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Syllabus...

Analog & Digital Communication : Sem. V, (ECE / Electronics Engg., (GTU))

1. Introduction To Communication System :

Analog and Digital Messages, Channel Effect, Signal-to Noise ratio and capacity, Modulation and
Detection, History of Communications. (Revision of Signal Transmission through a linear system, Signal
distortion over a communication channel, Signal Energy and Energy spectra density, Signal power and

power density). (Refer Chapter 1)

2. Amplitude modulation and Demodulation :

Single and Double sideband Amplitude modulation, Amplitude modulation, Bandwidth-efficient

Amplitude modulation, VSB, Local Carrier synchronization, FDM, PLL. (Refer Chapter 2)
3. Angle Modulation and demodulation :

Nonlinear Modulation, Bandwidth of Angle-modulated Waves,, Generating FM waves, Demodulation of

FM signals, Nonlinear distortion and interference, Superheterodyne Receivers, FM broadcasting System.

(Refer Chapter 3)

4. Sampling and Analog to digital Conversion :

Sampling theorem, Sampling and signal reconstruction, Aliasing, Types of sampling, Quantization, PCM,

Companding, DPCM, ADPCM, Delta modulation, Adaptive delta modulation, T1 carrier system.
(Refer Chapters 4 and 5)
5. Digital Data Transmission :

Components of digital communication system, line coding, pulse shaping, Scrambling, Regenerative

Repeater, Eye Diagram, Timing Extraction, Detection Error Probability, M-ary communication, Digital

Carrier Systems. (Refer Chapters 6 and 7)

6. Introduction to Digital Modulation-Demodulation Techniques :
Modulation techniques for ASK,FSK, PSK, MSK, BPSK, QPSK, GMSK. (Refer Chapter 7)
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(Book Code : GO98C)




‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

Chapter 1:

Introduction to Communication Systems
1-1 to 1-27

Syllabus : Analog and Digital Messages, Channel Effect,
Signal-to Noise ratio and capacity,

Detection, History of Communications.

(Revision of Signal Transmission through a linear system,
Signal distortion over a communication channel, Signal
Energy and Energy spectral density, Signal power and

power density).

Modulation and

1.1
1.2
1.3

1.4
1.5

1.6

1.7

INtrodUCtioN ........oovciiiiiii i 1-2
Basic Communication System ..............cccoceeeee. 1-2
Analog and Digital Messages ..........ccccccceeeeeinnnes 1-4
1.3.1  Analog Messages ........ccccevnmveeennninennns 1-4
1.3.2 Digital Messages .......cccccceevveicvrieeeeeennnn. 1-4
1.3.3  Comparison of Digital and Analog

MESSAGES ....vviiiieiiiieeee e 1-5
1.3.4  Analog to Digital Conversion .................. 1-5
1.3.5  Graphical Representation of A/D

Conversion Process ...........ccccvvevveennnen. 1-5
1.3.6  Advantages of Digital Transmission ....... 1-6
1.3.7 Disadvantages ........ccccccccveeeiiiiiiineieeneenn. 1-6
Channels Effects ........cccovviieiiiiiiieec e 1-6
Bandwidth ..........oooiiiii e 1-7
1.5.1  Signal Bandwidth ..........cc.ccooiiiiii. 1-7
1.5.2  Frequency Spectrum ...........cccccovveeeeeeennn. 1-7
1.5.3  Channel Bandwidth ..........cccccciiiiiinies 1-8
Signal Power and Bandwidth ...................ccccco... 1-8
1.6.1  Role of Channel Bandwidth .................... 1-8
1.6.2  Channel Capacity (C) ...cccceeviiiiieeeeaeeennne 1-8
1.6.3 Role of Transmitted Power (S) ............... 1-9
1.6.4  Signal to Noise (S/N) Ratio ..................... 1-9
1.6.5 Classification of communication

channels ........ccccovieiiiini e 1-9
1.6.6  Noiseless Channel : Nyquist Information

Rate ..o 1-10
1.6.7  Noisy Channel : Shannon's Channel

Capacity ...ooeeeeiiii e 1-10
Classification of Electronic Communication
SYSEMS ..o 1-11
1.7.1  Classification Based on Direction of

Communication ........ccccceeeeeeeeiieiiiieiennnnns 1-12

1.8
1.9

1.7.2  Classification Based on the Nature of
Information Signal ..........cccc.cooeiiiineen. 1-13
1.7.2.1 Analog Communication ........................ 1-13
1.7.2.2 Digital Communication ..............c.......... 1-14
1.7.3 Baseband and Bandpass Signals ........ 1-14
1.7.4  Classification Based on the Technique of
TransSmMisSioN ........ccceevverieeniienieeeiees 1-15
1.7.5  Modulation ........cccoccvviiiiiiiiiiiieee e 1-15
1.7.6  Multiplexing .........cccooiiiiiiiiiiieeeee, 1-16
Need of Modulation ...........cccceviciiiiiiiiieenieees 1-16
Different Modulation Systems ............ccccccvveeeennn. 1-17
1.9.1  Amplitude Modulation (AM) .................. 1-17
1.9.2  Frequency Modulation (FM) ................. 1-18
1.9.3 Phase Modulation (PM) ..........cccccceeee. 1-18
1.9.4  Analog Pulse Modulation .................... 1-18
1.9.5 Digital Pulse Modulation ...................... 1-18
1.9.6 Demodulation or Detection ................... 1-18
Historical Review of Telecommunications .......... 1-18
Communication Applications ..........cccccccvveeeeenn. 1-19

Signal Transmission through a Linear System ...

