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.'\ﬂ’n_\s.
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uniform, 343
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luyers of, 361
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358359, 362-364, 373374
atmospheric, 362-364
coefficient of, 255, 265, 354-356
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homogeneous media, in, 354
hydrometeors, by 363-364
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partislly conducting mediu, in, 254, 374
plane waves, 354
power equation, 358-359
transmission lines, in, 275
wave goides, 323

Antenuution, per-meter, 29]

Altenuation factar, 322-323
total, 323

Availuble power of antennas. 341

Avogadro's number, 122

Axial components, transverse companents fram,
317-31%

Axiul fields, 316-318
determination of, 318-319

B (see Magnetic flux density)
B-H curve, 215-216

Back-voltage in inductor. 212
Beam widih, half-power, 337
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Boundary, cumrent sheet at, 177178
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ut interfuce of two dielectrics, 136-137
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Boundary reflection coefficient, 277
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curl in, 85
del operwtor in, 79-80
differential displacement vector in, 97
divergence, curl, gradient. and Laplacian in, 354
divergence in, 81
electric flux density In. 70
field vector m, 317
gradient in, 78-70
Laplace’s equation in, 152
in one vuriuble, 153-154
product solution of, 154-155
Laplacian of vector in, 251
Maxwell’s equations in, solutions for, 252-253
position vectors in, 36-37
Churucteristic impedance, 276
Charge density, 4647
volume, 46
surface, 47
line, 47
Complex dielectric constunt, 357
Conduction currem, |14
Conduction current density. 114
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current-carrying, 194
sylindrical, inductance of, 211
go0d. Maxwell’s equations solutions for,
255-256
in motion
through time-dependent fields. 235-236
through time-Independent fields, 234-235
paraliel, inductance of, 211
perfect, imaging in, 347-345
Conservative ficlds, 98
Conservative property of electrostatic ficld, 98
Constunt currents, |13
Continuity of current, 119120
eyuation of, 119
Comtour, closed, U8
Convection current. |14
Convection current density (J), 114
Coordimate system, divergence, curl, gradient, and
Laplacian in, 354
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Coordinate systamy, 34-35, (see also Cartesian coordinate
syatem: Cylindrical coordinate system: Spherical
coordinate system)

Coordinates, 34

Core lengths, 214

Cores, with air gaps, 217

Coulomb (unit), 2

Coulomb forces, 44-62

Coulomb’s law:

Scalar form of, 4, 138
Vector form of, 44, 45

Cnical wave number, 318

Cross product of two vectors, 4, 33

Curl, 80

in coondinate systems, 354
divergence of, as zero scalar, 85
of gradient as zero vector, 85
of vector ficld, 84-85
Currentis) (1), 116-117
constant, |13
continuity of (see Continuity of current)
displacement (see Displscement current)
time-varinble, 113
Current density, 113
conduction., | 14-115
convection, 114
displacement, 11, 236-238
magnetic field strength and, 174-175
total, 238

