
CONTENTS

PREFACE TO THE SECOND EDITION  x

PREFACE TO THE FIRST EDITION  xi

Introduction  1

1. Transmission Lines  8

1.1. Transmission line  8
1.2. Two-conductor line  9
1.3. Transmission line equation  11
1.4. Line constants  13
1.5. Lossless transmission line  15
1.6. Voltage standing wave ratio  16
1.7. Impedance transformation  18
1.8. Smith chart  19
1.9. Impedance measurement  21
1.10. Stub matching  23
1.11. Impedance transformer  23
1.12. Summary  25
Problems  28

2. Electromagnetic Fields  31

2.1. Electromagnetic field components  31
2.2. Material properties  32
2.3. Vector analysis  34
2.4. Maxwell's equations  39
2.5. The solution of Maxwell's equations  40
2.6. Rectangular coordinates  42
2.7. Plane wave solution  42
2.8. Propagation properties  43
2.9. Field components of a plane wave  45



2.10. Plane wave  47
2.11. Wavelength of a propagating wave  47
2.12. Summary  48
Problems  50

3. Waveguide Transmission  52

3.1. Waveguide  52
3.2. Parallel plate waveguide  52
3.3. Waveguide modes  53
3.4. Cut-off conditions  55
3.5. Wave velocities  57 
3.6. Boundary conditions  60
3.7. Reflection from a plane boundary  63
3.8. Impedance  66
3.9. Power flow  67
3.10. Waveguide attenuation  69
3.11. Microwave resonators  70
3.12. Summary  72
Problems  74

4. Rectangular Waveguides  75

4.1. Rectangular pipe  75
4.2. Solution of the wave equation  75
4.3. Cut-off conditions  79
4.4. Boundary conditions  80
4.5. Expressions for the field components  82
4.6. TM-modes  85
4.7. TE-modes  85
4.8. Mode nomenclature  88
4.9. TE10-mode  91
4.10. Waveguide wall currents  92
4.11. Waveguide attenuation  94
4.12. Waveguide impedance  101
4.13. Resonant cavity  104
4.14. Summary  106
Problems  109

5. Circular Waveguides  111

5.1. Circular pipe  111
5.2. Wave equation in cylindrical polar coordinates  111
5.3. Boundary conditions  116
5.4. Expressions for the field components  117
5.5. TM-modes  120
5.6. TE-modes  120
5.7. Polarization  125
5.8. TEM-modes in cylindrical coordinates  128



5.9. Waveguide modes in coaxial line  131
5.10. Waveguide impedance  132
5.11. Waveguide attenuation  135
5.12. Elliptical waveguide  139
5.13. Resonant cavity  141
5.14. Summary  144
Problems  146

6. Conducting Media  148

6.1. Conducting media  148
6.2. Plane wave  149
6.3. Plane surface  151
6.4. High conductivity material  152
6.5. Power loss  153
6.6. Skin depth  154
6.7. Cylindrical polar coordinates  155
6.8. Circular symmetry  156
6.9. Current distribution in a circular wire  158
6.10. Summary  159
Problems  160

7. Ferrite Media  162

7.1. Magnetic materials  162
7.2. Elementary properties of magnetic materials  164
7.3. Resonance absorption  166
7.4. Magnetization equation  167
7.5. Tensor permeability  169
7.6. Plane wave  172
7.7. Effective permeability  176
7.8. Cylindrical coordinates  177
7.9. Faraday rotation  179
7.10. Small field approximation  181
7.11. Ferrite in waveguide  182
7.12. Summary  185
Problems  186

8. Plasma and Electron Beam  188

8.1. Properties of plasma  188
8.2. Electromagnetic properties  190
8.3. Plane wave in unmagnetized plasma  191
8.4. Magnetically biased plasma  193
8.5. Tensor permittivity  195
8.6. Plane wave in magnetized plasma  196
8.7. Rotation  197



8.8. Electron beam dynamics  198
8.9. Beam current wave  201
8.10. Summary  202
Problems  204

9. Oscillators and Amplifiers  206

9.1. Klystron  206
9.2. Reflex klystron  207
9.3. Magnetron  210
9.4. Travelling wave tube  212
9.5. Diodes  214
9.6. Avalanche oscillator  217
9.7. Transferred electron oscillator  219
9.8. Transistor oscillator  221
9.9. Laser  222
9.10. Parametric amplification  224
9.11. Harmonic generator  228
9.12. Summary  230

10. Components  232

10.1. Waveguide components and devices  232
10.2. Waveguide  233
10.3. Couplings  233
10.4. Bends and twists  235
10.5. Directional coupler  237
10.6. T-junctions  238
10.7. Matched termination  240
10.8. Short-circuit  241
10.9. Stub tuner  243
10.10. Wavemeter  244
10.11. Standing-wave meter  246
10.12. Probes  247
10.13. Mode filters  248
10.14. Summary  250

11. Devices  252

11.1. Vane attenuator  252
11.2. Rotary attenuator  253
11.3. Phase changer  255
11.4. Rotary phase changer  256
11.5. Crystal receiver and mixer  257
11.6. Bolometer  258
11.7. Circulator  259
11.8. Isolator  262
11.9. Ferrite attenuator  263



11.10. Directional phase changer  264
11.11. PIN diode attenuator  265
11.12. Summary  265

12. Stripline  267

12.1. Stripline and microstrip  267
12.2. Discontinuities  271
12.3. Directional coupler  272
12.4. Hybrid ring  277
12.5. Y-junction circulator  277
12.6. Edge-guided-mode isolator  279
12.7. Directional phase changer  279
12.8. Ferrite resonant cavity  280
12.9. Stubs  281
12.10. Lumped components  282
12.11. Active circuits  283
12.12. Summary  285

13. Measurements  287

13.1. Microwave measurements  287
13.2. Waveguide test bench  288
13.3. Voltage standing wave ratio (VSWR)  289
13.4. Attenuation  289
13.5. Power  291
13.6. Phase  292
13.7. Swept frequency techniques  294
13.8. Power levelling  295
13.9. Reflection coefficient  297
13.10. Summary  298

BIBLIOGRAPHY  300 

WORKED SOLUTIONS TO SELECTED PROBLEMS  302

APPENDIX 1. Physical constants  315

APPENDIX 2. Notation  316

APPENDIX 3. Circuit symbols  319

INDEX  321


