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R-20 Syllabus for ECE - INTUK w. e, £. 2020 — 2]

ANALOG COMMUNICATIONS

Course Objectives:
Students undergoing this course are expected to
* Familiarize with the fundamentals of analog communication systems.
* Familiarize with various techniques for analog modulation and demodulation of signals.

* Familiarize with basic techniques for generating and demodulating various pulse
modulated signals,

UNIT I
AMPLITUDE MODULATION : Introduction to communication system, Need for
modulation,Frequency Division Multiplexing | - Amplitude Modulation, Definition, Time
domain and frequencydomain description, single tone modulation, power relations in AM
waves, Generation of AMwaves, square law Modulator, Switching modulator, Detection of AM
Waves; Square law detector,EnveIopedetector.

UNIT 11

UNIT IV
TRANSMITTERS & RECEIVERS: Radio Transmitter - Classification of Transmitter, AM
Transmitter, Effect of feedback on performance of AM Transmitter, FM Transmitter ~Variable
reactance type and phase modulated FM Transmitter, frequency stability in FM Transmitter.
Radio Receiver - Recejver Types - Tuned radio frequency receiver, Supér heterodyne receiver,
RF section and Characteristics - Frequency changingand tracking; Intermediate frequency,
AGC, FM Receiver, Comparison with AM Receiver, Amplitude limiting* Communication
Receivers, extensions of super heterodyne principle and additionl circuits;



R-20 Syllabus for ECE - INTUK w. e. £, 2020 — 21
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY KAKINADA

KAKINADA -533 003, Andhra Pradesh, India
DEPARTMENT OF ELECTRONICS AND COMMUNICATION ENGINEERING

o

UNITV

TEXTBOOKS:
I Principles of Communication Systems—HTaub&D.Schilling, GautamSahe, TMH,
3" Edition, 2007.
Principles of Communication Systems-Simon Haykin, John Wiley, 2" Edition, 2007.

3. Modern Digital and Analog Communication Systems —B.P.Lathi, Zhi Ding,
Hari Mohan Gupta, Oxford University Press, 4" Edition, 2017

REFERENCES:
I. Electronics & Communication System— George Kennedyand Bernard Davis, TMH
2004.
2. Communication Systems-R.P.Singh, SP Sapre, Second Edition TMH, 2007.
3. Electronic Communication systems—Tomasi, Pearson, fourth Edition, 2007,

Course Outcomes:
After undergoing the course, students will be able to

* Differentiate various Analo € modulation and demodulation schemes and their
spectral characteristics

* Analyze noise characteristics of various analog modulation methods
* Analyze various functional blocks of radiotransmitters and receivers
* Design simple analog systems for various modulation techniques
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SCHEME OF EVALUATION: Set 1
1-Mid Examination
1.(a) Definition Imark
Explanation 1.5 mark
(b) circuit diagram 1.5 mark
Explanation 1 mark
2. (a) definition 1 mark
(b) circuit diagram 3 marks
Explanation 1 mark
3.(a) circuit diagram 3 marks

(b) Explanation 2 marks
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SEHEME OF EVALUATION :

2-MID EXAMINATION

1 (a) definition 1 mark

Block diagram 2 marks

Explanation 2marks

2. (a) Block diagram 3 marks

Explanation 1 mark

Advantages 1 mark

3.Block diagram 3 marks

Explanation 2 marks

PROGRAM OUTCOMES (POs): Common to all branches of Engineering

Engineering Graduates will be able to:

PO1

Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

PO2

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

PO3

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.

PO4

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.

PO5

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.

PO6

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.

PO7

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.

POS8

sponsibilities

Ethics: Apply ethical principl commit to professional ethics .ff-.i[ﬁ:irlg
and norms of the engineering —
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‘ PO9

' Individual and team work: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

' PO10

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 effectlve presentations, and give ‘
and receive clear instructions.

| PO11

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.

PO12

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.

Programme Outcome (PO's) of M.Tech Transportation Engineering:

| POI1 | Demonstrate skill for planning, design, construction and maintenance of transportation
- projects.
PO2 | Assessment of environmental and its allied issues to the construction of the
transportation projects.
PO3 | Demonstrate skills to use modern engineering tools, software and equipments to analyze |
problems and evolve solutions
PO4 | To enhance communication skills and successfully apply research aptitude among

students to R &D activities and consultancy works.

Programme Outcome (PO's) of M.Tech Structural Design:

PO1 | Demonstrate the thorough knowledge of profession and implement it for enrichment of |
quality of life in the society.
' PO2 | Demonstrate design skills by using software and technical support.
PO3 | Demonstrate the ability to undertake the research projects in various fields of civil
engineering using software and experimental techniques.
| PO4 | Demonstrate ability for team work and lifelong learning. ]
Bloom’s Taxonomy Level for Assessment Design
» Bloom’s Taxonomy provides an important framework to not only design curriculum and
teaching methodologies but also to design appropriate examination questions belonging
to various cognitive levels.
» Bloom’s Taxonomy of Educational Objectives developed in 1956 by Benjamin Bloom
was widely accepted by educators for curriculum design and assessment.
» In 2001, Anderson and Krathwohl modified Bloom’s taxonomy to make it relevant to the
present-day requirements.
» It attempts to divide learning into three types of domains (cognitive, affective, and
behavioural) and then defines the level of performance for each domain
» Conscious efforts to map the curriculum and assessment to these/ lu[:(lé‘l,.mfhel the
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QUIZ-11 EXAMINATIONS

Roll No.;
DATE:

SUBJECT: ANALOG COMMUNICATIONS (SET-1)
TIME: 20 MINUTES

6. 7. 8.

1. The sampling technique having the minimum noise interference is
a. Instantaneous sampling
b. Natural sampling
c. Flat top sampling
d. All of the above
2. Types of analog pulse modulation systems are
a. Pulse amplitude modulation
b. Puise time modulation
¢. Frequency modulation
d.Bothaandb
3. In pulse amplitude modulation,
a. Amplitude of the pulse train is varied
b. Width of the pulse train is varied
¢. Frequency of the pulse train is varied
d. None of the above
‘. Pulse time modulation (PTM) includes
—d. Pulse width modulation
b. Pulse position modulation
¢. Pulse amplitude modulation
d. Botha and b
5. Drawback of using PAM method is
a. Bandwidth is very large as compared to modulating signal
b. Varying amplitude of carrier varies the peak power required for transmission
¢. Due to varying amplitude of carrier, it is difficult to remove noise at receiver
d. All of the above
6. In different types of Pulse Width Modulation,
a. Leading edge of the pulse is kept constant
b. Tail edge of the pulse is kept constant
c. Centre of the pulse is kept constant
d. All of the above
7.In puise width modulation,

a. Synchronization is not required between transmitter and receiver -

b. Amplitude of the carrier pulse is varied £

¢. Instantaneous power at the transmitter is constant M
d. None of the above e A (]
8. In PWM signal reception, the Schmitt trigger circuit is uséd /

a. To remove noise

b. To produce ramp signal

¢. For synchronization

d. None of the above

9.In Pulse Position Modulation, the drawbacks are

a. Synchronization is required between transmitter and receiver
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b. Large bandwidth is required as compared to PAM

¢. None of the above

d. Bothaandb

10.Why a helical antenna is used for satellite tracking?
a) because of its circular polarization

D) because of its broad bandwidth

¢} because of its low bandwidth

d) because of rectangular polarization

11, 12. 13. 14. 15.

16. i7. i8. 19. 20.

11.Which one of the following noise becomes of great importance at high frequencies?
a) flicker noise
b) shot noise
¢) impulse noise
J) transit-time noise
12.Which one of the following statement is false?
a) High Frequency mixers are generally noisier
b) Voltage of impulse noise is independent of bandwidth
¢) Thermal noise is not dependent on frequency
d) Flicker noise occurs at low frequency
13.Which of broad classifications of noise are most difficult to treat?
a) noise generated in the receiver
b) noise generated in the transmitter
) external noise
di internal noise
14. What points must be important to remember, when we deal with random noise calculations?
a) all calculations are based on peak to peak values
b) calculations are based on quantised values
¢) calculations are based on average values
d) calculations are based on RMS values
15. Which of the following statement is true?
a) Random noise power is inversely proportional to bandwidth
k) Flicker noise occurs at high frequency
-.-) Noise mixers are caused by inadequate image frequency rejection
d) A random voltage across a resistance cannot be calculated
16.For a periodic function, the spectral density and auto-correlation functions are
a) Laplace transform pair
b) Fourier transform pair
¢) Gauss transform pair
d) Z-transform pair
17. Spectral density express
a) Average voltage
b) Average power in a waveform as a function of frequency
¢) Average noise voltage
d) Average channel capacity
18.For a Gaussian process, auto correction also implies
a) Statistical dependance
b) Statistical independence
c) Statistical distribution
d) Ergodic process /
19.What will be the value of modulation if we want maximum undistorted transmitted power? , |
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d. None of the above

1 9.In Pulse Position Modulation, the drawbacks are

a. Synchronization is required between transmitter and receiver
b. Large bandwidth is required as compared to PAM

¢. None of the above

d. Botha and b

20.Why a helical antenna is used for satellite tracking?
a) because of its circular polarization

b) because of its broad bandwidth

C) because of its low bandwidth

d) because of rectangular polarization
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8.What will be the value of modulation if we want maximum undistorted transmitted power?
a0
o)1

10. For providing two or more voice circuits on the same carrier, we can use
a) 858

L} ISB systems

¢} DSB-SC

d) VSR

11. The sampling technique having the minimum noise interference is
a. Instantaneous sampling

b. Natural sampling

¢. Flat top sampling

d. All of the above

12. Types of analog pulse modulation systems are

a. Pulse amplitude modulation -

b. Pulse time modulation
c. Frequency modulation
d. Bothaand b

13. In pulse amplitude modulation,
a. Amplitude of the pulse train is varied
b. Width of the pulse train is varied
c. Frequency of the pulse train is varied
d. None of the above

