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Anisotropic media, 69
Anisotropic medium, 93
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resonance tunneling, 304
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linear phase array, 295
lobes, 296
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Boundary-value problems
BVP, 39

Branch cuts, 396
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Electric current, 342
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Electromagnetic compatibility, 349
Electromagnetic interference, 349
Electromagnetic theory
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Electromagnetic wave, 73

triumph of Maxwell’s equations, 30
Electromagnetics, 1
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Faraday rotation, 91
Faraday’s law, 7
Fermat’s principle, 363, 392
Finite-Difference Time-Domain, 415
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Folded dipole, 305
Fourier transform technique, 64, 65
Frequency dispersive media, 69, 88
Frequency domain analysis, 61
Fresnel reflection coefficient, 145
Fresnel zone, 300
Fresnel, Austin-Jean, 145
Functional, 411
Functional space, 241

Hilbert space, 242
Fundamental mode, 192

Gauge theory, 2
Gauss’s divergence theorem, 17, 19
Gauss’s Law, 11
Gauss’s law

differential operator form, 21
Gaussian beam, 366
Gauss’s law, 7
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General reflection coefficient, 122
Generalized impedance, 123
Generalized reflection coefficient, 137,
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condition, 175, 176, 223
Geometrical optics, 362
Goos-Hanschen shift, 152, 178
Goubau line, 305, 313
Green’s function

dyadic, 347
scalar, 344
static, 36

Green’s function method, 248
Green’s theorem, 344

vector, 347
Green, George, 343
Group velocity, 170, 182, 192, 194
Guidance condition, 175, 177, 178, 183,

191
Guided mode, 173, 213
Gyrotropic media

Faraday rotation, 91

Gyrotropic medium, 93

Hamilton, William Rowan, 438
Hamiltonian mechanics, 438
Hankel function, 199, 205
Heaviside, 28
Heaviside layer

Kennelly-Heaviside layer, 84
Heinrich Hertz, 271

experiment, 5
Helmholtz equation, 116, 170, 187, 188
Hermite polynomial, 369
Hermite-Gaussian functions, 441
Hermitian matrix, 240
Hertzian dipole, 271, 301

far field, 276
near field, 275
point source approximation, 273
radiation resistance, 279

Hidden variable theorey, 7
Hollow waveguide, 185, 190, 211

cut-off frequency, 192
cut-off mode, 190
cut-off wavelength, 192
eigenmode, 191, 194
eigenvalue, 191
eigenvector, 191
TE mode, 186, 190, 212
TM mode, 186, 189

Homogeneous solution, 159, 173, 219, 234,
235, 318, 321–323

Hooke’s law, 437
Horn antenna, 208, 307
Huygens’ principle

electromagnetic waves case, 346
scalar waves case, 344

Huygens, Christiaan, 343
Hybrid modes, 210

Image theory, 351
electric charges, 352
electric dipoles, 352
magnetic charges, 353
magnetic dipoles, 353
multiple images, 355
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perfect magnetic conductor surfaces,
354

Impressed current, 56–58, 293, 328,
331–334, 342

Inhomogeneous media, 69
Initial value proble, IVP, 323
Integral equation, 402
Intrinsic impedance, 77, 99

James Clerk Maxwell
displacement current, 5

Jump condition, 41, 43, 48
Jump discontinuity, 43, 45–48

Kao, Charles, 176
Kernel, 403
Kinetic inductance, 212

Laguere polynomials, 369
associated, 369

Laplace’s equation, 36
Laplacian operator, 31, 35
Lateral wave, 152
Layered media, 166
LC tank, 437
Leap-frog scheme, 426
Legendre polynomial

associate, 382
Lenz’s law, 262
Linear phase array, 295
Linear time-invariant system, 88
Lode stone, 4
Lorentz force law, 82, 91
Lorenz gauge, 248
Lossless conditions, 105, 106
Lossy media, 69
Love’s equivalence theorem, 404

Magnetic charge, 142, 249
Magnetic current, 142, 249, 343
Magnetic dipole, 142
Magnetic monopole, 142
Magnetic source, 140
Magnetostatics, 39
Marconi

experiment, 84

Marconi, Guglielmo, 271
Matrix eigenvalue problem, 191, 240
Maxwell, 28

lifespan, 28
marriage, 28
poems, 28

Maxwell’s equations
accuracy, 2
broad impact, 2
differential operator form, 26
integral form, 7
quantum regime, 2
relativistic invariance, 2
valid over vast length scale, 1
Yang-Mills theory, 2

Maxwell’s theory
wave phenomena, 5

Maxwell, James Clerk, 1
Metasurfaces, 365
Microstrip patch antenna, 307
Mie scattering, 379
Mode conversion, 216
Mode matching method, 216
Mode orthogonality, 240

resonant cavity modes, 244
waveguide modes, 242

Momentum density, 103
Mono-chromatic signal, 168

Nano-fabrication, 6
Nanoparticles, 89
Natural solution, 219, 235, 321, 322
Near zone, 300
Negative resistance, 58
Neumann boundary condition, 188, 190,

191, 200
Neumann function, 199
Nonlinear media, 69
Normalized generalized impedance, 123
Null space solution, 173, 322
Numerical methods, 401

Oliver Heaviside, 84
One-way wave equations, 32
Optical fiber, 152, 210
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Optical theorem, 380
Optimization, 410

