Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

An Introduction to Radio Frequency Engineering

This book provides a comprehensive introduction to radio frequency (RF) engineering, using a
straightforward and easily understood approach combined with numerous worked examples,
illustrations and homework problems. The author has focused on minimising the mathematics
needed to grasp the subject while providing a solid theoretical foundation for the student. Emphasis
is also placed on the practical aspects of radio engineering. The book provides a broad coverage of
RF systems, circuit design, antennas, propagation and digital techniques. Written for upper-level
undergraduate courses, it will also provide an excellent introduction to the subject for graduate

students, researchers and practising engineers.

CHRISTOPHER COLEMAN is an associate professor of electrical and electronic engineering at the
University of Adelaide. He has held research posts at Imperial College London and the University
College of Wales, and faculty positions at the University of Nottingham, UK, and the University of
Wollongong, Australia. From 1990 until 1999 he served as a principal research scientist on
Australia’s Jindalee over the horizon radar project. He is a member of the IEEE and an associate
editor of the IEEE Antennas and Wireless Propagation Letters.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

An Introduction to Radio
Frequency Engineering

Christopher Coleman

Department of Electrical and Electronic Engineering,

Adelaide University

CAMBRIDGE

UNIVERSITY PRESS

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

CAMBRIDGE UNIVERSITY PRESS
Cambridge, New York, Melbourne, Madrid, Cape Town,
Singapore, Sao Paulo, Delhi, Mexico City

Cambridge University Press
The Edinburgh Building, Cambridge cB2 8ru, UK

Published in the United States of America by Cambridge University Press, New York

www.cambridge.org
Information on this title: www.cambridge.org/9780521834810

© Christopher Coleman 2004

This publication is in copyright. Subject to statutory exception
and to the provisions of relevant collective licensing agreements,
no reproduction of any part may take place without the written
permission of Cambridge University Press.

First published 2004
Reprinted 2005
First paperback edition 2011

A catalogue record for this publication is available from the British Library

Library of Congress Cataloguing in Publication Data

Coleman, Christopher, 1950—
An introduction to radio frequency engineering / Christopher Coleman.
. cm.
Includes bibliographical references and index.
ISBN 0-521-83481-3
1. Radio circuits — Design and construction. 2. Radio — Equipment and supplies — Design and construction.
3. Radio frequency. 1. Title.
TK6560.C64 2004
621.384 —dc22 2003055893

ISBN 978-0-521-83481-0 Hardback

Cambridge University Press has no responsibility for the persistence or
accuracy of URL:s for external or third-party internet websites referred to in
this publication, and does not guarantee that any content on such websites is,
or will remain, accurate or appropriate. Information regarding prices, travel
timetables, and other factual information given in this work is correct at

the time of first printing but Cambridge University Press does not guarantee
the accuracy of such information thereafter.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

This book is dedicated to the memory of Les France and Peter Hattam.

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information

Contents
List of figures page xi
Preface Xxi
Acknowledgements XXii

I

1 Basic concepts 1
1.1 Radio waves 1
1.2 Noise 9
1.3 Sensitivity and selectivity 13
1.4 Non-linearity in RF systems 14
1.5 Digital modulation 19
1.6 Spread spectrum systems 20
1.7 Cellular radio 23
1.8 Radar systems 24

I

2 Frequency selective circuits and matching 28
2.1 Series resonant circuits 28
2.2 Parallel resonant circuits 33
2.3 Inductive transformers 34
2.4 Tuned transformers 36
2.5 Capacitive transformers 37
2.6 L-network matching 38
2.7 m-and T-networks 39
2.8 Matching examples 41
2.9 Component reality 44

I

3 Active devices and amplifiers 49
3.1 The semiconductor diode 49
3.2 Bipolar junction transistors 50

vii

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

viii Contents
]

