Adler, R. B, 106, 232, 373
Ampere’s law, 18-19
Amperian charge, 484-485
Amperian current, 175-176, 181-182,
311-312, 485
Admittance, input, 327, 366
near resonance, 329
transfer, 366
Area, six-vector representation of, 469-
471

Biot-Savart law, 121
Born, M., 496, 50t
Boundary conditions, 87-89, 182-183

Capacitance, cocfficients, 248, 296, 298
mutual, 248, 298-300
sclf, 238, 248, 298, 300
Capacitor, frequency behavior of, 331~
339
multiterminal, 246-249, 206-301
Charge, electrie (see Electric charge)
magnctic (see Magnetic charge)
magnetization (see Magnetization,
charge)
polarization (sce Polarization, charge)
Chu, 1. J., 7, 106, 160, 232, 373, 376, 377
Circuit elements, definition of, 238
relation to fields, 238-211
Complex conjugate, 318
Complex vector, 318

Condadtance, as real part of admittance
327
coefficients, 243-244, 303
mutual, 245, 303
sclf, 238, 215, 303
Conduction, 15, 162, 184
Conductivity, 15, 18t
Conductor, motion in magnetic field,
395-407, 417-418, 410-445
multiterminal, 241-246, 301-30¢
Constituent relations, for conductors,
181
for diclectric materials, 185-187
for magnetic materials, 187-188
for moving matter, 391
four-space formulation of, 4909-500
Coordinate, line, 41
surface, 38
Coordinates, Cartesian, 38
rolation of, 458-459
circular cylindrical, 39, 42, 44, 510
orthogonal, 41, 510-511
polar, 40
spherical, 40-42, 44, 510-511
Coulomb ficld, three-dimensional, 106~
109
two-dimensional, 110-111
Curie temperature, 171
Curl, definition of, 63-6%
divergence of, 67
evaluation of, 65-66
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Curl, in Cartesian coordinates, 66
in orthogonal coordinates, 510-511
physical interpretation of, 09
volume integral of, 70-71
Current, electric (see Electric current)
magnetic (sce Magnetie current)
magnetization (see Magnetization,
current)
polarization (see Polarization, cur-
rent)

Del operator, definition of, 57
Derivative, directional, of scalar, 5
of vector, 57-58
time, material, 384
of vector, 82
total, 382
Diamagnetism, 170
Dielectric constant (see Permittivity)
Differential element, of arca, 43-44
of length, 42-43
of volume, 44
Dipole, electric (see Electric dipole)
magnetic (see Magnetic dipole)
Distance, four-vector representation of,
467-469
measurement, of, 455-456
relativistic contraction of, 469
vector, propertics of, 73-74
Divergence, definition of, 59-00, 62
evaluation of, 60-62
in Cartesian coordinates, 62
in orthogonal coordinates, 510-511
of a tensor, 477478
physical interpretation of, 69-70

Einstein, A., 376, 419, 453, 457, 462, 504
Electric charge, conservation law,
in differential form, 81
in integral form, 14
on a surface, 85-86
postulation of, 12
density, 13
free, 166, 177, 179
force on, 12
line, 108, 110-111, 142
point, 106-107, 111, 113, 151
relativistic invariance of, 474
surface density, 85, 87, 108, 111
Electric current, conduction, 15, 184

INDEX

Electric current, convection, 15
definition of, 13
density, 13-14
displacement, 18-19
effective, 428, 491
four-vector density of, 473
free, 15, 166, 177, 179
four-vector density of, 475
surface density of, 85, 89
Electrie dipole, field of, 93-95, 113, 151-
152
magnetic-current model of, 272
moment, four-vector representation
of, 476-477
of a charge distribution, 113-115
point charge model of, 92-94, 115
spherical model of, 96-98, 284-285
torque on, 273
two-dimensional, 116-118, 143
Electrie field, boundary conditions on,
87-88, 182-183
definition of, 12
effective, 390, 428, 491
macroscopic in matter, 161-162, 180~
181
of a charge distribution, three-dimen-
sional, 106-109
two-dimensional, 110-111
Llectrie-flux density, 179
Electromagnetic field, classification of,
90-92
quasi-statie, 235-236
relativistic transformation of, 481
tensor representation of, amperian
formulation, 481-486
magnetic-charge formulation, 479~
480
Minkowski’s formulation, 482-484
Electromagnetic momentum, 421-425,
494
Llectromagnetic stress, 423-425, 494
Electromagnetic-stress tensor, amperian
formulation, 497-499
magnetic-charge formulation, 493~
494
Minkowski's formulation, 494-497
Llectron, charge of, 12
magnetic dipole moment of, 161, 171
Energy, average, 321-323
of electric field, 277, 282, 423
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Lnergy, of magnetic field, 277, 286, 423
of spherical electric dipole, 281-285
of spherical magnetic dipole, 289-200
polarization, 277-278, 282, 430 -
magnetization, 277, 286, 288, 431