Paraxial wave, 206
Paraxial wave equation, 366
Pendulum, 434
Perfect electric conductor, 351
Perfectly matched layers, 429
Permeability, 30
Permittivity, 30
Phase matching condition, 147, 150, 157,

175
Phase shift, 152
Phase velocity, 77, 88, 168, 182, 192, 210
Phasor technique, 61, 62, 79, 83
phasor technique, 65
Photo-electric effect, 6
Photoelectric effect, 433
Photon number state, 441
Pilot potential, 196, 205
Pilot potential method, 186
Pilot vector, 187
Planck radiation law, 6
Planck, Max, 433
Plane waves

in lossy conductive media, 79
uniform, 75

Plasma medium, 191
cold collisionless, 83

Plasmonics, 89
Poisson’s equation, 35
Polarizability, 374
Polarization, 94, 102

CP, 94
LHCP, 95
LHEP, 95
RHCP, 95
RHEP, 95

Polarization density, 29
Power flow

LHCP, 98
LHEP, 98
RHCP, 99
RHEP, 99

Poynting’s theorem

complex, 104
instantaneous, 56

Poynting’s vector
complex, 66, 99
instantaneous, 58, 65

Probability distribution function, 443

Quantum electrodynamics, 434
Quantum harmonic oscillator, 440, 448
Quantum theory, 2
Quasi-optical antennas, 309
Quasi-plane wave, 366
Quasi-static electromagnetic theory, 250,

255
Quasi-TEM mode, 210

Radiation condition; Sommerfeld
radiation condition, 325

Radiation fields, 284
effective aperture, 290
effective area, 290
far-field approximation, 284
locally plane wave approximation,

286
Rayleigh distance, 299
Rayleigh scattering, 371
Reaction

Rumsey, 330
Reactive power, 67
Reciprocity theorem, 342

conditions, 331
mathematical derivation, 328
two-port network, 331

Rectangular cavity, 222
Rectangular waveguide, 187, 190, 194, 195

cut-off frequency, 194
TE mode, 214
TM mode, 214

Reduced wave equation, 189
Reflection coefficient, 122, 135, 136, 145,

156, 158, 162
Reflector antenna, 278
Refractive index, 177
Relativistic invariance, 2
Resonant solution, 219, 320–324
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Resonant solution, homogeneous solution,
322

Resonator, 219
Retardation, 116
RFID, 312
Riemann sheets, 396
Rumsey reaction theorem, 330

Scalar potential, 187, 190
electrodynamics, 247
statics, 246

Schrödinger equation, 440
Separation of variables, 190, 198
Shielding, 349

electrostatic, 349
relaxation time, 350

Shielding by conductive media, 52
Slot antenna, 306
Snell’s law, 147, 157, 364

generalized, 365
Sommerfeld identity, 387, 392
Sommerfeld radiation condition, 325
Spatially dispersive, 69
Special relativity, 2
Spectral representations, 383

point source, 384
Spherical Bessel equation, 382
Spherical Bessel function, 382
Spherical Hankel functions, 382
Spherical harmonic, 382
Spherical Neumann function, 382
Spin angular momentum, 102
Standing wave, 190, 195
Static electricity, 4
Static electromagnetics

differential operator form, 34
integral form, 8

Statics
electric field, 8

Stationary phase method, 392
Stokes’s theorem, 22
structured lights, 370
Subspace projection, 407
Surface current, 340
Surface plasmon, 158, 173

Surface plasmonic mode, 212
Surface plasmonic waveguide, 212

Tangent plane approximations, 362
TE polarization, 146

reflection coefficient, 148
transmission coefficient, 148

Telegrapher’s equations, 118, 122, 214,
215

frequency domain, 116
time domain, 115

Telegraphy
lack of understanding, 5

TEM mode, 186
Time-Harmonic fields, 62
TM mode, 194
TM polarization, 149

reflection coefficient, 149
Transmission coefficient, 149

Toroidal antenna, 142
Total internal reflection, 150, 178, 181
Transmission coefficient, 156, 162, 163
Transmission line, 112, 121, 214

capacitive effects, 113
characteristic impedance, 115, 119
current, 113, 122
distributed lumped element model,

113
equivalent circuit, 135, 136, 138
frequency analysis, 116
inductive effects, 113
load, 122
lossy, 118
matched load, 123
parasitic circuit elements, 140
stray/parasitic capacitances, 139
stray/parasitic inductance, 139
time-domain analysis, 113
voltage, 113

Transmission line matrix, 333, 434
Transverse resonance condition, 174, 175,

220
Transverse wave number, 213
Trapped wave, 159
Traveling wave, 195
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Twin-lead transmission line, 305

Uncertainty principle, 445
Uniqueness theorem, 317, 324, 339,

341–343, 348
conditions, 320
connection to poles of a linear

system, 323
radiation from antenna sources, 324

Vector Poisson’s equation, 40
Vector potential

electrodynamics, 247
non-unique, 41

statics, 246
Voltaic cell

telegraphy, 4

Wave equations, 115
Wave packet, 169
Wave Phenomenon

frequency domain, 73
Wave-particle duality, 431
Weyl identity, 385, 392

Yagi-Uda antenna, 306
Young, Thomas, 431