1.12.1 Impulse Response of a Distortionless

System ...oooiiiiii e, 1-20
Signal Distortions over a Communication
Channel ..o 1-21
1.13.1  Linear Distortion .........ccccccoceviiinnennnnnn. 1-21
1.13.2 Distortion Caused by Channel

Nonlinearities .........ccccocevevvieniicicieennen, 1-21
1.13.3 Distortions Due to Multipath Effects ..... 1-21
1.13.4 Fading and its Effects ...........ccccceveeeeen. 1-22
1.13.5 Diversity Reception ...........cccevveveenennn. 1-22
Signal Energy and Energy spectral density......... 1-23
1141 ENErgy oo 1-23
1.14.2 Spectral Density Functions ................... 1-23
1.14.3 Energy Spectral Density (ESD) ............ 1-23
Signal power and power density............cccccceeeen.. 1-23
1151 POWET i 1-23
1.15.2 Power Spectral Density (PSD) ............. 1-24
Solved University Examples........ccccccoeccvivieeieeiiecinnns
(New Syllabus) .......ccoceveviiiiiiieee e 1-25
University Questions and Answers ..................... 1-25

== TechKnowledge
Publications



®F Table of Contents 2 ADC (Sem. 5/ ECE / GTU)
1.18 University Questions and Answers 2.6.1  Total Power in Nonsinusoidal AM
(NEW SYNADUS).....c.veeeeeeeeeeeeeeeeeeeeeeeeeeen 1-26 Wave ..., 2-18
e Review Questions.........ccccccvririirniiiennnn. 1-24 2.6.2 Effective Modulation Index (m;) of
Chapter2: Amplitude Modulation and Demodulation Nonsinusoidal AM ........ccccoiviiiieniiieenn. 2-19
2-1 to 2-60 2.6.3 Bandwidth of Nonsinusoidal AM ........... 2-19
Syllabus : Amplitude Modulation and Demodulation 2.7  Generation of AM ......cccoiiiiiiiii e 2-20
Single and Double sideband Amplitude modulation, 2.7.1 Square-Law-Modulator ......................... 2-21
Amplitude modulation, Bandwidth-efficient Amplitude 2.7.2  Switching Modulator .............ccccccueeennee 2-22
modulation, VSB, Local Carrier synchronization, FDM, | | 58  Amplitude Demodulation .............ccooovovvverrvene... 2-23
PLL. 2.8.1 Square Law Detector ............ccceveenene. 2-23
2.1 Baseband and Carrier Communication ................. 2-2 2.8.2 Envelope Detector ..........cccccvveveeeeeeinnns 2-24
2.1.1  Definition of Modulation . ......................... 2-2 2.8.3 Distortions in the Envelope Detector
21.2  Amplitude Modulation (AM) or DSB-FC Output . ..o 2-25
Modulation ...........cccoiiiiiiiii 22 | 29 Advantages, Disadvantages and Applications
213 The AMEnvelope .........ccocciiiiiiciiienns 2-2 OF AM .ottt 2-28
2.2  Mathematical Representation of an AM Wave ...... 2-3 2.9.1 Disadvantages of AM (DSB-FC) .......... 2.28
221  Time Domain Description ..........cccccooue. 2-3 2.9.2  Advantages of AM .......cccoovieeevecnnnnn. 2-28
222  Modulation Index or Modulation Factor ..2-4 2.9.3  Applications of AM .......cccoovievecrcrrnnnn. 2-28
223  Frequency Spectrum of the AMWave.....2-4 | 210  Types Of AM ....c.cvoieeeeeeeeeeeeeeeeeeeereeeeeeeenes 2-28
2.2.4 Bandwidth of AMWave ........................ 2-5 2.10.1 DSB-SC or DSB or AM-SC Signal ....... 2-29
225  Spectrum of AM Wave using the Fourier 2.10.2 POWer Saving ........ccceveveueeeceeeereceenennnn 2-30
Transform ... 2-5 2.10.3 Time Domain Description of DSB-SC .. 2-30
2.2.6  Amplitude Modulator ............ccccceeeeennnis 2-6 2104 Frequency Domain Description of
2.3  Linear Modulation and Overmodulation ................ 2-7 DSB-SC Modulation .....oomeeeoo . 2-30
2.4  Calculation of Modulation Index ...............c........... 2-8 2.10.5 DSB-SC Modulation using a General
241  Calculation using the AM Wave .............. 2-8 SIgNal ..o 2-31
2.4.2  Calculation of Modulation Index using 2.10.6 Frequency Domain Description of
Trapezoidal Display . ..........cccccceveeeiiinnns 2-9 DSB-SC using a General Signal .......... 2-31
2.5 AM Power Calculations ...........ccccoiiieiiiiiiiiiieen. 2-10 2.10.7 Advantages of DSBSC ..........ccccceeeee 2-32
251 The Total Power in AM ........cccccoiinennnee 2-10 2.10.8 Disadvantages of DSB-SC ................... 2-32
2.5.2  Carrier Power (Pg) .coceeveeeiiiiiiiiieeaeee 2-10 2.11 Generation of DSB-SC Waves ...........ccccceeeeennn. 2-33
2.5.3 Power in the Sidebands ........................ 2-11 2.11.1  Multiplier Modulators ..........ccccceceennne 2-33
254 Total POWEr ......cooooivieiieeeeeeieeeee e 2-11 2.11.2 Nonlinear Modulator (Balanced
255  Modulation Index in Terms of P; and Modulator) .......cccooviieiii e 2-33
P e 2-11 2.11.3 Modulation using Nonlinear Devices
2.5.6  Transmission Efficiency ............cc......... 2-12 (Balanced Modulator) ............c.coooevve. 2-33
2.5.7  AM Current Calculations ....................... 2-12 2.11.4  Balanced Modulator using Diode
258 Modulation Index in Terms of (Diode Ring Modulator) ..........ccccccevuneee. 2-34
CUITENES ..o 2-13 2.11.6  Switching Modulators for DSB-SC ....... 2-36
2.6 Modulation by a Complex Modulating Signal 212 Coherent Detection of DSB-SC..........ccccccvvvernnnee. 2-37
(Nonsinusoidal AM) ........cccceiiiiiiiiiieeee e 2-18 2.12.1 Effect of Phase Error on the

