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nAexTpov, 63
4-derivative, 148
4-vector, 143

Abrikosov lattice, 217
action
for Maxwell equations, 193
for relativistic particle, 173
advanced Green’s function, 244
aether, 142
alternating tensor, 160
Ampere’s law, 67
in matter, 284
Ampere, André-Marie, 106
ampere, 103
amplitude of wave, 127
analyticity, 306
Anderson-Higgs mechanism, 220
angular frequency, 127
angular momentum, 140, 192
antenna, 250
Arago, Francois, 106
arc length, 344
area integral, 353
associated Legendre polynomials, 400
atom, 251
atomic polarisability, 275
attenuation, 300
axion, 227

Bendixson-Dulac theorem, 415
Bessel function, 402

Biot, Jean-Baptiste, 106
Biot—Savart law, 84

blue sky, 261

Boltzmann distribution, 319
boost, 144

boost of fields, 156

bound charge, 277

bound current, 282
boundary, 366
bremsstrahlung, 270
Brewster’s angle, 294

canonical momentum, 221
capacitance, 54

capacitor, 54

Cauchy residue theorem, 243
causality, 306

Cavendish, Henry, 64
charge density, 8

charge screening, 318
charged rotating sphere, 94
charged scalar field, 202
Chern—Simons term, 87
circuit, 108

circular polarisation, 130
circulation, 352

classical radius of electron, 259
closed curve, 352
codimension, 408
codomain, 338

Compton wavelength, 49
condensate, 209
conductivity, 115, 311
conductor, 50, 309
connection, 154
conservation law, 10, 149
conservative field, 384
continuity equation, 10, 149
Cooper pair, 207

coulomb, 103

Coulomb force, 18
Coulomb gauge, 76
Coulomb, Charles Augustin, 64
covariant action, 173
covariant derivative, 203
covariant transformation, 162
covector, 147

cross-section, 259

curl, 380

current carrying wire, 68
current density, 9

curvature (of curve), 346
curves, 340

curvilinear coordinates, 393
cyclotron, 167

cyclotron frequency, 167
cyclotron radiation, 271
cylindrical polar coordinates, 362, 393

D, 279

d’Alembertian, 237

DC conductivity, 311
Debye screening length, 320
Debye—Hiickel model, 319
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delta function, 32
diamagnetism, 282
dielectric, 273, 274
dielectric constant, 279
dielectric response function, 322
Lindhard, 332
Thomas—Fermi, 327
dipole, electric, 33
dipole, magnetic, 91
Dirac delta function, 32
Dirac quantisation condition, 80
directional derivative, 378
dispersion relation
in materials, 299
in vacuum, 126
dispersion, normal and anomalous, 301
displacement current, 120
divergence, 380
divergence free, 390
divergence theorem, 405
divergence theorem for scalar fields, 410
domain, 338
Drude model, 310
dual electromagnetic tensor, 161
DuFay, Charles, 63
dyon, 231

Earnshaw’s theorem, 42
electric charge, 7
electric constant, 13
electric dipole moment, 35, 41
electric dipole radiation, 248
electric displacement, 279
electric field, 12
electric flux, 16
electric quadrupole radiation, 255
electric susceptibility, 276
electromagnetic

momentum, 139
electromagnetic duality, 162
electromagnetic tensor, 154
electromagnetic waves, 123, 236
electromotive force, 108
electron charge, 8
electron classical radius, 259
electron magnetic moment, 102
electrostatic

energy, 45

equilibrium, 42

potential, 26
electrostatics, 15
Elles, Henry, 105
elliptic polarisation, 130
emf, 108
energy

electromagnetic, 138

in electric field, 45

in electromagnetic field, 197

in magnetic field, 113

of electric dipoles, 49

of magnetic dipole, 99
energy-momentum tensor, 187
equilibrium, 42
equipotential, 27
Euler-Lagrange equations, 171
evanescent wave, 296

far-field zone, 249
Faraday’s law of induction, 107
Faraday, Michael, 118
Farady cage, 52
Fermi-Dirac distribution, 325
ferroelectric, 277
ferromagnetism, 282
Feynman propagator, 245
field, 12
field line, 17
field strength, 154
fine structure constant, 49, 105
flux, 16, 74, 108, 371
flux quantisation, 212
flux rule, 109
force
between currents, 96
between electric dipoles, 49
between magnetic dipoles, 99
force density, 13
Franklin, Benjamin, 64
Frenet—Serret equations, 348
frequency, 127
Fresnel equations, 291
Friedel oscillations, 333

g-factor, 102
Galilean boost, 157
gamma factor, 143
gap, superconducting, 220
gauge choice, 237
gauge connection, 73
gauge potential, 154
gauge transformation, 76, 154
Gauss divergence theorem, 405
Gauss’ law, 15

as a constraint, 224

in matter, 279
Gauss, Carl Friedrich, 411
Gauss—Bonnet theorem, 375
Gaussian curvature, 373
Gilbert, William, 63, 105
Ginzburg-Landau theory, 208
gradient, 378
gravity, 19
Green’s function

advanced, 244

Feynman, 245
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Helmholtz equation, 238 linking number, 85

