Subject Index

Abscissa of convergence, 1075
Absolute space, 947

Absorption cross section, 568
Acceleration field, 946

Adaptive integral method, 636
Adaptive refinement of meshes, 68
Addition theorem, 736

Adjoint medium, 399

Adjoint wave guides, 865
Admittance of a region, 404, 780
Aether, 917

Ampére’s law, 721

Ampérian model, 234

Analytic continuation, 1064
Analytic function, 1063

Analytic signal, 1084

Applied electric field, 126

Array factor, 303

Asymptotic waveform evaluation, 637
Attenuation function, 451
Attenuation in waveguides, 833

Babinet’s principle, 481

Battery effect, 127

Beltrami fields, 208, 919

Beltrami operator, 208, 219
Bianisotropic, 368

Bicone, 929

Biconical antenna, 935

Bidirectional 861, 867

Biisotropic magnetoelectric medium, 861
Bilinear concomitant, 6

Biorthogonality 22, 803

Biot-Savart magnetostatic field, 223, 724
Bistatic cross section, 570, 738

Born approximation, 386

Boundary conditions for moving media, 959
Boundary integral method, 651, 790, 913
Bounded operator, 8, 594

Bounded variation, 1080

Branch cut, 1066

Branch points, 1064
Brewster angle, 437
Brick, 67

Brillouin zone, 461
Bromwich integral, 1077

Capacitance of a conductor, 129
Capacitive current, 701, 713
Cauchy’s theorem, 1067
Causal function, 1083
Caustics, 388, 677
Chafft, 574
Characteristic impedance:

of coupled lines, 803

of good conductor, 429

of mediums, 371
Characteristic modes, 604, 774
Charge-relaxation time, 363, 707
Chiral medium, 367
Chirality (or Pasteur) parameter, 368, 861
Circular cone, 926, 928
Circularly polarized, 288
Coercivity, 236
Coherence matrix, 291
Collocation, 30
Colon double product, 84
Comb function, 476, 1095
Comoving frame, 988
Combined fields equation, 627
Compact operators, 594
Complex depth, 439
Complex images, 459
Conductivity tensor, 126
Confined modes, 537
Conjugate gradients method, 70
Constitutive equations in moving media,

958

Constrained variations, 60
Contravariant:

tensor, 954

vector, 988
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Covariant:
tensor, 954
vector, 988
Convergence:
in the Cauchy sense, 75
in energy, 8
nonuniform, 15
strong, 5
weak, 5
Convolution, 345, 1076
Cooper pairs, 261
Coordinate function, 61
Core solution, 10
Cornu spiral, 492
Cosine transform, 889
Coulomb integral equation, 131
Coulomb gauge, 283
Coulomb model, 234
Coupled azimuthal potentials, 912
Courant-—Friedrichs condition, 341, 656, 657
Creeping rays, 686
Cross section:
absorption, 568, 738
bistatic, 570, 738
extinction, 569, 738
radar, 570, 579, 908, 933
scattering, 568, 579, 702, 737, 741, 766, 908
transmission, 480, 485, 490
Curie temperature, 236
Current in a small loop, 231
Cyclotron frequency, 366

Dalembertian operator, 281
Debye material, 361
Debye potentials, 319, 541, 575
Degenerate modes, 836
Degree of polarization, 291
Derivative of a sum technique, 20, 514, 815, 924
Derivatives:
backward difference, 39
central difference, 38, 39
in distributional sense, 1095
forward difference, 39
Dielectric constant, 104
Dielectric resonator, 523, 584
Differential permeability, 236
Differentiated Gaussian pulse, 341
Diffraction coefficients, 493, 496, 687
Diffusion coefficient, 127
Diffusion time constant, 471, 707
Dirac distribution, 1077, 1090
Directivity of an antenna, 301
Dirichlet boundary formation, 492, 546

Dirichlet eigenfunctions:

2D, 192,753

3D, 135

for aperture, 483

for conical surface, 208, 918
Dirichlet’s problems, 135
Displacement current, 278
Divergence factor, 677
Discrete Fourier transform, 1085
Doppler shift, 957
Dupin’s theorem, 1027
Dyadics:

anti-Hermitian, 1037

antisymmetric, 1036

dipole field, 121

identity, 1036

Hermitian, 1037

reflection, 1037

rotation, 1037

symmetric, 1036

trace, 1036

transpose, 1036

products, 1036, 1037

unitary, 841, 1036

Eccentricity, 114
Eddy currents, 713
Edge element, 68
Effective altitude of the ionosphere, 489
Effective length of an antenna, 409
Efficiency of an antenna, 302
Eigenfunctions of a circular cone, 930
Eikonial equation, 378
Electrets, 103
Electric and magnetic polarization currents, 358
Electric dipole density, 104
Electric dipole moment, 84, 103, 307
of aperture, 202, 490, 553
of BOR, 702
of incomplete loop, 312
of cylinders, 179, 181
of dielectric resonator, 586
dipole fields, 86, 299, 311
of spheres and spheroids, 110, 114, 144, 251, 578,
978
Electric field integral equation, 594, 617, 629, 752
Electric flux density, 105
Electric polarizability tensor, 104
Electric quadrupole moment, 84
Electric splitting, 1007
Electric susceptibility, 104
Electric wall, 427
Electronic wave, 374
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Elliptic cone, 927, 928
Elliptic coordinates, 1019
Elliptically polarized, 287
Energy, 300
Energy density, 300
Entire function, 1064
Equation of conservation of charge:
on a surface, 156
in a volume, 127, 278, 307
Equivalent circuit of an antenna, 405
Equivalent currents, 320, 765
Essential singularity of a function, 1067
Ether, 947
Euler’s constant, 1045
Euler function, 51
Extended boundary condition method, 627

