
 CONTENTS (v)

 

Contents 

Chapter 1 

 Static Electric Fields 

 1.1 Introduction ............................................................................................................ 1 

 1.2 Coulomb’s Law ...................................................................................................... 1 

 1.3  Electric Field Intensity ........................................................................................... 3 

 1.4 Coordinate Systems .............................................................................................. 10 

 1.4.1 Cartesian Co-ordinate System ................................................................. 11 

 1.4.2 Cylindrical Co-ordinate System .............................................................. 11 

 1.4.3 Spherical Coordinate System .................................................................. 14 

 1.5 Electric Fields due to Continuous Charge Distributions ................................... 16 

 1.5.1 Line Charge Distribution ......................................................................... 17 

 1.5.2 Surface Charge Distribution .................................................................... 19 

 1.5.3 Volume Charge Distribution ................................................................... 24 

 1.6 Electric Flux Density or Displacement Density ................................................ 33 

 1.6.1 Line Integral ............................................................................................ 33 

 1.6.2 Surface Integral ....................................................................................... 33 

 1.6.3 Electric Flux ............................................................................................ 33 

 1.7 Divergence of a Vector ........................................................................................ 35 

 1.7.1 Divergence Theorem ............................................................................... 37 

 1.8 Gauss’s Law and Applications ............................................................................. 40 

 1.8.1 Gauss Law ............................................................................................... 40 

 1.8.2 Applications of Gauss’s Law – Point Charge .......................................... 42 

 1.8.3 Applications of Gauss’s Law – Infinite Line Charge .............................. 43 

 1.8.4 Applications of Gauss’s Law – Infinite Sheet of Charge ........................ 47 

 1.8.5 Applications of Gauss’s Law – Uniformly Charged Sphere ................... 49 

 1.9 Electric Potential ................................................................................................ 55 



 CONTENTS (vi) 

 1.10 Conservative and Non-Conservative Fields ......................................................... 60 
 1.10.1 Conservative Field ................................................................................... 60 
 1.10.2 Non Conservative Field ........................................................................... 61 
 1.10.3 Concept of Curl ....................................................................................... 61 

 1.11 Relation Between E  and V ................................................................................. 65 

 1.12 Electric Dipole and Flux Lines ............................................................................. 69 

 1.13 Convection and Conduction Currents .................................................................. 76 

 1.14 Polarization in Dielectrics .................................................................................... 81 

 1.15 Linear, Isotropic and Homogeneous Dielectrics .................................................. 83 

 1.16 Continuity Equation and Relaxation Time ........................................................... 84 
 1.16.1 Continuity Equation ................................................................................ 84 
 1.16.2 Relaxation Time ...................................................................................... 85 

 1.17 Poisson’s and Laplace’s Equations ...................................................................... 86 

 1.18 Parallel Plate Capacitor, Coaxial Capacitor, Spherical Capacitor ........................ 88 

 1.18.1 Parallel Plate Capacitor ........................................................................... 89 
 1.18.2 Co-axial Capacitor ................................................................................... 92 
 1.18.3 Spherical Capacitor ................................................................................. 92 

Review Questions and Answers ....................................................................................... 94 
Multiple Choice Questions ............................................................................................... 96 
Answers ........................................................................................................................... 100 
Exercise Questions ......................................................................................................... 101 

Chapter 2 
 Static Magnetic Fields 
 2.1 Introduction ........................................................................................................ 102 

 2.2 Biot-Savart’s Law .............................................................................................. 102 
 2.2.1 Infinite Line Conductor ......................................................................... 104 

 2.3 Ampere’s Circuit Law or Ampere’s Work Law ................................................. 118 
 2.3.1 Applications of Ampere’s Circuit Law- Infinite Line Conductor ......... 118 
 2.3.2 Applications of Ampere’s Circuit Law- Infinite Sheet ......................... 119 
 2.3.3 Applications of Ampere’s Circuit Law- Infinitely  
  Long Co-axial Cable ............................................................................. 121 
 
 



 CONTENTS (vii)

 2.4 Magnetic Flux Density ....................................................................................... 131 

 2.4.1 Magnetic Flux Line ............................................................................... 132 

 2.5 Magnetic Scalar and Vector Potentials .............................................................. 138 

 2.5.1 Magnetic Scalar Potential ...................................................................... 138 

 2.5.2 Magnetic Vector Potential ..................................................................... 138 

 2.6 Forces due to Magnetic Fields ........................................................................... 143 

 2.6.1 Force due to Moving Charge Particle in B   .......................................... 143 

 2.6.2 Force on a Current Carrying Conductor ................................................ 143 

 2.6.3 Force between Two Current Carrying Conductors 
  (Ampere’s Force Law) .......................................................................... 144 

 2.7 Magnetic Dipole, Torque and Moment .............................................................. 148 

 2.7.1 Magnetic Dipole .................................................................................... 148 

 2.7.2 Magnetic Torque and Moment .............................................................. 152 

 2.8 Magnetization in Materials ................................................................................. 152 

 2.9 Inductance and Magnetic Energy ....................................................................... 155 

 2.9.1 Inductance ............................................................................................. 155 

 2.9.2 Magnetic  Energy .................................................................................. 156 

Review Questions and Answers ..................................................................................... 159 
Multiple Choice Questions ............................................................................................. 163 
Answers ........................................................................................................................... 169 
Exercise Questions ......................................................................................................... 169 

Chapter 3 

 Maxwell’s Equations for                 
 Time Varying Fields 
 3.1 Introduction ........................................................................................................ 170 

 3.2 Faraday’s Law and Transformer EMF ............................................................... 171 

 3.3 In-Consistency of Ampere’s Law and 
  Displacement Current Density ........................................................................... 174 