Demodulated Output ...........coovvvrviienees 2-38

== TechKnowledge
Publications



‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

2.13

2.14

2.15

2.16
217

2.18

2.19

2.20

2.21

2.12.2 DSB-SC Demodulator using Nonlinear

DeviCes ..o 2-38
2.12.3 Coherent Detection for Single Tone

DSB-SC WaVe .....ccccceeveeeeee e 2-39
Single Sideband Signal (SSB) .......cccccceevecinnneenn. 2-39
2.13.1 Time Domain Display .........cccccovvverennns 2-39
2.13.2 Frequency Domain Representation ...... 2-40
2.13.3 Transmission Bandwidth of SSB-SC ....2-40
2.13.4 SSB-SC with a Non-Sinusoidal

Modulating Signal ...........cccceeeviininnenn.. 2-40
2.13.5 Mathematical Representation of SSB-SC

Signal ..o 2-40
2.13.6 Advantages of SSB over DSB-FC ........ 2-40
2.13.7 Disadvantages of SSB ...........cccceciieens 2-41
2.13.8 Applications of SSB ..........ccccceeiiiiienns 2-41
SSB Modulators .........c.cccovvieniiiniiienec e 2-41
2.14.1 Filter Method ........cccooiiiiiiiiiiiieee 2-42
2.14.2 Phase Shift Method ...........ccoceviiiennnen. 2-43

2.14.3 Comparison between Sideband

Suppression Methods ..........cccccceeeenes 2-45
SSB Demodulators .........cccccocieeiiniiiieiniiecc e 2-45
2.15.1 Coherent SSB Demodulation ................ 2-45
Vestigial Sideband Transmission (VSB) ............. 2-47
Detection of VSB Wave ........cccccveviviiiieciiiieenn, 2-49
2.17.1 Comparison between DSB-FC, DSB-SC,

SSB, ISBand VSB ........cccceeeeniienieene 2-50
Local Carrier Synchronization .............cccccceeeeen. 2-50
2.18.1 Carrier Synchronization in DSB-SC ...... 2-50
Multiplexing and Demultiplexing ...............oeco..... 2-52
2.19.1 Types of Multiplexing ..........ccccccevveeeenn. 2-53
Frequency Division Multiplexing (FDM) .............. 2-53
2.20.1 FDM Transmitter .........cccovvverivrennennnnen. 2-54
2.20.2 FDMRECEIVES ...ccovuviiiiiiiiciieee e 2-54
2.20.3 Advantages of FDM ..........ccccciiieeneenn. 2-55
2.20.4 Disadvantages of FDM ...........cccccceee. 2-55
2.20.5 Applications of FDM ..........ccccciiiieeneennn. 2-55
Phase Locked LOOP .......ccooevviiiiiiiiiiiee, 2-55
2.21.1 Block Diagram of PLL ..........ccccvvveeenennn. 2-55
2.21.2 Operation of PLL .....ccccooiiiiiiiiiieeeee 2-55

2.21.3 Characteristics / Parameters of PLL ..... 2-56

2.22 Solved University Examples
(New Syllabus) .......c.coovieiiiiiii e 2-57
2.23 University Questions and Answers ..................... 2-57
2.24 University Questions and Answers
(New Syllabus) ........ccoovveveiiiiieiiee e 2-59
e Review Questions........ccccvienniiniienninns 2-57
Chapter 3: Angle Modulation and Demodulation

3-1 to 3-56

Syllabus

signals,

Angle Modulation and demodulation

Nonlinear Modulation, Bandwidth of Angle-modulated
Waves,, Generating FM waves, Demodulation of FM

Nonlinear  distortion and interference,

Superheterodyne Receivers, FM broadcasting System.