14. Pulse time modulation (PTM) includes
3. Pulse width modulation
-0. Pulse position modulation
c. Pulse amplitude modulation
d. Bothaand b

15. Drawback of using PAM method is

a. Bandwidth is very large as compared to modulating signal

b. Varying amplitude of carrier varies the peak power required for transmission
c. Due to varying amplitude of carrier, it is difficult to remove noise at receiver
d. Alf of the above

1 6. In different types of Puise Width Modulation,
a. Leading edge of the puise is kept constant

b, Tail edge of the pulse is kept constant .-'_{/
c. Centre of the pulse is kept constant A
d. Al of the above &

17.In pulse width modulation,
a. Synchronization is not required between transmitter-and receiver

b. Amplitude of the carrier pulse is varied _J@;ﬂé:—- =
¢. Instantaneous power at the transmitter is constarit Principat
d. None of the above AN REDDY MEMORI ’i:
e i '
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QUIZ-IT EXAMINATIONS

Rolt Ng, ; SUBJECT: ANALOG COMMUNICATIONS (SET-2)
DATE; TIME: 20 MINUTES

a) flicker noise

b) shot noise

C) impulse noise

d) transit-time noise

2.Which one of the following statement is false?
2) High Frequency mixers are generally noisier
b} Voltage of impulse noise is independent of bandwidth
¢) Thermal noise is not dependent on frequency
d) Flicker noise accurs at low frequency

3.Which of broag classifications of noise are most difficult to treat?
@) noise generated in the receiver
b} noise generated in the transmitter
Crexternal nolise
dyinternal noise

) calculations are based on quantised values
~€) calculations are based on average values
d) calculations are based on RMS values

5. Which of the following statement is true?
a) Random noise power is inversely proportional to bandwidth
b) Flicker noise occurs at high frequency :
c) Noise mixers are caused by inadequate image frequency rejection
d} A random voltage across g resistance cannot be Calculated

6.For a periodic function, the Spectral density and auto-correlation functions are
a) Laplace transform pair
b) Fourier transform pair
¢) Gauss transform pair
d) Z-transform pair

7. Spectral density express

a) Average voltage

b) Average power in a waveform as a function of frequency

¢) Average noise voltage ‘ p.
d) Average channel capacity Principal
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8.For a Gaussian process, auto
&@j Statistical dependance

b) Statistical Independence

<) Statistical distribution

d) Ergodic process




Code No:R2022043 SET -1

I B. Tech II Semester Regular Examinations, J une/July - 2022
ANALOG COMMUNICATIONS
(Common to ECE &ECT)
Time: 3 hours Max. Marks:
70

Answer any FIVE Questions cach Question from each unit
All Questions carry Equal Marks

e e 8 et e et s ot e o i i st s o s o o

UNIT-I
I a) With neat sketch explain Frequency Division Multiplexing. [7M]

b) Calculate the percentage power saving when the carrier and one of the sidebands are  [7M]
suppressed in an AM wave modulated to a depth of 100% and 50%.
Or
2 a) Develop the equation of a single tone modulation of AM system and explain the  [7M]
power relations.
b) With the help of waveforms and specirum, describe the concept of Amplitude  [7M]
modulation both in time domain and frequency domain.
UNIT-II
3 a) List out the methods for generation of SSB-SC signal and explain any one of the  [7M]
method in detail.
b) Find the various frequency components and their amplitudes in the voltage given by  [IM]
v () = 50 (1+ 0.7 Cos 5000t- 0.3 Cos 1000t) sin 5x10° t. Draw the single sided
spectrum. Also evaluate the modulated and sideband power.
Or
4 a) Explain the generation of DSB-SC signal using balanced modulator. Derive the (7M]
expression for DSB-SC signal.
b) A carrier signal ¢ (t) = 10 Cos (2m.10° t) is modulated by a message signal m (1) = [7TM]
2 Cos (87.10° t) to generate a DSB-SC signal. Sketch the spectrum, calculate the

B.W and power.
UNIT-III
5 a) Explain Armstrong method of generation of FM signal. [7M]
b) Distinguish between FM and PM by giving its mathematical analysis, [7M]
Or

6 a) Describe the frequency analysis of Angle modulated waves. Explain their  [7M]
Bandwidth requirements.

b) Compare AM and FM Systems noise performances. [7TM]
UNIT-IV
7 Explain the following (i) AGC (ii) RF sections. [14M]
Or
8 a) Discuss about frequency stability in FM Transmitter. [7M]
b) List out the advantages and disadvantages of TRF receiver. [7TM]
UNIT-V
9 a) Explain, how a PPM signal can be generated from PWM signal. [7M]
b) Explain demodulation of PPM. [7TM]
Or
10 Write short notes on i) Single polarity and Double polarity PAM ii) Generation [14M]
and Demodulation of PWM rZL,“_
i TInCina
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Code No:R2022043 ( R20 ) SET -3

II B. Tech II Semester Regular Examinations, June/July - 2022
ANALOG COMMUNICATIONS
(Common to ECE & ECT)
Time: 3 hours Max. Marks: 70

Answer any FIVE Questions each Question from each unit
All Questions carry Equal Marks

e e s

UNIT-I
1 a) With suitable diagram explain the square-law diode modulation method for AM [7TM]
generation,
b) An amplitude modulated voltage is given by V =50 (1 + 0.2 cos 100 t + 0.001 cos [7TM]

3500t) cos 10° t. State all frequency components present in the voltage, and find
modulation index for each modulating voltage term. What is the effective
modulation index of V?

Or
2 a) Describe an expression for AM wave and sketch its frequency spectrum. [7M]
b) Explain the square law detection of AM signals, [7M]
UNIT-II
3 a) Explain the Frequency discrimination method for generating SSB signal. [7TM]
b) With neat sketch explain COSTAS Loop? [7M]
Or
4 a) Explain the phase discrimination method for generating SSB. [TM]
b) Explain the principle of coherent detection of DSB-SC with neat block diagram. [7TM]
UNIT-III
5 a) With the help of waveforms and spectrum, describe the concept of FM. [7M]
b) With neat circuit diagram explain the working of a Balanced Frequency [7TM]
discriminator,
Or
6 a) Draw the block diagram of FM transmitter using indirect method and explain its [7TM]
working.
b) Describe the working of a varactor diode modulator of FM [7M]
‘ UNIT-1IV
7 a) Mention the advantages of superhetrodyne receiver over TRF receiver [4M]
b) Distinguish between simple AGC and delayed AGC [5M]
¢) Draw the block Schematic for FM broad cast receiver and explain the function of [5M]
each unit
Or
8 a) Explain the effect of feedback on performance of AM transmitter. [7TM]
b) Write a short notes on amplitude limiting. [7M]
UNIT-V
9 Write short notes on i) Single polarity PAM ii) Generation of PWM [14M]
Or
10 a) What is Noise figure? Find the Average Noise Figure of cascaded networks Princip [%ZM]
. . . TInCIPs
b) Discuss threshold effect in angle modulation systems t 1., =
£ o1 Y AMRE SR M, -
0

ENGINEERING & TECHUILTTY
i s NS A Y DA

ey . ?ETLUF{!\J*}“,‘\:I“?%.

PN N p PETLURS A

4

I RS TRERE ER



A.M. REDDY '

SPONSORED BY

g Memorial College of Engineering and Technology
& Approved by AICTE. New Delhi, Affiliated to JNTUK-Kakinada
b

ATLURI MASTAN REDDY EDUCATIONAL SOCIETY, REG. NO. 450/2003 J\

An ISO 2001:2015 Certified Institution
Web : www.. amreddyengineering ac. in
E.mali: principal

com

“.\ VINUKONDA ROAD, MASTAN REDDY NAGAR, PETLURIVARIPALEM,
NARASARAQPET PALNADU (DIST) - 522601,
CONTACT : 08647-247190.

II-Assignment Question Paper,June- 2023

Year/Sem: II/I |

Programme: B.Tech-ECE

- I =
‘ Course Code: Regulation :R20

_ R2022043 |
Course Name: ANALOG . ‘ |
COMMUNICATION Total Marks :5
‘ Mark Levels of
Q.No Answer All Questions Bloom's Co
) 5 taxonomy
1 Draw the block diagram of TRF receiver Knowledge | 4
2 i . 2 : 3
Draw and explain the FM Demodulator using PLL Explanation
I |
. . . . E n
3 Explain the Process of generation pf PWM with neat diagram 2 ¢ nhanceme 3
|
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ACADEMIC CALENDAR 2022-23

