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Adair, R. K., 6n
Admittance, 288-290
Alnico V, B-H curve for, 399
Alternating current, 279-285
complex-number representation
of, 286-287
Alternating-current circuit, 274
power and energy in, 290-293
Alternating-current network,
285-288
Aluminum, 354, 356
Ammonia molecule, 316
Ampére, André Marie, 148, 172,
226, 361, 389
Ampere (unit), 110, 451
Angular momentum, conservation
in magnetic field, 447
orbital, relation to magnetic
moment, 371
Antiparticle, 4
Arago, Francois, 226, 434
Arago’s phenomenon, 434
Atom, electric current in, 370-371
electrical structure of, 309
Atomic polarizability, 311

electric susceptibility and, 333-338

Aucxiliary field H, and B and M,
relation inside uniformly
magnetized cylinder, 393

defined, 390
relation to free current, 391,
450

B, definition of, 184
B, and H and M, relation inside
uniformly magnetized cylinder,
393
unit of (gauss), 189-190, 392n
B-H curve, for Alnico V, 399
for iron, 398-399
Biot-Savart formula, 200-201, 261
Bound charge, 331
and free charge, arbitrariness of
distinction, 344
Bound-charge current, 342-344
Bound-current density, 389
Boundary of magnetic domain, 397
movement of, 398
Boundary-vaiue problem, 88-89,
102-105
Bridge network, 144

Capacitance, defined, 97
units of, 97-98, 139-140
Capacitance coefficients, 101, 416
Capacitor, 95-99
defined, 96
energy stored in, 101-102, 350
filled with dielectric, 322-324
parallel-plate, 96
spherical, 107
unsymmetrical, 99
vacuum, 298
Carbon dioxide molecule, 312

Carbon monoxide molecule, 316
Cavendish, Henry, 9-10
Cell, internal resistance of, 138-139
voltaic, 135
Weston standard, 135-137
Cell membrane, capacitance
of, 97, 348
Centimeter as unit of capacitance,
97
CGS units, 451-452
Chamberlain, G. E., 5n
Charge (electric), 2-29
conservation of, 4-5, 113, 257
distribution of (see Charge
distribution)
energy of system of, 11-13
free and bound, 331, 344
interaction between (Coulomb’s
law), 7-10
invariance of, 153-156
of less than e, 6
positive vs. negative, 3
quantization of, 5-7, 155
(See also Moving charge)
Charge (magnetic), absence of, 358,
383
Charge conservation law, 5
Charge density, linear, 27
Charge distribution, continuous,
20-21
on a line, 27-28
moments of, 301-304
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Charge distribution
potential of, 41-42
relaxation time of, 140-141
singularities in, 21
spherical, 23-24
surface, 29
Charged disk, potential and field of,
43-48
Chu, W. T, 6n
Circuit, 129-133
alternating-current, 274
power and energy in, 290-293
equivalent, 424-425
LC, resonant cavity as, 295
LR, 252-254
time constant of, 254
NcC, 139
time constant of, 139
resonant (see Resonant circuit)
fiLC, 274
parallel, 295
Circuit element, 130
Circulation, 64-66, 161
defined, 64
Clausius-Mosotti formula, 441
Clerk Maxwell (see Maxwell,
James Clerk)
CO (carbon monoxide) molecule,
316
Coefficients of capacitance, 101, 416
Coil, coupled in series, inductance
of, 270
magnetic field of, 203-206
toroidal, 428
energy stored in, 256
inductance of, 251
Collisions, 119-122
mean time between, 121
velocity change in, 119
Complementary function, 281
Complex-number representation of
alternating currents, 286-287
Condenser, 98
(See also Capacitor)
Conducting rod moving in magnetic
field, 228-231
Conducting sphere, point charge
and, 415
in uniform field, 349

