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Absorption cross section, 423, 538
Action at a distance, 43, 44
Admittance, electron-beam, 459, 460,
462, 463

gap, 458, 459

intrinsie, 308

triode, 446, 448

wave, 346, 348
Alfvén waves, 489
Ampére, A.-M., 198
Ampeére’s circuital law, 218-223
Ampeére’s law of force, 199-202
Analytic functions, 146-148
Angle, Brewster, 355

critical, 530

of incidence, 351

precession, 483

of refraction, 352
Angular moment vector, 482
Anisotropic dielectric, 87
Antenna, aperture, 413, 414, 535, 536

continuous, 412-414

dipole (see Dipole antenna)

directivity, 397, 398

effective area, 423

equivalent circuits, 417, 418

gain, 398

half-wave, 398-401

horn, 413, 414, 535, 536

loop, 533

network formulation, 413-418

parabolic, 413, 414

pattern, 397, 398

receiving, 419-423
Antiferromagnetic, 258
Aperture antennas, 412-414, 535, 536
Aristotle, 198
Array factor, 403, 404
Arrays, 401ff.

beamwidth, 409

binomial, 535

broadside, 407, 409

end-fire, 407, 409

linear, 407-409

Arrays, representation by polynomials,
534, 535
two-dimensional, 409-412
two-element, 402-407
uniform, universal pattern for, 408
D’Arsonval movement, 215
Associated Legendre polynomial, 140, 141
Atomic currents, 226
Attenuation constant, 358-361, 376, 379,
380

B vector (see Magnetic field)
B-H curve, 233-235
Barkhausen effect, 263
Beamwidth, antenna, 409
Bei function, 527
Benham-Miiller-Llewellyn equation, 439
Ber function, 527
Bessel functions, 133-136
asymptotic forms, 134, 135
differentiation, 135
imaginary argument, 134, 135
modified, 134, 135
orthogonality, 135-137
recurrence formulas for, 135
roots, 382, 385
Binomial array, 535
Biot-Savart law, 202
Bohr magneton, 258, 482
Boltzmann distribution law, 82, 83
Boothroyd, A. R., 197
Boundary conditions, in electrostatics,
88-93
in magnetostatics, 235-240
at perfect conductor, 55-57, 319-321
for steady currents, 177-179
for TE waves, 373
in time-varying fields, 317-321
for TM waves, 379
Boundary-value problems, 119ff.
Bowen, A. E., 444
Brewster angle, 355
Buncher grids, 456-459
Bunching, electron stream, 457, 465
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Capacitance, coefficients, 97
of concentric spheres, 95, 96
definition, 94, 95, 106
fringing, 160-162, 508
in parallel-plate diode, 160-163
for general circuit, 336, 339
of parallel plate, 95
stray, 331
Capacitor, characteristics, 332, 333
energy in, 104, 105
force on, 109-111
lossy dielectric, 179-183
parallel-plate (see Parallel-plate capaci-
tor)
Catcher grids, 457-459
Cathode-ray tube, electrostatic deflec-
tion, 427-429
magnetostatic deflection, 433, 434
Cauchy-Riemann equations, 148
Cavity resonator, 385-392
coupling to, 391, 392
Q of, 389-391
as resonant transmission line, 386, 387
Characteristic impedance, 363, 365
Charge density, at dielectric interface,
183
equivalent, 75, 85, 86, 245
line, 46
related to E at conductor, 56
surface, 46
volume, 45
Charged particle, in electric field, 427-431
in electric and magnetic field, 434-437
in magnetic field, 431-434
motion (see Motion of charged parti-
cle)
Charged surface, field behavior at, 46,
47, 55-57, 76-78
Cherry, E. C., 197
Child-Langmuir equation, 441
Circuit analysis, field analysis, 326-341,
364-367
Circuital law, 218-223
Circuits, equivalent (see Equivalent cir-
cuits)
high-frequency, 334-336
Circular-loop antenna, 533
Circular polarization, 474, 475
Circular waveguide, 380-385
cutoff for, 383, 384
table of properties, 384
Circulation integral, 15
Clausius-Mossotti equation, 116
Coaxial cylinders, electrostatic field, 57,
58
inductance, 276-278
magnetic field, 221, 222
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Coefficient, of capacitance, 97
of coupling, 283
of induction, 97
of potential, 97
Coenergy, 293, 294
Coercivity, 235, 251
Commutative law, of addition, 2
of multiplication, 7
Complex conjugate, 147
Complex dielectric constant, 311, 312,
366, 367
Complex function theory, 146-148
Complex permittivity, 311, 312, 366, 367
Complex phasor notation, 310
Complex Poynting vector, 315-317
Conductance, 166
Conduction current, 164-166
Conductivity, 164, 166
table, 493
Conductors, 55, 164, 171
boundary conditions at, 55-57, 319-321
power loss at, 359-361
Conformal mapping, 146ff.
Conservation of charge, 169, 170
Continuity equation, 169, 170
for a fluid, 487
and Lorentz condition, 322-324, 395
Convection current, 188, 189
Coordinate system, 23
Coordinate transformation, 149-152
Coordinates, orthogonal curvilinear, 23-
26, 149-151
Cosine integral, 400
Coulomb’s law, 40, 41
Coupling, to cavity, 391, 392
coeflicient of, 283
probe, 391, 392
Critical angle, 530
Cross product, 5
Curie constant, 261, 263
Curie temperature, 263
Curie-Weiss law, 263
Curl, 16
in orthogonal curvilinear coordinates,
25, 26
Current, conduction, 164-166
density, 164, 165
convection, 188, 189
displacement (see Displacement cur-
rent)
distribution, in plane conductor, 319—
321
in round wire, 527
due to equivalent magnetic dipole,
228-231
flow at conducting boundary, 177-179
wagnetic field, 203
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Current loop, 208-211, 533
energy, 280-283
Curvilinear-squares method, 189-193
Cutoff, for circular guide, 383, 384
for rectangular guide, 371
of TE waves, 374, 380
of TM waves, 380
Cyclotron frequency (gyrofrequency),
435, 476
Cylindrical coordinates, 130, 131

