
ELECTRONICS 
ENGINEERING

Communication 
Systems

Comprehensive Theory  
with Solved Examples and Practice Questions

www.madeeasypublications.org



Communication Systems
Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be 

reproduced, stored in or introduced into a retrieval system, 

or transmitted in any form or by any means (electronic, 

mechanical, photo-copying, recording or otherwise), 

without the prior written permission of the above mentioned 

publisher of this book.

MADE EASY Publications Pvt. Ltd. has taken due care 

in collecting the data and providing the solutions, before 

publishing this book. Inspite of this, if any inaccuracy or 

printing error occurs then MADE EASY Publications Pvt. 

Ltd.  owes no responsibility. We will be grateful if you could 

point out any such error. Your suggestions will be appreciated.

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro

Station), New Delhi-110016 | Ph. : 9021300500

Email : infomep@madeeasy.in | Web : www.madeeasypublications.org

ED
IT

IO
N

S

First Edition : 2015

Second Edition : 2016

Third Edition : 2017

Fourth Edition : 2018

Fifth Edition : 2019

Sixth Edition : 2020

Seventh Edition : 2021

Eighth Edition : 2022

Ninth Edition : 2023

Tenth Edition : 2024



CHAPTER 1

Introduction to Communication Systems .... 1-24
1.1 Historical Sketch ........................................................................ 1

1.2 Why Study Communication ................................................... 1

1.3 What is Communication.......................................................... 1

1.4 Communication Model ........................................................... 2

1.5 Modes of Communication...................................................... 3

1.6 Types of Modulation ................................................................. 4

1.7 An Exam Oriented Approach ................................................ 5

1.8 Important Fourier Transform ................................................. 5

1.9 Transmission of Signals through Linear 
 Time-Invariant Systems ........................................................... 6

1.10 Ideal Filters ................................................................................... 9

1.11 Hilbert Transform .....................................................................10

1.12 Pre-envelopes ...........................................................................15

1.13 Complex Envelopes of Band-Pass Signals ......................17

1.14 Canonical Representation of Band-Pass Signals ..........18

1.15 Complex Low-Pass Representations
 of Band-Pass Systems .............................................................19

 Objective Brain Teasers ...........................................................20

 Conventional Brain Teasers ....................................................22

CHAPTER 2

Theory of Random Variable and Noise .....25-80
2.1 Randomness in the Real World ...........................................25

2.2 Random Experiments.............................................................25

2.3 Conditional Probability .........................................................27

2.4 Statistical Independence ......................................................28

2.5 Bernoulli Trials ...........................................................................29

2.6 Random Variable ......................................................................29

2.7 Distribution Function CDF Specifies the
 Probability of a RV ‘X’ Taking Values upto ‘X’...................30

2.8 Probability Density Function ...............................................30

2.9 Some Special Random Variable Distribution .................33

2.10 Mean, Variance and Moment ..............................................36

2.11 Multiple Random Variables ..................................................39

2.12 Functions of Random Variables ..........................................42

2.13 Statistical Independence ......................................................45

2.14 Distribution and Density of A Sum
 of  Random Variables ..............................................................46

2.15 Central Limit Theorem ...........................................................52

2.16 Stochastic Processes or Random Processes ...................52

2.17 Ergodic Processes ....................................................................56

2.18 Transmission of a Weakly Stationary Process
 through a Linear Time-Invariant Filter .............................57

2.19 Power Spectral Density of a Weakly
 Stationary Process ...................................................................58

2.20 Noise ............................................................................................61

2.21 Noise Calculations ...................................................................65

2.22 Noise Figure ...............................................................................67

2.23 Ideal Low-pass Filtered White Noise .................................71

2.24 Narrowband Noise ..................................................................73

 Objective Brain Teasers ...........................................................77

 Conventional Brain Teasers ....................................................80

CHAPTER 3

Amplitude Modulation ...............................81-119
3.1 Amplitude Modulation ..........................................................81

3.2 Single Tone Amplitude Modulation ..................................85

3.3 Power Relations in AM ...........................................................88

iii

Communication Systems



3.4 Modulation by a Multiple Single Tone Signals
 (Multi-Tone Modulation) .......................................................90

3.5 Generation of AM Waves.......................................................93

3.6 Double-Sideband Suppressed-Carrier Modulation
 [DSB-SC] ................................................................................... 100

3.7 Single Side-Band ................................................................... 108

3.8 Vestigial Side-band Modulation (VSB) .......................... 113

3.9 Independent Single Sideband (ISB) ............................... 114

 Objective Brain Teasers ........................................................ 116

 Conventional Brain Teasers ................................................. 117

CHAPTER 4

Angle Modulation .................................... 120-152
4.1 Time Domain Description of Angle Modulation ....... 120