3.1

3.2
3.3

3.4

3.5

Angle Modulation ............ccccivieiieeiieciieeee e 3-2
3.1.1  Principle of Angle Modulation ................. 3-2
3.1.2  General Mathematical Analysis .............. 3-3
3.1.3 Instantaneous Frequency ...............ccoc.... 3-4
Frequency Modulation (Sinusoidal Signals) ......... 3-4
Important Definitions in F.M............cccooveiiiiiiinnn, 3-5
3.3.1  Frequency Deviation (8) or (Af) .............. 3-5
3.3.2  Mathematical Expression for F.M. .......... 3-5
3.3.3  Modulation IndexX ........cccoecvvviiriiiiiirinneenn. 3-6
3.3.4 Deviation Ratio ........cccccovivvieniiiieee, 3-7
3.3.5 Percentage Modulation of FM Wave ...... 3-7
3.3.6  Frequency Spectrum of FM Wave .......... 3-7
3.3.7  Sidebands and Modulation Index ........... 3-8
3.3.8 Ideal Bandwidth of FM ..........cccoceneene 3-8
3.3.9  Practical Bandwidth ..........cccccoeciiiinneenn. 3-8
3.3.10 Typesof F.M. . .ccoeiiiiiieeeeee e 3-9
3.3.11 Multiple Frequency Modulation ............ 3-10
Sinusoidal Phase Modulation (PM) .................... 3-12
3.4.1  Mathematical Representation of Phase
Modulation (PM) .......ccccvvvieeieeiiiiiee. 3-13
3.4.2 Deviation Sensitivity of FM ................... 3-13
3.4.3  Deviation Sensitivity of PM .................. 3-13
3.4.4 Relation of Deviation Ratios with Modulation
INEX .eviiiii 3-13
3.4.5 Difference between FM and PM ........... 3-14
3.4.6 Solved Examples .......ccccccvvvvviiiiiieiinnnns 3-15
CoMPaAriSONS ........ccceevveiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeaeaens 3-19

== TechKnowledge
Publications



‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

3.6

3.7

3.8

3.9

3.10

3.12

3.5.1  Comparison of FM and PM Systems ....3-19
3.5.2 Comparison of FM and AM Systems ....3-20
3.5.3 Comparison of AMand PM ................... 3-20
Mathematical Treatment as Applied to General
Signals FM and PM) ......cccccoviiiiiiiiiiecc e 3-21
3.6.1 Instantaneous Frequency ..................... 3-21
3.6.2  Frequency or Phase Modulation ........... 3-22
3.6.3  Phase Modulation (P.M.) . ......c.cccennne 3-22
3.6.4  Frequency Modulation (F.M.) ................ 3-22
3.6.5 Generation of F.M. using Phase

Modulator ........occveeveiiiiienicrceee 3-23
3.6.6  Generation of P.M. using a Frequency

Modulator .........ccceveiiiiiii e 3-24
3.6.7  Squared Modulation .............cccceeeennnne 3-24
Generation of FMWaves ..........ccccecveeviieineeene, 3-29
3.71  Direct F.M. i 3-29
3.7.2  Varactor Diode Modulator ..................... 3-30
3.7.3  Advantage of Direct FM Generation ..... 3-31
3.7.4  Disadvantages of Direct Method ........... 3-31
Effect of Mixing and Multiplication on FM
WaVE ..o 3-31
3.8.1  Effectof MiXing ......ccccoiiiiiiiiiiiiiis 3-31
3.8.2  Effect of Multiplication ............c.....c....... 3-31
Indirect Method (Armstrong Method) of FM
Generation .........ccooviiiiiiii 3-32
Effect of Noise in FMand PM ...........ccccoviiennnn. 3-33
3.10.1 Advantages of FM . .........ccccoveeieeiiiinns 3-33
3.10.2 Disadvantages of FM .........ccccccciiiiniie 3-33
3.10.3 Applications of FM ........ccccccuinininnnnnnnnne. 3-33
Pre-emphasis and De-emphasis ........................ 3-33
3.11.1  Pre-emphasis ........ccccccvuvvenennnennnnnnnnnnn. 3-33
3.11.2 De-emphasis ......cccccceeiiiiiiiiiiiieeeeeeis 3-34
Basic FM Demodulators .........cccccoeeeeiiiencneennnee. 3-35
3.12.1 Principle of Slope Detection .................. 3-36
3.12.2 Simple Slope Detector .........ccccecuunnnnnn. 3-36
3.12.3 Balanced Slope Detector ...................... 3-37
3.12.4 Phase Discriminator [Foster Seeley

Discriminator] ..........oeevveeviiieiiiiiiiiieieeenes 3-38
3.12.5 Ratio Detector .........coccvvviiiieeiiiince, 3-40
3.12.6 Comparison of FM Demodulators ......... 3-41

3.13

3.14
3.15

3.16

3.17

3.18

3.19
3.20
3.21

3.22

3.23

Zero Crossing Detector as Frequency

Demodulator ...........cccceriiiiiei e 3-42
FM Detection using PLL . .......cccovveiiiiiiiiieeeeee, 3-42
Nonlinear Effects in FM Systems ....................... 3-43
3.15.1 Nonlinear effects on the FM system ........ 3-43
3.15.2 Phase Nonlinearities ...........cccccceeveeens 3-44
AM RECEIVETS ...ccuviiiiiiiiiiciieeeec e 3-44
3.16.1 Functions of a Receiver .............cccc...... 3-44
3.16.2 Superheterodyne Receivers ................. 3-44
3.16.3 Waveforms at Various Points of a