Conduction in a magnetic field,
217-220
Conductivity, 114-129
of metals, 125-127
Ohm’s law and, 114-116, 123-125
units for, 117
of various substances, 128
Conductor, 80-108
electric field in, 82
electric field inside hollow
conductor, 89-90
electric field at surface of, 84-85
metallic, paramagnetism of, 379
point charge near plane
conductor, 92-93
potentials and charges on
several, 99-101
spherical, concentric, 91
Conformal mapping, 102
Conservation of charge, 4-5, 113,
257
Conservative forces, 11-12
Continuity, equation of, 257
Continuous charge distributions,
20-21
Copper chloride, 354, 356
Correlation of velocity directions,
119
Coulomb, Charles de, 9
Coulomb (unit), 8, 451
Coulomb’s law, 7-10, 173
Gauss’s law and, 25
Critical damping, 278
Crystal lattice, electrical energy of,
13-15
CuCl2 (copper chloride), 354, 356
Curie point, 395, 397
Curl, 64-73
in Cartesian coordinates, 67-69
fundamental equation for, 65
of magnetic field, 194
of velocity field, 69-70
written as determinant, 69
Curl-meter, 70
Current density, defined, 111
Current distribution, equivalent to
nonuniform magnetization,
385-386

Current loop, magnetic field of, 361
moving in magnetic field, 232-238
in network, 132
stationary, with field source

moving, 238-240
torque on, 378, 429
vector potential of, 361-365

Current sheet, force on, 208-209
magnetic field of, 207-208

Currents, 110-145
energy dissipation in flow of,

133-134
fluctuations in, 122-123
free and bound, 389-390
parallel, force between, 188-189
stationary, 112-114
variable, 138-141

Cylinders, magnetized, 387
parallel conducting, 415
polarized, 387

Damping of resonant circuit, 276,
278
“Del,” 60
“Del-cross,” 69
“Del-squared,” 60
Design of “bending magnet,”
402-403
Diamagnetism, 354, 356, 379
of electron orbits, 375-377
Dielectric, artificial, 441
defined, 299
Dielectric constant, 323
defined, 299
of various substances, 299
Dielectric sphere, 329-330, 349
Diode, plane, 113
space-charge-limited current in,
114, 422
vacuum, as nonohmic device,
124-125
Dipole moment, electric, 304
induced, 309-312
permanent, 314-316
magnetic, 364
Dipole pairs, energy of, 439-440
Dipole array, linear, 440



Dipoles, electric, 304-308
field of, 306-307
forces between, 439
torque and force on, 307-308
magnetic, field compared to field
of electric dipole, 365-367
force on, 367-369
torque on, 378
unit of, 369
Disk, charged, potential and field of,
43-47
magnetized, 388-389, 401
polarized, 321
Displacement, electric, D, 332, 390
Displacement current, 261-262
Divergence, 53-55
in Cartesian coordinates, 56-58
of magnetic field, 194, 360
Divergence theorem, 55-56
Domain boundary, 397
movement of, 398
Domains, magnetic, 397-398
Drude, P. K. G., 125
Diker, H., 409

Earth’s magnetic field, 400
Easy directions of magnetization,
397
Einstein, Albert, 148-149
Electric charge, 2-29
conservation of, 4-5, 113, 257
distribution of (see Charge
distribution)
energy of system of, 11-13
free and bound, 331, 344
interaction between (Coulomb’s
law), 7-10
invariance of, 153-156
of less than e, 6
positive vs negative, 3
quantization of, 5-7, 155
(See also Moving charge)
Electric currents (see Currents)
Electric displacement D, 332, 390
Electric field, 16-19
of charged disk, 43-48
in conductor, 82

Electric field
continuous charge distributions
in, 20-21
derivation from potential of,
40-41
in different frames of reference,
156-158
of electric dipole, 306-307
energy stored in, 51-53
equilibrium in, 62
flux of, 22-26
Gauss’s law, 23-26
surface integral, 23
inside hollow conductor, 89-90
induced, 244-245
of infinite flat sheet of charge, 20
of line charge, 27-28
line integral of, 36-37
macroscopic, 320
in matter, compared with
magnetic case, 384
microscopic, 321
pictorial representation of, 17-19
of point charge with constant
velocity, 160
in polarized material, 319
at surface of conductor, 84-85
transformation laws for, 158,
213-214
(See also Moving charge)
Electric field lines, 18-20
method for demonstrating, 359
Electric susceptibility, 323
atomic polarizability and, 333-338
Electrical conductivity, 114-129
of metals, 125-127
Ohm’s law and, 114-116, 123-125
of sea water, 222
units for, 117
of various substances, 128
Electromagnet, 402-403
Electromagnetic field, transformation
laws for, 213-214
Electromagnetic induction (see
Induction)
Electromagnetic wave, 264
universal features of, 268
Electromotive force (emf), 134-138,
233