D vector, 85-91
Damping constant, 389
Deflection, electron beam (see Electron
beam)
Del operator, 12
Demagnetization factor, 520
Density modulation, 465
Depth of penetration, 314, 315, 319
Diamagnetic materials, 227, 233, 258-260
Diamagnetic susceptibility, 260
Dielectric, anisotropic, 87
Dielectric boundaries, 88-93, 317, 318
Dielectric coated conductor, 530, 531
Dielectric constant, 42, 87
complex, 311, 312, 366, 367
table, 89
tensor, 541
Dielectric cylinder in applied field, 132,
133
Dielectric losses, conduction, 179-183
polarization damping, 312, 316
Dielectric sphere in applied field, 142, 143
Dielectric strength, 87, 93, 94
table, 87
Diffusion equation, 314
Diode, a-c signal, 441-444
d-c conditions, 439-441
field distribution, 440, 441
load impedance, 442-444
Dipole antenna, half-wave, 398-400
infinitesimal, 393-398
magnetic, 533
Dipole electrostatic field, 74
Dipole moment, definition, 72
per unit volume, electric, 74-76, 83-85
magnetic, 227, 228
Dipole potential, 28, 29, 73
Directional derivative, 12
Dirichlet boundary condition, 119
Discontinuity, at charged surface, 54,
. 76-78
current sheet, 239, 240
dipole layer, 518
volume, 74-76
Disk dynamo, 272
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Dispersion, 377, 378
Displacement, electric, 85-91
Displacement current, 300

in conductors, 314

in parallel-plate capacitor, 302, 303
Distributed constant circuits, 363-370
Distributive law of multiplication, 6, 7
Divergence, 13-15

in orthogonal curvilinear coordinates,

24, 25
Divergence theorem, 21
Domain wall, 262, 263
Dominant mode, 374, 385
Dot product, 6
Drift space, 457
Drift velocity, 165
Duality, electric and magnetic circuits,
256, 257
electromagnetic, 347
between J and D, 183-186

