

For a given radius (largest possible distance between
the polygon centre and its edge), the hexagon has the
largest area. It allows a larger region to be divided
into non overlapping hexagonal sub regions of equal
size, with each one representing a cell area.

Octagons and decagons geometrical patterns do
represent shapes closer to a circular area as compared
to hexagons, but they are not used to model a cell as
it is not possible to divide a larger area into non-

overlapping subareas of the same size.

Ques 12) Give the brief description of cellular

cluster with the help of cluster patterns.

Ans: Cellular Cluster o .
A group of cells that uses a different set 0

frequencies in each cell is called a cellular cluster.

Thus, a cluster is a £roup of cells with no reuse of
channels within it. It is worth mentioning here that

only a selected number of cells can form a cluster.

It follows certain rules before any cell can bc
repeated at a different location. Some common reuse

cluster patterns are given in Figure 6.11.
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1 cell Jcells 4 cells 7 cells
9 cells i 12 cells 13 cells

Figure 6.11: Common Reuse Patterns of Hexagonal Cell Clusters

Two or more different cells can use the same set of
frequencies or channels if these cells are separated in
space such that the interference between cells at any
given frequency is at an acceptable level.

That means, the cluster can be repeated any number
of times in a systematic manner in order to cover the
designated large geographical service area. Let there
be K number of cells having a different set of
frequencies in a cluster. Then K is termed as the
cluster size in terms of the number of cells within it.

Ques 13) Discuss about the cell processing or call

processing of cellular system. :
Or

Define cell processing and also enlist the

components of a cellular mobile network.

Ans: Cell Processing

~ A mobile phone is a portable telephone used to receive

or make calls through a cell site, or transmitting tower.
Electromagnetic waves are used to transfer signals to
and from the cell phone. Modem mobile phone
networks use cells because radio frequencies are

" limited; shared resource. Cell-sites and handsets

change frequency under computer control and use
low-power transmitters so that a limited "number of
radio frequencies can be simultaneously used by many
callers with less interference. Figure 6.12 shows the
cellular mobile network.

Mobile unit
(mobile station)

Base
transceiver

(BT Fixed network
wa
............ Interconnection
s \ y [P

Mobile
switching
centre

2 1 ®

Cellular Telephone System

Figure 6.12: Five Maln Components of a
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1) Mobile station (Ms)
'2) Base station (BS)

3) Base station controller (BSC)

4) Mobile switching centre MSC)
5) Public switched telephone network (PSTN)

Ques 14) Explain the func
of cellular mobile network.

- Or ‘
Write the short note on following:
1) Mobile station
2) Base station
3) Base station controller
4) Mobile switching centre

5) Public Switched Telephone Network

Ans: Function of Com
Network e . &
The function of each network
described in the following:
1) Mobile Station (MS): MSs are
phone. Each mobile phone contains a transcejver
; (transmitter and receiver),
" control.  circuitry.  Antenna converts  the
transmitted RF signal into an EM wave- and the
received EM waves into an RF signal. The same
antenna is used for both tr
reception, so there is a duplexer switch. to
multiplex the same antenna.’

component is

2) Base Station (BS): One of the . important
-components in the cellular network is the BS. BS
provides ‘direct : communication with mobile

- phones-and it defines the cell. When -cells are
. grouped together, a cluster is formed. Within a
' cluster, no channels are raised.

obile phone (MS) to BS (uplink channe])
m

tion of each components

ii) Omnij
ponent of CelluiarMobile’

ﬁsually. a mobile

an  antenna, and

fansmission and

1

TP Solved Series (Electronic Communicatioy) kn
wr .

co

|

wnlink channel). A group of BSS?:

inverse (i%nnectﬁd to a BSC. The BS s,

- n:;ver station or system and consists of 4

:sznsbcr of different elements. . .

i) BS or Celt Site Antenna: Either ony,
directional or directional antennas are

as BS antennas in the wireless industry, Ty,

typical -directional antenna is shown j,

figure 6.13. The cell site mast generally p,

" three “faces” each with several frequeny

- agile, directional antennas. Each fa;:g Coveys

approximately 120° of the cell and each fagy

uses a different subset of the cell's assigneg

- - frequencies. Usually, the antenna lower is at

the centre of the cell.

Figure 6.13 Face Directiong] Antenna as base .
Station/Antenng

' -Directional Antenna:
du‘ectional ante

€Ir -use of omni-directional
antemnas which - r, long, and
tubulay The ara;e slender, long, and |

. Y) and receive gpe (Rx1).

The i’ L B,

Cat evI;“rpgse of having tw¢ receive antennas.
as SPa::ye di?r is to Provide for what is know?
diversj CISity. It is algo known as receiv®

the hpﬁni:t(:)mpensates for. Rayleighvfading in

used to gy the BS, Space diversity is a to0"

(u'allsceivp Jze the Signal recejved by a BS

effects fer)' 't counteracts ¢he negativ®
,0 "Rayleigh fading. 1¢ ensures that the
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3)

4

best possible receive signal is used to process

all - wireless calls, A .
: . s typical
arrangement is shown in figu);'l; 6.15 antenna

Diversity
receiver
Antennas

Cell Base Station

Figm_-e 6.14: Horizontal View of Tower
Mounting of Omni directional BS Antenna

Two Rx
Antennas
for Diversity

Figure 6.15: Typical Antenna'Arrangémenl

Base Station Controller (BSC): A number of
BSs are connected to a BSC as shown in
Figure 6.16. An important function of BSC is
that it manages the “handoff” from one BS to
another as a subscriber moves from cell-to-cell.
The BSC contains logic to control each of the
BSs. Also, a group of BSCs are in turn connected

"to a MSC via microwave link or telephone lines.