4.2 Single-Tone Frequency Modulation .............................. 123

4.3 Spectrum Analysis of Sinusoidal FM wave .................. 127

4.4 Types of Frequency Modulation (FM) ........................... 129

4.5 Generation of Frequency Modulation Waves ............. 131

4.6 Demodulation of Frequency Modulation Waves ...... 135

4.7 Phase-Locked Loop (PLL) ................................................... 141

4.8 Limitation of FM Waves ...................................................... 145

4.9 Comparison between Amplitude Modulation
 and Frequency Modulation .............................................. 147

4.10 Comparison between FM and PM .................................. 148

 Objective Brain Teasers ........................................................ 148

 Conventional Brain Teasers ................................................. 149

CHAPTER 5

AM Transmitters and Receivers ............ 153-181
5.1 Transmitter .............................................................................. 153

5.2 Receivers .................................................................................. 155

5.3 Preemphasis and Deemphasis......................................... 165

5.4 Noise Figure of the Receiver ............................................. 167

5.5 Noise Performance of Continuous Wave Modulation ... 168

5.6 Threshold Effect .................................................................... 178

5.7 FM Capture Effect ................................................................. 179

 Objective Brain Teasers ........................................................ 179

 Conventional Brain Teasers ................................................. 181

CHAPTER 6

Pulse Modulation ..................................... 182-230
6.1 Analog Communication Versus
 Digital Communication ...................................................... 182

6.2 Sampling Theory ................................................................... 183

6.3 Pulse Amplitude Modulation ........................................... 189

6.4 Pulse Width Modulation ..................................................... 190

6.5 Pulse Position Modulation ................................................ 192

6.6 PCM (Pulse Code Modulation) ......................................... 194

6.7 Companding .......................................................................... 198

6.8 Mathematical Analysis of PCM ........................................ 200

6.9 Noise in PCM .......................................................................... 207

6.10 Encoding in PCM................................................................... 207

6.11 Intersymbol Interference ................................................... 210

6.12 Merits and Demerits of PCM ............................................. 215

6.13 Differential Pulse Code Modulation ............................... 215

6.14 Delta Modulation.................................................................. 216

6.15 Adaptive Delta Modulation (ADM) ................................. 220

6.16 Multiplexing ........................................................................... 221

 Objective Brain Teasers ........................................................ 227

 Conventional Brain Teasers ................................................. 230

CHAPTER 7

Data Transmission Schemes ..................231-267
7.1 Geometric Representation of Signal ............................. 232

7.2 Schwarz Inequality ............................................................... 235

7.3 Digital Modulation Schemes ............................................ 237

7.4 Amplitude Shift Keying (ASK) .......................................... 237

7.5 Frequency Shift Keying (FSK) ........................................... 240

7.6 Phase Shift Keying ................................................................ 244

7.7 Quadrature Phase Shift Keying ........................................ 247

7.8 Quadrature Amplitude Modulation ............................... 251

7.9 Differential Phase Shift Keying (DPSK) .......................... 254

7.10 Minimum Shift Keying(MSK) ............................................ 256

 Objective Brain Teasers ........................................................ 259

 Conventional Brain Teasers ................................................. 263

iv

Communication Systems



CHAPTER 8

Optimum Receivers for AWGN Channels ... 268-299
8.1 Detection of Signal in Noise ............................................. 269

8.2 Optimum Detection in a Binary
 Communication System Using MAP Criteria .............. 270

8.3 Probability of Error ............................................................... 273

8.4 Matched Filter ........................................................................ 273

8.5 Generalized Probability of Error Expression
 of Digital Signalling Schemes .......................................... 277

8.6 Probability of Error for Binary Signalling Schemes ... 281

8.7 Probability of Error of QPSK .............................................. 285

 Objective Brain Teasers ........................................................ 287

 Conventional Brain Teasers ................................................. 291

CHAPTER 9

Information Theory and Coding ............ 300-345
9.1 Need of Information Theory ............................................. 300

9.2 Information ............................................................................. 301

9.3 Entropy ..................................................................................... 302

9.4 Discrete Memoryless Channels ....................................... 305

9.5 Special Channels ................................................................... 306

9.6 Mutual Information.............................................................. 309

9.7 Channel Capacity .................................................................. 311

9.8 Entropy of Continuous Channel ...................................... 313

9.9 Additive White Gaussian Noise Channel (AWGN) ..... 313

9.10 Source Coding ....................................................................... 314

9.11 Entropy Coding ..................................................................... 316

9.12 Channel Coding Theorem ................................................. 319

9.13 Error Control Coding ........................................................... 320

9.14 Linear Code ............................................................................. 324

9.15 Cyclic Redundancy Checks (CRC).................................... 336

 Objective Brain Teasers ........................................................ 338

 Conventional Brain Teasers ................................................. 342

CHAPTER 10

Multiple Access Technique
and Communication Standards ............ 346-361
10.1 Multiple Access Technique ................................................ 346

10.2 Frequency Division Multiple Access (FDMA) .............. 347

10.3 Time Division Multiple Access (TDMA) ......................... 348

10.4 Code Division Multiple Access (CDMA) ........................ 351

10.5 Standards of Mobile Communication System ........... 357

10.6 Global System for Mobile Communications (GSM) ..... 359

nnnn

Communication Systems

v




