E field (see Electric field)
E waves (see Transverse magnetic waves)
Effective area, 423, 538
Eigenfunction, 123, 373, 383
Eigenvalue, 123, 373, 382
Electric charge, 40, 41
Electric dipole, 72-74
Electric dipole moment per unit volume,
83-87
Electric displacement, 85-91
Electric field, 44-46
of charged plane, 46, 47, 55-57, 76-78
of charged sphere, 49, 50
between coaxial cylinders, 57, 58
at conductor, 55-57
due to motion through magnetic field,
268-270
due to time-varying magnetic field, 266
energy in, 101-104, 425-427
induced, 366-371
of line charge, 48, 49
in conducting wedge, 510, 511
molecular, 115-118
nonconservative, 167-169, 268-271
of point charge, 45
Electric flux, 47-49
Electric flux density, 85-91
Electric permittivity, 42
Electric stress tensor, 114
Electric susceptibility, 85
Electrolytic tank, 192-197
double-sheet, 194-197
Electromagnetic duality, 347
Electromagnetic induction, 266-271
Electromagnetic lens, 413
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Electromotive force (emf), 167-169
motional, 270-272
Iilectron beam, admittance, 459, 460,
462, 463
deflection, in electric field, 427-429
in electric and magnetic fields, 436,
437
in magnetic field, 433, 434
Electron optics, 430, 431
Electronic polarizability, 79-81
Electrostatic energy, 101-104
Electrostatic force, 106-109
Electrostatic lens, 430, 431
Electrostatic shielding, 100, 101
Electrostatics, boundary conditions in,
88, 93
reciprocity in, 97, 98
virtual work in, 106-109
Elliptic integrals, 280
Elliptical cylinders, 153-155
Emf, 167-169, 270-272
Energy, in capacitor, 104, 105
of current loops, 280-283
in electric fields, 101-104, 425-427
of inductor, 285, 286
in magnetic fields, 281-286
in plane wave, 308-310
in resonator, 388-390
Energy density, electric, 104
joule loss, 187
magnetic, 286
Equipotential surface, 9
Equivalent charge, due to electric polar-
ization, 75, 85, 86
due to magnetic polarization, 245
Equivalent circuits, antenna, 417, 418
general, 336-341
transmission line, 363-370
wave propagation, 353-356
Equivalent currents, magnetization,
228-231
Evanescent waves, 374
External inductance, 278

Far zone, 396, 402, 403
Faraday, M., 40, 266
Faraday disk dynamo, 272
Faraday rotation, 480-482
Faraday’s law, 266, 267

in differential form, 267
Fermat’s law, 430 )
Ferrite media, effective permeability,

484-486

propagation in, 482-486
Ferroelectrics, 85
Ferromagnetic domains, 262, 263
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Ferromagnetism, 228, 261-264
Field, local, 396
molecular, 115-118
nonconservative, 167-169
polarizing, 115-118
solenoidal, 19, 23, 30, 31
(See also Electric field; Magnetic field)
Field concept, 44, 102, 103, 222, 223
Field point-source point nomenclature,
26, 27
Field theory-circuit theory relation,
326-341, 364-367
Flow lines, 10, 11
Flux, electric, 47-49
magnetic, 216-218
Flux concept, 11, 14, 15
Flux linkage, 266, 268
inductance from, 274-276
Flux plotting, 189-192
Flux tubes, 191
Focusing, magnetic, 431-433
Force, electromotive, 167-169
electrostatic, 106—-109
between charges, 43
on conductor, 106-111
density, 112, 113
surface, 112-115
at surface of dielectric, 111
from virtual work, 106-109
graphical solution for, 43
magnetostatic, 286-289
between current elements, 200, 295-
297
between current loops, 199, 201
on currents, 201
of magnets, 290-294
on moving charge, 202
between two infinite line currents,
207, 208, 289
from virtual work, 286-289
Fourier series, 125, 126
Bessel series, 135-137
Legendre series, 141
Fourier transforms in antenna synthesis,
536
Fresnel equations, parallel polarization,
355
perpendicular polarization, 353
Fringing capacitance, 160-163, 508