BSC

‘ f‘igure 6.1&: interconnettion of BS and BSC

Mobile Switching Centre (MSC): The MSC is-,

the control centre for the cellular system. The
MSC is also known® as mobile teleph.one
switching office (MTSO). It coordinates actions
of the BSs-providing overall control and acts as a
‘switch and connects into the PSTN. Various
functions performed by MSC areas follows:

i It communicates with the BSs, routing ﬁalls

‘and controlling them as required.
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ii) It contains databases detailing the 1ath known
locations of the mobiles.

iii) It also contains facilities for authentication
centre allowing mobiles onto the network.

iv) It contains facilities to generate billing
information for individual accounts.

For this purpose, the MSC makes use of the three
major components of the network subsystem '
(NSS) that is HLR, VLR, and AUC:

i) Home Location Register (HLR): The HLR
contains the information related to each
mobile subscriber, such as the type of
subscription, services that the user’can use .
the subscriber's current location, and the -

- mobile equipment status. The database in the
HLR remains intact and unchanged until the
termination of the subscription.

ii) Visitor Location Register (VLR): The VLR
comes into action once the subscriber enters
the coverage region. Unlike the HLR, the

VLR is dynamic in nature and interacts with
_the HLR when recording the data of a
particular mobile subscriber. When the
subscriber moves to another region, the
database of the subscriber is also shifted to
the VLR of the new region.

iii) Authentication Centre (AUC): The AUC
(or AC) is responsible for policing actions in
the network. This has all the data required to
protect the network against false subscribers
and to protect the calls of regular subscribers.
There are two major keys in the GSM
standards; the encryption of communications
between mobile users and the authentication
of the users. The encryption keys are held

- both in the mobile equipment and the AUC
and the information is protected against
unauthorized access. :

5) Public Switched Telephone Network (PSTN):

PSTN is a cellular network that can be viewed as
an interface between mobile qnits _anq -a_-
telecommunication infrastructure as shown in
figure 6.17, therefore, the PSTN.'nctwork is
nothing but the land-based section, of the
network. It is necessary: that the -BSs are to !Je -
connected to a switching network and that
‘network is to be connected. to other networks
such as the PSTN, so that calls can be made to

and from mobile subscribers.:
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PSTN

MSC

BS BS ., BS

Figure 6.17: PSTN to Mobile Statién Connectivity

OPTICAL FIBER

Ques 15) Discuss about the optical fibers.And
explain the types of optical fibers.

Ans: Optical Fiber

An optical fiberis a ‘very thin strand of plastic or
glass that is used to transmit messages via light.
These strands are bundled together in a protective
sheath or cover and the whole assembly is often
referred to as fiber optic cable or just fibe. It is a type
of cabling technology that uses light to carry voice

and data communications. (telecommunications) over

distances both great and small.

Types of Optical Fibers
Optical fiber can be manufactured to optimize
performance for  different = communications
applications. The major types are categorized by their
diameter and refractive index profile, where the
index profile is the refractive index as a function of
fiber radius. The types of fiber are discussed below:
1) Multimode Fiber: Multimode (MM) fiber
allows for the transmission of more than just a
single mode. MM fiber is relatively
inexpensive and easy to couple with LED
sources and detectors. The addition of a large
bandwidth (< 200 MHz-Km) makes MM fibers
a popular choice for many shorter data link
applications. Typical NA is about .20 and
core/clad sizes (um) are 50/125 or 62.5/125.

2) Single-Mode Fiber: Single-mode (SM) fiber
allows for only a single mode to propagate.
Since the core diameter must be less than about
9 pm (V < 2.4), this type of fiber is more
difficult to handle and couple with devices,
Single-mode fiber is more expensive and
requires a laser source, but the extremely large
bandwidth- over long distances makes SM fiber

ideal for high-speed.

Seventh Semester TP Solv
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Graded-index  fiber is

iber:
[ndex Fibe the refractive -indEX

3) Graded-

y varying :
manufaCttlLf: (::ezt)i'al core and the cladding. Oty
between |

; expe
rocess is more . :
the\f[i)ous fiber types, the Improvement i
g're ersion and bandwidth over that of step-indey
isp

multimode fiber is significant. .The gr_z;ied-index
process works best for 'multlmode iber. The |
refractive index 'profile caqueS rays _to fefmct

continuously, tracing out a helical pattern as they

propagate down the fiber.

Ques 16) Give the detail description of optical |
sources used in optical communication.

Ans: Optical Sources _
Light emitting diode (LED) or a laser diode can be .
used as a source for lunching the signal into the fiber
cable as their output can be modulated by varying the
bias curtent. A laser source is a monochromatic
(coherent) source and also has highly directional
radiation characteristics whereas an LED source is
not. Faster response time is obtained in laser based
system than in LED based system.

But laser source is more complex to obtain and more
expensive. Gallium Arsenide laser sources at 850 nm
wh;re used in the first generation systems. Later,
Indium - Gallium  Arsenide laser sources were
dev‘eloped to work at 1300 nm operation enabling the
optical system to work with lower attenuation. :

While Propagating through thé ﬁber
progressively attenuated
Increasing distance due to

€ material an

, the signal is
and  distorted with
problems of scattering,

in the fiber. d dispersion mechanisms

communicatig ght SP“r?eS used for fiber opti.C'
structured Sen; applications  are heterojunction-
emitting diodglconductor laser diodes and light-
two adjoining-se(;;EDs) A heterojunction consists of
band-gap energies: erials with different

These devices

those of the Optica] fiber:
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Ques 17) Explain briefly about the optical
detectors and also discuss its principle and enlist
the types of detector.

Ans: Optical Detectors .
An optical detector is a device that converts light
signals into electrical signals, which can then be-

- amplified and processed. Such detectors are one of

the most important components of an optical fiber
communication system and dictate the performance
of a fiber optic communication link.

There are many different types of photodetectors
such as photomultiplier tubes, vacuum photodiodes,
pyroelectric detectors, and  semiconductor
photodiodes. Semiconductor photodiodes are the
most commonly used detectors in optical fiber
systems since they provide good performance, are
compatible with optical fibers (being small in size),
and are of relatively low cost. These photodiodes are -
made generally from semiconductors such as silicon
or germanium or from compound semiconductors
such as GaAs, InGaAs, etc.