3.3 The Miller effect and BJT amplifiers
3.4 Differential amplifiers

3.5 Feedback

3.6 Field-effect transistors

3.7 FET amplifiers

3.8 Amplifier noise

4 Mixers, modulators and demodulators

4.1 Diode mixers

4.2 Transistor mixers

4.3 Transconductance mixers
4.4 Amplitude modulation

4.5 Angle modulation

4.6 Gain and amplitude control
4.7 A simple receiver design

5 Oscillators and phase locked loops

5.1 Feedback

5.2 The Colpitts oscillator

5.3 Stability and phase noise in oscillators

5.4 Voltage controlled oscillators

5.5 Negative resistance approach to oscillators
5.6 Phase locked loops

5.7 Analysis of a phase locked loop

5.8 Phase locked loop components

5.9 Phase locked loop applications

6 Transmission lines and scattering matrices

6.1 The transmission line model

6.2 Time-harmonic variations

6.3 Real transmission lines

6.4 Impedance transformation

6.5 Reflection coefficients

6.6 S parameters

6.7 S parameter amplifier design

6.8 The measurement of S parameters

57
64
67
71
76
82

86

86
89
93
95
101
103
105

108

108
109
117
120
121
123
123
125
127

132

132
135
139
142
145
148
154
161

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering

Christopher Coleman

Frontmatter
More information

ix Contents

I
6.9 Some useful multiport networks 162
6.10 Reflection coefficient approach to microwave oscillators 166

I

7 Power amplifiers 171
7.1 Class A 171
7.2 Class B 173
7.3 ClassC 176
74 Class E 178
7.5 A design example 179
7.6 Transmission line transformers 181

I

8 Filters 187
8.1 Filter characteristics 187
8.2 Low- and high-pass filters 191
8.3 Band-pass filters 194
8.4  Conversion of filters to microstrip form 196

I

9 Electromagnetic waves 204
9.1 Maxwell’s equations 204
9.2 Power flow 206
9.3  Electromagnetic waves 206
9.4 Oblique incidence 215
9.5 Guided wave propagation 218
9.6 Wave sources 224

I

10  Antennas 228
10.1 Dipole antennas 228
10.2 Effective length and gain 235
10.3 The monopole antenna 238
10.4 Feeding an antenna 243
10.5 Array antennas 247
10.6 Travelling wave antennas 258
10.7 Aperture antennas 260
10.8 Patch antennas 261

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information
X Contents
I
11 Propagation 266
11.1 Reciprocity theorem 266
11.2 Some consequences of reciprocity 269
11.3 Line-of-sight propagation and reflections 271
11.4 Diffraction 275
11.5 Refraction 271
11.6 Ground wave propagation 286
11.7 Propagation by scattering 287
I
12 Digital techniques in radio 293
12.1 The processing of digitised signals 293
12.2 Analogue-to-digital conversion 298
12.3 Digital receivers 301
12.4 Direct digital synthesis 305
Index 307