Gain, 398

Gap admittance, 458, 459

Gap coefficients, 460

Gauge transformation, 225, 529
Gauss’ flux theorem, 47, 48
Gauss’ law, 21
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Gaussian surface, 49
Gilbert, W., 198
Gradient, 11-13
in orthogonal curvilinear coordinates,
24
Graphical flux plotting, 189-192
Graphical solution for force, 43
Green’s reciprocation theorem, 505, 506
Green’s theorem, 21, 22
Grounded cathode, 448
Grounded sphere, 68, 69
Group velocity, 371, 377, 378
Guard ring, 95
Guiding center, 539
Gyrofrequency, 435, 476
Gyromagnetic ratio, 482
Gyrotropic media, 473-486

H vector, 231-233
H waves (see Transverse electric waves)
Hahn, W. C., 449
Half-wave dipole, 398-401
Half-wave transmission line, 370
Harmonic function, 151
Helix, 469, 470
Helmholtz’s equation, in dielectric media,
314
in free space, 312
inhomogeneous, 321, 529
Helmholtz’s theorem, 29-36
Henry, J., 266
Hertzian potential, 527, 528
Horns, electromagnetic, 413, 414, 535,
536
Huygens’ principle, 413, 535
Hysteresis, 234, 235, 262
Hysteresis loop, 234, 235
minor, 235, 252
Hysteresis loss, 297, 298

Identities, vector, 20, 38
Images, electromagnetic, 533
electrostatic, 63-72
in cylinder, 69-72
in intersecting planes, 67
in plane, 64-66
in semi-infinite dielectric, 507
in sphere, 67-69
Impedance, characteristic, 363, 365
of diode, 442-444
intrinsic, 308, 358
surface, 356-358, 360, 361
of transmission line, 370
wave, TE, 346
TM, 348
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Impedance concept, 353-356
Impedance function with double-sheet
tank, 197
Incidence angle, 351
Incremental permeability, 235
Index of refraction, 314
Induced electric field, 266-271
Induced voltage, 266-269, 271, 272
Inductance, 273ff.
of circular loop, 279, 280
of coaxial cable, 276-279
from energy, 285, 286
external, 278
from flux linkage, 274
for general circuit, 336, 339
internal, 278
of long wire, 278, 279
mutual, 274-276
Neumann formula for, 275
self-, 274, 278-280
Induction, coefficient of, 97
electromagnetic, 266-271
Inductor, characteristics, 329-332
energy, 285, 286
Insulators, 171
Interaction fields, electrostatic, 115-118
magnetostatic, 261, 262
Internal inductance, 278
Intrinsic impedance, 308, 358
Inversion, in cylinder, 69-72
in sphere, 67-69
Ionosphere, 475-479
effective permittivity, 478
electron density in, 479
Irrotational nature of electrostatic field,
52
Irrotational vector function, 16, 29, 30

Joule’s law, 186-188

Kirchhoff’s law, 169, 256, 257
Klystron, 456-463

Langevin, P., 83, 84
Laplace’s equation, 59
solutions, 60, 119ff.
in cylindrical coordinates, 130-132
in rectangular coordinates, 120-122
in spherical coordinates, 138-141
in two dimensions, 126-130
Laplacian, 19
in generalized coordinates, 26
of vector, 20
Least-action principle, 430
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‘Legendre polynomials, 140, 141
Legendre’s equation, 140
Lens, electromagnetic, 413
electrostatic, 430, 431
Lenz’s law, 273
Line integral, 15
Linear arrays, 407-409
Linear polarization, 351, 352, 421, 474
Lines of flow, 10, 11
Llewellyn, F. B., 444
Llewellyn-Peterson equations, 445-449,
457, 458
table of coefficients for, 447
Local field, 396
Loop, steady current, 208-211
Loop antenna, 533
Lorentz condition, 322
Lorentz force, 202
Lorentz reciprocity theorem, 414
Loss tangent, 312
Losses, in cavities, 389
at conducting surface, 359-361
in transmission lines, 368, 369
in waveguides, 376
Lossy dielectric, conduction in, 179-183
polarization damping in, 312, 316
Lumped-parameter circuits, 326-328