B. Tech./B.Pharm. 11 YEAR 1 & 11 SEMESTER

SEM-I ) B )
| Description - o
. I . From
1 Commencement of [ Semester classwork | 28.11.2022
12 1S ell of Instructions 128.11,2022  21.012023 8 Weeks
3 Flrstylld Term Examinations | 23.012023 | 30.01.2023 1 Week
' Submission of First Mid Term Exam
4 Marks to the Universit on or before 04,02.2023 |
5 2" ell of Instructions 131.01.2023 | 29.032023 8 Weeks
' Second Mid Term Examinations 31.03.2023 | 08.04.2023 1 Week |
7 Erepara“on Holidays and Practical 10.04.2023 | 15.04.2023 (1 week)
xammatlons . _
Submission of Second Mid Term Exam '
|8 - Marks to the Universit on or before .; 15.04.2023
9 End Semester Examinations ) 17.042023  29.04.2023 2 Wecks
Note No. of Working / Instructional Days: 93
11 SEM
Descri tion aton
B _ P From |
Commencement of Il Semester classwork | ~ 01.05.2023 |
1 *Spell of Instructions (including ‘ |
2 Summer 01.05.2023 = 08.07.2023 (10 Weeks)
_ - Vacation ‘ |
3 _Summer Vacation - 15.052023 | 2105.2023 2 Weeks
4 | First Mid Term Examinations 1 10.07.2023 15.07.2023 | Week
Submission of First Mid Term Exam |
> | Marks to the Universit on or before ' 22.07.2023
6 2™ g ell of Instructions 18.07.2023 11.09.2023 8 Weeks
7 | Second Mid Term Examinations 12.09.2023 16.09.2023 1 Week
g  Dreparation Holidays and Practical 19.092023 | 23.09.2023 (1 week)
- Examinations _ Drincie
Submission of Second Mid 2‘3%@5@’“” AmEIAT COLLER
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10 End Semester Examinations | 25.09.2023 07010.2023 2 Weeks |
Note: No. of Working / Instructional Days: 92
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Il B. tech Il SEM(R 20) MID ExammatlonsMarks-Academlc Year-2022-2023
SUBJECT:AC SUBJECT CODE: , branch:
MID-1 MID-2
Des Online |Assi Sum-1 |Des Online Assi Sum-2
S.NO|Roll No 15M  |10M  [sm 15M  [10m 5M
1/20HM1A0401 | o 9 5 17 9 A 5 %0
2|20HM1A0402 | 4, 3 < P & 9 5 rs
3/20HM1A0403 e g ) 19 | o u 5 3|
4[20HM1A0404 | Y 5 23 | 11 s ) L9
5|20HM1A0405 | 5 ) q bu 2 5 3 ['
6/20HM1A0406 | ; . 9, 5 9 0 Iz 3 5 a1 |
7|20HM1A0407 | 4, | 5 bty | 19 Y 5 9|
8/20HM1A0408 ey L < aur | 1a < b 90 |
. 9[20HM1A0410 q + 5 a1 & L ) )
10{20HM1A0411 18 3 s a0 i 9% ) 1 &
11/20HM1A0412 19 9 5 Lo 19 { ) L &
12|20HM1A0413 | 3 < 19 ) A O 29 |
13|20HM1A0415 10 Y > 19 | 9 U S 21
14|20HM1A0417 19 9 3 [9 fz u K 12
15/20HM1A0421 | 2 9. 5 20 r; 3 5 l %
16/20HM1A0422 q.. b s | 2o |7 3 5 20
17|20HM1A0423 p < 2 %) g 2. ) LS
18|20HM1A0424 | 3 Y S 29 9 '. c) 15
19/20HM1A0425 An fAg A | o lg \ ) b
20(20HM1A0426 te b 'S 92 T 9 ) %
21/20HM1A0427 | 2 9, < 20 Ly 5
22(20HM1A0428 (A Yy 5 l g 19 [ 5 [ %
23/20HM1A0429 | 9 3 i) 90 L= | ) L9
24/20HM1A0430 ls 2, ) 28 | I's A 2 23
25/20HM1A0431 | g 9. s [q | 5 2, 3 22
26|20HM1A0433 | | > < 93 rl 2 2, 33 24
27|20HM1A0434 | 9 < _::” | g 4 g 31
28|20HM1A0435 o 9, ) 12 lo b ) 24
29/20HM1A0436 by \ 5 {2 11 y ) ‘ {
30[21HM5A0401 | 9 | o £l Lo - g  rnepgl
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-

—_—

‘ Year/Sem: 1V/I | Programme: B.Tech- ECE J_Course Code: R42043 Regulation :R20
|'?ourse Name: SATELLITE T . ] . - o __ B _i
COMMUNICATION | Duration: 90Min, | Total Marks : 15 | Min Passing Mark: 8 |
o [, - - [ vore | Levels of Bloom'
| S'N | Answer All Questions | Marks | “€V&'s of Bloom’s | Co
| - S () taxonomy | |
| | i —T
1 |' Draw the block diagram of earth station technology and explain. 5 Knowledge | 1
| |
|' a) Explain On board processing of TDMA. | | |
, e o |
| b) Explain Satellite Switched TDMA. 5 | Explanation 2

T e Bl e 3
3 | Explain Transmitters, Receivers, and Antennas. ' 5 | Enhancement |3 I‘
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II-Mid Examination Questio

n Paper, NOVEMBER- 2023 SET-2

—

Year/Sem: IV/I
Course Name: SATELLITE

Regulation :R20 |

Programme: B.Tech- ECE | Course Code: R42043
EEE—

‘ COMMUNICATION | Duration: 90Min. | Total Marks : 15 | Min Passing Mark: 8
LA L L '
| g.N ‘ Answer All Questions | Marks | Levels of Bloom's | co
: o | | taxonomy |
| | |
|1 | Draw the block diagram of earth station technology and explain. ‘ 5 ‘ Knowledge 1

L | |
‘L | a) Explain On board processing of TDMA. | | '
|2 b) Explain Satellite Switched TDMA. 5 ‘ Explanation | 2 |

| _‘p | | |
| |

5 ‘Enhancement (3

3 ‘ Explain Transmitters, Receivers, and Antennas.

| |
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COURSE PLAN
Academic Year: 2022-2023 Subject: Analog Communications
Class & Sem: II B.TECH-1I SEM Faculty Name; K.SANJEEVARAQ

Branch: ECE (R20) Department: ECE

= EEES T I ———
';&NOJ | TOPIC COVERED
!'__ ]_ - .I_IB\TEI_ ] [ntroduction to communication system
2 | Need for modulation
1-3_, n ]— - _'|'_Fr€q—ua]‘cy Division Multiplexing
4 .l o WMplitude Modulation
~ 5 B B J AM Time domain and frequency domain description
| 6 I Single tone modulation, power relations in AM waves

L E ] Coneration of AM waves nd squar Tew s

7
F ™ T Switching modulator

A e

| Detection of AM Waves; Square law detector, Envelope detector.

10 JUNIT-IT [ p00duction of DSB & SSB modulation

T B | Bo_ugle_sﬁe_band suppressed carrier modulators time domain and
frequency domain description

' Generation of DSBSC Waves, Balanced Modulators, Ring
| Modulator

Coherent detection of DSB-SC Modulated waves

| COSTAS Loop. Frequency domain description

Y
3 'I—FrequencyE‘isT:rimination method for generation of AM SSB
.g ' Modulated Wave

|
-+

|

|
16 |0 W™ f Phase discrimination method for generating
l|_ | AM SSB Modulated waves. Demodulation of SSB Waves,
L 17 Vestigial side band modulation: Frequency description { f
L ' Frncipat
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S |

27
. 28 |

?»h_zo '

— e

30

St

UN IT"-I_HT Basic Concepts Of Angle Modulation

e

| Frequency Modulation: Single tone frequency modulation, 2
- Spectrum Analysis of Sinusoidal FM Wave

o rNErow band FM, Wide band FM, Constant Average Power 2
T W | Transmission bandwidth of FM Wave 1
= | Generation of FM Waves, Direct FM, Detection of FM Waves 2
Balanced Frequency discriminator, Zero crossing detector |3

i Phase locked loop, Comparison of FM & AM.
i 26 _TL_JNﬁ‘-l_V irﬁr(ﬁuc_ti(ﬂ (Ftanaﬁtﬁzrs, classification of transmitters 1
e AM Transmitter, Effect of feedback on performance of AM 2

| Transmitter
|

f FM Transmitter — Variable reactance type and phase modulated 2

_ [_Ge_ner_ati&o_f V_SB_M_od-u_late_d wave, Time domain description, | 2
Envelope detection of a VSB Wave pulse Carrier,
L

' Canﬁrgn_ of AM Techniques, Applications of different AM 1
| Systems.

FM Transmitter, frequency stability in FM Transmitter

- introduction of Radio Receiver, Receiver Types

L_' Fﬁed_rzgio_freq_uency receiver, Superhetrodyne receiver

| RF _se_cti_onacﬁiigreﬁemtics, Frequency changing and tracking,
Intermediate frequency

4 UNIT-V | Review of noise and noise sources, noise figure

36|

B 3; TWEVI | Introduction OFf Pulse Modulation, Time Division Multiplexing,

|' AGC, FM Receiver, Comparison with AM Receivers 2

|' Amplitude limiting. Communication Receivers,
Extensions of super heterod ne principle and additional circuits,
I p ynep p

[ Noise in Analog communication Systems, Noise in
DSB& SSB System, Noise in AM System, Noise in Angle
Modulation Systems

Threshold effect in Angle 2

|| Modulation System, Pre-emphasis & de-emphasis

| polarity)

— - G_eneratio@Emodulation of PWM 2
ﬁ)M, Generation and demodulation of PPM 2
| FDM ,TDM Vs FDM ~ , 2

- _M__D__ V0 paSeb st 4

Types of Pulse modulation, PAM (Single polarity, double
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LESSION PLAN

S.NO |Date & Day of

the week Time E.T Gadgets used.if
From To any(LCD/OHP/Charts/
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Lesson Plan