Principle of Optical Detection
‘The basic principle behind photodetection using
semiconductors is optical absorption. When light is

~incident on a semiconductor, the light may or may

not get absorbed depending on its wavelength. If the
energy hv of a photo of the incident light beam is
greater than the band gap of the semiconductor, then -
it can be absorbed, leading to generation of electron-
hole pairs .When an electric field is applied across
the semiconducting material, the photo generated
electron-hole pairs are swept away, leading to a
photo current in the external circuit. -

If E, is the bandgap of the semiconductor, then the
maximum wavelength of absorption is given by,

— (1)
EB
Substituting for (h =6.63x107Is) and c, the
cutoff wavelength in micrometers is given by,
.= 124 ' '“." (2)
E,(ev)

The most cbmmpn photo diode detectors are made
of PIN diode (junctions made using p type-.
intrinsic type-n type materials). Avalanche photo

‘diodes (APDs) are normally used where low power

optical signal is received since jt has better

‘sensitivity due to avalanche effect. Important
. parameters of detectors are detector noise, detector

efficiency.and response time.

\
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.The principal source of noise in a photo detector is

quantum noise, dark current noise generated in the
bulk material of the photo diode and surface leakage
current noise. The quantum efficiency is defined as
number of electron-hole pairs generated per incident
photon energy. ’

The response time is governed by the transit time of

" photon carriers in depletion region and the diffusion

time of photon carriers generated outside the.
depletion region and RC time constant of the output
circuit. ‘

The figure of merit of a receiver is the minimum
optical power necessary to detect data for a given
signal to noise ratio (for analog signaling) or for a
given probability of bit error (for digital signaling).

Types of Optical detectors . .
The optical detectors are classified into three

categories:

1) Thermal detector
2) Photon detector
3) Coherent detector

Ques 18) Give the detail descrji}ﬁon of thermal
detectors used in optical communication and also
discuss its principle.

Ans: Thermal Detector

A thermal detector absorbs radiant energy, which

causes a change of the detector’s electrical
characteristics. This electrical response to a change in
the target temperature produces a signal that can be
amplified and displayed, which" respond to
temperature changes of the material.

~ One of the most attractive characteristics of thermal

detectors is the equal response to all wavelengths.
This contributes to the stability of a system that must
operate. over a wide temperature range. Another -
significant factor is that thermal detectors do not
require cooling. However, the response time of these
detectors is in milliseconds and therefore relatively
slows. The most common thermal detectors are
thermocouple,  thermopile, ~ bolometer, . and
pyroelectric. ' ‘ ]

.Principle of Operation of Thermal Detectors ,
. The performance of a thermal detector will be .

calculated in two stages. First, by consideration of
the thermal characteristics -of the system, the
temperature rise produced by the incident radiation is
determined. Secondly, this temperature rise is used to
determine the change in the property Which is being °
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‘used to indicate the signal. The first stage of the

calculations is common to all thermal detectors, but

the second stage will differ for the different types of
thermal detectors,

Thermal detectors Operate on a simple principle, that
when heated by incoming IR - radiation their

- temperature increases and the temperature changes

are  measured by any temperature-dependent
mef:hamsm, such as thermoelectric voltage
resistance, pyroelectric voltage. .

The simplest representation of the thermal detector is
shown in figure 6.18. The detector is represented by

- a thermal capacitance Cy coupled via a thermal

conductance Gy, to a heat sink at a constant

temperature T. In the absence of a radiation input the

average temperature of the detector will also be T,
Ca, T +AT

although it
XN,
(@) (b)

' Figure 6.18: Thermal detector (a) and its
electrical analogue (b)

Ga Detector

Ques 19) What do you mean by photon detector?
And also explain its working with the help of
suitable schematic.

. Or _ .
Explain pin photo detector with the help of energy
band diagram. .

Ans: Photon (Quantum) Detector

Photon or quantum detectors operate on the quantum

or photon effect (such as photoconductors and

photodiodes) that forms an electrical signal directly

from- the interaction with individual photons.

Photons are absorbed and produce free-charge. -

‘carriers that change the electrical characteristic of thée

responsive element.

Phot'on. detectors are much faster than thermal

detectors; their response is in microseconds. Their
detectivity is considerably higher. To obtain this high

detectivity, the detector must be cooled. :

For moderate temperature reductions, one or.
multistage thermoelectric coolers are employed.

To provide cooling to very low tqmperalures_o‘f 77

K and even lower, cryogenic cooling mct_hods must

be applied.

. : )
B.Tech, Seventh Scmqstcr TP Sol

dlSeries (Electronic Communication) KTy
(= . ‘

. t| Comm

. is the mf)s . moy
Pin Photo c:letec:mrctector fie X phomdmde,

nd
iconductor photon 5
:ﬁg:rcn schematically 10 ﬁgqre 6 |

RL Load

| :
resistor -

B-i_as voltage

Output

hv
Photon flux

Figure 6.19: Pin Photodiode Circuit

Working of Photo Detectur o
The device structure consists of p and n regions

separated by very lightly n-.dopcd intrinsic reglon.'ln
normal operation . a sufficiently la{ge reverse-bias
voltage is applied across the device s0 that tl'1e
intrinsic region is fully depleted of carriers. That is,
the intrinsic n and p ‘carrier concentrations are

negligibly small in comparison with the impurity

concentration in this region.