Magnet, permanent, 242, 243, 247, 248
Magnetic circuits, 252-257
iron-core transformer, 255, 256
Magnetic dipole, 211-215
of arbitrary volume current, 214
comparison with electric dipole, 212
torque on, 214, 215
Magnetic dipole moment, 211
atomic, 258
per unit volume, 227, 228
Magnetic energy, 281-286
Magnetic field, 201-204
of circular loop, 208-211
in coaxial line, 221, 222
of conducting ribbon, 206, 207
of cut toroid, 248-252
due to time-varying electric field, 300
outside long solenoid, 241, 242
outside long wire, 205, 206, 221
of magnetic dipole, 212
of permanent magnet, 242, 243, 247,
248
of steady current distributions, 201-
203
Magnetic field intensity, 231-233
Magnetic flux linkage, 266, 268
Magnetic focusing, 431-433
Magnetic force, 286-289

Magnetic induction, 266271
Magnetic moment, spin, 258
Magnetic scalar potential, 243-248
Magnetic stress tensor, 294, 295
Magnetic susceptibility, 232
Magnetic vector potential, 204
Magnetohydrodynamics, 486-490
Magnetomotive force, 252, 254
Magnetostatic potential, 243-248
Magnetostatics, boundary conditions in,
235-240
virtual work in, 286-289
Makar, R., 197
Mawardi, O. K., 294
Maxwell stress tensor, 114
Maxwell’s equations, axial and trans-
verse components, 344
differential form, 301
integral form, 301
time-harmonic form, 311
Microscopic theory, for electrical prop-
erties, 79-85, 115-118
for magnetic properties, 257-264
Modes, 373, 374
Modified Bessel functions, 134, 135
Molecular field, 115-118
Moment of sources, 29
Moment vector, angular, 482
Motion of charged particle, in electric
field, 427-431
in electric and magnetic field, 434-437
in magnetic field, 431-434
in traveling-wave magnetron, 437
Motional emf, 270-272
Multicapacitor system, 96-100, 105, 106
Multipole expansion, 503
Mutual inductance, from flux linkages,
274-276
reciprocity for, 274-276
from vector potential, 276

Near zone, 396

Net circulation integral, 15

Neumann boundary condition, 119
Neumann formula for inductance, 275
Newton’s law, 426

Newton’s third law, 200, 201
Nonconservative field, 167-169
Nonreciprocal device, 481, 482

Oblique incidence of wave, on conduct-
ing surface, 360, 361
on dielectric interface, 351-356
Oersted, H. C., 198
Ohm'’s law, 164-166
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Orientational polarizability, 81-85
Orthogonal curvilinear coordinates, 23—
26, 149-151
Orthogonality property, of Bessel func-
tions, 135-137
general demonstration, 125
of Legendre functions, 141
of trigonometric functions, 124

Paraboloidal reflectors, 413, 414
Parallel-plane diode, conditions in, a-c,
441-444
d-c, 439-441
Parallel-plane triode, 446-449
Parallel-plate capacitor, 94, 104, 105
displacement current in, 302, 303
fringing capacitance in, 160-163
Parallel polarized plane wave, 352, 355,
356
Parallel-wire line, electrostatic field, 71,
72
magnetic force from steady currents
in, 207, 208
Parallelogram law, 3
Paramagnetic materials, 227, 233, 260,
261 :
Paramagnetic susceptibility, 261
Partial-flux linkage, 277, 278, 285, 286
Particle motion (see Motion of charged
particle)
Penetration depth, 314, 315, 319
Permanent magnets, 242, 243, 245-248
Permeability, 235
of free space, 199, 200
incremental, 235
tensor, 486
Permittivity, complex, 311, 312, 366,
367
of free space, 42
Perpendicular polarized wave, 351-355
Peterson, L. C., 445
Phase velocity, 314, 371
Planck’s constant, 258
Plane, of incidence, 351
of polarization, 421
Plane wave, arbitrary direction of propa-
gation, 348-351
energy relations for, 308-310
in free space, 308, 309
of sinusoidal form, 312-315
superposition, 378, 379
Plasma, 473
Plasma-electron frequency, 452, 454
Point source, 26-29
Poisson equation, integration, 33-35
scalar, 30, 59
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Poisson equation, solution in rectangular
parallelpiped, 508, 509
vector, 31, 224, 225
Polarizability, 79ff.
electronic, 79-81
ionic, 81
orientational, 81-84
Polarization, electric, 83-87
magnetic, 227-228
plane of, 421
of wave, circular, 474, 475
linear, 351, 352, 421, 474
Polarization charge, electric, 75, 76, 85,
86
magnetic, 245
Polarization currents, 228-231
Polarizing field, 115-118
Potential, coefficient of, 97
dipole, 28, 29, 73
electrostatic, 50-53
on axis of charged disk, 53, 54
from charged disk, 144-146
from charged ribbon, 155-158
between elliptic cylinders, 152-155
from line charge, 54
scalar (see Scalar potential)
magnetostatic, 243-248
quadrupole, 503
for time-varying fields, 322-325
quasi-static, 325, 326, 328, 329
retarded, 326
vector (see Vector potential)
Power flow, 306, 307
Power loss in plane conductor, 359-361
Poynting vector, complex, 315-317
instantaneous, 307
time-average, 313, 316
Precession angle, 483
Precession frequency, 483
Probe coupling, 391, 392
Propagation of wave, in dielectric, 305
in ferrite medium, 482-486
in good conductor, 314, 315
in gyrotropic medium, 473-486
Propagation constant, 343
for circular waveguide, 383
for rectangular waveguide, 374
for traveling-wave tube, 471, 472
Proper function, 8, 17, 496