Year / Branch/ | 2022/ECE/II-1I Academic | 2022 -23
Sem: Year:
Course Name& Analog Communication ‘ K. Sanjeev Rao
| Code:
' S.No | Hours | Unit | Topic Description Reference | Teaching
taken | No Aids
1 1 1 | Introduction to communication system | T1/R1 GB
2 1 1 Need of modulation | T1/R2 GB
3 1 1 | Frequency Division Multiplexing ' T1/R3 GB
4 2 1 | Modulation and Amplitude Modulation, Time domain T1/R2 GB
and frequency domain description '
5 1 Single tone Modulation, power relation in AM waves | T1/R1 GB
6 2 1 | Generation of AM waves and square law modulation | T1/T2 GB
7 1 1 Switching modulator T1 GB
8 2 1 | Detection of AM waves, square law, Envelop detector | T1/R2 GB
9 1 2 | Introduction of DSB & SSB Modulation T1/7T2 GB
10 1 2 | DSBSC Modulators time domain and frequency T1/T2 GB
domain description
11 2 2 | Generation of DSBSC Waves, Balanced Modulators, T1/T2 GB
ring Modulators
12 3 2 | Coherent detection of DSB-SC Modulated wave , T1/R1/T2 GB
COSTAS Loop frequency domain description
13 2 2 | Frequency discrimination method for generation of T1/R1/T2 GB
AM-SSB Modulated wave
A 2 2 | Phase discrimination method for generating AM SSB | T1/R2 GB
Modulated waves
15 1 2 | Demodulation of SSB Waves T1/T2 GB
16 1 2 | VSB Modulation , Frequency description T1/R1/R GB
2
17 2 2 | Generation of VSB Modulated wave, Time domain T1/R1 GB
description
18 1 2 | Envelope detection of a VSB wave pulse carrier T1/R2 GB
19 1 2 | Comparison of AM Techniques, Applications of T1/R2 GB
different AM systems
20 1 3 | Basics Concepts of Angle Modulation T1/R1 GB
21 2 3 | FM single tone frequency modulation, spectrum T1/R2 GB
analysis of sinusoidal FM wave _
22 2 3 NBFM,WBFM ,Constant Average Power T1/R1 GB
23 1 3 Transmission bandwidth of FM wave T1/R1 GB |
24 2 3 Generation of FM Waves T1/R2/R GB
on! |3 UPgingibal
25 | 1 3 | Detection of FM Wayes™ 7/ /77 AMRECDYREMORIAL GBLLER S 2/
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26 | 3 | Phased locked loop ' T1/R2 | GB
27 1 3 | Comparison of FM & AM T1/Ri_ e
28 2 3 Introduction to Transmitter classification of ' T1/R1 GB |
transmitters B N
.29 2 3 | AM transmitters, Effect of feedback on performance of | T1/R2 GB ‘
| AM transmitter ; _
30 2 3 | FM Transmitter-Variable reactance type and phase T1/R1 GB B
modulated FM  Transmitter ' | |
31 1 3 | Frequency stability in FM Transmitter - TI/R1 | GB ]
32 1 4 Introduction of Radio receiver, Receiver Types T1/R1 | GB
33 1 4 | TRF Receiver T1/R2 GB
34 l 4 | Superhetrodyne receiver T1/R1 GB -
35 2 4 | RF section and characteristics, Frequency changing T1/R2 GB | o
and tracking, Intermediate frequency -
36 2 4 | AGC,FM Receiver ,Comparison with AM Receivers T1/R1 GB
37 2 4 | Amplitude limiting, Communication Receiver T1/R1 GB
38 1 4 | Extensions of super heterodyne principle and T1/R1/T2 GB
additional circuits -
|"_ 19 1 5 | Review of noise sources ,noise figure T1/R2/T2 GB
%0 3 5 | Noise in Analog communication systems, noise in T1/R1/T2 GB
DSB &SSB Systems ,noise in AM systems, noise in
angle modulation systems |
41 1 5 | Threshold effect in angle Modulation Systems ' T1/R2 GB
42 2 5 | Pre-emphasis & De-emphasis ' T1/R1 GB
43 2 5 | Introduction of pulse modulation ' T1/R3 GB
44 1 5 | Time division Multiplexing T1/R1 GB
45 2 5 | Types of Pulse Modulation T1/R1 GB
46 1 5 | PAM (Single polarity, double polarity) T1/R1 GB
47 1 5 Generation of PWM ) T1/R3 GB
48 1 5 Demodulation of PWM T1/R1 GB
49 1 5 | PPM Generation T1/R1 GB
50 1 5 Demodulation of PPM T1/R1 GB
51 1 5 | Frequency division multiplexing T1/R3 GB
52 1 5 | TDM Vs FDM T1/R1 GB
= 2 | Revision of Unit 1&2&3 T1/R1 GB
54 2 | | Revision of Unit 4&5 T1/R3 GB
55 73 | NO. OF HOURS )

Note: -Teaching aids: - GB = Green board, PPT = Power point presentation
Text Books: -

T1. Principles of Communication Systems -H Taub & schilling, Gautamsahe, TMH ,3™

Edition.

T2. Principles of Communication Systems - SimonHaykin , John wily,2*® Edition,2007.
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Principal

LJ%/ AR REDDY MEMORIAL COLLEG,. of
-9 ERGIHEERING & TECHNOLDGY
PETLURIVA®R] PAL =2
Narasaraopot (Ml G



Reference Books: -

R1. Electronics & Communication system- Georgy Kennnedy and Bernard Davis, TMH 2004
R2. Communication Systems-R. P Singh, SP Sapre, Second Edition TMH, 2007,

R3. Electronic Communication systems -Tomasi,Pearson Edition,2007

Provide any URL links for any of the topic:

> YouTube links
> NPTEL/SWAYAM links

» Gate material link or any animation links etc
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UNITIV

TRANSMITTERS & RECEIVERS: Radio Transmitter
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Introduction to Communication System

Communication is the process by which information is exchanged between individuals through
a medium.

Communication can also be defined as the transfer of information from one point in space and
time to another point.

The basic block diagram of a communication system is as follows.

TRANSMITTER
{modulator)

Il

CHANNEL

‘

{gﬁ%ﬁ {————5» DESTINATION
Qaniator

SOURCE ||

Transmitter: Couples the message into the channel using high frequency signals.
Channel: The medium used for transmission of signals

Modulation: It is the process of shifting the frequency spectrum of a signal to a
frequency range in which more efficient transmission can be achieved.

Receiver: Restores the signal to its original form.

Demodulation: It is the process of shifting the frequency spectrum back to the original
baseband frequency range and reconstructing the original form.

Modulation:
Modulation is a process that causes a shift in the range of frequencies in a signal.
» Signals that occupy the same range of frequencies can be separated.

* Modulation helps in noise immunity, attenuation - depends on the physical medium.

The below figure shows the different kinds of analog modulation schemes that are available
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Example: Double sideband with carrier (DSB-WC), Double- sideband suppressed
carrier (DSB-SC), Single sideband suppressed carrier (SSB-SC), vestigial sideband
(VSB)

* Angle modulation (frequency modulationd& phase modulation)

Example: Narrow band frequency modulation (NBFM), WidebandO frequency
modulation (WBFM), Narrowband phase modulation (NBPM), Wideband phase
modulation (NBPM)

Pulse Modulation

» Carrier is a train of pulses
* Example: Pulse Amplitude Modulation (PAM), Pulse width modulation (PWM) , Pulse
Position Modulation (PPM)

Digital Modulation

*  Modulating signal is analog oExample: Pulse Code Modulation (PCM), Delta

Modulationdl (DM), Adaptive Delta Modulation (ADM), Differential Pulse Code
Modulation (DPCM), Adaptive Differential Pulse Code Modulation (ADPCM) etc.

* Modulating signal is digital (binary modulation) oExample: Amplitude shift keying
(ASK), frequency Shift KeyingO (FSK), Phase Shift Keying (PSK) etc

Frequency Division Multiplexing

Multiplexing is the name given to techniques, which allow more than one message to be
transferred via the same communication channel. The channel in this context could be a
transmission line, e.g. a twisted pair or co-axial cable, a radio system or a fibre optic system
etc.

FDM is derived from AM techniques in which the signals occupy the same physical ‘line’ but in
different frequency bands. Each signal occupies its own specific band of frequencies all the
time, i.e. the messages share the channel bandwidth.

* FDM — messages occupy narrow bandwidth — all the time.
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Bandwidth - 10 kHz

Various forms of Amplitude Modulation

+ Conventional Amplitude Modulation (Alternatively known as Full AM or Double
Sideband Large carrier modulation (DSBLC) /Double Sideband Full Carrier (DSBFC)

* Double Sideband Suppressed carrier (DSBSC) modulation

+ Single Sideband (SSB) modulation

* Vestigial Sideband (VSB) modulation

Time Domain and Frequency Domain Description

It is the process where, the amplitude of the carrier is varied proportional to that of the

message signal.

Let m (t) be the base-band signal, m (t) «—— M (®) and c (t) be the carrier, c(t) = A,
cos(ct). fc is chosen such that fc >> W, where W is the maximum frequency component of

m(t). The amplitude modulated signal is given

by

s(t) = Ac [1 + k,m(t)] cos(wct)

Fourier Transform on both sides of the above equation

S(w) =7 Ac/2 (§(w — @c) + 8(w + @c)) + kaAc/ 2 (M(w — oc) + M(® + oc))

k, is a constant called amplitude sensitivity.

k.m(t) <1 and it indicates percentage modulation.