7}
G
="
U
-
g
o8
&8 0 w x
Figure 6.20.: Incident Optical Level Decays
Exponentially '

equalvlo the band-gap ‘energy of the semiconductor
material, the photon can give up its energy and excite
an electron from the valance band to the conduction
band. This proc
pairs, as shown in Figure. 6.20. These electrons and
holes are known gag Photo-carriers, since they are

photon-generated charge carriers that are available to

When an incident photon has energy greater than or

€8s generates mobile electron-hole -
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hole pairs will'Tecombine and hence disappear. 6n
the average, the charge carriers move a distance L or
Ly for electrons and holes; respectively. ¥

Photogenerated
Electron

n

1 Photogenerated
1 hole
o

Conduction band

| Valance band
k&~ Depletion region- BN

Figure 6.21: Energy-bond diagram

Photons with energies greater than or equal to the
band-gap energy Eg can generate free electron hole
pairs which act as - photocurrent carriers. This
distance is known as the diffusion length. The time it
takes for an electron or hole to recombine is known
as the carrier lifetime and represented by T, and 1,

respectively. The lifetimes and the diffusion lengths
are related by the expressions, -

I,=(D, 7,)%and 1,=(D, 1, )"

Where, D, and D, are the electron and hole diffusion
coefficients (or constants), respectively, which are
expressed in units of centimeters squared per second.
As a photon flux ¢ penetrates into a semiconductor, it
will be absorbed as it progress through the material.

Figure 6.21 "gives an example of the power level as a

function of the penetration depth into the intrinsic

‘region, which has a width w. The width of the p
region typically is very thin so that little radiation is
absorbed there.

* Ques 20) Describe about the coherent detectors
with the help of suitable schematic.

Ans: Coherent Detectors o _
A “coherent” optical transmission system is
characterized by its capability to do “cohe!:cnt
detection,” which means that an optical receiver
can track the__- phase of an optical transmitter (and
hence “phase coherence”) so-as to extract any
phase and frequency information carried. by a
transmitted signal. =

Cohierent detectors (heterodyne mixers) that operate

" on the interaction of the electric field of the incident = .

radiation with a'local oscillator.

- A-87

For an optical coherent system, a narrow-line width
tunnable laser, serving as an LO (local oscillator),
tunes its frequency to “intradyne” with a received
signal frequency through an optical coherent mixer,
as shown in Figure. 6.22, and thereby recovers both
the amplitude and phase information contained in a
particular optical carrier. .

Here, “intradyne” means that the frequency
difference between an LO (local oscillator), and a
received optical carrier is small .and within the
bandwidth of the receiver, but does not have to be
zero. This implies that the frequency and phase of an
LO do not have to be actively controlled to an
extreme accuracy, therefore avoiding the use of a
complicated optical phase locked loop.

Optical
Coherent
mixer
(:i";:' Balanced > —>
Photo- DSP*
detector

Optical local oscillator

Figure 6.22: Closed-Loop System ;wi(h Negative Feedback

. Ques 21) Explain briefly about the digital filter.

And also discuss its advantages.
‘ Or -

Enlist the advantage and disadvantages of digital

filter.

Ans: Digital Filter :

A filter is a function or device that passes only the
desired signal components. A digital filter basically
emulates an analog filter. A digital filter can be used
to process an analog signal, but this requires that the =
signal be first sampled and quantized. An analog
signal can be digitally filtered in real time if

~ hardware with sufficient speed is available.

Advantages
A digital filter offers the following advantages:

1) Accurate signal values. (within the available "

resolution); _
2) High reproducibility (theoretically limited only
. by numerical rounding errors); -
3j Processing flexibility (depending on the platform
used for the realization); = . ‘
4) Stable system operation (particularly if the
effects of any operating system are excluded). -

A

BN
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Disadvantages ' .
The digital filters suffered from the following
disadvantages: - |

'1) Large size and physical complexity;

2) Difficulty of processing high-frequency signal in
real time;

. 3) Significant arithmetic errors;

4) High power consumption (partly due to size and
- complexity). '

OPTICAL LINKS

Ques 22) Discuss about the optical fiber link with

the help its suitable schematic. :
: Or

Explain about the components of optical fiber

- link. . : '

Ans: Optical Fiber Link -

A fiber-optic link (or fiber channel) is a part of an
optical fiber communications system which provides
a data connection between two péints (point-to-point
connection). It essentially consists of a data
transmitter, a transmission fiber (in some cases with

built-in fiber amplifiers), and a receiver. Even for

very long transmission distance, extremely high data
rates of many (Gigabytes) Gbit/s or even several
(Tetra bytes) Tbit/s can be achieved.

- Components of Optical Fiber Link

The components of optical fibers link are discussed
with the help of its schematic as shown in below
figure 6.23. o '

Transmitter ~ Amplifier ~Amplifier Amplifier Recejver

Figure 6.23: Schematic of fiber-optic link

The used components, which are mostly based on

fiber optics are explained in the following:

1) Transmitter: The transmitter converts . the
electronic input signal into a modulated light
beam. The information may be encoded e.g. via
the optical power (intensity), optical phase or

polarization; intensity modulation igs most

_common.

A typical transmitter is based on a single-mode
‘laser diode, which may either be directly
modulated via its drive current, or with an
" external optical modulator.’Direct modulation 18

the simpler option, and can Work at data rates of =" g

4) Bidirectiona] Tr

S) Multiplexing;

Jved Series (Electronic Comsmunication) Ky,
TP Solve
the v "n
- sher. However ar)lgg_
en Ltl:;g;:; er diode then leads to ,
n frequency- 'and thus
form of a chirp.

10 Gbit/s or €V
N ity 1

camer denSlty

varying insquw;i

signal distortions 11

: ' nodulation  is  usually

ternal  MOC .

'I'herefore,f et?l‘] o combination of high data_ Tates

preferred 10r th long transmissjop

i wi
or 40 Gbit/s) ;
(10[ nces. The laser can then  opetstc 4
o finum;s wave mode, and signal distortions are
con 5

minimized. A light—emjtting diode (LED) is USFd
i smitter, but due to the poor Spatial
lcihilint«:r:n this requires the use .Of mUI_llmode
fibers. The transmission rate or dl_stanc:e is then
restricted due to intermodal dispersion.

2) Transmission Fiber: The transmission fiber is

usually a single-mode fiber in. t.he case of
‘medium or long-distance transmission, but can
also be a multimode fiber for short distances.
Long-range broadband fiber channels can contain
fiber amplifiers at a certain points to prevent the
power level from dropping to too low a level.