Current clements, magnetic force on, 193

Current filament, vector magnetic potential for, 179

Current law, Kirchhoff's, 119

Current sheet, 118

1t boundary, 177-178

Current sheet density, 118-119

Current source, phasor fields outside, 335

Cutoff frequency, 319-320

Cutoff wavelength, 329

Cylindrical conductors, inductance of, 211

Cylindrical coordinate system, 34-35

curl in, 85

del operator and, 80

differentinl displacement vector in, 97

divergence, curl, gradient, and Laplacian in, 354

divergence in, 81

electric flux density in, 71

field vector in, 312

grudient in, 79

Laplasce’s equation in, 152

product solution of. 155-156

Cylindrical guides, 311, 321-324

D (see Electric flux density)
D' Arsonval meter movement, 21
DC resistance, of transmission lines, 273
Decibel (unit), 264
Del operator, 10, 79-80
Delay time, 248
Density:
charge (see Charge density)
current (see Current density)
encrgy, 107-108
flux (see Flux density)
Depth of penetrution, 256
Determinants, 33
Dielectric-conductor boundary conditions. 120-121
Dielectne constant, 4
complex, 365
Diclectric free-space imterince, 139
Diclectric losses, 322-323
Diclectrics:
boundary conditions across interface of two, 178
boundury conditions at interface of two 136137
perfect, Maxwell's equation solutioms for, 255
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Dielectrics (Cont )
polarization of (see Polarzation of dielecinic matenals)
two, in multiple-dielectric capacitors, 133-134
Differential line clement, 36
Differentinl surface element, 36
Differential volume, 35
Diffraction, 360-361
Diffusion, 315
Dipole:
finite-length, 338-339
magnetic, 338
Dipole antennas, electric, 335336
Dipole moment, electric, 131
Directivity, of antennas, 337-338
Dispersive medium, 255
Displacement current, 11
definition of, 236-238
Displucement current density, 237
Displacement flux, 63
Displacement vectors, 44
Distributive law, 32
Divergence, 10, 80-82
in Cartesian coordinates, 81
in coordinate systems, 385
of curl a5 zero scalar, 85
definition of, 80
of electric flux density, 83
of gradient of potential function, 151-152
negative, 80
of zero, §8-39
Divergence theorem, 83-84
Dominant mode of waveguides, 315-316
Dot product of two vectors, 32-33
Double-stub matching, 285-286
Drift velocity, 113

E (see Electric field intensity)
Effective urea for antennas, 341
Effective curth, 368
Effective Jength of antennas, 339
Electric component of force, 194
Electric current (see Current entries)
Electric dipole antennas, 335-336
Electric dipole moment, 131
Electric field intensity (E). 5. 4462, 151
definition of, 3, 45-46
due to point charges, 51-52
fixedcharge, 135-136
fixed-voltage, 135
{lux density and, 65-66
motional, 234
potential function and, 100-101
tangential component of, 136
units of, 5,46
Electric ficlds:
mugnetic fields combined with, 194195
point charges causing, 51-52
static, energy in, 101-102
work done agninst. 97
work done by, 97
Electric flux, 63-77
definition of, 63-64
Electric flux density (D), 64-65
antisymmetrical, 164-165
divergence of, 83
electric ficld intensity and, 65-66
fixed-charge, 135-136
fixed-voltuge, 135
normal component of, 136
Electric potential:
of charge distributions, 99-100
definition of, 99
of point charges, 99
between two points, 99
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Electric susceptibility, 132
Electromagnetic waves, 251-26)
propagation of, 354-372
spectrum of, 16
propugation constant of, 252-253, 277, 354-357
Electromotive force, 212
Electron-gas theory, 113
Electron-hole pairs, 115
Electron mobility, 122
Electrostatic field, 97-112
conservative property of, 98
Endfire arrays. 337
Encrgy:
instantaneous rate of, leaving volume, 261
in static electnic fields, 101-102
stored in capacitors, 134
Energy density, 107-108
Energy differences, 109
Equanon of continuity for current. 119
Equipotential surfaces, 79
Equivalent capacitance, 133134
Excess delay, 370

Farad (umit), 132
Faraday homopolur generator, 244
Faraday's law, 212
integral form of, 233
two-term form of, 235
Ferromagnetic materials, 214
Field lines, 330-321
Field vector, 317
Fields:
uxial (yee Axaal fields)
conservative, 98
electric (see Electric felds)
electrostatic, 97-112
magnetic (see Magnetic fields)
mdial, 184
time-dependent, conductors in motion through, 235-236
time-independent, conductors in motion through, 234-235
transverse, 317-318
vector (see Vector fields)
Finite length dipole, 338-339
First nulls, 342
Fixed-charge electric field intensity and electric flux density,
135-136

Fixed-voltage clectric field intensity and electric flux density,

135

Flux:

displacement, 63

clectric (ree Electric flux)

mugnetic, 175
Flux density:

electric (see Electric flux density)

magnetic (see Magnetic flux density)
Flux lines, 64
Flux linkage, 209
Forces!