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

xi

Figures

1.1  Radiation of a radial pulse.

1.2 Electromagnetic field generated by a system of accelerating charge.

1.3 Development of oscillating dipole field.

1.4 A dipole antenna and its gain pattern.

1.5  Circuit model of a transmit system.

1.6  Conventions for effective length.

1.7 A dipole antenna used to collect energy from an electromagnetic wave.

1.8  Circuit model of receive system.

1.9  Reciprocity principle.

1.10 Transmit/receive system.

1.11 Noise sources.

1.12  Typical antenna noise temperatures for a dipole and a variety of
sources.

1.13 Cascaded amplifiers.

1.14 Measurement of noise figure using matched sources at different
temperatures.

1.15 Simple receiver architecture.

1.16 Superheterodyne receiver.

1.17  Set-up for measuring third-order intercept point.

1.18 Graph depicting the third-order intercept point and 1 dB compression
point.

1.19 A direct conversion receiver together with the performance of its
individual stages.

1.20 Formation of a spread baseband signal.

1.21 A simple DSSS transmitter.

1.22 A simple DSSS receiver.

1.23 A cellular radio system.

1.24 A general radar configuration.

1.25 Moving target.

2.1  Series resonant circuit.

2.2 Transient response.

S
S

o9
(o
S}

O 00 00 N OO bt bW

10
12

13
14
14
17

18

18
21
22
22
23
25
26
29
30

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information
Xii List of figures
2.3 Behaviour of transfer function around resonance. 31
2.4  Series resonant circuit with non-ideal source. 32
2.5  Notch filter example. 32
2.6  Parallel resonant circuit. 33
2.7  Transformer conventions. 34
2.8  Ideal transformer. 35
2.9  Non-ideal transformer. 35
2.10 Tuned transformer. 36
2.11 Model of tuned transformer. 36
2.12 Capacitive transformer. 37
2.13 Resonant capacitive transformer. 37
2.14 L matching network. 38
2.15 m-network. 40
2.16 Analysis of m-network. 40
2.17 T-network. 40
2.18 Analysis of a T-network. 41
2.19 L-network example. 42
2.20 m-network example. 42
2.21 Analysis of m-network example. 43
2.22 Final w-network. 43
2.23 Single layer solenoid and spiral inductor. 44
2.24 Toroidal inductor and realistic inductor model. 45
2.25 Toroidal transformer and circuit model. 46
2.26 Parallel plate and parallel wire capacitors. 47
2.27 High frequency circuit models of realistic resistors and capacitors. 47
3.1  Junction diode. 50
3.2 High frequency model of a diode. 50
3.3 Bipolar junction transistor (BJT). 51
3.4  Typical BJT characteristics. 51
3.5 BIJT load line. 52
3.6  Typical bias circuit. 53
3.7  Alternative bias circuits for a BJT common-emitter amplifier. 54
3.8 A common-emitter amplifier. 54
3.9  Simple BJT models. 55
3.10 Small signal model of common-emitter amplifier. 55
3.11 High frequency BJT model. 56
3.12 Alternative bias circuits for a BJT common-emitter amplifier. 56
3.13 Feedback amplifier and Miller equivalent. 57
3.14 Common-emitter amplifier model. 58
3.15 Miller transformed model. 58
3.16 A more complete BJT model. 59

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

xiii List of figures
]

3.17 A common-base amplifier. 61
3.18 Common-base amplifier model. 61
3.19 The cascode amplifier. 62
3.20 The emitter follower amplifier. 63
3.21 Emitter follower amplifier model. 63
3.22 A BJT differential amplifier. 65
3.23 Differential amplifier with current source. 66
3.24 A current mirror (Iy = (Vee — Vag)/R and Vg & 0.7 V). 66
3.25 Active loads. 67
3.26 Differential amplifier with active loads. 67
3.27 A high frequency amplifier. 68
3.28 A feedback system. 68
3.29 BIJT amplifier with feedback. 69
3.30 The calculation of resistances for bandwidth calculations. 70
3.31 The n-channel junction field-effect transistor (JFET). 71
3.32 The n-channel enhancement MOSFET (nMOS). 72
3.33 The p-channel enhancement MOSFET (pMOS). 72
3.34 Typical FET characteristics. 73
3.35 Typical Ip — Vs curves for (a) a JFET, (b) an nMOS enhancement FET

and (c) a pMOS enhancement FET. 73
3.36 Bias configuration and bias spread characteristics. 74
3.37 FET load line. 74
3.38 Alternative biasing for a JFET. 75
3.39 Low frequency FET model. 75
3.40 Common-source amplifier. 76
3.41 Model of an FET device at RF frequencies. 77
3.42 Common-gate amplifier. 79
3.43 FET cascode amplifier. 79
3.44 Dual-gate MOSFET amplifier. 80
3.45 Source follower amplifier. 81
3.46 A CMOS differential amplifier. 81
3.47 FET active loads. 82
3.48 Amplifier with noise model. 82
3.49 Circuit of d.c.-coupled amplifier for Question 4. 84
3.50 An FET model that is appropriate at very high frequencies. 84
4.1  Diode mixer. 87
4.2 Balanced mixer based on a diode pair. 88
4.3 Diode ring mixer. 88
44 A typical single FET mixer. 89
4.5 Dual-gate MOSFET mixer. 91
4.6  BJT mixer. 91

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering

Christopher Coleman

Frontmatter
More information
Xiv List of figures

4.7  Alternative BJT mixer. 92
4.8 A basic transconductance mixer. 93
4.9  Gilbert cell mixer. 94
4.10 Simple AM transmitter. 95
4.11 Simple AM detector. 96
4.12 Synchronous detector. 96
4.13 Sideband structure. 97
4.14 Simple SSB transmitter. 97
4.15 Variable frequency SSB transmitter. 98
4.16 Phasing SSB generation. 98
4.17 Analysis of the phasing technique. 99
4.18 Phasing SSB demodulation. 100
4.19 An RC network 90° phase shifter. 100
4.20 Traditional SSB receiver. 100
4.21 Phase modulator. 102
4.22  Simple FM demodulation. 102
4.23 Detector frequency response. 103
4.24  Automatic gain control. 104
4.25 Filter and amplifier for AGC. 104
4.26 Limiting amplifier. 105
4.27 A simple direct conversion receiver. 105
4.28 Modern form of DC receiver. 106
5.1  General feedback system. 109
5.2 Colpitts oscillator. 110
5.3  Simple model of Colpitts oscillator. 110
5.4  FET Colpitts with bias circuits. 111
5.5  General Colpitts oscillator. 111
5.6  Clapp and Hartley feedback circuits. 112
5.7  FET differential oscillator. 112
5.8  The drain current for a Colpitts oscillator. 114
5.9  Alternative Colpitts oscillator. 114
5.10 Source follower amplifier. 115
5.11 Simplified Colpitts oscillator model. 115
5.12  An FET Colpitts oscillator that allows output to be taken from