3) Receiver: The receiver contains photo detector,

photodiode, and suitable high-speed electronics
for amplifying the weak signal and extracting the
digital or analog data. For high -data rates,’

circuitry for electronic dispersion compensation
may be included,

Ava.lanche photodiodes can be used for
pamcula‘ﬂy high sensitivity. The sensitivity of
the Tecelver is limited by noise, normally of .
Eelcctro.mc origin; however, the optical signal
itself is dccompanied by optical nojse. Such
optical noise introduces limitationg which cannot
be removed with any receiver design.

ansmission: Fy| duplex links. '

on separate optical
be realizeq le fiber. The latter can
splitters at eqer > PV USINg " fiber-optic beam
a reéeive: }aICh end to connect a transmitter and
operation intrgg eyer."th_e need for bidirectional
[ : uces ‘varioys trade-offs, which in
Very high data rates) make 2
 “eParate fibers Preferable,

for long traner 'ypical single-channe] ‘system
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channels - can .be multipllex_ed
transmitted through the fiber
for detection. '

i
tn 3 10
The most' common technique i wavelength

division multiplexing (WDM). In differeng center
wavelengths are assigned to -

_ ‘ different data
channels. It is possible to combine

: _ even hundreds
of channels in that way, byt Coarse WDM with a
moderate number

of channels is often preferred
in order to keep the systtm simple. The main
challenges are to Suppress channel cross-talk via
nonlinearities, to balance the

. channel power and
to simplify the systems. N

Another approach is time divisj
where several input channels gre combined by
nesting in the time domain, and solitons are often
used to ensure that the sent ultra-short pulses stay

cleanly separated even at small pulse-to-pulse
spacing.

on multiplexing,

6) Active Optical Cables: For short transmission
distances, so-called active cables (AOC) can be
used, where a transmitter and a receiver are
rigidly attached to the ends of an optical fiber
cable. Common electrical interfaces such as USB
or HDMI ports are available, so the use of such
an active optical cable is essentially the same as
that of an electrical cable, while offering
advantages like reduced diameter and weight and
also a larger possible transmission distance.

Ques 23) Explain the bluetooth system. And also
write its feature. ‘ i

Or
Write a short note on bluetooth based
communication system and also explain important
terms related to bluetooth. '

Ans: Bluetooth System ‘

Bluetooth is a wireless LAN technology designed to
connect . devices of different functions such as
telephones, notebooks, computers (desktop and
laptop), cameras, printers, and so on. - A bluetooth
LAN is an ad-hoc network, which means that the
Network is formed spontaneously.

Bluetooth is an industrial specification for wireless
personal area networks ('PAN s). Bluetooth provides a
Way to connect and exchange information between
devices 1like personal digital -assistan;s (P[_)ﬁ.ks),
mobile phones, ‘laptops, PCs, printers and d.lgl_tal
Ccameras via -a secure, low-cost, ‘globally available
short range radio frequency. .

) ,,

(combined), ‘
» and separated again

A-89

A bluetooth device has a built-in short-
transmitter. The current- data rate is | Mbps *with a
2.4-GHz bandwidth. This means that there is a -

possibility of interference between the IEEE:802.11b
wireless LANs and Bluetooth LANs.

range radio

Feature of Bluetooth Based Comunication System

The usage of bluetooth has widely increased for its
special features:

1) Bluetooth offers a uniform structure for a wide

range of devices to connect

with éach other. o .

2) Bluetooth technology has achieved global

- acceptance such that any Bluetooth enabled

device, almost everywhere in the world, can be
connected with bluetooth enabled devices.

3) Low power consumption of bluetooth technology
and an offered range of up to ten meters have
paved the way for several usage models.

4) Bluetooth offers interactive conference by

~ establishing an adhoc network of laptops.

and communicate

S)" Bluetooth usage - model includes cordless
computer, intercom, cordless phone and mobile

phones.

Important Terms Related to Bluetooth

The important terms related to bluetooth are

explained as follows: :

1) Spectrum: Bluetooth technology operates in the
unlicensed industrial, scientific ~and medical
(ISM) band at 2.4 to 2.485 GHZ. using a spread
spectrum  hopping,  full-duplex signal at a
nominal rate of 1600 hops/sec. the 2.4 GHZ ISM
band is available and unlicensed in_ most

countries,

2) Raflge: Bluetooth operating range depends on
the device Class 3 radios have a range of up to 1
meter or 3 feet Class 2 .radids are. most
commonly found in mobile devices have a range
of 10 meters or 30 feet Class 1 radios are used

- primarily in industrial use cases have a range of
100 meters or 300 feet.

3) Data Rate: Bluetooth supports 1Mbps data rate

- for version 1.2 and 3Mbps data rate for version

2.0 combined with error data rate. i

Ques 24) What is the function of pi_con'éts and .
scatternets in bluetooth? :
Ans: Function of Piconets in Bluetooth
A Bluetooth network is called a piconet_, or a small
net. A piconet can have up to-eight stations, one of

‘which is called the master; the rest are called slaves.
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.commumcution between the master and the slaves
can be one-to-one or one-to-many. Figure 6.24
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,A“ the slave stations synchronize their clocks and

hopping sequence with the master slave. A piconet

can  have' only” one The

master  station.

shows a piconet.

Master Piconet

Slave

Slave

Figure 6.24: Piconet

Although a piconet can have a maximum of seven
slaves, an additional eight slaves can be in the parked
state. A slave in a parked state is synchronized with
the master, but cannot take part in communication
until it is moved from the parked state. Because only
eight stations can be active in a piconet, activating a

station from the parked state means that an active -

station must go to the parked state.