' s(9) t
"'| Wmﬁ ) ,
S
E 'i-.".'llllll]u;'l'll[:||.1';||--|J'El' i'u,ﬁ;_jfi;'ll ‘
LQ'\L Mu U

Fig.2. Amplitude modula\91

Single Tone Modulation:

| sy

in time and frequency d
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Power relations in AM waves:

Consider the expression for single tone/sinusoidal AM wave

s(t) = A Cos(2nf 1)+ %mAcCos[?.?t( £+ fe+ —;—mAcCos[Zir( PR ) '] [R— o)

This expression contains three components. They are carrier component, upper

side band and lower side band. Therefore Average power of the AM wave is sum of

these three components.
Therefore the total power in the amplitude modulated wave is given by

Viar Vs Vipm
Pt= + AT @
R R R

Where all the voltages are s values and R is the resistance, in which the power

is dissipated.
A 2
VZ“‘" ( /‘\E) Acz
Pc = prsaad ey
R R

2R

p 2l_mzAcz _ m2P
BET R 22/ R OS8R T a4

2

— (=] —

8R

m2A? m?
4

v
E
=

l
]
2| -

Therefore total average power is given by
FE=P +Py+hyg
2

. 2
p=p+Z p: p
4 4

m2 m2
E=P|l+—+—
¢ C[ + 4 + 4]

mZ
F, :Pc[]'-i-? ............................ 3

The ratio of total side band power to the @l poaer in the modulated wave ;;%glyien, by
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Fig.4. Square Law Modulator
Consider a non-linear device to which a carrier ¢(t)=Accos (2xft) and an information

signal m(t) is fed simultaneously as shown in figure 4. The total input to the device
at any instant is

V,, = c(@®)+m(t)
V, = A cos2xf t + m(t)
As the level of the input is very small, the output can be considered up to square of the

input, ie,V, =a, +a,V, +a,V}

V, =a, +a,[A, cos27f.t + m()] + a,[ A, cos 2af £ + m(t)]?
2
V,=a, +aA cos2af t +am(t)+ %(1 +cos 47f. ) + a,[m(6)]* + 2a,m(H) A, cos2af.t

2
Vo, =a, +a A, cos 27t + am(t) + a,4, cosdaf,t +a,m*(t) + 2a,m(t)A, cos 2zf t
Taking Fourier transform on both sides, we get
Al a A
Vo(£)=a, + 08I+ 22287 = £+ 8(F + L)L+ aM () +

L[5 -2+ 8(F + 2701+ @M () + a A M(F — £+ M(F + £)]

Therefore, the square law device output 0 V consists of  the dc component at = 0.
The information signal ranging from 0 to W Hz and its second harmonics are signal at

f. and 2f;
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When the peak amplitude of c(t) is maintained more than that of information
signal, the operation is assumed to be dependent on only c(t) irrespective of m(t).

When c(t) is positive, v2=vlsince the diode is forward biased. Similarly, when
c(t) is negative, v2=0 since diode is reverse biased. Based upon above operation,
switching response of the diode is periodic rectangular wave with an amplitude unity
and is given by

n—~l

1 1 &
p(t)—E ;;,, cos(2;@”t(2n 1))

pit) ——-+ 3 cos(Zzzf t)-——z—cos(@gf tH+—
7 K¥:2

n=0,1 n=—1,4+2

Therefore the diode response V, is a product of switching response p(t} and input v;.

va=vrip(t)
1 2 2
V, =[A, cos2af.t +m()] = + Zcos2af.t— —cos6aft+ —+—
2 3z

Applying the Fourier Transform, we get

AR TR AT TR [ SRR

4 A;[a(f _2£)+8(f +2fc)]+—7;[M(f—fc)+M(f+ 2l

A; [6(F —2£)+8(f +2£)]
- Lt -sp)emir+ 1)
T

The diode output v, consists of

a dc component at f =0.

Information signal ranging from O to w Hz and infinite number of frequency bands
centered at f, 2f,, 3f., 4f;, ——-

The required AM signal centred at fc can be separated using band pass filter.
The lower cut off-frequency for the band pass filter should be between w and fc-w
and the upper cut-off frequency between fc+w and 2fc. The filter output is given by

the equation
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e —= = = ' & [y ———

V,=a,+as(t)+a, [s(r)]2
V,=a,+aA cos2zft +a A K mt)cos 2af .t +a,[A cos 2af.t + Ak m(t)cos 2af i |

Applying Fourier transform on both sides, we get

Va(f){ao +%°—}5(f)+ﬂ?—[5(f—ﬁ)+5(f 1]

aAK AR, (- £y M+ 3]s “A4K [M(F-2£)+M(f+2£)]
,aA'K” A2K [M;{)} azAcK M(F-2£)+M(f +21)]

2A° 60 -2£)+8(F + 20 )|+ @, A K [M ()]

The device output consists of a dc component at £ =0, information signal ranging from 0-W
Hz and its second harmonics and frequency bands centered at fc and 2fc. The required

information can be separated using low pass filter with cut off frequency ranging between W
and fc-w. The filter output is given by

2 2
m'(t) = [a +“2§ }LaQAr K i)+ 2% K, 'm0

2

DC component + message signal + second harmonic

The dc component (first term) can be eliminated using a coupling capacitor or a
transformer. The effect of second harmonics of information signal can be reduced by
maintaining its level very low. When m(t) is very low, the filter output is given by

m'(t)=a,A K m(t)

When the information level is very low, the noise effect increases at the receiver, hence the
system clarity is very low using square law demodulator.

Envelope Detector

It is a simple and highly effective system. This method is used in most of the commercial AM
radio receivers. An envelope detector is as shown below.

-75’.'!"-./‘,:‘4“;:\: T TM
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Advantages and Disadvantages of AM:

Advantages of AM:
* Gengeration and demodulation of AM wave are easy.
* AM systems are  cost effective and easy to build.
Disadvantages:
* AM contains unwanted carrier component, hence it requires more transmission power.
* The transmission bandwidth  is equal to twice the  message
bandwidth.
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Fig.1. (a) DSB-SC waveform (b) DSB-SC Frequency Spectrum

The envelope of a DSBSC modulated signal is therefore different from the message
signal and the Fourier transform of s(t) is given by

S(H=22 (s - £)+M(r+£)]

For the case when base band signal rm(t) is limited to the interval —-W<f<W as
shown in figure below, we find that the spectrum S{f) of the DSBSC wave s(f) is as
illastrated below. Except for a change in scaling factor, the modulation process simply
translates the spectrum of the base band signal by f,. The transmission bandwidth
required by DSBSC modulation is the same as that for AM.
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Figure: Message and the corresponding DSBSC spectrum

Generation of DSBSC Waves:

Balanced Modulator (Product Modulator)
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Thus the ring modulator in its ideal form is a product modulator for square wave
carrier and the base band signal m(t). The square wave carrier can be expanded using Fourier
series as

oy n—1
c(t) = d Z Sl Vi cos(2af,t(2n —1))

b A 2n—1

Therefore the ring modulator out put is given by

S(I) = m(r)c(t)

R G
s(2) = mlz) 2 5, Cos@Afi2n—1))
n=1 -

From the above equation it is clear that output from the modulator consists entirely of
modulation products. If the message signal m(t) is band limited to ‘the frequency band — w < f
< w, the output spectrum consists of side bands centred at fc.

Detection of DSB-SC waves:

Coherent Detection:

The message signal m(t) can be uniquely recovered from a DSBSC wave s(t) by first
multiplying s(t) with a locally generated sinusoidal wave and then low pass filtering the
product as shown.

v{n
Product | Low-pass
$(0) =1 modulator = filter > v,(1)
TA‘; COSs (27f.t + )
Local
osciliator

Fig.5 : Coherent detector

It is assumed that the local oscillator signal is exactly coherent or synchronized, in
both frequency and phase, with the carrier wave c(t) used in the product modulator to
generate s(t). This method of demodulation is known as coherent detection or synchronous
detection.
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The frequency of the local oscillator is adjusted to be the same as the carrier frequency fc.
The detector in the upper path is referred to as the in-phase coherent detector or I-
channel, and that in the lower path is referred to as the quadrature-phase coherent detector
or Q-channel.

These two detectors are coupled together to form a negative feedback system designed
in such a way as to maintain the local oscillator synchronous with the carrier wave. Suppose the
local oscillator signal is of the same phase as the carrier c(t) = A.cos(2nf.t) wave used to
generate the incoming DSBSC wave. Then we find that the I-channel output contains the
desired demodulated signal m(t), whereas the Q-channel output is zero due to quadrature null
effect of the Q-channel. Suppose that the local oscillator phase drifts from its proper value by a
small angle ¢ radians. The I-channel output will remain essentially unchanged, but there will be

some signal appearing at the Q-channel output, which is proportional to sin (¢) ~ ¢for small

o,

This Q-channel output will have same polarity as the I-channel output for one
direction of local oscillator phase drift and opposite polarity for the opposite direction of local
oscillator phase drift. Thus, by combining the I-channel and Q-channel outputs in a phase
discriminator (which consists of a multiplier followed by a LPF), a dc control signal is
obtained that automatically corrects for the local phase errors in the voltage-controlled
oscillator.

Radio Transmitters
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Voltage Regulation: An oscillator can also be pulled off frequency if its power supply
voltage isn't held constant. In most transmitters, the supply voltage to the oscillator is
regulated at a constant value. The regulated voltage value is often between 5 and 9 volts;
zener diodes and three-terminal regulator ICs are commonly used voltage regulators. Voltage
regulation is especially important when a transmitter is being powered by batteries or an
automobile's electrical system. As a battery discharges, its terminal voltage falls. The DC
supply voltage in a car can be anywhere between 12 and 16 volts, depending on engine RPM
and other electrical load conditions within the vehicle.

Modulator: The stabilized RF carrier signal feeds one input of the modulator stage.
The modulator is a variable-gain (nonlinear) amplifier. To work, it must have an RF carrier
signal and an AF information signal. In a low-level transmitter, the power levels are low in
the oscillator, buffer, and modulator stages; typically, the modulator output is around 10 mW
(700 mV RMS into 50 ohms) or less.

AF Voltage Amplifier:In order for the modulator to function, it needs an information
signal. A microphone is one way of developing the intelligence signal, however, it only
produces a few millivolts of signal. This simply isn't enough to operate the modulator, so a
voltage amplifier is used to boost the microphone's signal. The signal level at the output of
the AF voltage amplifier is usually at least 1 volt RMS; it is highly dependent upon the
transmitter's design. Notice that the AF amplifier in the transmitter is only providing a voltage
gain, and not necessarily a current gain for the microphone's signal. The power levels are
quite small at the output of this amplifier; a few mW at best.