the drain. 116
5.13  Oscillator with series LCR feedback. 117
5.14 Phase noise. 118
5.15 Tllustration of reciprocal mixing. 119
5.16 Crystal resonator model. 120
5.17 Crystal Colpitts oscillator. 120
5.18 A Colpitts VCO. 121

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering

Christopher Coleman

Frontmatter
More information

XV List of figures

5.19
5.20
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32
6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27

Gunn diode. 121
Oscillator based on the Gunn diode. 122
Negative resistance circuit based on an FET. 122
General phase locked loop. 123
Response of a phase locked loop to a step change in reference phase. 125
Phase comparator. 126
Loop filter. 126
Phase/frequency detector based on D flip-flops and a charge pump. 127
Signal levels in the phase/frequency detector. 128
A simple FET PLL. 129
Phase locked loop FM demodulator. 129
Phase locked loop AM detector. 129
Frequency synthesiser. 129
Frequency dividers based on D flip-flops. 130
Coaxial and twin parallel wire transmission lines. 133
Lumped component model of transmission line. 133
Propagation on a transmission line with resistive load. 135
Terminated transmission line. 136
The input impedance of a loaded line (Z;, = Rin + Xin)- 138
Microstrip transmission line. 140
Realistic model of transmission line. 141
The short-circuited line. 142
The open-circuited line. 143
The X /4 transformer. 143
Stub matching. 144
Replacing the stub by a lumped component. 144
Matching example. 145
Reflection coefficient description of a one-port network. 146
A complex tuned circuit and associated Smith chart. 147
Smith charts. 147
Source and load connected by a transmission line. 147
S matrix description of two-port network. 149
Z matrix description of two-port network. 149
Symmetric T-network example. 150
Configuration for the derivation of S parameters. 151
A simple two-port model of an FET. 152
General amplifier with source and load. 154
Transistor amplifier. 154
Smith chart representation of amplifier stability. 157
Final amplifier design. 160
A simple directional coupler. 161

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information
Xvi List of figures
6.28 Set-up for the measurement of S parameters. 162
6.29 Microstrip form of Wilkinson power divider. 162
6.30 Microstrip form of directional coupler. 163
6.31 Analysis of microstrip coupler in terms of even and odd modes. 164
6.32 A branch line quadrature hybrid. 165
6.33 A microwave mixer that is based on a 90° hybrid and diode pair. 165
6.34 Microstrip circulator with application. 166
6.35 Amplifier configuration. 167
6.36  An FET negative resistance oscillator. 167
6.37 Model of FET negative resistance generator. 168
6.38 Microstrip implementation of a negative resistance oscillator. 168
6.39 Circuit for Smith chart example in Question 5. 169
6.40 Circuits for two-port S matrix calculations in Question 6. 169
7.1  Basic power amplifier circuit. 172
7.2 Class A operation. 172
7.3  Class B operation. 174
7.4  Push-pull class B amplifier. 175
7.5 A bias circuit for class B operation. 176
7.6  Class C amplifier. 177
7.7  Class E amplifier. 179
7.8 Power amplifier example. 180
7.9  Design of an output matching network. 180
7.10 Input matching network. 181
7.11 Transmission line transformer model. 182
7.12  Twisted pair transmission line. 183
7.13  Practical transformer. 183
7.14 4:1 transformer. 184
7.15 9:1 transformer. 184
7.16 Power combiner. 184
7.17 A 1:1 BALUN. 185
8.1  Ideal filters. 188
8.2 A simple low-pass filter. 188
8.3 A simple high-pass filter. 188
8.4  Two-pole filter example. 189
8.5  Transducer gain for two-pole filter. 189
8.6  Typical low-pass filter characteristics. 190
8.7  Comparison of Butterworth and Chebysheyv filters. 191
8.8  Low-pass Butterworth filter characteristics. 191
8.9  Low-pass filters for K = 1 and K = 2. 192
8.10 Low-pass filters for K =3 and K = 5. 192
8.11 Alternative low-pass Butterworth configurations. 193