Coulomb, 4-5, 44-45

clectromotive, 212

I magnetic fields, 193-208

magnetomotive, 216

moment of, 196-197
Fourier sine series, 166-167
Free charge, 120
Free spuce, Maawell's equation solutions in, 285
Free-spuce interfuce, dielectric, 139
Free-space permeahility, 175
Frequency of harmonic wave, 252
Fringing of parallel-plate capacitors, 7475
Friss transmission formuly, 342

Gauss' divergence theorem, 83
Gauss® law, 65

Gausstan surfaces, special, 66-67
Generutor, Faruday homopolar, 244
Geometrical factor, 273
Gradient, 78-79

in coordinate systems, 354

curl of, us zero vector, 85

divergence of, of potential function, 151152
Ground waves, 364-365
Guide wavelength, 320

H (vee Mugnetic field strength)
Hulf-power beam width, 337
Half-power paints, 337

Helical motion, 104-195

Henry (unit), 204

Hertzian dipole antennus, 335336
High-frequency lines, 287
Homopolar generator, Furaday, 244

I (see Current)
Imaging in perfect conductor, 347-348
Impedance:
characteristic, 276
Intrinsic, 218, 254, 257
mutual, of antennas, 340-341
self-impedunce, of antennas, 340-341
wiuve, 313
Impedance maiching, 283-284
Impendance measurement, transmission line, 287
Incidence:
ungle of, 258
normal, interface conditions at, 256-257
oblique, 258
plune of, 258
Induced voltage. 212
Inductance, 209-232
definition of, 209-21]
internal, 212-213
mutual, 213-214
self-inductance, 212
of transmission lines, 273-274
Inductor, back-voltage in, 212
Infinite line charge, 48
Infinite plane charge, 49
Infinity, zero reference at, 100
Instantancous power, 266-267
Interface conditions at normal incidence,
256-257
Internal inductance, 212-213
Intrinsic concentration, 123
Intrinsic impedance, 254, 257
Intrinsic semiconductors, 115
Inverse-square law of point charge. 48
lonosphere, 361-362
conductivity of, 369-370
height profile of, 362
mauximum usable frequency in, 365
permittivity of, 369-370
range error in, 371
refraction index of, 363-366, 369-370
two-frequency correction method for, 371
Iron-core magneticy, 214
Isotropie radiator, 332

J (se¢ Conduction current density; Convection current
density)

Kirchhoff's law, 119, 216

Laplace's equation, 151-171
in Cartesian coordinate system (see Cartesian coordinate
system, Laplace’s equation in)
definition of, 151
explicit forms of, 151-152
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Laplacian, in coordinate systems, 351
Legendre polynomial:
higher-order, 167
of order n, 156
Lenz's law, 233-234
Lever arm, 196
Line charge, 47
infinite, 48
Line charge density, 47
Line element, differential, 36
Linear arravs of antennas, 342-343
Lorentz force, 194
Lossless lines, 278
transients in, 288-289
Lossless waveguide, power transmitted in, 322
Lossy waveguide, power dissipation in, 322-333

Magnetic circuits, 214
Ampere's law for, 214, 216-217
parallel, 218
Magnetic component of force, 194
Magnetic dipole, 338
Magnetic field strength (H), 172, 177
current dengity and, 174
tangential component of, 177
Magnetic ficlds:
boundary relations for, 176-177
electric fields combined with, 194195
forces and torques in, 193-208
static, 172
tume-variable, 236
Magnetic flux, 175
Magnetic flux density (B), 175-176
normatl component of. 177
Magnetic force:
on current elements, 195
on particles, 193-194
moment:
of planar coil, 197-198
of planur current loop, 197
Magnetic potential, vector, 178-179
Magnetization curves, 215

double-stub, 285-256
impedance, 283-284
single-stub, 284-285
Maximum usable frequency, 365
Maximum valoe theorem, 153
Maxwell's equations, [0-11, 233, 238-239
free-space set. 239
general set, 239
Interface conditions at narmal incidence, 256-257
solutions for good conductors, 255-256
solutions for partially conducting media, 254-255
solutions for petfect diclectrics, 255
solutions in free space, 255
Mean value theorem, 153
in special case, 157-158
Method of imuges, 146-147
Microwave ranging, 370
Mbo (unit), 117
Mil, circular, 124
Mobility, 113
electron, 122
Mode cutoff frequencies, 319-320
Moment:
electric dipole, 131
of force, 196-197
magnctic (see Magnetic moment)
Monopole, quarter-wave, 340

Monopole antennns, 339-340
Motion:
charges in, 113114

conductors in (see Conductors in motion)

helical, 194-195
Motional electric field intensity, 234
Multiple coils, 217-218

Multiple-dielectric capacitors, 133-134
Mutual impedance, of antennas, 340-341

Mutual inductance, 213-214

n-type semiconductor materials, 115
Negative air-gap line, 224
Neper (unir), 224
Neper to dB conversion, 264, 354
Net charge, 119

in region, 63
Net charge density, 119-120
Newton (umt), 4
NI rise and NI drop. 216
Nulls first, 342