Q (quality factor), of circuit, 389
of resonator, 390
Quadrupole potential, 503
Quarter-wave line, 370
Quarter-wave transformer, 530
Quasi-static potentials, 325, 326, 328, 329
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Radiated power, from dipole, 395, 396
from half-wave antenna, 400
Radiation, from current element, 393-
398
from half-wave dipole, 398-401
Radiation intensity, 397
Radiation resistance, 396, 400
Radiation zone, 396
Ramo, S., 449
Receiving antennas, 419-423
Reciprocity, for electromagnetic field,
414, 417, 419, 420, 538
in electrostatics, 97, 98
for mutual inductance, 274-276
Rectangular coordinates, 120-122
Rectangular resonator, 385-392
Rectangular waveguide, 370-380
cutoff for, 371
Reflection, from conducting plane, 356—
361
at dielectric interface, elimination, 355
equivalent circuit for, 353-355
parallel polarization, 355, 356
perpendicular polarization, 351-355
Refraction, angle of, 352
of current flow lines, 178
electric flux lines, 91
magnetic flux lines, 238, 239
of wave at dielectric interface, 351-
356
Relaxation time, 55, 170, 171
Reluctance, 252-257
Remanence, 234, 235
Resistance, 166, 177
of arbitrary circuit, 336, 339
of arbitrary shaped conductor, 171-
175
radiation, 396, 400
of spherical section, 175-177
Resistivity, 166
surface, 356-358
Resistor characteristics, 333, 334
Resonant cavities, 385-392
Resonator energy, 388-390
Retarded potentials, 326
Retentivity, 235, 251
Rowland, H. A., 40

Saturation magnetization, 262, 264

Scalar, 1

Scalar field, 8-11

Scalar potential, 16, 30
electrostatic, 50-53
magnetostatic, 243-248
time-varying, 322, 323