Index

Electron beam, deflection by
charged wire, 409
Electron orbit, diamagnetism of,
375-377
magnetic moment of, 371
Electron spins, effect of temperature
on alignment of, 379, 396
magnetic moment and, 377, 395
pairing of, 379, 395
Electrons, equality of charge of, 6
number in gram of almost
anything, 376, 378
Electrostatic field, equilibrium in, 62
transformation law for, 158
(See also Electric field)
Electrostatic unit (esu), 8
Electrostatics, defined, 3
Elliptic integral, 45
Energy, of crystal lattice, 13-15
dissipation of, in current flow,
133-134
stored in capacitor, 101-102
stored in magnetic field, 254-256
of system of charges, 11-13
(See also Potential energy)
Equilibrium in electrostatic field, 62
Equipotential surface, 47
defined, 42
Equivalent circuits, 424-425
esu (electrostatic unit), 8

Farad, 97-98, 139
Faraday, Michael, 148, 261, 262
discovery of induction by, 226-228
reconstruction of experiment by,
270
Waterloo Bridge experiment of,
431
Faraday’s law of induction, 242
Ferromagnetism, 354, 356, 394-399
Feynman, R. P., 105
Field (see Electric field;
Electromagnetic field; Magnetic
field)
Field lines, 18-20
method for demonstrating, 359
Fluctuations in electric current,
122-123
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Flux, of electric field, 22-26
Gauss’s law, 23-26
surface integral, 23
magnetic, 233
Flux tube, 234
Force, on charged particle in electric
field, 171
conservative, 11-12
on current sheet, 208-209
with finite range, 63
magnetic, defined, 149
on magnetic dipole, 367-369
on moving charge, 167-171
between parallel currents, 188-189
on various substances in magnetic
field, 352-354
(See also Inverse-square law)
Force transformation law, 170-171
Franklin, Benjamin, 347
Free charge, 331
and bound charge, arbitrariness of
distinction, 344
Free-current density, 389
Free space, permeabihty of, 450
permittivity of, 449
Freqguency in resonant circuit, 278

“Gable” wave, 264, 265
superposition of, 267-268
Galaxy, magnetic field in, 271
Galvani, Luigi, 135, 148
Gauss (unit of B), 189-190, 392n,
451
Gaussian CGS units, 451-452
Gauss’s law, 23-26
applied, at surface of conductor,
84-85
to charged disk, 47
inside dielectric medium,
330-331
to line charge, 28
to spherical charge distribution,
26-27
to surface charge, 29
in differential form, 55-56
for moving charges, 152
Gauss’s theorem, 55-56
Generator, Van de Graaff, 114, 134,
141
Gilbert, William, 148

Gradient, 39-40
of magnetic field strength, 352
Graphite, 128, 354
diamagnetism of, 377
Gravity as force on charge carriers,
82
Gravity screen, 106
Gray, Stephen, 80
Gyromagnetic ratio, 37In

H, and B and M, relation inside
uniformly magnetized cylinder,
393
defined, 390
relation to free current, 391, 450
unit of, 392n, 451
H- ions, acceleration of, 429
H20, 354
molecule, 316
variation of dielectric constant
with frequency, 341
Hah effect, 219-220
example of, 430
Harmonic functions, 61, 416
Helium atom, 153
Helix, magnetic field of, 428
Henry, Joseph, 247
Henry (unit of inductance), 247
Hertz, Heinrich Rudolf, 148
Homing pigeon, navigation of, 429
Hughes, V. W., 5n, 6n
Hydration, 437
Hydrogen atom, 309
magnetic field in, 222
Hydrogen chloride, electric dipole
moment of, 315-316, 348
Hydrogen molecule, 153
Hysteresis, 399