Laplacian, 39 lodestone, 105

retarded, 243 London equation, 209, 212

wave equation, 241 longitudinal polarisation, 129
Green’s theorem in the plane, 415 Loren(t)z gauge, 237
Green, George, 417 Lorentz boost, 144
Grey, Stephen, 63 Lorentz boost of fields, 156
ground, 56 Lorentz force, 12, 95, 164
group velocity, 301 Lorentz oscillator model, 297
H, 284 Lorentz scalar, 160 .
hairy ball theorem, 250 Lorentz transformatu?n, 144
Hall current, 229 Lotka—Volterra equations, 412
Hamiltonian, 221 Mobius strip, 368
harmonic function, 27 magnet, 101
Hartree approximation, 320 magnetic constant, 13
helicity, 87 magnetic dipole, 91
Helmholtz equation, 210, 238 magnetic dipole radiation, 254
Higgs boson, 218 magnetic field, 12
hypercharge, 218 magnetic field from wire, 68

magnetic flux, 74, 108
magnetic force, 95

magnetic monopole, 77, 231
magnetic scalar potential, 77
magnetic susceptibility, 281
magnetic vector potential, 73
magnetisation, 281
magnetising field, 284
magnetism and relativity, 150
magnetostatic energy, 113
magnetostatics, 66

Maxwell action, 193

image charge, 58

image monopole, 231

index of refraction, 287

indices in special relativity, 146
inductance, 112

induction, 107

instability of matter, 251
insulator, 273

internal symmetries, 192
irrotational, 390

irrotational implies conservative, 419

Jacobian, 358 Maxwell equations, 13, 162
jellium, 319 Maxwell stress tensor, 140
Joule heating, 117 Maxwell, James Clerk, 134
Klein bottle, 368 mean value property, 43
Klein-Gordon equation, 180 Meissner effect, 209
Kramers—Kronig relations, 309 method of images, 57

Mexican hat, 208

minimal coupling, 203
Minkowski metric, 144
momentum of EM field, 139
monochromatic wave, 126
moving wires, 110
multipole expansion, 41
multivariable calculus, 337

Lagrangian density, 178

Laplace equation, 27, 397

Laplacian, 383

Larmor formula, 251
relativistic, 270

law of reflection, 134, 291

law of refraction, 291

Legendre polynomials, 399

Leibniz identity, 343 nabla, 379

Leibniz property, 382 Newton’s force law, 19
Lenz’s law, 109 normal vector, 364
Liénard—Wiechert potential, 262 Ohm’s law, 115, 311

light, 123 Ohmic heating, 117
Lindhard dielectric function, 332 optical conductivity, 311

line charge, 21 orientability (of surface), 367
line integral (of scalar), 349 orientation (of curve), 350
line integral (of vector), 350 Orsted, Hans Christian, 106
linear dielectric, 276 orthogonal curvilinear coordinates, 393
linear polarisation, 129 osculating circle, 347
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parallel plate capacitor, 54
paramagnetism, 282
parity, 69
penetration depth, 210
period of wave, 127
permeability, 285

of free space, 13
permittivity, 279

of free space, 13
persistent current, 211
phase velocity, 300
photon, 317
plane waves, 126
plasma frequency, 302
plasma oscillations, 316
Poisson equation, 27
polar coordinates, 361, 393
polarisation

of dielectric, 274

of light, 129
potential, 26
potential difference, 54
Poynting theorem, 136
Poynting vector, 137
Priestley, Joseph, 64
principal normal, 347
principle of least action, 170
principle of superposition, 28, 128
proper Lorentz group, 161
proper time, 145
pseudovector, 69
pulsar, 256

quadrupole moment, 41
quantum electrodynamics, 49
quantum mechanics, 317
quantum of flux, 213

radiation, 236

radiation pressure, 140
radiation zone, 249

Rayleigh scattering, 260
reflection off a conductor, 132
relative permittivity, 279

relativistic motion in constant fields, 166

relativity, 143
renormalisation, 298
reparameterisation invariance, 175
resistance, 115

resistivity, 115, 311

resonant absorption, 303, 314
resonant frequency, 297
response function, 304
retarded Green’s function, 243
retarded potential, 240
Robison, John, 64

Rodrigues’ formula, 400
rotation, 144

Savart, Félix, 106
scalar area, 369

scalar field, 202

scalar potential, 26
scattering, 258
scattering time, 310
screening, 318
self-energy, 47

Shen Kuo, 105

skin depth, 315

sliding circuit, 110, 116
Snell’s law, 291
SO(1,3), 161

solenoid, 72

solenoidal, 390

soliton, 215

special relativity, 143
speed of light, 124
spherical harmonics, 398

spherical polar coordinates, 362, 394

spin, 101

steady current, 66

stress tensor, 140
stress-energy tensor, 187
sunset, 261

superconductivity, 206
supercurrent, 207

surface charge, 22, 51

surface current, 70

surface integral (for vector), 371
surface integral (of scalar), 369
synchrocyclotron, 168
synchrotron radiation, 271

tangent vector, 343

tensor, 148

test particle, 18

Thales of Miletus, 63, 105
theorem egregium, 373
theta term, 201
Thomas—Fermi theory, 325
Thomson scattering, 258
topological insulator, 225
torsion (of a curve), 347
total internal reflection, 295
total reflection, 304
transverse polarisation, 129
type I/II superconductor, 216

units of electromagnetism, 103

vector, 147

vector area, 91, 371
vector calculus, 337
vector potential, 73
volt, 103

voltage, 54

volume integral, 360
vortex, 214
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Watson, William, 64
wave equation, 124
wave operator, 237
wavelength, 127
wavenumber, 126
wavevector, 129

weak nuclear force, 218
Witten effect, 234
wolves, 415

work done, 388
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