Function of Scatternet in Bluetooth

Piconets can be combined to form what is called a
scatternet. A slave station in one piconet can
become the master in another piconet. This station
can receive messages from the master in the first
piconet (as a-slave) and, acting as a master, deliver it
to slaves in the second piconet. A station can be a
member of two piconets. Figure 6.25 shows. a
scatternet. \

. Piconet

Master

Piconet

Flgure 6.25: $mllcmet

"+ B.Tech, geventh Semester T
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' _Bee technology? ' Alg,

Ques 25) What s LE of Zig-Bee baseg

ion
explain the furtlc;:
communication system.

| Ans: Zig-Bec Technology
Zig-bee is a wireless

technology desi_g'ned to addregg
ds such as: affordability and p Ower

ation. It is €asy to implement and needs litte
conservation. orate. Zig-bee operates  at the radig
power 0 3}324 GHz, which is used to deliver 3
f‘zgﬁ:cgata and easy toO us€ standards in the entire

world. :

the unique Nee

Zig-bee is flexible in perfo_rmz'mce a1_1d is _batt_ery
operated. Zig-bee operates 1l 3ndus§nal, scientific
and medical radio bands which operate at tl}e
frequency of 868 MHz in Europe and 915 MHz in
Australia and USA. Zig-bee protocols are anticipated -
for embedded applications that require low power
and low cost. Zig-bee can be used in different
applications such’ as building automation, industrial
control and medical data collection.

Zig-Bee Based Communication System

Now a day’s confidential data transfer is a crucial
task in many multinational companies, military
departments, intelligence and surveillance
departments, and so on. In such departments and.
companies lots of efforts are put forth for securing
confidential data. Therefore, they need data ’
'encrypt%on and decryption for their applications. Data -
encryption and decryption to secure data using zig-

bu'ee wireless communication technology for short
distances. ‘

A popular way to protect data is to encrypt the data

- while sending and decrypt it while receiving 10

regain the original messa

i ge. Befor sttine. the
data is converted into y © ansmitiing, 1o

nread n
the data is encrypted an able format, and the

d decrypted i jver ¢
end to get the original messageryp in the receivel

mitter. and ,
bee communication system: .

Ques 26) Describe about the trans
receiver section of Zig-

Ans: Transmitter ; . t
and i . . i
Communication Sys.teulfecewer Section of Zlg-Be‘e‘;l

The transmitt -
Her and T S . -
communication s cceiver section of zig-De’.

: > SyStem are as follows:
1 i Ws: .
) tl;}:;n:ztr:vntt;e;eSecm{n: In a transmitter section
entered usin ransferred to a remote location is
rnicro::ontrof1 a keypad, and the data is sent 10 &’
receiving th I The  Microcontroller
' & e data, based on its " program

(it

Scanned by CamScanner



r

clulst Telephone and Optical Link (Module 6)

sfers the data to a MAX?232 where in the

data is converted into a serjg] data i
“ - ‘ Th
cerial encl'Ythd data 1s then transmitted 1o ﬂ::
eiver section by a Zig-bee module and further
s displayed on the LCD, |

"5 o MAxz |z
R Module
circuit |

*1 LCD Display

'Figure 6.26: Wireless Data Encryption .
and Decryption Transmitter

ge

O oo

‘The crystal circuit plays a key role in the
microcontroller operation. This crystal circuit
generates  clock pulses so that the internal
operation gets synchronized .When the resét pin
is high, the microcontroller returns to a power on
state;, by leaving the currently jéxecuting
program. RESET operation is peffﬁﬁﬁéﬂ by
holding the RST pin high for at'feast two
machine cycles. e

2) Receiver Section: At the receiver end, the Zig-
‘bee receiver module receives the data through air
and the microcontroller decrypts the encrypted
data. Finally the data is converted into the
original data so that a user can read it and the
decrypted data makes its way to the LCD display
to get displayed there. Thus data can be protected
at both the ends while transmitting and receiving.

o Z
‘circuit i Module
»| LCD Display

Figure 6.27: Wireless Data
Encryption and Decryption

T th © 0

Ques27) What is meant by GPS? And also -

discuss about the working of GPS system.

g i Or ) .
D]S.c"ss about the GPS system with the help of its
arious segments. ‘ -

o GPS (Global Positioning System) _
S (global positioning system) is a satellite
Wavigation system ‘that furnishes location and time
quomaﬁon in all climate conditions to the user. GPS
Ased for navigation ‘in planés, ships, cars-and
m.'c_ks also, The system gives critical abilities to

"Uary and ciyilian users around the globe. G'PSl

go_vi.dES continuous -real time',r- 3-dimensi0nal
“tioning, navigation and timing worldwide.

B
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Working of GPS System |

The GPS system consists of three segments:

1) Space Segment: The space segment is the
number of satellites in the. constellation. It
comprises of 29 satellites circling the earth every
12 hours at 12,000 miles in altitude. The function
of the space segment is utilized to
route/navigation signals and to store and
retransmit the route/navigation message sent by
the control segment. These transmissions are
controlled by highly stable atomic clocks on the
satellites. The GPS space segment is formed by a
satellite constellation *with enough satellites 'to
ensure that the users will have, at least, 4
simultaneous satellites in view from any point at

the earth surface at any time. :

2) Cnntmi Segment: The control segment

comprises of a master contro] station and five
monitor stations outfitted with atomic clocks that
are spread arcund the globe. The five monitor
stations monitor the GPS satellite signals and
then send that gualified information to the master
control station where abnermalities are revised
and sent back to the GPS satellites through
ground anteanas. Conirol segment also referred
as monitor station which is operated by the U.S.
" military.

3) Usér Segment: The user segment comprises of
the GPS receiver, which receives the signals
from the GPS satellites and determine how far
away it is from each satellite. -Mainly this
segment is used for the U.8 military, missile
guidance systems, civilian applications for GPS
in almost every field. Most of the civilian uses
this from survey to transportation to natural”
resources and from there to agriculture purpose
and mapping too. ' '

Ques 28) Exploin  about the GPS based
communication system. Also write its advantages,
disadvantages and application.

Ans: GPS based Communication System

The working/operation of global positioning system -

is based on the 'trilateration' mathematical principle.
The position is determined from . the = distance
measurements to satellites, From the figure 6.28, the
four satellites are used to determine the position of

- the receiver on the earth. The target location. is

confirmed by the 4th satellite. And three satellites are
used to trace the location place. A fourth satellite is
used to corfirm the. target location of each of those
space vehicles. -
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Global positioning. system consists of satellite,

control station and monitor station and receiver. The

GPS receiver takes the information from the satellite
and uses the method of triangulation to determine 2

user's exact position.
[
Distance,
Y Distance

Disk\

5

Distance,

GPS Receiver

Figure 6.28

Advantages of GPS

The advantages of GPS communication system are as

follows: ' ’ .