Ice, mechanism of polarization, 346

variation of dielectric constant
with frequency, 341

Image method, %4

Impedance, 288-290

Induced electric dipole moment,

309-312
Induced electric field, 244-245

Induced magnetic moment of
revolving charge, 372-374
Inductance, of coupled coils in
series, 270
mutual, 246-248
reciprocity theorem for, 249-250
self-, 250-252
LR circuit, 252-254
Induction, 226-272
discovered by Faraday, 226-228
Faraday’s law of, 242
magnetic, 392
Inductive reactance, 280
Information, magnetic storage of,
399
Insulator, 80
(See also Conductor)
Internal resistance of cell, 138-139
Inverse-square law, range of validity
of, 10
verification of, 9-10
Inversion in the sphere, 415
lonic crystal, stability and cohesion
of, 13-15
lonic mobility, 420-421
lonization chamber, 422
lonized gases, 124
lons, conduction by, 118
random velocities of, 123
Iron, B-H curve for, 398-399
Armco magnet iron, 403
Curie point of, 395
easy directions of magnetization
in, 397
in magnetic field, 354, 355
saturation magnetism in, 394-395
Isolated system, defined, 4

Jaspers, A, 441
Joule (unit), 38, 449, 451

King, J. G, 6n

Ladder network, 424
Laplace’s equation, 61-62
elastic sheet and, 419
example, of relaxation method,
416-417



Laplace’s equation
example, of variation method, 420
in two dimensions, 102
uniqueness of solution, 88-91
Laplacian operator, 59-61
defined, 60
for spherically symmetrical
function, 412
Larmor angular velocity, 375
Larsen, R. C, 6n
Lawton, W. E., 10n
Leipuner, L. B,, 6n
Lenz’s law, 236, 245
Leyden jar, 347
Light, speed of, wavelength
independence of, 10
Line charge, field of, 27-28
near conducting plane, 106
potential of, 42-43
Line integral, over closed path, 64
of electric field, 36-37
in magnetic field, 192
Linear charge density, 27
Linear system, 101
Lodestone, 394
Loop, magnetic field of, 361
moving in magnetic field, 232-238
in network, 132
stationary, with field source
moving, 238-240
torque on, 378, 429
vector potential of, 361-365
Lorentz, H. A., 125, 148
Lorentz contraction, 175
Lorentz force law, 150, 184
in MKS units, 450
Lorentz transformation, 156,
149-160
Lovell, B, 10On
LR circuit, 252-254
time constant of, 254

M, B, and H, relation inside
uniformly magnetized cylinder,
393 ~
Macroscopic fields, 320
electric, 320
and magnetic compared, 387

Macroscopic fields
in matter, summary of analysis,
384
Magnet, permanent, 394, 399
field of, 359, 386-389
Magnetic charge, absence of, 358,
383 ~
Magnetic dipole, field compared to
field of electric dipole, 365-367
force on, 367-369
torque on, 378
unit of, 369
Magnetic dipole moment, 364
Magnetic domains, 397-398
Magnetic field, conducting rod
moving in, 228-231
conduction in, 217-220
curl of, 194
of current loop, 361-367
of current ring, 201-202
of current sheet, 207-208
definition of, 184
divergence of, 194, 360
effect on chemical processes, 357
energy stored in, 254-256
force on various substances in,
352-354
line integral in, 192
loop moving in, 232-238
in matter, compared with electric
case, 384
microscopic, 383-384
of solenoid, 203-206
of straight wire, 185
transformations of, 213-214
unit of strength of, 189-190
Magnetic flux, 233
Magnetic flux tube, 234
Magnetic forces, defined, 149
Magnetic induction, 392
Magnetic moment, associated with
electron spin, 377-379, 395
of electron orbit, 371
Magnetic monopole, 360
Magnetic permeability, 393
Magnetic pole, 358, 393
Magnetic pole fiction, 388
Magnetic scalar potential, 388
Magnetic storage of information, 399
Magnetic susceptibility, 380-381
of various substances, 401