RF Power Amplifier:At test point D the modulator has created an AM signal by
impressing the information signal from test point C onto the stabilized carrier signal from test
point B at the buffer amplifier output. This signal (test point D) is a complete AM signal, but
has only a few milliwatts of power. The RF power amplifier is normally built with several
stages. These stages increase both the voltage and current of the AM signal. We say that
power amplification occurs when a circuit provides a current gain. In order to accurately
amplify the tiny AM signal from the modulator, the RF power amplifier stages must be linear.
You might recall that amplifiers are divided up into "classes," according to the conduction
angle of the active device within. Class A and class B amplifiers are considered to be linear
amplifiers, so the RF power amplifier stages will normally be constructed using one or both
of these types of amplifiers. Therefore, the signal at test point E looks just like that of test
point D; it's just much bigger in voltage and current.

Antenna Coupler:The antenna coupler is usually part of the last or final RF power
amplifier, and as such, is not really a separate active stage. It performs no amplification, and
has no active devices. It performs two important jobs: Impedance matching and filtering. For
an RF power amplifier to function correctly, it must be supplied with a load resistance equal
to that for which it was designed.

The antenna coupler also acts as a low-pass filter. This filtering reduces the amplitude

of harmonic energies that may be present in the power amplifier's output. All amplifiers
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High Level Transmitters

* Have better DC efficiency than low-level transmitters, and are very well suited for
battery operation.
* Arerestricted to generating AM modulation only.

Introduction of SSB-SC

Standard AM and DSBSC require transmission bandwidth equal to twice the message
bandwidth. In both the cases spectrum contains two side bands of width W Hz, each. But the
upper and lower sides are uniquely related to each other by the virtue of their symmetry about
the carrier frequency. That is, given the amplitude and phase spectra of either side band, the
other can be uniquely determined. Thus, if only one side band is transmitted, and if both the
carrier and the other side band are suppressed at the transmitter, no information is lost. This
kind of modulation is called SSBSC and spectral comparison between DSBSC and SSBSC is
shown in the figures 1 and 2.

Y N y -

Figure.1 : Spectrum of the DSBSC wave
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(= Figure .2 : Spectrum of the SSBSC wave




modulation is to translate the spectrum of the modulating wave, either with or without
inversion, to a new location in the frequency domain. The advantage of SSB modulation is
reduced bandwidth and the elimination of high power carrier wave. The main disadvantage is
the cost and complexity of its implementation.

Generation of SSB wave:
Frequency discrimination method

Consider the generation of SSB modulated signal containing the upper side band only.
From a practical point of view, the most severe requirement of SSB generation arises from the
unwanted sideband, the nearest component of which is separated from the desired side band
by twice the lowest frequency component of the message signal. It implies that, for the
generation of an SSB wave to be possible, the message spectrum must have an energy gap
centered at the origin as shown in figure 7. This requirement is naturally satisfied by voice
signals, whose energy gap is about 600Hz wide.

M) '[

S

Figure .7 :Message spectrum with energy gap at the origin

The frequency discrimination or filter method of SSB generation consists of a product
modulator, which produces DSBSC signal and a band-pass filter to extract the desired side
band and reject the other and is shown in the figure 8.

Sideband filter {hand-

me) b( E ;;) | pass filter on either s(0) ;
Modulation upper or lower SSB signal

input sideband)
A, cos{w, 1}

| Oscillator
| f=£

Figure 8 :Frequency discriminator to generate SSBSC wave

Application of this method requires that the message signal satisfies two conditions:
1. The message signal m(t) has no low-frequency content. Example: speech, audio,
music. 2. The highest frequency component W of the message signal \gg/('t) is.much less than
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J"— LF>=0
H{f)=10,F=0
VYOI

1L,f>0
0,f=0
-1 f<0

and the Signum function givenby  sgn{f)="

The function H{f} can be expressed using Signum function as given by 2

W th — 7 5 17 i Ve s
© know that le 7 =—j 1ejfézj md - prse =COS(9)ijSlﬂ(9)
Therefore, _ix,
1%, F 50
H()=1"
1’72, f <0
Thus the magnitude | (r )} =1, forallf, and angle
-%.f>0
ZH(f)= %
+%,f<0

The device which possesses such a property is called Hilbert transformer. Whenever a

signal 1s applied to the Hilbert transformer, the amplitudes of all frequency components of the

-~ input signal remain unaffected. It produces a phase shift of -90° for all positive frequencies,
while a phase shifts of 90° for all negative frequencies of the signal.
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#() :%I(:E—%dr

The equation 3.5 gives the Hilbert transform of x(1).

The inverse Hilbert transform x(s) is given by

We have #(t)=xle)+ &lr)

The Fourier transform X {7) of #(z) is given by

2(r)=x(F)E(f)

R(f)=-jse(F)x(f)

. Qv

-------------------- (4
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where —w< f < defines the frequency band occupied by the messags signal mi#i.

Consider the SSB wave that is obtained by transmitting only the upper side band,
shown in figure 16 . Two frequency shifted spectras(s- £} and s(f+£) are shownin
figure11  and figure 12 respectively. Therefore, from equations 2 and 3 , it
follows that the comesponding spectra of the in- phase component Sz} and the

quadrature component Sy(2) are as shownin figure13  and 14 respectively.
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Figurs 10 : Spectrum of SSBSC-USB
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But from the discussions on Hilbert transformns, it is shown thag

— jsgnif M{f)=M(7)
wherz M{f) is the Fourder transform of the Hilben tramsform of mftj. Hence the
substituting equation{ 6 }in{ = }, We get

{f}_—4 M{f)

i

Therefore quadrature component sQ{ )13 defined by equation 8
Loy L
55’ (t)= EA 20 {

Therefore substituting equations { 4 ) and{ 8 }inequationin{ 1 ), we find
that canomical representation of an SSB wave st} obtained by transmitting only the upper
side band i given by the equation 9

LA arg) ()

A

Following the same procedure, we can find the canonical representation for an SSB
wave

s(t) obtained by transmitting only the lower side band is given by

s, ()= .;_ Agm(r)cos{zzg‘;t)_!-% Aile)sin{(27 1)

Phase discrimination method for generating SSB wave:

Time domain description of SSB modulation leads to another method of SSB

generation using the equations 9 or 10. The block diagram of phase discriminator is as shown
in figure 15.

Product

In-phase path -+ s(t)
Modulator 1 ‘—CTD_’

&
1 4, cos(2are) +

| QOscillator
v

v
-90° Phase -90° Phase
Shifter Shifter

l A_sin(27.t)

i) Product
* Modulator Q

Quadrature path

Princyy
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Vestigial sideband is a type of Amplitude modulation in which one side band is
completely passed along with trace or tail or vestige of the other side band. VSB is a
compromise between SSB and DSBSC modulation. In SSB, we send only one side band, the
Bandwidth required to send SSB wave is w. SSB is not appropriate way of modulation when
the message signal contains significant components at extremely low frequencies. To
overcome this VSB is used.

Frequency Domain Description

The following Fig illustrates the spectrum of VSB modulated wave s (t) with respect to the
message m (t) (band limited)

M(f)

i -
Fig{a) Spectrum of message signal R
S
o o Jow-fofesfv 0 fofvie foaw —
—) I‘ “*f "““““*
wivhow

Fig{b} Spectrum of VSB wave containing vestige of the Lower side band

Assume that the Lower side band is modified into the vestigial side band. The vestige of
the lower sideband compensates for the amount removed from the
upper sideband. The bandwidth required to send VSB wave is

Q9
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coherent detector and determining the necessary condition for undistorted version of the
message signal m(t). Thus, s (t) is multiplied by a locally generated sinusoidal wave cos

(2rfet) which is synchronous with the carrier w ave Accos(2nfet) in both frequency and phase,
as in fig below,

s, Product Modulator m*wwﬁ&(m”? Low Pass Filtr

A
cos2mf.t ‘

Fig(b). Block diagram of VSB Demodulator

Then, v(t) = s(t). cos2mft---- SS— (2)
In frequency domain Eqgn (2) becomes,

T R R A L UL D) [ —— (3)

Substitution of Egn (1) in Eqn (3) gives
V() = A 72 [M (f - fo- o) + M(F - fo+ fJH(F = £.)

+ VA 12 [M(f + fo- T} + M(f + £+ f)H(F + f.)
V() = WA /2 [M (f -2 fo) + M{F)H(f-f.)

+ VAL /2 [M(f) + M(F +2f)]H(f + f.)

V({f) = Ac /4 M(D[H (f - £) + H(f + £5)]

+ Ac /4 [M(f-2 f) H (F - £) + M(f + 2f) H(f + f.)] e )]
The spectrum of V(f) as shown in fig below,
V()
-2fe -W 0 w 2fc ‘ f
———
f+wh+w : ; ‘ : E ‘
Fig @. Spectrum of the product modulator output v(t) A
t\ Llﬁfﬂ )

,

Pass v(t) to a Low pass filter to eliminate VSB wave corresponding to 2f..

Volf) = Ac /4 M(TH (f - f) 4 H(F 4 fo)] --eeeeemeeomseenmsmenmm oo 5)



Time Domain Description:

Time domain representation of VSB modulated wave, procedure is similar to SSB
Modulated waves. Let s(t) denote a VSB modulated wave and assuming that s(t) containing
Upper sideband along with the Vestige of the Lower sideband. VSB modulated wave s(t) is
the output from Sideband shaping filter, whose input is DSBSC wave. The filter transfer
function H(f) is of the form as in fig below,

H(f)
1.0
05

fofife foerfforw f
Fig (1) H(f) of sideband shaping filter
The DSBSC Modulated wave is
Sposesc(t) = A m{t) cos2ft

it is a band pass signal and has in-phase component only. Its low pass complex
envelope is given by

Spsasc (t} = Adm(t)

The VSB modulated wave is a band pass signal.