1) GPS satellite based navigation system is an
important tool for military, civil and commercial
users

2) Vehicle tracking systems GPS-based navigation
systems can provide us with tum by turn

. directions '

3) Very high speed

Disadvantages of GPS

The disadvantages are as follows:

1) GPS satellite signals are
compared to phone signals, so it doesn't work as
well indoors, underwater, under trees, etc.

2) The highest accuracy requires line-of-sight from
the receiver to the satellite; this is why GPS
doesn't work very well in an urban environment.

Application of GPS

The applications of GPS are as follows: :

1) To determine position’ locations; for example,
we need to radio  a helicopter pilot the
coordinates of our position location so the pilot
can pick us up. .

2) To navigate from one location to another; for

exam
fire perimeter.
'3) To create digitized maps; for ‘example, we are

assigned to plot the fire perimeter and hot spots.

4) To determine distance between two - different

points.

B.Tech, Seven

- Give the
 Wi-Fi Network.

too  weak when

ple, we need to trayel from a lookout to the -

© waves, an

Jved Seri€s (E]ectmnic Communication) Ky,
v

{-Fi? And also explain tp,
. Fi based communicatio

th Semester TP S0

Ques 29) What
working principle ©
system. , ‘ Or . ‘
detail description of requirements for

A‘?SI;_WI-:’I op ss networking techno10g},_
‘WViFi l:ta‘ncfs for “wireless fidelity”. By using this

logy the information €an exchange betweey
o G ices. Wi-Fi is a way for wireless

two or more devi i -
devices t0 communicate. Wi-Fi is used for wireless

communication.

ular wirele

o developed for mobile computing
but it is now extensively
consumer

Wi-Fi has bee (
devices, such has laptops,
using for mobile applications
electronics like televisions, DVD players and digital
cameras. There should be two possibilities in
communicating with the Wi-Fi connection that may
be through access point to the client connection or
client to client connection. :

and

Wi-Fi is a one type of wireless technology. It s
commonly called as wireless LAN (local area
network). Wi-Fi allows local area networks 10 |
operate without cable and wiring. It is making
popul_ar choice for home and business networks. A
computer’s wireless adaptor transfers the data into 2

radio signal and transfers the data into antenna for
users. ’ E

-Working of Wi-Fi Network

A w1_rf:I.eSS network .uses radio wa\,;es for

tvl"’zi\?eslrcmssmn. In f.act, communication across %
ss metwork is a lot like two-way radi

communication, Following are the steps in wireless

- communication;

1 » .
) A computer’s wireless adapter translates da%

into a radio si
- . gnal and_ . . . an'
antenna., transmits it using

2) Awi  rece; F ;
) A wireless router receives the signal and decod®

it. Th
€ router sends the information (0.

Internet usip
a . i - et
connection, ‘g -physical, wired Ethem™

The o

recei\ﬂ?;eiisfoiﬁz .Works in reverse, with the routél

into a radio sj HSOn from the Internet, translating ,lt

wireless adaptegr Thand sending it to the computefls
d the'y.c €y can transmit and receive

; an convert 1s and Os into radio W&V

and conv .
. eft the radio waves back into 1s and Os.

4
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As long as they all have wireless adapters, several
devices can use one TOuter to connect to the Internet.
This connection is convenient, virtually invisible and
fairly reliable; however, if the router fails or if too
many people_ try to use high-bandwidth applications
at the same lime, users can experience interference or

.

lose their connections.

Requirements for a Wi-Fi Network

The requirements for a Wi-Fi network are as follows:

1) Network Adapters: A network adapter is the
interface between a computer and a network. In a
wireless network, the adapter contains a radio
transmitter that sends data from the computer to
the network and a receiver that detects incoming
radio signals that contain data from the network
and passes it along to the computer.

A wireless adapter presents the same appearance
to the computer’s operating system as any other
network interface.

2) USB Adapters: A USB port can be used to plug-
in the wireless USB adapter; that is the best way
for connecting the computer to the wireless
network.

Most USB adapters have captive antennas, often
mounted on hinges or swivels that allow a user to
make fine adjustments to their positions. Because
the antennas on USB adapters are usually ]a{ger
and easier to manipulate than the antennas in PC
card adapters, hence somewhat better signal
quality are expected through a USB device.

3) Internal and External Antennas: Many access
points and most wireless network adapters come
with captive antennas. For most users, in most
situations, those built-in antennas will send and
receive a strong, clean data stream between an

access point and a nearby computer.

4) But if network adapters with built-in antennas are
not able to provide a good enough signals,
because of distance, obstructions, or interference
from other radio signals, then an external antenna

is best suited.

There are two antennas in the link between a
base station and a wireless network adapter — one
at each end. A high-gain antenna at either er}d
will have the same impact on the link, so it will
be equally effective to replace the standard
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antenna on either the access point or the network
interface. However, a directional antenna will
focus most of the signal in one direction, so a
directional access-point antenna can reduce the
quality of links to other network nodes.

5). Access Points: A Wi-Fi access point broadcasts
the wireless Internet connectivity to wireless
devices. Most ‘wireless network interface
adapters perform just one function; they
exchange data between a computer and a
network. '

~ 6) Access points, in contrast, offer a wide variety of

features and functions. They are available as
simple access points and in combination with
hubs, switches, and routers for wired connections
to nearby computers and other devices. There is a

* whole category of wireless access points for
home networks called residential gateways.

Ques 30) Discuss how to make the Security in Wi-
* Fi system? Also explain.the various types of Wi-Fi .
technologies.

Ans: Security in Wi-Fi System

Security is impartment element in the Wi-Fi
technoiogy. Security is our personal decision but
having a wireless connection so, attention should pay
to protect our private details. We can connect easily
to unsecured wireless routers.