Index

Magnetite, 354, 356
Magnetization, 380
easy directions of, 397
nonuniform, 385
saturation, 394
Magnetized cylinder, magnetic field
of, 387-388 "
Magnetized disk, 388-389, 401
Magnetized matter, external field of,
381-382
field inside, 382-383
Magnetohydrodynamics, 210
Magnetomechanical ratio, orbital,
371
Magnetron, resonant circuit for,
436
Mass, variation of, 153-154
Maxwell, James Clerk, 94, 148, 261,
263, 333n
Maxwell’s equations, 263-264
in rationalized MKS system, 450
Methane molecule, polarizability of,
312
Methanol, 316
Method of images, 94
Michels, A., 441
Microfarad, 98
Microscopic electric field, 321
Microscopic magnetic field, 383-384
MKS rationalized units, 449-452
Mobility, ionic, 420-421
Molar magnetic susceptibility, 380
Mollenstedt, G., 409
Moments of a charge distribution,
301-304
(See also Dipole moment;
Magnetic moment)
Momentum, potential, 447
Monopole, magnetic, 360
Mosotti, 441
Moving charge, 148-181
force on, 167-171
measurement of, 151-153
Mutual inductance, 246-248
reciprocity theorem for, 249-250

Network, alternating-current,
285-288
bridge, 144

457



458 Index

Network, direct-current, 132
ladder, 424

Neutron, magnetic effects on, 388

Newton, Isaac, 27

Newton (unit), 449, 451

NH3 (ammonia) molecule, 316

Nickel, Curie point of, 395

NiS04 (nickel sulfate), 354, 356

Nitric oxide, paramagnetism of, 379

Node in a network, 132

North pole, definition of, 358n

Octupole moment, 304
Oersted, Hans Christian, 148, 172,
227
Oersted (unit of H), 392n, 451
Ohm (unit), 117,451
Ohm-cm, 115
Ohm’s law, 114-116
deviations from, in metals, 126
failure of, 123-125
Orbital magnetic moment, 371
Oxygen, liquid, in magnetic field,
354, 355, 357
paramagnetism of, 379

Pair creation, 4
Parallel circular cylinders, 415
Parallel-plate capacitor, 96
Parallel RLC resonant circuit, 295
Paramagnetism, 354, 356, 379
Partial derivative, 39n
Particular integral, 281
Permanent electric dipole moment,
314-316
Permanent magnet, 394, 399
field of, 359; 386-389
Permeability, of free space, 450
magnetic, 393
Permittivity of free space, 449
Phase angle, 281, 285
Phenomenological theory, 356
Picofarad, 98
Pigeon, homing, navigation of, 429
Planck’s constant, 2, 377
Plimpton, S. J., 10n

Point charge, with constant velocity,
electric field of, 160
nature of, 7
near conducting plane, 92-93
sphere and, 415
Poisson’s equation, 61
Polar molecules, 315-316
orientation of, 339-340
Polarizability, atomic, 311
electric susceptibility and, 333-338
Polarizability tensor, 313
proof of symmetry of, 438
Polarization, energy changes in,
338-339 A A
magnetic, 380
Polarization density, 317
Polarized cylinder, electric field of,
387-388
Polarized disk, 321
Polarized sphere, 324-328
Pole, magnetic, 358, 393
Positronium, 4
Potential, 36-77
of charge distribution, 41-42
of charged disk, 43-48
defined, 38
derivation of field from, 40-41
of electric dipole, 305
of line charge, 42-43
of two point charges, 42
vector, 195-198, 249
of small current loop, 361-365
Yukawa, 413
Potential coefficients, 101
Potential difference, defined, 37
Potential energy, 12
defined, 39
of system of charges, 51-53
Power in a-c circuit, 290-293
Priestley, Joseph, 9
Proton-electron charge balance, 5-6

Q of resonant circuit, 276
relation to resonance width of,
284-285
Quadrupole field, 416
Quadrupole moment, 304