© in this web service Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information
Xvii List of figures

8.12 High-pass filters for K =1 and K = 2. 194
8.13 High-pass filters for K =3 and K = 5. 194
8.14 High-pass filter characteristics. 195
8.15 Band-pass filter derived from a low-pass filter. 195
8.16 Transformation of filter characteristics. 195
8.17 Circuit with three-element filter. 197
8.18 Correspondence between lumped components and transmission lines. 197
8.19 Basic three-element filter. 197
8.20 Some of Kuroda’s identities. 198
8.21 Filter with transmission line extensions. 199
8.22 Filter after application of Kuroda identities. 199
8.23 Transmission line realisation. 199
8.24 Prototype lumped component filter. 199
8.25 Prototype transmission line filter. 200
8.26 Final transmission line filter. 200
8.27 Microstrip realisation of the filter. 201
8.28 Simple parallel microstrip filter. 201
8.29 Parallel microstrip filter. 202
9.1 A plane electromagnetic pulse. 208
9.2 The decomposition of linear polarisation into circularly polarised

modes. 210
9.3  Dispersion of pulses. 211
9.4  Group speed for a simple two-component signal. 212
9.5 Reflection and transmission at a plane interface. 212
9.6  Transmission through a screen. 213
9.7  Attenuation in a current carrying conductor. 215
9.8  The skin effect on a wire conductor. 215
9.9  Oblique incidence of plane waves. 216
9.10 Coaxial waveguide. 218
9.11 Microstrip geometry and fields. 219
9.12 Hollow rectangular waveguide. 219
9.13 Rectangular cavities with loop and probe coupling. 222
9.14 Dominant modes in rectangular and circular hollow waveguides. 222
9.15 High Q bandstop microstrip formed with dielectric resonator. 223
9.16 High stability oscillator that uses a dielectric resonator. 223
9.17 Field zones in relation to the radiating sources. 225
10.1 A snapshot of the electric field near a dipole. 229
10.2  Circuit model of antenna with transmission line. 229
10.3 The distribution of current on dipole antennas. 230
10.4 Half-wave dipole represented as a series of ideal dipoles. 230
10.5 Dipole and coordinate system. 231

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press
978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter
More information
Xviii List of figures
I

10.6 The folded dipole. 233
10.7 Magnetic dipole antenna and practical realisation. 234
10.8 Biconical and bow tie dipoles. 235
10.9 Gain surface of a short dipole. 237
10.10 Gain of a short dipole in a cross-section through the

dipole axis. 238
10.11 Gain pattern of a half wavelength dipole. 239
10.12 Gain pattern of a 5/4 wavelength dipole. 239
10.13 Image current concept. 240
10.14 Connection between monopole and dipole antennas. 240
10.15 Shortening a monopole antenna. 241
10.16 Broadband conical and discone antennas. 241
10.17 Ground reflections from a dipole antenna element. 242
10.18 The effect of a finitely conducting plane. 242
10.19 Antennas located over a lossy plane. 243
10.20 Matching a short monopole to a standard load. 244
10.21 A balanced antenna when fed by (a) balanced and (b) unbalanced

transmission lines. 245
10.22 Dipoles with coaxial feeds. 246
10.23 A half-wave dipole with offset feed. 246
10.24 A pair of phased dipoles. 247
10.25 Gain pattern of two dipoles in broadside configuration. 248
10.26 Gain pattern of two dipoles in endfire configuration. 249
10.27 Gain pattern of dipoles with 90° phasing and A /4 spacing

(f =150 MHz). 250
10.28 The mutual impedance of half-wave dipoles in parallel and collinear

configurations. 250
10.29 Gain pattern of five dipoles in broadside configuration. 251
10.30 A five-element array of dipoles. 251
10.31 Vertical pattern of broadside configuration. 252
10.32 Gain pattern of five dipoles in endfire configuration. 253
10.33 Gain pattern of five endfire dipoles with reduced spacing and phase

increment. 253
10.34 Array factors for linear arrays with equally spaced elements. 255
10.35 Log periodic dipole antenna. 255
10.36 Typical gain pattern of an LPDA in a plane perpendicular to the antenna. 256
10.37 Typical gain pattern in the plane of the LPDA. 256
10.38 A general Yagi—Uda parasitic array antenna. 257
10.39 Beverage travelling wave antenna. 258
10.40 Helical antenna construction and gain. 259
10.41 Waveguide antenna and analysis. 260