Obhque incidence, 258
Ohmic loss of antennis, 338
Ohm’s law, 113
point form of, 114
Operuting wave length, 315
Operators, mathematical, 10, 78-96
curl, 9-10, ¥4-85
divergence 10), 13, B0-84
gradien, 78-80
Luplacian, §6
Orthogonal surfaces, 34-35

prtype semiconductor materisls, 115
Parallel conductors, inductance of, 211
Parallel magnetic circuits, 218

Parallel-plate capacitors, fringing of, 74-75

Pamallel plate geometrical factors, 274
Parallel polanzation, 259-260
Parallel wire geometnical factors, 274
Particles, magnetic foree on, 193-194
Pattern function, 332
Penetration, depth of, 256
Per-meter attenuation, 291
Penod of harmome wave, 252
Permeabllity, 175

free-space, 173

relutive, 175
Permittivity, 4

relstive, 4, 132
Perpendicular polarization. 259
Phasor fields, 335
Phasors, 276

Planar coil, magnetic momens of, 197-198

Plane, of incidence, 258

Plane charge, infinite, 258

Pline waves, 12-14, 253354157
homogencous media, in, 354-355
polanzation of, 15-16

power flow and poynting veetor, 14, 261, 322-323, 355

propagation parameters of, 355-357
Point charges:
causing electric fields, $1-52
electric field intensity due 1w, 51-52
clectric potential of, 99
inverse-square law of, Y8
in spherical coordinate system. 69
work done in moving, Y8
Point form of Ohm's law, 114
Points, 34
electric potential between two, 99
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Polsson's equation, 151, 164-165
Polar form, 276
Polarity, 233-234
Polaization of dielectric materials, 131-132
paraliel, 259-260
perpendicular, 259
Position vectors, 36
Potentinl:
electric (see Electric potentinl)
vector magnetic, 178-179
Potential difference, 99
Potential function (V):
divergence of grdient of, 151-152
electrnic field intensity and, 100-=101
Power:
available, of amennas, 341
camplex, 261
dissipated in lossy waveguide, 322-323
instantaneous, 266-267
Poynting vector and. 261
tmsmitted in lossless waveguide, 322
work and, 195-196
Power equation in atmosphene propagation. 358
Pawer gain of antennas, 338
Poynting vector, 261
power and, 261
Propagation constant, 252
Propagation parameters, 355

Quarter-wave monopole, 340
Quarter-wave tmnsformer, 296-297

R (see Resistance)
Rudial fickds, 184
Radiation efficiency of antennas, 338
Radiation intensity, 337
Radiation resistance, 336
Rudiator, isotropic, 337
Range error, 370-373
Recelving antennas, 341-342
Rectangular-guide formolas, 326
Reflection:
ungle of, 258
coefficient of, in transmission lines, 18, 275-277
lonospheric, 365
radio waves, 369
Snell’s law of. 258
Reflectors, 343
Refraction, 359-360
index of 356-357
ionospheric, 369-370
tropospheric, 366, 368
Snell’s law of. 258
Relative permeability, 175
Relative permittivity, 4, 132
Reluxation time, 120
Reluctance, 216
Resistance (R), H17=118
radiation, 336
wurface, 323
Resistivity, 113
conductivity as reciprocal of, 124
Right-hand rule, 173

Satellite microwsve rnging. 370
Scalar function, gradient of. 78-79
Scalar triple product, 3§
Scalars, 31

zero, divergence of curl as, 85
Scattering, 360-361
Self-impedance, of antennas, 330-34]
Self-inductance, 212