The problem is any one is connected to your wireless
router using the data like download games, download
apps and planning terrorist activities, shirring illegal
music and movie files etc. So it is necessary to
provide security to thé wireless technologies based
devices. '

All routers have a web page that can connect for
configuring the Wi-Fi security. And turn on WEP «
(Wire Equivalence Privacy) and enter a password
and remember this password. Next time when we
will connect our laptop Wi-Fi router will ask you
to enter the connection password and we enter that
password. ' '

Types of Wi-Fi Technologies .
There are four major types of Wi-Fi technologies.
These are explained as follows: )
1) Wi-Fi-802.11a: 802.11a is the one of a serie$ of
wireless technology. That defines the format and
‘structure of the radio signals sent out by Wi-Fi
networking routers and antennas.
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2) -V\f_i-Fi-SOZ.llb: 802.11b is the one of a series of
wireless technology. 802. 11b support bandwidth
llmbps. Signal in unregulated frequency
spectrum around 2.4 GHz. This is a low
frequency compared with Wi-Fi-802.11a means
it is working reasonable distance. ‘

It is interference with micro owns cordless
phones and other appliance. It is low-cost; signal
range is good using home appliance.

3) Wi-Fi-802.11g: In 2002 and 2003, This
Technology supporting a newer slandered
products. It is best technology of 802.11a and
802.11b. The 802.11b support bandwidth up to
S4mbps and it use a 2.4 GHz frequency for

greater range. This cost is more than 802.11b. It

is fast accessing and maximum speed.

4) Wi-Fi-802.11n: The 802.11n is the newest Wi-Fi
technology: ‘It was designed to improve on
802.11g .The amount of bandwidth supported by
utilizing multiple wireless signals and antennas
instead of one. It supports 100 mbps bandwidth
and increased signal intensity.

Ques 31) Write application, advantages and

disadvantages of Wi-Fi system.

Ans: Applications of Wi-Fi System
1) Mobile applications

2) Business applications

3) Home appliczitions

4) Computerized application.

5). Automotive segment |

6) “Browsing internet

7) Video confercnée_

" Advantages of Wi-Fi System

1) Wireless laptop can be moved from one place to
another place. . | o
2)" Wi-Fi network communication devices without
_ wire.can reduce the cost of wires.

*.3) Wi-Fi setup and configuration is “easy thian

cabling process. .
4) It is completely safe and it will'not interfere with
any network. -

5) It can also connect internet via hot spots and

wirelessly.

Disadvantages of Wi-Fi System
1) Wi-Fi generates,radiations which can harm the

human health. ~ . G
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- Wi-Max oy .
%?fM‘;‘: (Worldwide Interoperability for Microwaye

Access) 1S @ technology standard l;f_cir londg_range
wireless networking for both mobile and fixe
connections. While Wi-Max was once f':nvn.sloned to
be a leading form of internet communication as ap

alternative to cable and DSL, its adoption has beey

limited.

Wi-Max can satisfy 2 variety of access needs,
Potential applications include extending broadband
capabilities 10 bring them closer to subscribers,
filling gaps in cable, DSL, Wi-Fi, and cellula
backhaul, providing last-100 meter access from fiber
to the curb and giving service providers another cost
effective option for supporting broadband services.

Wi-Max can support very high bandwidth solutions
where large spectrum deployments (i.c. >10 MHz)
are desired using existing infrastructure keeping costs
down while delivering the bandwidth needed to
support a full range of high-value multimedia
“services Wi-Max can help service providers mett
many of the challenges they face due to increasing
customer demands without discarding their existing
infrastructure investments because it has. the abilit
:; seamlessly interoperate across various network
-types. %

W1—Ma{( can provide wide area coverage and quality
of service capabilities for applications ranging fro®
real-time  delay-sensitive voice-over-IP (VoIP) ¥
real-time streaming video and non-real-tim®
downloads, ensuring that subscribers obfain the

performance they - expec of
t S
communications, P ok al] type

':zghl:,ﬁ;' which is an IP-based wireless broadb?nd
[hird-genge{', tl_can be integrated into both wide?
third-gene ation (3G)-mobile and wireless and ¥ 8
Hne -ne orks _allowmg it to become part o $
SOlutiOnS U?[.lyﬂme. anywhere broadband accc:s
the next timately, Wi-Max is intended to-ser

XL step in the evolution of 3G mobile Pl}c),ll\l;j

via a poten[ia] co . £ 1
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Cellular Telephone and Optical Lin (Module 6)

Types of Wi-Max Version

The two flavours of Wi-Max technolo

gy are used for

different applications and although they are based on
the same s.tandard, Ehe. implementation of each has
been optimized to suit its particular application:

1) 802.16d - DSL Replacement: The 802.16d

version is often referred to as 802.16-2004 and it

is closer to what may be termed the original ’

version of Wi-Max defined under 802.16a. It is
aimed at ﬁxed applications and providing a
wireless equivalent of DSL broadband data.

In fact the Wi-Max Forum describes the
technology as "a standards-based technology
enabling the delivery of last mile wireless

broadband access as an alternative to cable and
DSL."

802.16d is able to provide data rates of up Qto 75

. ‘Mbps and as a result it is ideal for fixed, DSL

2)
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replacement applications, It may also be used for
backhaul where the final data may be distributed
further to individual users. Cell radii are typically
up to 75 km, ' . ¢

802.16e - Nomadic/Mobile: While 802.16 / Wi-
Max was originally envisaged as being a fixed
only technology, with the need for people on the
move requiring high speed data at a cost less than
that provided by cellular services and
opportunity for a mobile version was seen and
802.16e was developed. : :

This standafd is also widely known as 802.16-
2005. It currently provides the ability for users to
connect to a Wi-Max cell from a variety of

 locations, and there are future enhancements to

provide cell handover. 802.16e is able to provide

data rates up to 15 Mbps and the cell radius

distances are typically between 2 and 4 km.
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