Superheterodyne Receiver ................... 3-46
3.16.4 Frequency Spectrums at Various Points

of a Superheterodyne Receiver ............ 3-46
3.16.5 Advantages of Superheterodyning ....... 3-47
3.16.6 Frequency Parameters of AM

ReCeIVEr ..o 3-47
Receiver Characteristics ............cccccevierinnennnnen. 3-47
3.17.1  Sensitivity ....cccovveeiieiiie 3-47
3.17.2 Selectivity ... 3-47
3.17.3 Fidelity ..oooooeeeeeeeeeeee e 3-48
3.17.4 Image Frequency and Image Frequency

Rejection Ratio (IFRR) ......cccccoeiiiieeee. 3-48
3.17.5 Double Spotting .........ccccoieeiiiiriiiiiee. 3-48
FM RECEIVES . ..o 3-49
3.18.1 Difference between FM and AM

RECEIVErS ...cooviiiiiiieeccc e 3-49
3.18.2 FM Receiver Block Diagram with

Waveforms ... 3-49
Stereophonic FM Broadcast System .................. 3-49
Stereo FM Multiplex Reception ...........cccccceeeen. 3-50
Interference in Angle Modulated
SYSIEMS ..o 3-51
3.21.1 Adjacent Channel Interference ............. 3-51
3.21.2 Co-Channel Interference (Capture Effect)

in FM Receivers . ........ccccoveiiiiinnenn, 3-52
3.21.3 Comparison of AM, FM and PM ........... 3-52
Advantages and Disadvantages of Angle
Modulation .........coovieiiieiie e 3-53
3.22.1 Advantages .......ccccccceviiiiiiiieeeieie. 3-53
3.22.2 Disadvantages of Angle Modulation ..... 3-53
University Questions and Answers ..................... 3-54

== TechKnowledge
Publications



()
‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

3.24 University Questions and Answers

Chapter 5: Analog to Digital Conversion 5-1 to 5-37

(New Syllabus)........cccceeevieiiiiiieee e, 3-55
e Review Questions..........ccccccvririinniiinnnn. 3-53
Chapter 4 : Sampling 4-1 to 4-23

Syllabus : Sampling theorem, Sampling and signal
reconstruction, Aliasing, Types of sampling.

41 INtroduCtion ........coociiiii e 4-2
4,11 Baseband Systems ........ccc..cceeeriviennennnn. 4-2
4.1.2 Formatting Textual Data (Character
COodING) -eeeeeeiieeeeiieee e 4-2
4.1.3 Messages, Characters and Symbols ...... 4-3
4.2  Formatting Analog Information ...............c.cccceee. 4-3
421 SamPling ....ooovieiiiiie 4-3
4.2.2 Low Pass and Band Pass Signals .......... 4-3
4.2.3 Sampling Process ......ccccccceeeeevccvieeenneennn. 4-4
4.3  Sampling Theorem .......cccoccoveiriieeeinieceeec e 4-5
4.3.1  Proof of Sampling Theorem .................... 4-5
4.4  Recovery using Ideal Low Pass Filter ................... 4-9
4.5 Interpolation ............ccco 4-9
451 Interpolation Formula ............ccccveeeeenn. 4-10
4.6  Aliasing or Foldover Error ..........ccccoiiiiiiiiiienn. 4-11
4.6.1 How to Eliminate Aliasing ?................... 4-12
4.6.2 Nyquist Rate and Nyquist Interval ........ 4-12
4.6.3 Effect of Non Ideal Reconstruction
Y 4-12
4.6.4 Examples on Sampling Theorem for Low
Pass Signals .......cc.ccooiiiiiiiiiiniie, 4-13
4.7  Sampling Techniques .......ccccoviiiiiiiiieeiiiiiieeee. 4-15
4.7.1 Ideal or Instantaneous or Impulse
Sampling ...oooooiiii e 4-15
4.7.2  Practical Aspects of Sampling and Signal
RECOVEIY oo 4-15
4.8  Natural Sampling or Chopper Sampling ............. 4-15
4.9  Flat Top Sampling or Rectangular Pulse
SamMPliNG .eveeiiee 4-18
491 Aperture effect .......cccovvveeiiiiiiciiieen 4-20
4.9.2 Comparison of Sampling Techniques ...4-21
4,10 Applications of Sampling Theorem ..................... 4-22
4.11  University Questions and Answers
(New Syllabus)...........coocieiiieniieiieeec e 4-22
e Review Questions.........cccceiierninniiinnnns 4-22

Syllabus : Quantization, PCM, Companding, DPCM,
ADPCM, Delta modulation, Adaptive delta modulation, T1
carrier system.