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

Xix List of figures

10.42 A horn antenna and a reflector antenna. 262
10.43 Electric field between plates at resonance. 262
10.44 A practical patch antenna with microstrip feed. 263
11.1 The excitation of a waveguide. 268
11.2 Interaction of two antennas. 270
11.3 Communication system with two stations. 271
11.4 Propagation with ground reflections. 272
11.5 Propagation through an urban environment. 273
11.6 Propagation over a stretch of water. 274
11.7 Diffractive propagation over a building. 275
11.8 Huygen’s principle and diffraction over a screen. 276
11.9 Propagation obscured by a screen. 276
11.10 The refraction of a plane wave at a plane interface. 278
11.11 The direction of propagation with refraction by a continuously varying

medium. 278
11.12 Propagation through a spatially varying medium. 280
11.13 A ray path in a spatially varying medium. 280
11.14 Ducting propagation in the atmosphere. 281
11.15 The ionospheric F layer. 282
11.16 Ray paths in the ionosphere. 283
11.17 Ground wave propagation over a hill. 286
11.18 The scattering caused by a flat plate. 288
11.19 Total power scattered by a plate (normalised on the maximum power). 289
11.20 Propagation by scatter from a permittivity anomaly. 290
11.21 Scintillation caused by permittivity irregularity. 291
12.1 The frequency content of a real signal. 294
12.2  The sampling of an analogue signal. 294
12.3 Three signals with identical DFT due to aliasing. 296
12.4  Spectral contamination caused by aliasing. 296
12.5 A finite length discrete signal filtering system. 298
12.6 A simple one-bit analogue-to-digital converter. 299
12.7 A two-bit analogue-to-digital flash converter. 299
12.8 Digitisation of a general signal. 300
12.9 Sampled signals with quantisation noise. 301
12.10 Simple digital-to-analogue converter. 302
12.11 A direct conversion receiver with baseband analogue-to-digital

conversion. 302
12.12 A direct digitising receiver. 303
12.13 A digital oscillator. 304
12.14 A direct digital synthesiser. 305

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

CAMBRIDGE

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

© in this web service Cambridge University Press www.cambridge.org



http://www.cambridge.org/9780521834810
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-83481-0 - An Introduction to Radio Frequency Engineering
Christopher Coleman

Frontmatter

More information

Preface

The following text evolved out of a series of courses on radio frequency (RF) engineering
to undergraduates, postgraduates, government and industry. It was designed to meet
the needs of such groups and, in particular, the needs of working engineers attempting
to upgrade their skills. Thirty years ago, it appeared as if the fibre optics revolution
would relegate wireless to a niche discipline, and universities accordingly downgraded
their offerings in RF. In the past 10 years, however, there has been a renaissance in
wireless and to a point where it is now a key technology. This has been made possible
by the developments in very large-scale integration (VLSI) and CMOS technology in
particular. In order to meet the manpower requirements of the wireless industry, there has
been a need to upgrade the status of RF training in universities and to provide courses
suitable for in-service training. The applications of wireless systems have changed
greatly over the past 30 years, as has the available technology. In particular, there is a
greater use of digital technologies, and antenna systems can often be of the array variety.
The current text has been written with these changes in mind and there has been a culling
of some traditional material that is of limited utility in the current age (graphical design
methods for example). Material in the book has been carefully chosen to provide a
basic training in RF and a springboard for more advanced study. At the author’s own
institution, RF engineering is now taught in a unified manner that emphasises the
relationship between the individual components and the total system. This is part of an
international trend that is gathering pace and is necessitated by the total integration of
modern RF systems. The student is now expected to be able to appreciate the operation of
a total system including electronics, antennas and propagation. Unfortunately, many of
the textbooks covering these individual areas are extremely advanced and inappropriate
at the intermediate level to which this text is mainly directed. In particular, propagation
is ignored almost totally at this level. The current text is designed to service the needs of
a broad RF training and to equip the reader with sufficient knowledge to appreciate the
more advanced texts of other authors. As a minimum, this book requires the reader to
have a basic foundation in electronics and electro-magnetism. At the author’s institution
the material in the first five chapters forms the basis of an initial course in RF and this
is followed by a more advanced course that is based on Chapters 6 to 11.

xxi
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