 3.3.1 Ratio of Conduction Current and Displacement Current ...................... 177 

 3.4 Maxwell’s Equations in different Final Forms and Word Statements ............... 180 

 



 CONTENTS (viii)

 3.5 Boundary Conditions for Electric Fields ............................................................ 183 

 3.5.1 Dielectric – Dielectric ........................................................................... 183 

 3.5.2 Law of Refraction for Electric Fields .................................................... 185 

 3.5.3 Conductor – Dielectric .......................................................................... 185 

 3.5.4 Conductor – Free Space ........................................................................ 187 

 3.6 Boundary Conditions for Magnetic Field ........................................................... 190 

 3.6.1 Law of Refraction for Magnetic Fields ................................................. 191 

Review Questions and Answers ..................................................................................... 193 
Multiple Choice Questions ............................................................................................. 196 
Answers ........................................................................................................................... 199 
Exercise Questions ......................................................................................................... 199 

Chapter 4 

 EM Wave Characteristics 
 4.1 Introduction ........................................................................................................ 201 

 4.2 EM Wave Equations .......................................................................................... 202 

 4.3 Transverse Electromagnetic Wave ..................................................................... 204 

 4.4 Uniform Plane Wave .......................................................................................... 204 

 4.4.1 Propagation of Uniform Plane Wave .................................................... 205 

 4.4.2 Relation Between E and H for Uniform Plane Wave ........................... 205 

 4.5 Wave Propagation in a Conducting Medium or Lossy Medium ........................ 209 

 4.6 Wave Propagation in Free Space ....................................................................... 212 

 4.7 Comparison between Conductors and Dielectrics .............................................. 216 

 4.8 Skin Effect and Skin Depth ................................................................................ 220 

 4.9 Intrinsic Impedance in different Media .............................................................. 221 

 4.10 Polarization in EM Waves .................................................................................. 232 

 4.10.1 Linearly Polarized Wave ....................................................................... 232 

 4.10.2 Circularly Polarized Wave .................................................................... 233 

 4.10.3 Elliptically Polarized Wave ................................................................... 234 

 4.10.4 Generalized Equation of Polarized Wave .............................................. 234 

 



 CONTENTS (ix)

 4.11 Reflection and Refraction of Plane Waves ......................................................... 237 

 4.11.1 Normal Incidence for Perfect Conductor .............................................. 237 
 4.11.2 Oblique Incidence for Perfect Conductor .............................................. 239 
 4.11.3 Normal Incidence for Perfect Dielectric ................................................ 243 
 4.11.4 Oblique Incidence for Perfect Dielectric ............................................... 246 

 4.12 Brewster Angle ................................................................................................... 252 

 4.13 Critical Angle or Total Internal Reflection ........................................................ 254 

 4.14 Surface Impedance ............................................................................................. 254 

 4.15 Poynting Theorem (or) Poynting Vector ............................................................ 257 
 4.15.1 Poynting Theorem ................................................................................. 257 
 4.15.2 Power Flow through Concentric Cables or 
  Power Flow through Coaxial Cables ..................................................... 258 

 4.16 Power Loss in a Conductor ................................................................................ 260 

Review Questions and Answers ..................................................................................... 261 
Multiple Choice Questions ............................................................................................. 263 
Answers ........................................................................................................................... 265 
Exercise Questions ......................................................................................................... 266 

Chapter 5 
 Transmission Lines 
 5.1 Introduction ........................................................................................................ 268 

 5.2 Primary Elements of Transmission Lines .......................................................... 269 

 5.3 Transmission Line Equations ............................................................................. 269 

 5.3.1 Determination of Constants A, B, C and D ........................................... 273 

 5.4 Infinite Transmission Line ................................................................................. 275 
 5.4.1 Characteristic Impedance for an Infinite Line ....................................... 276 

 5.5 Finite Line Terminated With Z0 ......................................................................... 277 

 5.6 Secondary Constants of Transmission Line ....................................................... 278 

 5.7 Attenuation and Phase Constants ....................................................................... 279 

 5.8 Wave Length, Phase and Group Velocities ........................................................ 279 
 5.8.1 Wave Length ......................................................................................... 279 
 5.8.2 Velocity of Propagation or Phase Velocity ........................................... 280 
 5.8.3 Group Velocity ...................................................................................... 280 



 CONTENTS (x) 

 5.9 Line Distortion ................................................................................................... 285 

 5.10 Loading .............................................................................................................. 289 

 5.11 Open and Short Circuited Transmission Lines ................................................... 289 

 5.11.1 Open Circuited Transmission Line ........................................................ 289 

 5.11.2 Short Circuited Transmission Line ........................................................ 289 

 5.12 Input Impedance ................................................................................................. 291 

 5.12.1 Input Impedance for Lossless Transmission Lines ............................... 293 

 5.13 Reflection Co-efficient ....................................................................................... 294 

 5.13.1 Input Impedance in-terms of Reflection Coefficient ............................. 296 

 5.14 Standing Wave Ratio .......................................................................................... 296 

 5.15 Equivalent Circuits or Networks ........................................................................ 298 

 5.16 The Smith Chart ................................................................................................. 302 

 5.17 Applications of Transmission Line .................................................................... 310 

 5.17.1 λ / 4, λ / 2, λ / 8 Lines ............................................................................. 310 

 5.17.2 Impedance Matching ............................................................................. 311 

 5.18 Microstrip Transmission Line ............................................................................ 331 

Review Questions and Answers ..................................................................................... 332 
Multiple Choice Questions ............................................................................................. 337 
Answers ........................................................................................................................... 340 

Exercise Questions ......................................................................................................... 340 

 

 

 

 

 

 

 

 