5.1

5.2

5.3

5.4

5.5

5.6
5.7
5.8

5.9

5.10

5.11

INtroduction .......ccoooviiiiiei e 5-2

5.1.1  Advantages of Digital Representation of a

Signal ..o 5-2
5.1.2 Disadvantages ........cccccccvvvveeeeeeiiccnnnnnnn. 5-2
A 10 D CONVErSION ......ococviiiiiiiiicriieeee e 5-2
5.2.1  Quantization Process ..........cccccceveueennee. 5-3
Pulse Code Modulation (PCM) ........ccccceiieiiiinines 5-4
5.3.1  Pulse Code Modulation (PCM) System .. 5-4
5.3.2 PCM Transmitter (Encoder) ................... 5-5
5.3.3 Shape of the PCM Signal ...........cc.......... 5-6
5.3.4 PCM Transmission Path ............c.ccccce.. 5-6
5.3.5 PCM Receiver (Decoder) ..........cccuvvnen... 5-6
5.3.6  Quantization Process .........cccceceveeriuneenn. 5-7

Derivation of Expression for the Quantization

ErTOr o 5-8
Expression for the Maximum Signal to

Quantization Noise Ratio[S/ Ng] .....ccccecvervieniieens 5-9
Signaling Rate and Bandwidth of PCM .............. 5-10
Effect of Noise in PCM System ..........cccccceeeeen. 5-10
Robust Quantization ............ccccoeieiiiiiiiiiieee. 5-11
5.8.1  Nonuniform Quantization .................... 5-11
Companding (Companded PCM) ....................... 5-12
5.9.1 Compressor Characteristics ................. 5-13
5.9.2 Expander Characteristics ..................... 5-13
5.9.3 Compander Characteristics .................. 5-13
5.9.4 Compressor Characteristics ................. 5-15
Virtues, Limitations and Modifications of PCM ... 5-16
5.10.1 Applications of PCM ..........c..cevvnnnnnnn. 5-16
5.10.2 Virtues of PCM ......ccoooiiiiiiiiieeeee, 5-16
5.10.3 Limitations of PCM ........cccccoiiiiieniees 5-16
5.10.4 Modifications in PCM .........cccovvieniees 5-17
Linear Delta Modulation (D.M.) .........cccccuvveeenennn. 5-21
5.11.1 Delta Modulator Transmitter ................ 5-22
5.11.2 D.M.Receiver ........ccccceiviiveiiiiiieinn, 5-23
5.11.3 Featuresof D.M. ....oocoiiiiiiiiiiiiic, 5-23
5.11.4 Applications of D.M. ......c.ccceeeeiiinnnnennn. 5-23

== TechKnowledge
Publications



‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.11.5 Distortions in the DM System ............... 5-23
5.11.6 Advantages of Delta Modulation ........... 5-24
5.11.7 Disadvantages of Delta Modulation ...... 5-25
5.11.8 Condition for Avoiding the Slope

Overload Error ........cocceevveviieeeiiiieeee 5-25
511.9 Exampleson D.M. ... 5-25
Differential Pulse Code Modulation (DPCM) ....... 5-27
5.12.1 Role of a Predictor .........c.ccoceervirirennen. 5-27
5.12.2 DPCM Transmitter ..........cccceeveririeninnenes 5-27
5.12.3 DPCM ReCEIVEr ......ccccvvirrieriieriiennees 5-28
5.12.4 Advantage of DPCM ..........ccccceiiiiinins 5-28
5.12.5 Disadvantages ......cccccccoiiiiiiieiieaienninins 5-29
Adaptive Differential PCM (ADPCM) .................. 5-29
5.13.1 Comparison of PCM and ADPCM ........ 5-29
Adaptive Delta Modulation (ADM) ...........ccceenneee 5-30
5141 Types of ADM ....cccoceviiiiiiiiiiiiieee e 5-30
5.14.2 ADM Transmitter .........cccooveviiinerinnnn. 5-30
5.14.3 ADM ReCeIVer ......cccoccvvveiiriieeeieneee 5-31
5.14.4 Advantages of Adaptive Delta

Modulation ........cccccoviiiiiiiiiii 5-31
5.14.5 Disadvantages of ADM .........ccccceennnne 5-31
Comparison of Digital Pulse Modulation
SYStEMS . 5-31
PCM-TDM Hierarchy .........ccccoviiiiiiiiiiiieeeeee 5-32
5.16.1 TLINES iooiieieee e 5-32

5.16.2 The T1 System (PCM-TDM System) ....5-33

Solved University Examples

(New Syllabus)..........ccccciiiiieeieeicieee e 5-36

University Questions and Answers

(New Syllabus).........c.eoviriiiiieeeee e 5-36
e Review Questions.........cccccccvririinniiiennn. 5-35

Chapter 6 :

Digital Data Transmission 6-1 to 6-40

Syllabus : Components of digital communication system,
line coding, pulse shaping, Scrambling, Regenerative
Repeater, Eye Diagram, Timing Extraction, Detection
Error Probability, M-ary communication.

6.1

6.2
6.3

INtrodUCtion .......oooviiiii e 6-2
6.1.1  Components of Digital Communication
System ... 6-2
Line CodiNg ..ccooeiiiiiiiiiee e 6-3
Classification of Line Codes .........c..ccoevveiniiennnene 6-4

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.12

6.3.1  Various Line Codes ...........cccoerrvrriueennne. 6-4
6.3.2  Properties of Line Codes ..........cccceeeuneen. 6-5
6.3.3 Unipolar RZ Format ............coceeeiivirennnnen. 6-5
6.3.4  Unipolar NRZ Format .........ccccceecvirennen. 6-5
6.3.5 Polar RZFormat .......ccccooviiiiiniiiieenne, 6-6
6.3.6 Polar NRZ Format ........ccccoevieriiiineennnn. 6-6
6.3.7 Bipolar NRZ Format (AMI) .............cc....... 6-6
6.3.8  Split Phase Manchester Format ............. 6-6
6.3.9 Polar Quaternary NRZ Format ............... 6-7
6.3.10 Selection of Line Codes ..........cccvvenuneee. 6-7
Power Spectra of Line Codes..........cccccveeveeeeeennnnns 6-8
6.4.1 Power Spectral Density of NRZ Unipolar