Let the low pass signal §(t) denote the complex envelope of VSB wave s(t), then

s{t) = Re[S(t) exp(j2mb] (3)

To determine $(t) we proceed as follows

1. The side band shaping filter transfer function H(f) is replaced by its equivalent
complex low pass transfer function denoted by H(f) as shown in fig below

~

H(f)

1.0
05

i

= fv 0 w

Fig (2) Low pass equivalent to H(f)




Note:
1. If
vestig
ial
side
band
is
incre
ased
to

full
side
band, VSB becomes DSCSB ,i.e., mQ(t) = 0.

2. If vestigiél side band is reduced to Zero, VSB becomes SSB.
i.e., mg(t) = 7(t)
Where 7i(t) is the Hilbert transform of m(t) |

Similarly If VSB containing a vestige of the Upper sideband, then s(t) is given by
S(t) = A2 m(t) cos2trit + AJ2 mg(l) sin2Tfot  -----cemmmecomcnane- (14)

Envelope detection of a VSB Wave plus Carrier
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Applications of different AM systems:

Amplitude Modulation: AM radio, Short wave radio broadcast
DSB-SC: Data Modems, Color TV’s color signals.

SSB: Telephone

VSB: TV picture signals




where 0(¢) is a function of time. The frequency of () in this case depends on the function

of O(f) and may itself be a function of time. The instantaneous frequency of y(¢) given above

is defined as

O:(H 0 ____d0@).
dt

As a checkup for this definition, we know that the instantaneous frequency of x(#) is equal to
its frequency at all times (since the instantaneous frequency for that function is constant) and
is equal to O.. Clearly this satisfies the definition of the instantaneous frequency since [O(¢) =
0.t +0, and therefore 0,(f) = 0.

If we know the instantaneous frequency of some sinusoid from -0 to sometime ¢, we can find
the angle of that sinusoid at time t using

4

0¢) o Oo,@4o.

oo

Changing the angle 0(¢) of some sinusoid is the bases for the two types of angle modulation:

Phase and Frequency modulation techniques.

Phase Modulation (PM)
In this type of modulation, the phase of the carrier signal is directly changed by the message
signal. The phase modulated signal will have the form

gr()t0ADOcosOpg0s0kmet, ()0Op,

where A is a constant, O, is the carrier frequency, m(?) is the message signal, and %, is a
parameter that specifies how much change in the angle occurs for every unit of change of

m(t). The phase and instantaneous frequency of this signal are

DPM( )t DDct Ok m tp( ),
dm 1)

00,():0 0.k, 000, km 4,().

dt
So, the frequency of a PM signal is proportional to the derivative of the message signal.
Frequency Modulation (FM)

This type of modulation changes the frequency of the carrier (not the phase as @1\ directly
with the message signal. The FM modulated signal is : '




.

as the information
frequency of the

Notice that
signal increases, the

carrier  increases, and as the

information  signal : decreases, the

frequency of the : carrier decreases.
The frequency f; of the

information signal controls the rate at which the carrier frequency increases and decreases. As
with AM, f; must be less than f.. The amplitude of the carrier remains constant throughout this
process.

When the information voltage reaches its maximum value then the change in
frequency of the carrier will have also reached its maximum deviation above the nominal
value. Similarly when the information reaches a minimum the carrier will be at its lowest
frequency below the nominal carrier frequency value. When the information signal is zero,
then no deviation of the carrier will occur.

The maximum change that can occur to the carrier from its base value f; is called the
frequency deviation, and is given the symbol Of;. This sets the dynamic range (i.e. voltage
range) of the transmission. The dynamic range is the ratio of the largest and smallest
analogue information signals that can be transmitted.

Bandwidth of FM and PM Signals

The bandwidth of the different AM modulation techniques ranges from the bandwidth
of the message signal (for SSB) to twice the bandwidth of the message signal (for DSBSC
and Full AM). When FM signals were first proposed, it was thought that their bandwidth can
be reduced to an arbitrarily small value. Compared to the bandwidth of different AM

modulation techniques, this would in theory be a big advantage. It was assumed that a signal
with an instantaneous frequency that changes over of range of Of Hz would have a

bandwidth of 0Of Hz. When experiments were done, it was discovered that tl(s\ W‘Qt the

case. It was discovered that the bandwidth of FM signals for a specific message.signal was at
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Now we can expand the term ¢ “"" in g";,,( )¢, which gives

O
O Jkat2:) jkatsss() jkats() O “ E
g ru( )0 AeD o 0010jkaty()T o o oo
og 2! 3! 4! O
O kat>() Jkatis() kati() a
0 A4 00e,0.0jkate()o.0 e jo.0 e o0 emd 0O
Og 2! 3! 4! Og

Since krand a(f) are real (a(f) is real because it is the integral of a real function m(¢)), and
since  Re{¢™}=cos(0.f) and Re{ j&™} =—sin(0,),  then

gme( )t 0 ReDgAm( ) O
O kaf?() ka??() kat?()
O 4 O0cos(0.£)0% a ¢ )sin{0.5H0O scos(0.)0 /sin(0 )0 cos(0.1)0O
oo 2! 3! 4!

The assumption we made for narrowband FM is ( lk a tfd ) 1). This assumption will result in
making all the terms with powers of k a #,( ) greater than 1 to be small compared to the first

two terms. So, the following is a reasonable approximation for g q,( )¢

gevarrowsando( )t 0 A O0cos(0et) Tk a ( )sin(d when lkay,() " 1.

It must be stressed that the above approximation is only valid for narrowband FM signals that

satisfy the condition (Ik a z_‘,-«f ) 1). The above signal is simply the addition (or actually the
subtraction) of a cosine (the carrier) with a DSBSC signal (but using a sine as the carrier).
. The message signal that modulates the DSBSC signal is not m(¥) but its integration a(#). One
of the properties of the Fourier transform informs us that the bandwidth of a signal m(?) and
its integration a(¢) (and its derivative too) are the same (verify this). Therefore, the bandwidth

of the narrowband FM signal is CQ @<

‘BWFZLINanouband( yO BW psssc O 20BW m il




highest carrier freugnecy and

FM modulator that was described in a previous lecture. The narrowband FM modulator
generates a narrowband FM signal using simple components such as an integrator (an
OpAmp), oscillators, multipliers, and adders. The generated narrowband FM signal can be
converted to a wideband FM signal by simply passing it through a non-linear device with
power P. Both the carrier frequency and the frequency deviation 0Of of the narrowband signal
are increased by a factor P. Sometimes, the desired increase in the carrier frequency and the
desired increase in [f are different. In this case, we increase Of to the desired value and use a

frequency shifter (multiplication by a sinusoid followed by a BPF) to change the carrier

frequency to the desired value.

SINGLE-TONE FREQUENCY MODULATION

Time-Domain Expression

Since the FM wave is a nonlinear function of the modulating wave, the frequency
modulation is a nonlinear process. The analysis of nonlinear process is the difficult
task. In this section, we will study single-tone frequency modulation in detail to

simplify the analysis and to get thorough understanding about FM.

reject all others
A narrowband FM signal can be generated easily using the block diagram of the narrowband
Let us consider a single-tone sinusoidal message signal defined by

n(t) = Ancos(2nfit)

The instantaneous frequency from Eq. (5.8) is then

_f(t) = _fc + k_fAn COS(Zn_fnt) = _fc + A_f COS(znfnt)



is the modulation index of the single-tone phase modulated wave.

The frequency deviation of the single-tone PM wave is

spar(£) = A cos|2mfit + By sin(2r fin )]

Spectral Analysis of Single-Tone FM Wave The
above Eq. can be rewritten as

sem(t) = Re{Acejznfetejb sin(2nfnt) }

For simplicity, the modulation index of FM has been considered as p instead of
brafterward. Since sin(2nfat) is periodic with fundamental period T = 1/fn, the
complex expontial elb snnfit) is also periodic with the same fundamental period.
Therefore, this complex exponential can be expanded in Fourier series representation
as

pIBsIN@afmt) z ¢, ei2mnfmt

P oz e £
where the Fourier series

coefficients ¢, are obtained as

Ot




The above eq is the expression for narrow band FM wave

cos[@(t)] = 1 and sin[@(£)] = @(t)

In this case
s{t) = Accos2af.t) — A sin(@rf.e)8(t)

~F
or,s5(t) = A, cos(2rf.t) — 2mA ks sin(2mf . t) f mi{&)dt
0

Product >, | NBFM |
modulator AL :

A sin2uft)

{2

o Agcosi2ufl)
S SR

Marrow-band phase modulator
Fig: Narrowband FM Generator
The frequency deviation Af is very small in narrow-band FM wave. To produce

wideband FM, we have to increase the value of Af to a desired level. This is achieved by

means of one or multiple frequency multipliers. A frequency multiplier consists of a nonlinear
th :
device and a bandpass filter. The n  order nonlinear device produces a dc component and n

number of frequency modulated waves with carrier frequencies f¢, 2f., ... nf. and frequency

deviations Af, 2Af, ... nAf, respectively. If we want an FM wave with frequency deviation

d rd
of 6Af, then we may use a 6th order nonlinear device or one 2" order and oneQ order

e
nonlinear devices in cascade followed by a bandpass filter centered at 6f.. Normally;, 'we may
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where £ is the unmodulated frequency of oscillation. Assuming,
km(t)
«1
0
we have from binomial expansion,

| _km@® s L Jem(®)
C, - 2C,

. Ferre(t)
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K ferre(£)

= Je + =57,

or, f{(t) = fo + kprm(&)
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is the frequency sensitivity of the modulator. The Eq. (5.42) is the required expression for the
instantaneous frequency of an FM wave. In this way, we can generate an FM wave by direct
method.

Direct FM may be generated also by a device in which the inductance of the resonant
circuit is linearly varied by a modulating signal n(t); in this case the modulating signal being
the current.