Scalar product, 6
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Scale factors, 24
Schwarz-Christoffel transformation, 158-
160
Self-inductance, 274, 278-280
Separation of variables, 120, 121, 130,
131, 138-140
Shearing line, 251, 252
Shielding, electrostatic, 100, 101
Sidelobes, 408
Skin depth, 315
Skin effect, 319, 359, 527
Sky wave, 479
Slow wave, 464, 470
Slow-wave structure, 473
Snell’s law, 352
Solenoid, 241, 242
Solenoidal field, 19, 23, 30, 31
Source, vortex, 16, 30, 32
Source point-field point nomenclature,
26, 27
Source strength, 13, 14, 30, 32
Space-charge limited conditions, 440
Space-charge reduction factor, 455, 456
Space-charge theory, 437-445
Space-charge wavelength, 463
Space-charge waves, 449-456
for Klystron, 461, 462
Sphere in applied field, conducting, 501
dielectric, 142, 143
permeable, 520
Spherical coordinates, 138, 139
Spin magnetic moment, 258
Spinning electron, 258
Spontaneous magnetization, 264
Standing-wave ratio, 369, 370
Stokes’ theorem, 22, 23
Stray capacitance, 331
Stress, surface, 112-115
Stress tensor, electric, 114
magnetic, 294, 295
Superposition, 42
of plane wave, 378, 379
Surface, charged, 46, 47, 55-57, 76-78
equipotential, 9
Surface charge at dielectric interface,
183
Surface charge density, 46
Surface impedance, 356358, 360, 361
Surface resistivity, 356-358
Surface sources, 32
Surface stress, 112-115
Surface vector, 4
Surface waves, 530, 531
Susceptibility, diamagnetic, 260
electric, 85
magnetic, 232
paramagnetic, 261
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TE waves, 342, 345-347
cutoff, 374, 380
impedance, 346
TE,, mode, 375-379
Tensor permeability, 486
Thales, 39, 198
Thompson’s theorem, 507, 514
Time constant, 170, 171, 180
TM waves, 343
cutoff, 380
impedance, 348
Toroid, magnetic field, 248-252
Torque, on D’Arsonval movement, 215,
216
on magnetic dipole, 214, 215
on rectangular current loop, 290
Total reflection, 530
Transadmittance, electron beam, 459,
460, 462, 463
Transconductance of triode, 448
Transformation, coordinate, 149-152
gauge, 225
Transit time, 442, 443
Transmission coefficient, 353
Transmission-line parameters, 363-365
Transmission lines, 71, 72, 361-370
analogy, 353-356
attenuation constant, 364, 368, 369
characteristic impedance, 363, 365
equivalent circuit, 364
half-wave, 370
input impedance, 370
lossless, 365, 366
lossy, 367-369
phase constant, 364
propagation constant, 364
standing waves on, 369, 370
Transmitting-receiving system, 413-417,
419-423
Transverse electric (TE) waves, 342,
345-347
in circular waveguide, 383-385
in rectangular waveguide, 371-374
Transverse electromagnetic waves, 342,
344, 345
Transverse-field components, 343
Transverse magnetic (TM) waves, 343
in circular waveguide, 381-383
in rectangular waveguide, 379, 380
Traveling-wave magnetron, 437
Traveling-wave tube, 463-473
amplification, 472
propagation constant, 471, 472
qualitative description, 463-465
Triode, 446-449
Triple scalar product, 8

Triple vector product, 8

Two-conductor line, electrostatic, 71, 72
Two-dimensional arrays, 409-412
Two-element arrays, 402-407

Uniqueness theorem, static, 61-63
time-varying, 321

Unit vector, 3

Units, 41, 42

Variables, separation, 120, 121, 130, 131,
138-140
Vector, 1
addition, 2
components, 3
operator del, 12
Poynting (see Poynting vector)
subtraction, 2
surface, 4
unit, 3
Vector field, 8-11
general, 31
irrotational, 16
solenoidal, 19
Vector identities, 20, 38
Vector potential, 30, 204
differential equation for, 224, 225
mutual inductance from, 276
quasi-static, 325, 326
retarded, 326
time-varying, 322-325
Vector product, 5
Vector summary, 36ff.
Velocity, of energy, 310, 377
group, 371, 377, 378
of light, 305
phase, 314, 371, 377
Velocity modulation, 449, 456, 457, 465
Virtual work, in electrostatics, 106-109
in magnetostatics, 286-289
Volt, 52
Volta, A., 198
Voltage, induced, 266-269, 271, 272
Voltage standing-wave ratio, 369, 370
Volume charge density, 45
Volume distribution of dipoles, 74-76
Vortex source, 16, 30, 32

Wave admittance, 346, 348

Wave equation, 303-306
inhomogeneous, 304, 535

Wave impedance, TE, 346
TM, 348
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Wave number, 312 Wavelength, guide, 371
Wave propagation (see Propagation of Waves, in conducting materials, 357-361
wave) in imperfect dielectrics, 366, 367
Waveguides, circular, 380-385 surface, 530, 531
losses in, 376 Weiss, P., 262

rectangular, 370-380
Wavelength, 313, 314
cutoff, 371, 374 Zone of radiation, 396