Format ......ccooeeiiiiii e 6-9
6.4.2 PSD of NRZ Polar Format ...........c........ 6-10
6.4.3 PSD of NRZ Bipolar Format ................. 6-10
6.4.4  PSD of the Manchester Format ............ 6-11
Comparison of Line Codes on the Basis of Power
SPECHIA e 6-15
6.5.1  Comparison of Line Codes ................... 6-15
Pulse Transmission through a Bandlimited
Channel ... 6-17
Intersymbol Interference (I1S1) ..., 6-18
6.7.1  Causes of Intersymbol Interference ..... 6-19
6.7.2 Effect of ISl ..oocoeiiiiiiieee, 6-20
6.7.3 Remedy to Reduce the ISI ................... 6-20
Pulse Shaping .......cccccceveiiiiiiieeee e 6-21
6.8.1  Ideal Solution ..........cccceeviviiiiiniieniees 6-22
6.8.2 Raised Cosine Spectrum ............cc.uuuee. 6-23
Correlative Coding ........ccceevvviiiiiieeieeeiiciiieeeee 6-24
6.9.1  Duobinary Signaling ..........ccccceeeeeiinnnns 6-24
Duobinary Encoding ........ccocoviiieiieiiiiiiiiiieeeee 6-24
6.10.1 Duobinary Encoder ...........ccccvcvienieens 6-24
6.10.2 Duobinary Decoder ..........cccccceeeeeiinne 6-25
6.10.3 Bandwidth Reduction using

Duobinary Technique .........ccccccocveennn. 6-26
Scramblers and Unscramblers ...........ccccccovneeeen. 6-26
6.11.1 Tapped Shift Register ...........c.c..cee... 6-27
6.11.2 Scrambler ........cccocoiiiiiiiie 6-27
6.11.3 Unscrambler ...........ccccceeriiiniicniieniees 6-28
Regenerative Repeaters ..........ccccccoeevivieveenennn. 6-30

== TechKnowledge
Publications



‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

6.13

6.14

6.15

6.16

6.17

6.12.1 Equalization ..........ccccoceviiiiiiiiieieee e 6-31
6.12.2 Tapped Delay Line Filter ...................... 6-32
Automatic Equalizers .........cccccoeeiiiiiiiiiees 6-32
6.13.1 Preset Equalizer .........cccccoiieieiniinenns 6-33
6.13.2 Adaptive Equalizer .............cccccvvveveeeennn. 6-33
6.13.3 Decision Feedback Equalizer ............... 6-34
Eye Diagram .........ccccoveviiiiiiiiieeeee e 6-34
Timing Extraction ..o 6-35
6.15.1  Timing Jitter ..o 6-35
6.15.2 Detection Error Probability .................... 6-36
M-ary Baseband Signaling
(M-ary Communication) ............ccccceeeeeeniiiiiinenen. 6-37
6.16.1 M-ary Pulse Modulation ........................ 6-37
6.16.2 Transmission Bandwidth of M-ary
Modulated Systems ..........cccceviiniiieeen. 6-38
6.16.3 Price Paid for Reducing the Channel
Bandwidth .........ocoooiiiii e 6-39
University Questions and Answers
(New Syllabus)..........ooooiiiiiiieee e 6-39
e Review Questions...........ccccceririerniiinennn. 6-39

Chapter 7 :

Digital Modulation & Demodulation
7-1 to 7-31

Syllabus :

Digital carrier systems, Introduction to

Digital Modulation-Demodulation Techniques: Modulation
techniques for ASK,FSK, PSK, MSK, BPSK, QPSK,

GMSK.
7.1 INtrodUCHiON ... 7-2
7.1.1  Coherent and Noncoherent Detection ....7-2
7.1.2  Probability of Error (Pe ) ccvvvvveeeiiiiineen. 7-2
7.1.3 Power Spectra .......c..cceecvviveeeeeieeieenn 7-2
7.1.4  Bandwidth Efficiency ..........cccccciiii. 7-3
7.2  Digital to Analog Conversion ............ccccccceeeeeennnnee 7-3
7.3  Need of Digital Carrier Wave Modulation
Techniques ... 7-3
7.3.1  Types of Digital Carrier Modulation ........ 7-4
7.3.2  Analogy with Analog Modulation
SChemes ... 7-4
7.3.3  Concept of Binary and M-ary
TransSmMISSION ......cccvviiviiiieiiieee e 7-4
7.4 Amplitude Shift Keying (ASK) ....coooiiiiiiiiiieiiis 7-5

