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Parabolic wave equation, 384
Paraxial, 384
approximation, 386
wave equation, 384
Pendulum, 454
Perfect electric conductor (PEC), 369
Perfectly matched layers (PML), 449
Permeability, 28
Permittivity, 28
Phase matching condition, 151, 152, 155,
163, 181
Phase shift, 157
Phase velocity, 78, 89, 174, 188, 198, 216
Phasor technique, 61, 62, 65, 79, 83
Photoelectric effect, 5, 453
Photon number state, 461
Pilot potential, 202, 211
method, 192
Pilot vector, 193
Planck radiation law, 5
Plane waves
in lossy conductive media, 79
uniform, 75
Plasma medium, 198
cold collisionless, 83
Plasmonic nanoparticle, 262
Plasmonics, 90
Pointing’s vector, 66
Poisson’s equation, 33
Polarizability, 394
Polarization, 96, 104
axial ratio, 98
circular, 96
elliptical, 97
linear, 96
power flow, 100
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Polarization density, 27
Polaron, 85
Poynting’s theorem
complex, 106
instantaneous, 56
Poynting’s vector, 58, 101, 106
Probability distribution function, 462

Quantum electrodynamics (QED), 454

Quantum harmonic oscillator, 459, 468

Quantum theory, 2

Quasi-optical antennas, 321

Quasi-plane wave, 384

Quasi-static electromagnetic theory, 258,
264

Quasi-TEM mode, 216

R, 232
Radiation condition; Sommerfeld
radiation condition, 338
Radiation fields, 296
effective aperture, 303
effective area, 303
far-field approximation, 297
local plane wave approximation, 299
Rayleigh distance, 312
Rayleigh scattering, 391
Reaction theorem, Rumsey, 344
Reactive power, 67
Reciprocity theorem, 358
conditions, 345
mathematical derivation, 342
two-port network, 345
Rectangular cavity, 229
Rectangular waveguide, 193, 196, 200, 201
cut-off frequency, 200
TE mode, 221
TM mode, 221
Reduced wave equation, 195
Reflection coefficient, 124, 139, 140, 149,
162, 164, 168
Refractive index, 183
Relativistic invariance, 2
Resonant solution, 225, 332-335, 337
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Resonant solution, homogeneous solution,

334
Resonator, 225
Retardation, 118
Retardation effect, 264
RFID, 325

Scalar potential, 193, 196
electrodynamics, 255
statics, 254
Schrédinger equation, 459
Semiconductor material, 85
Separation of variables, 196, 204
Shielding, 367
electric field, 53
electrostatic, 367
magnetic field, 54
relaxation time, 368
Snell’s law, 151, 163, 382
generalized, 383
Sommerfeld identity, 410, 415
Sommerfeld radiation condition, 338
Source on top of a layered medium, 411
horizontal electric dipole, 414
vertical electric dipole, 412
Spatially dispersive, 69
Special relativity, 2
Spectral representations, 405
point source, 406
Spherical function
Bessel, 402
Hankel, 402
Neumann, 402
Spherical harmonic, 402
Spin angular momentum, 104
Standing wave, 196, 201
Static electricity, 4
Static electromagnetics
differential operator form, 32
integral form, 7
Statics
electric field, 8
Stationary phase method, 414
Stokes’s theorem, 20
Structured lights, 388

ELECTROMAGNETIC FIELD THEORY

Subspace projection, 427

Surface current, 356

Surface plasmon, 164, 179
Surface plasmonic polariton, 262
Surface plasmonic waveguide, 218

Tangent plane approximations, 380
TE polarization, 150
Telegrapher’s equations, 120, 124, 220,
221
frequency domain, 119
time domain, 117
Telegraphy
lack of understanding, 4
TEM mode, 192
Time-harmonic fields, 62
TM mode, 200
TM polarization, 153
Toroidal antenna, 148
Total internal reflection, 155, 184, 187
Transmission coefficient, 162, 168, 169
Transmission line, 114, 123, 221
capacitive effects, 115
characteristic impedance, 117, 122
current, 115, 124
distributed lumped element model,
115
equivalent circuit, 139, 140, 142
frequency domain analysis, 118
inductive effects, 115
load, 124
lossy, 120
matched load, 125
parasitic circuit elements, 144
stray /parasitic capacitances, 143
stray /parasitic inductance, 144
time-domain analysis, 115
voltage, 115
Transmission line matrix method, 348,
454
Transverse resonance condition, 179, 181,
226, 262
Transverse wave number, 220
Trapped wave, 165
Traveling wave, 201
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Twin-lead transmission line, 317

Uncertainty principle, 464
Uniqueness theorem, 329, 330, 337,
357-359, 365
conditions, 332
connection to poles of a linear
system, 335
radiation from antenna sources, 337

Vector Poisson’s equation, 40

Vector potential
electrodynamics, 255
non-unique, 41
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statics, 254
Volta, Alesandro, 4
Voltaic cell, 4

Wave equations, 117

Wave packet, 175

Wave phenomenon
frequency domain, 74

Wave-particle duality, 451

Weyl identity, 407, 415

Yagi-Uda antenna, 318
Young, Thomas, 451