Energy, total electrie, 283-281, 296-298

in terms of scalar potential, 282,
284
total magnetie, 289, 30£-307
in terms of vector potential, 288,
239

Family of ficlds, 216, 219, 392
Family time, 218, 397
Fano, R. M., 106, 232, 373
Faraday, 9-10
Faraday’s induction law, 17, 178
Ferrimagnetism, 170-171
Ferromagnetism, 170-171
Field, electrie (see Llectric field)
electromagnetic (see Llectromagnetie
field)
laws (sce Maxwell’s equations)
magnetic (see Magnetic ficld)
veetor (see Vector field)
Flux linkage, 305
Force, density, relativistic transforma-
tion of, 402
four-vector, 437-488
on electrie charge, 12, 271, 421
four-vector representation of, 488-
490
on magnetic charge, 272, 422
four-vector representation of, 489,
491
Frame, of reference, 455
rest, 462
Trank, N. 1L, 28, 211

Gauss’ law, for electric ficld, 19, 177
for magnetie ficld, 18, 178
Gauss’ theorem, 62-63
Giorgi, G., 500
Gradient, curl of, 67-63
definition of, 52-51
evaluation of, 56-57
in Cartesian coordinates, 57
in orthogonal coordinates, 510-511
line integral of, 55-56
of product of scalars, 57
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Gradient, surface integrual of, 71
volume integral of, 70

Grain of matter, 162

Green's theorem, 71-72

Guillemin, E. A., 77, 315, 373

ITomopolar generator, 407416, 445-
449
ITysteresis, 185-186, 283, 288

Tmpedance, input, 326, 366
near resonance, 328, 371
surface, 360
transfer, 366, 370
Inductance, coefficients, 261-262, 306+
308
mutual, 259, 262, 306-308
self, 238, 252, 259, 262, 306~308
Inductor, helical, 252-258
frequency behavior of, 339-346
multiterminal, 259-263, 301-308
single turn, 250-252
spherical, single-winding, 205-2006,
200, 339-316
two-winding, 308-310
Integral, line, 45-46, 48-49
of vector, 52
one-dimensional, 45
surface, 46-47, 50-51
volume, 48, 51-52

Kirchhoff’s law, current, 261
voltage, 264, 265-266

Laplace’s equation, 120
finite difference approximation to,
131-132
solutions of, derivative and integrals
of, 134
extreme values of, 133
in Cartesian coordinates, 135-141,
147-150
in polar coordinates, 141-147
in spherical coordinates, 150-153
uniqueness of, 133-134
Laplacian operator, definition of, 62
in Cartesian coordinates, 62
in orthogonal coordinates, 510-511
Light, velocity of, 17, 507, 500
Lorentz, A., 50t
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Lorentz force, 12, 271
four-vector representation of, 488-
489
magnetic analog of, 272
Lorentz transformation, 459-460
results of, for four-vector components,
505
for three-space quantities, 502-503

Magnetic charge, conservation law, 173,
176-177, 178
density, 25, 173
relativistic invariance of, 475-476
Magnetic circuit, current excited, 196-
201
for rotating machines, 208-209
permanently magnetized, 202-204 -
Magnetie current, effective, 429, 491
density, 25, 173
four-vector density of, 475
Magnetic dipole, approximation with
spherical coil, 100
clectric current model of, 99-102, 172
ficld of, 99, 128
magnetic charge model of, 173-174,
181
moment, four-vector representation
of, 479
of a current distribution, 127
of a current filament, 101-102, 128-
129
torque on, 273-274
Magnetic field, boundary conditions on,
87-89, 182-183
definition of, 12
effective, 390, 429, 491
macroscopic in matter, 161-162, 180~
181
of a current distribution, 122-125
Magnetic flux, density, 179
in a magnetic circuit, 200, 204
Magnetization, amperian-current model
of, 175-176, 181-182, 311-312
charge, 176, 178, 383
constituent relations for, 187-188
current, four-vector density of, 475,
479
in moving matter, 388
in rigid body, 388
in stationary matter, 176-177, 178

INDEX

Magnetization, discontinuity of, 183
domains, 170
four-vector representation of, 479
magnetic charge model of, 176
preliminary discussion of, 24-25
vector, 175
Magnetomotive force, 200-201, 203-204
Mass, rest, 487
Maxwell, J. C., 9-10, 28
Maxwell’s equations, complex form of,
320
for quasi-static ficlds, 236
four-space formulation of, 479-480
in free space, differential form of, 81—
81
integral form of, 16-19
in linear media, 190
in power-series form, 223-224, 330,
394-395
macroscopic, in matter, 177-182
in moving matter, 389
Metrical coefficient, 42-43
Minkowski, II., 376, 481-484, 494-497,
504
Momentum, electromagnetic, 424-425,
494
four-vector representation of, 487
Multipole, 115-116, 152
two-dimensional, 119, 144