7.4.1  Transmission Bandwidth of the
ASK Signal ......cooeevviiiiiiiiieeeeeeieeeeee 7-6
7.4.2 ASKReCEIVEr ....cccceevviiiiiiiiieee e 7-6
7.4.3  Noncoherent Detection of ASK .............. 7-6
7.4.4  Comparison of AM and ASK ................. 7-7
7.4.5 Constellation Diagram ...........ccceccuineeenn. 7-7
7.4.6 Constellation Diagram of ASK ................ 7-8
7.4.7  Merits and Demerits of ASK .................. 7-8
7.4.8 Application ........ccccceeeiiiiiiiiie e 7-8
7.5  Frequency Shift Keying (FSK) .......ccccoovvvieiiiinnnns 7-8
7.5.1  FSKGeneration ........cccccevviiniiinneennnnn. 7-8
7.5.2  Frequency Spectrum of Binary
FSK Signal .....cccceeeiiiiiiiieeeeeeeee 7-9
7.5.3 Bandwidth of FSK Signal ...................... 7-9
7.5.4  Noncoherent FSK Receiver .................... 7-9
7.5.5  Coherent FSK Demodulator ................. 7-10
7.5.6 Advantages of FSK ........cccccceeiiinnnnnn. 7-10
7.5.7 Disadvantages of FSK ...........cccccuvnee.. 7-10
7.5.8 Application ........cccceeeiiiiiiiiii e 7-10
7.5.9 Coherent BFSK Reception and
Non-coherent BFSK Reception ............ 7-10
7.6  Phase Shift Keying (PSK) ......cooeviiiiiiiiiiieeeeeis 7-11
7.6.1  BPSK Transmitter ..........ccccocoveviienieens 7-11
7.6.2 Coherent BPSK Receiver ..................... 7-12
7.6.3  Frequency Spectrum of BPSK
(Power Spectral Density) .......cccccceeneee 7-13
7.6.4 Bandwidth of BPSK .........ccceciiirinnen. 7-13
7.6.5 Constellation Diagram of BPSK ........... 7-13
7.6.6 Advantages of BPSK .........c.cceeennnnen. 7-13
7.6.7 Disadvantage of BPSK ............cccuvveee.. 7-13
7.6.8 Applications ........cccccoeeiiiiiiiieeeei. 7-13
7.6.9 Comparison of Binary Modulation
Systems ......coooiciiiie e, 7-13
7.7  Differential Phase Shift Keying (DPSK) .............. 7-14
7.7.1 DPSK Transmitter ........cccccoevviniienines 7-15
7.7.2 DPSKReceiver ......coccceiviieeieiieicee 7-16
7.7.3 Bandwidth of DPSK Signal ................... 7-16
7.7.4 Advantages of DPSK ............ccoeeunnnenn. 7-16
7.7.5 Disadvantages of DPSK ..................... 7-17
7.7.6  Comparison of BPSK and DPSK .......... 7-17
7.8 Differentially Encoded PSK (DEPSK) .......cc........... 7-17

== TechKnowledge
Publications



‘?;"' Table of Contents

ADC (Sem. 5/ ECE / GTU)

7.8.1  Advantages of DEPSK ..........ccccceennee. 7-17 7.11 Quadrature Amplitude Shift Keying (QASK) or
7.8.2 DiSAAVANLAGES ......eoeeeeeeeeseeeeeeeeeeeens 7-18 QAM e 7-22
783 Errors in DEPSK System .........c.coo....... 7-18 7.11.1 QASK Transmitter .......ccccoovvveivevnnerennn. 7-23
7.9 Quadrature Phase Shift Keying (QPSK) ............. 7-18 7.11.2 QASK RecCeiver ..o 7-23
7.91 Constellation Diagram of QPSK ........... 7-19 7.11.3 Types of QAM .....oooviiiiiiiiieeeee e 7-24
7.9.2 QPSK Transmitter ..........cccccevveveueenennne. 7-19 7.11.4 4 QAM and 8 QAM Systems ................ 7-24
7.9.3 QPSKReceiver ......cccccoceiiiieiiniineene 7-20 712 Comparison of 8 PSK with 8 QAM ..........c.coeoe.. 7-25
7.9.4  QPSKWaveforms ..............ceeeree 720 | 713 Minimum Shift Keying (MSK) w....ccovvvessinessins 7-25
7.95  Spectrum of QPSK Signal . ....oovvvvve...... 7-21 7.13.1  Waveforms of MSK ..........ccccevviiirennnn. 7-25
7.96 Bandwidth of QPSK oo 7-21 7.13.2 Phase Continuity in MSK ..................... 7-26
7.9.7 Advantages of QPSK ........cccceiiiiiennnen. 7-21 7.13.3  Advantages of MSK as Compared to

. QPSK .. 7-26

7.9.8 Disadvantage ........cccccceevviiiiiiiiiee e 7-21
. 7.13.4 Disadvantages of MSK System ............ 7-26

7.9.9 QPSKis Better than PSK .................... 7-21
o 7.13.5 Gaussian MSK .......ccooovviviviiiieeeeeeeinn. 7-27

7.9.10 Applications ........cccccceeueuieiniiinnnn 7-21
) 7.14 Comparison of Digital CW Systems. ................... 7-27

7.9.11 Comparison of BPSK and QPSK .......... 7-22
7.15 Solved University Examples (New Syllabus)....... 7-29

7.10 M-ary Modulation Techniques .............ccccccceeeen. 7-22

7.16  University Questions and Answers

7.10.1 Advantage .........cccccceiiiiiiiiiiiiiiee e 7-22 (NEW SYIDUS) oo 7.29
7.10.2  Disadvantages ..., 7-22 o Review QUESLIONS ........coceerrrcrreercrrennecs 7-28
aaa

() ™
wa TechKnowledge
Publications