389

Semiconductors, 115116
Sheet charge, 47
Sheet current, vector magnetic potential for, 179
SI unit prefixes, 354
SI units, rtionalized, 4
Sidelobes, 343
Swemens (umt), 114, 117
Smith Chart, 279-281
Single-stub matching, 284-285
Sinks, 80
Sinusoidal steady-state transmission-fine excitation, 227-277
Skin depth, 256
Skin effect, 212-213
Sky waves, 364-363
Slotted lines, 287
Smuall ciecular-loop antennas, 338
Smith Chart, 279-281
Snell’s law:
of reflection, 258
of refruction, 258
Solenoids, inductance of, 211
Sources, 80
Space, free (see Free space)
Spherical coordinute system, 34-35
curl in, 5
differential displacement vector in, 97
divergence, curl, gradient, and Laplician in, 354
divergence in, 81
gradient in, 79
Laplace’s equation i, 152
product solution of, 156
point charge in, 69
potential in, 101
Spherical shells, concentnic, 104
Stunding-wave mtio, voluge, 276, 278
Standing waves, 260
Staric electric fields, energy in, 101-102
Stutic magnetic field. 172
Stokes” theorem, 179180
Surface charge densily, 47
Surface element, differential, 36
Surface resistance, 323
Surfaces:
equi 79
orthogonal, 34-35
Susceptibility, electre, 132

TE (transvense electric) waves, 318

Time constam, 120

Time-dependent fields, conductors in motion through,
235-236

Time-distance plots, 288-289

Time-independent fields, conductors in motion through,
234235

Time-variable currents, 113

Time-variuhle magnetic field, 236

TM (transverse magnetic) waves, 318

Torvids, inductance of, 211 AOITA

Torque: TRt ':;{_
definition of, 196-197 e i
in magnetic fields, 193-208 & '

Transformer, quarer-wave, 282-283, 300 /.27 ) \&

Transients in lossless lines, 288-289 AYSARS

Transmission, angle of, 258 =l 8 ol

Transmission formula, Friss, 342

Transmission lines, 373-315
distributed parameters, 273-274 > Y
double-stub matching, 285-286 = A
impedance matching, 283-284 S -
impedance measurement, 287
incremental model. 274-275
per-meter attenuation, 295

L
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Trunsmission lines {Cont. ).
single-stub mutching, 284-285
sinusoidal steady-stite excitation, 276-278
slotted, 287, 306
uniform, 273
Transverse componenis from axial components,
312313
Transverse electric (TE) waves, 318
Transverse fields, 316-318
Transverse length, unit, charge transport per. 118
Transverse magnetic (TM) waves, 318
Truveling waves, 262
Triple product:
scalar, 38
vector, 38
Troposphere, 361-362
bending effect of, 368
excess delay due to, 367
models of, 366
range crmor due 10, 372
refractivity of, 366
Tuner circle, 285, 304

Uniform arrays, 337

Uniform transmission lines, 273
Unigueness theorem, 152153
Unit vectors, 4, 31, 3§

V taee Potenual funcion)
Veetor(s), 4, 31
sbsolute valuc of, 4, 31
component form of, 4, 21
cross product of two, 4, 33
displacement, 44
dot product of two, 4, 33
position, 36
Poynting (ree Poynting vector)
projection of one, on second, 37-38
unit, 4, 31, 35
zem, curl of gradient a5, 85
Vector algebra, 14, 32-33
Vector unalysis. 4. 3143
Vectar fields, 4, 78-80
curl of, 8485
Vecton integral, 45, 46
Veetor magnetic potential, 178179
Vector notation, 4, 31
Vector sum, 45

Vector triple product, 38
Vector wave equations, 251
Velocity. drift. 113
Voltage:
wround closed contour, 212
induced, 212
of self-inductance, 212
Voltuge drop, 117
Voltage standing-wave ratio, 277
Volume:
differential, 35
instantanzous rate of energy leaving, 261
Volume charge, 46

Volume current, vector magnetic potential for, 179

Wall losses, 317-318
Wave equations, 251-252
Wave impedance, 318
Wave number, 317
cntical, 318, 324
of radiation, 335
Waveguides, 316-334
dominant mode of, 320-321
lossless, power transmitted in, 322
lossy. power dissipation in, 322-323
Wiavelength:
cutoff, 329
guide, 320
of harmonic wave, 252
operuting, 320
Waves:
electromagnetic (see Electromagnetic waves)
plane, 12-14, 253,354
polarization of, 15-16
stunding, 260
trayeling. 262
Weber (unit), 175
Work:
definition of, 97
done agninst electric field. 97
done by electric field, 97
done in moving point charges. 98
power and, 195-196

Zero, divergence of, 88-89

Zero reference at infinity, 100

Zero scalur, divergence of curl as, 85
Zero yector, curl of gradient as, 85
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