“Quality factor,” 276
Quantization of charge, 5-7, 155
Quantum electrodynamics, 3
Quantum mechanics in
paramagnetism and
diamagnetism, 379

Rationalized MKS system, 449-452
RC circuit, 139
time constant of, 139
Reactance, inductive, 280
Reciprocity theorem for mutual
inductance, 249-250
Relaxation method, 103-104
example of, 416-417
Relaxation time of charge
distribution, 140-141
Remanence, 399
Resistance, 115
between concentric cylinders, 129
internal, of cell, 138-139
of uniform wire, 127
Resistivity, 115, 117
of various substances, 128
Resistors, defined, 130n
in parallel, 132
in series, 131-132
Resonance peak, width of, 284-285
Resonant cavity as LC circuit, 295
Resonant circuit, 274-279
damping of, 276, 278
frequency in, 278
for magnetron, 436
Q of, 276
relation to resonance width,
284-285
Ring, magnetic field of, 201-202
RLC circuit, 274
parallel, 295
rms value of a-c quantities, 291
Rotating frame of reference, 375
Rowland, Henry, 217
Rowland’s experiment, 216, 217,
427 r

Sanders, P., 441

Saturation magnetization, 394

Scalar potential function, 38-40
magnetic, 388



Self-inductance, 250-252
LR circuit, 252-254
Semiconductor, 81, 125, 128
Series RLC circuit, 274
Sodium, 354, 356
conductivity of, 125-126
Sodium chloride, 354, 356
Sodium chloride lattice, electrical
energy of, 13-15
Solenoid, 202
magnetic field of, 203-206, 428
superposition, 427
for producing a strong field, 352,
353 "
Solomon, L. H., IOn
Space-charge-hmited diode, 114,
422
Spark, electric, 124
Specific magnetic susceptibility, 380
Speed of light, wavelength
independence of, 10
Spherical capacitor, 107
Spherical charge distribution, 23-24
Spherical conductor, concentric, 91
Spontaneous alignment of spins,
395-396
Stationary currents, 112-114
Statvolt, 37
Stokes’ theorem, 66
Submarines, magnetic detection of,
442
Superconductivity, 127
Superposition, defined, 9
of “gable” waves, 267-268
of potentials, 41
of solenoid fields, 427
Surface charge, force on, 49-51
Surface charge distribution, defined,
29

Surface-current band, equivalent to
uniformly magnetized block,
382

Surface integral, 23

Susceptibility, electric, 323
atomic polarizability and,

333-338
magnetic, 380-381

of various substances, 401

Temperature, effect on alignment of
electron spins, 379, 396
effect on conductivity, 128
Tensor, 116n, 214
behavior under rotation of,
438-439
for molecular polarizability, 313,
438
Tesla (unit), 450, 451
Time constant of LR circuit, 254
Tolman-Stewart experiment, 423
Toroidal coil, 428
energy stored in, 256
inductance of, 251
Torque, on current loop, 378, 429
on electric dipole, 307
on magnetic dipole, 378
Transformations of electric and
magnetic fields, 213
Transient in ac circuit, 281

Uniqueness theorem, 88-91

Vacuum capacitor, 298

Van Allen belt, 446

Van de Graaff generator, 114, 134,
141

Index

Variational method, 104-105
example of, 420
Variational principle, 105
Vector potential, 195-198, 249
and potential momentum, 447
of small current loop, 361-365
Velocities of charge carriers, 118-123
Velocity-addition formula, 175
Volt, 38, 451
Volta, Alessandro, 135, 148
Voltaic cell, 135
Volume magnetic susceptibility, 380,
381
Volume resistivity, 115

Waage, Harold M, 359
Water, 354
molecule, 316
variation of dielectric constant
with frequency, 341
Watt (unit), 134
Waves, electromagnetic, 264
universal features of, 268
“gable,” 264, 265
superposition of, 267-268
Weber (unit), 451
Weber/m 2, 450
Weston standard cell, 135-137
Whipple, F. L., 10n
Whittaker, Edmund, 333n

Yukawa potential, 413

Zorn, J. C., 5n
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