Paramagnetism, 170-171
Panofsky, W. K. IL,, 211, 419, 451, 504
Permeability, incremental, 202-203
of matter, 188
of vacuum, 12, 17, 507-509
Permittivity, of matter, 187
of vacuum, 17, 507-509
Phillips, II. B., 77, 155
Phillips, M., 211, 419, 451, 504
Poisson’s equation, derivatives and in-
tegrals of, 135
scalar, 119-120
vector, 123-124
Polarization, charge, 163, 381
conservation of, 166
macroscopic density of, 165, 381
surface density of, 166-167, 182
constituent relations for, 185-187
current, in a rigid body, 386
in moving matter, 383-381
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Polarization, current, in stationary mat-
ter, 165-166, 177
four-vector density of, 475, 477478
discontinuity of, 166-167, 182
four-vector representation of, 477
linear, 187
of a rod in a uniform field, 192-195
macroscopic model of, 162-163, 380
permanent of a sphere, 188-189
preliminary discussion of, 24-26
veetor, 163-165
Potential, scalar (see Scalar potential)
vector (see Vector potential)
Power, average, 321-323
density, relativistic transformation of,
492
dissipation in conductors, 278, 201,
301-303, 429
reactive, 322-323
vector, 325
Power series, in the frequency, 331-333
in the time-rate parameter, 223, 304
solution, example of, 225-232
Poynting’s thecorem, 276
amperian-current formulation of,
311-313
complex form of, 323-324
for moving systems, 427-428, 494
quasi-static, 278
quasi-stationary, 433
relation to power in circuits, 204-296
Poynting’s vector, 277, 291, 423
complex, 322
relativistic transformation of, 494

Q of a resonant circuit, 328, 371
Quadrupole, three-dimensional, 115, 152
two-dimensional, 119, 143-144
Quasi-static ficlds, classification of, 237
Maxwell's equations for, 236
relation to circuit elements, 233-211

Radial distance, properties of, 73-74
Reactance, 326
Reciprocity theorem, field formulation
of, 367

for capacitive systems, 299-300

for inductive systems, 307-308

for resistive systems, 303

network formulation of, 367-368
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Refraction, 191-192
Relativity, special postulates of, 457,
462 :
Reluetance, 200, 204
Resistance, as real part of impedance,
326
circuit definition of, 238
Resistor, frequeney behavior of, 346-
354
multiterminal, 241-216, 301-304
Resonance, 327-329, 371
Rod, conducting in a uniform ficld, 146
conducting, power dissipation in, 201-
203
diclectric in a uniform ficld, 192-195
Rogers, W. L., 77, 154

Scalar, definition of, 31
Scalar potential, electric, 106-111, 119~
121
magnetic, 125
multiple-valuedness of, 196-198
Skin depth, 354, 357-338, 360
Skin effect, in magnctic core, 363
in resistor, 355-361
reduction of, 363-361
Skin impedance, 360
Slater, J. C,, 28, 211
Smythe, W. R., 155, 315
Sommerfeld, A., 28, 211, 419, 451. 504
Sphere, conducting in a uniform field,
152
permanently polarized, 188-189
Spherical coil, air core, 205-206, 290,
339-316
magnetic core, 206-207
Stokes’ theorem, 68
Stratton, J. A., 77, 155, 211, 315, 419,
451, 501
Surface, multiply connected, 16
one-sided, 16
simply connected, 16
two-sided, 16
Susceptance, 327
Susceptibility, clectric, 187
magnetic, 188

Tensor, antisymmetric, 470
dual of, 471472
definition of, 461
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Tensor, dot product of, with a vector,
471
Time, interval, proper, 464-466
relativistic dilatation of, 463-464
family, 218, 392
measurement of, 455
Time-rate parameter, 216-217, 392-393

Vector, components of, 32-33, 461
definition of, 31, 461
integral of, 52
six-, 470
unit, 32, 42
Vectors, addition of, 32
cross product of, 35-36
in four-space, 469-470
dot, product of, 3t
scalar triple product of, 36-37
vector triple product of, 37

INDEX

Vector ficld, conservative, 72, 75
definition of, 58
lines of force of, 58-59
solenoidal, 72-73, 75
sourccs of, 58-59
vortex lines of, 64, 68
Vector potential, 122
Velocity, four-vector representation of,
466
measurement of, 456
Voltage, definition of, 256, 261-2606, 294
Volume, four-space representation of,
471-473
proper, 472

Wave length, 231

in conductor, 358-359
Weyl, II., 504
Work, virtual, 432-435