The main advantage of the direct method is that it produces sufficiently high
frequency deviation, thus requiring little frequency multiplication. But, it has poor frequency
stability. A feedback scheme is used to stabilize the frequency in which the output frequency
is compared with the constant frequency generated by highly stable crystal oscillator and the
error signal is feedback to stabilize the frequency. & L




Here both the amplitude and frequency of this signal are modulated.
In this case, the differentiator is nothing but a circuit that converts change in
frequency into corresponding change in voltage or current as shown in Fig. 5.11. The

ideal differentiator has transfer function

H(jwv) = j2nf
e
!
i
i

[ ¢
' /
s
7

1

.

1 f
L ora

Fhund ™

Figure : Transfer function of ideal differentiator.

Instead of ideal differentiator, any circuit can be used whose frequency
response is linear for some band in positive slope. This method is known as slope
detection. For this, linear segment with positive slope of RC high pass filter or LC
tank circuit can be used. Figure 5.13 shows the use of an LC circuit as a differentiator.
The drawback is the limited linear portion in the

slope of the tank circuit. This is not suitable for wideband FM where the peak frequency
deviation is high.

H{D]
b
A ?
Ad
=% f
£y
"band

Figure : Use of LC tank circuit as a differentiator.

A better solution is the ratio or balanced slope detector in which ‘
circuits tuned at f, + Af and f. — Af are used to extend the linear portion as shewit in.below
figure.




— - 3 Y A B e T T Y T YT R x s s ——————y e e e ——

Let the VCO output be defined by

vyveo(t) = Av sin[2nfct + @2(t)]

where

Here k, is the frequency sensitivity of the VCO measured in hentz per volt. The
- multiplication of s{t) and vy, (1) results

s{thvye(t) = Apcosl2rfit + 0,(0)] A, sin[2nft + 0,(0)]

= ﬁzﬁﬂsfn[sz;z +0,(6) +8,()] +%‘ﬁfsin{@z(ﬂ ~0,(0)]

The high-frequency component is removed by the low-pass filtering of the loop filter.

Therefore, the input signal to the loop filter can be considered as

e(t) = — =sin[0,(t) ~ 8,(6)]

AA
2

The difference P2(t) — D1(t) = Be(t) constitutes the phase error. Let us assume that the
PLL is in phase lock so that the phase error is very small. Then,

sinf@,(£) — 9,(8)] = 0,(t) — D,(t)

t

B () = 2ﬁ7r1£vf v(e)dt — 0,(t)

o
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of the message signal. Consequently, the noise at the output of the loop filter is also limited to
the bandwidth W. On the other hand, the output from the VCO is a wideband FM signal with

an instantaneous frequency that follows the instantaneous frequency of the received FM

signal.

PREEMPHASIS AND DEEMPHASIS NETWORKS

In FM, the noise increases linearly with frequency. By this, the higher frequency
components of message signal are badly affected by the noise. To solve this problem, we
can use a preemphasis filter of transfer function Hy(f) at the transmitter to boost the higher
frequency components before modulation. Similarly, at the receiver, the deemphasis filter

- of transfer function Hy(f)can be used after demodulator to attenuate the higher frequency
components thereby restoring the original message signal.
The preemphasis network and its frequency response are shown in Figure 5.19

(a) and (b) respectively. Similarly, the counter part for deemphasis network is shown

in Figure 5.20.
ZDlogfH, (D)
A ,};'
Message | _L Preemphasized
signal T message signal
S ] 4 } {
fi fy
fa) 1b)
Figure ;(a) Preemphasis network. (b) Frequency response of preemphasis network.
20og|H,()
fi g
Detacted B i Deemphasized N B
massage T rressage signal
signal




4. Transmitters are relatively simple & cheap. Transmitters are complex and hence

expensive.

5. ' The average power in modulated wave is The average power in frequency modulated
greater than carrier power. This added power | wave is same as contained in un-modulated
is provided by modulating source. wave.

. |

6. More susceptible to noise interference and | Noise can be easily minimized amplitude
has low signal to noise ratio, it is more |' variations can be eliminated by using limiter.
difficult to eliminate effects of noise.

7. it is not possible to operate without it is possible to operate several
interference. independent transmitters on same

frequency.
8. The maximum value of modulation index = | No restriction is placed on modulation index.
1, other wise over-modulation would result
in distortions.
FMTransmitter

TheFMtransmitteris a single transistor

circuit. In the telecommunication,

thefrequencymodulation(FM)transfers the information by varying the frequency of carrier

wave according to the message signal. Generally, the FM transmitter uses VHF radio

frequencies of 87.5 to 108.0 MHz to transmit & receive the FM signal. This transmitter

accomplishes the most excellent range with less power. The performance and working of the

wireless audio transmitter circuit is depends on the induction coil & variable capacitor. This

article will explain about the working of the FM transmitter circuit with its applications.

The FM transmitter is a low power transmitter and it uses FM waves for transmitting

the sound, this transmitter transmits the audio signals through the carrier wave by the

difference of frequency. The carrier wave frequency is equivalent to the audio signal of the
amplitude and the FM transmitter produce VHF band of 88 to 108MHZ.Plese follow the
below link for:KnowallAboutPowerAmplifiersforFMTransmitter

Microphone.

To
Anitenna

Modulator

Block Diagram of FM Transmitter

Working of FM Transmitter Circuit




»  The correctional facilities have used in the FM transmitters to reduce the prison noise in
common areas.

Advantages of the FM Transmitiers

+ The FM transmitters are easy to use and the price is low
«  The efficiency of the transmitter is very high
- It has a large operating range

+  This transmitter will reject the noise signal from an amplitude variation.

Gt




»  Shot noise
> Noise temperature
> Quantization noise

Noise temperature

Equivalent noise temperature is not the physical temperature of amplifier, but a theoretical
construct, that is an equivalent temperature that produces that amount of noise power

Te=(F—-1)

White noise

. One of the very important random processes is the whife noise process. Noises in many
practical situations are approximated by the white noise process. Most importantly, the white
noise plays an important role in modelling of WSS signals.

A white noise process {W(f')} is a random process that has constant power spectral density at

all frequencies. Thus

N,
Swle =_in_ -0 € @y <00

where M is a real constant and called the intensity of the white noise. The corresponding
autocorrelation function is given by

N
Ry(t) =~
() 2 ® where ©is the Dirac delta.

The average power of white noise

" 1

P =EWi(t)=

P

Yio e
2T o 2

The autocorrelation function and the PSD of a white noise process is shown in Figure 1

Q " 7

below.
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Fig: Generation of quadrature components of n(7).

o Filters at the receiver have enough bandwidth to pass the
desired signal but not too big to pass excess noise.
o Narrowband (NB) fc center frequency is much bigger that the bandwidth.
o Noise at the output of such filters is called narrowband noise (NBN).
o NBN has spectral concentrated about some mid-band frequency f.
o The sample function of such NBN r(f) appears as a sine wave of frequency f, which

modulates slowly in amplitude and phase

Input signal-fo-noise ratio (SNR, ): is the ratio of the average power of modulated signal s()to the
average power of the filtered noise.

Output signal-to-noise ratio (SNR, ): is the ratio of the average power of demodulated message to the
average power of the noise, both measured af the receiver output.

Channel signal-to-noise ratio (SVR, ): 1s the ratio of the average power of modulated signal s(f)to
the average power of the noise in the message bandwidth, both measured at the recerver mput.

N




Demodulate the received signal by first multiplying r(t) by a locally generated sinusoid cos(2
fct + ), where is the phase of the sinusoid.Then passing the product signal through an ideal

lowpass filter having a bandwidth W.

The multiplication of 1(t) with cos(2nfct + ¢) yields

r(t)cos(2z f.1+¢)
=u(t)cos(2x [t + ¢ )+ n(t)cos(27 f.1 + 4)
= A m(t)cos(27z f.t)cos(2x fit +§)
+n_()cos(27 ft)cos(2x £t +¢)—n (1) sin(27 £ t)cos27 £t + )
=1 4 m(r)cos(p)+1 A m(f)cos(dr f.i+4)

+1[n (1) cos(g)+n, () sin(p)]+ L [n, () cos(4r £+ ¢)-n () sin(47 £.1 + 9)]

The low pass filter rejects the double frequency components and passes only the low pass

components.

() =1 A.m(f)cos (¢) +4 [nc (t) cos(¢) +n () sm(qb)]

the effect of a phase difference between the received carrier and a locally generated carrier at

2 the receiver is a drop equal to
cos (%) in the received signal power.

Phase-locked loop

The effect of a phase-locked loop is to generate phase of the received carrier at the receiver.

If a phase-locked loop is employed, then ¢ = 0 and the demodulator iscalled

a coherent or synchronous demodulator.

In our analysis in this section, we assume that we are employing a coherent
demodulator. With this assumption, we assume that ¢ =0

3 = LA rm1(#) + r_ ()]
Therefore, at the receiver output, the message signal and the noise components are additive

and we are able to define a meaningful SNR. The message signal power is given by

AZ
P =P
o 4 M Q&,’

Power PM is the content of the message signal

The noise power is given by
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The signal-to-noise ratio in an SSB system is equivalent to that of a DSB system.

w Noise in Conventional AM

DSB AM signal © (1) = A [1+ am, (1)]cos(27 £.1)
Received signal at the input to the demodulator

r{t) = A [1+am ()Y]cos(2x [ 1)+ n{f)
= A [V +am, (O]cos(2z £.6) + n,(Hcosa f.t)—n, (1) sin(27 f.1)

=[4 [1+am )]+ n (O)]cos(2x £.£) —n () sin{27 ft)

Where a is the modulation index
mn(t) is normalized so that its minimum value is -1

If a synchronous demodulator is employed, the situation is basically similar to the
~ DSB case, except that we have 1 + amn(?) instead of m(?).
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