Faraday effect, 375
Faraday’s law, 709, 721
Fast multipole method, 636, 757
Ferromagnetism, 236
Fictitious sources, 763
Field expression, 804
Finite Fourier transforms, 888
First curvature, 1026
Fitzgerald potential, 285, 552
Flash point, 680
Floquet modes, 460
Fock’s principle of the local field, 675
Fourier transform, 1085
Frame hopping, 960
Fraunhofer distance, 297, 344
Fraunhofer zone, 297
Fréchet derivative, 259
Fresnel:

integral, 492

length, 390

region, 297

transitions function, 685

zone, 674
Frill, 231, 312
Functional, 51
Fundamental magnitudes:

of first order, 1025

of second order, 1025

Gain of antenna, 302

Galerkin method, 33

Gauss’ theorems, 1002, 1029, 1040
Gaussian elimination, 69

Gaussian modulated sinusoid, 661
Gaussian pulse, 280

General ray expansion method, 694
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Genetic algorithms, 337, 582
Geodesic line, 1026
Geodesic parallels, 1026
Geometrical optics, 671
Geometrical theory of diffraction, 672
Global ABCs, 647
Global coordinates, 66
Global stiffness matrix, 65
Good conductor, 428, 707, 736
Goos-Hinchen shift, 432
Goubau line, 883
Gradient of a vector, 1039
Green'’s dyadics, 17
in a chiral medium, 396
for an exterior region, 545
for free space, 304, 306, 393
by images, 427, 550
for an interior region, 548
in an inhomogeneous medium, 393
in layered media, 455, 885
for a moving source, 957
Green'’s functions, 11
for axis of a waveguide, 828
for clamped string, 11
for diffusion equation, 710
in extended sense, 16
for Helmholtz equation, 296, 320, 734, 736, 770,
773
periodic, 467, 475
for Poisson’s equation, 80, 154, 168, 183, 195,
199
for wave equation, 16
reciprocity, 15
Green'’s theorems, 1002, 1030, 1040
Group velocity, 829

Hp; technology, 834

Hall’s constant, 127

Hallén’s integral equation, 329, 333, 339
Hankel transform, 1086

Hard boundary condition, 5, 492
Harmonic ring vector, 159, 248, 815
Harmonic function, 40, 101

Heaviside expansion theorem, 1078
Heaviside unit step function, 194, 1091, 1099
Helicity, 1005

Helmbholtz integral theorem, 979
Helmholtz pair of loops, 265

Helmholtz splitting, 482, 552, 1005, 1007
Hermitian adjoint medium, 400

Hertz potentials, 238, 284, 286, 319, 851
Hilbert transform, 1087

Holder continuous, 82
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Huygens virtual sources, 325, 326 Linear manifold, 6
Huynen descriptors, 573 Linear transformations:
adjoint, 6

Ignorable coordinate, 1092 bounded, 8
I1I-posed problem, 9 domain, 6
Index of fraction, 425, 428 electric, 511
Instantaneous rest-frame hypothesis, 972 magnetic, 572
Instantly reacting media, 358 nonnegative (positive), 7
Integral equations: positive (negative), 7

of the first kind, 23 range, 6

Fredholm’s alternative, 23 self-adjoint, 6

of the second kind, 23 Linearly polarized, 288

vector form, 25 Lipschitz continuity, 36
ionic wave, 374 Local ABCs, 646
isoparametric shape functions 67 Local coordinator, 66
isorefractive media, 748 Locally reacting media, 358
isotropic chiral media, 368 London equations, 260

Lorenz condition, 282, 393, 552, 723, 724

Jacobian matrix, 259 Lorentz single resonance model, 361
Jacobian of a transformation, 1092 Lorentz transformation, 947, 992
Jones vectors, 347 Lossless material, 861
Jordan’s lemma, 1070 Luneburg lens, 381, 581

Lyapunov surface, 87
Kelvin functions, 736

Kernels: Magnetic conductor, 472
dyadic, 25 Magnetic current density, 278
Fredholm, 23 Magnetic diffusion time, 444, 707
Hermitian, 24 Magnetic diffusivity, 709
positive definite, 59 Magnetic dipole density, 234
strongly singular, 25 Magnetic dipole moment, 231
weakly singular, 23 of apertures, 488, 553, 846

Kirchhoff approximation, 693 of incomplete loop, 312

Kronecker delta, 5 of dielectric resonator, 585

Kronig—Kramers relations, 359 dipole fields, 231, 312

of sphere, 251, 702

Lagrange multipliers, 52 Magnetic field integral equation, 598, 617, 624,

Lamé differential equations, 934 626, 754

Lamé product, 934 Magnetic field strength, 235

Lamellar or longitudinal part of a field, 283, 1005 Magnetic induction, 221

Langevin force, 362 Magnetic permeability, 236

Large distance behavior of fields: Magnetic quadupole, 309
absorption boundary conditions, 189, 647 Magnetic Reynolds number, 966
boundary integral equations, 651, 790 Magnetic splitting, 1008
on a conical surface, 932 Magnetic susceptibility, 236
of electrostatic potential and field, 78, 169 Magnetic wall, 427
of magnetostatic potential and field, 221, 222 Magnetoelectric media, 367
of time harmonic fields, 294, 296, 360, 593, 734 magnetohydrodynamics, 981

Law of inertia, 947 Mathieu equation, 462, 1055

Leaky modes, 531 Matrix:

Leontovich surface impedance, 549, 601, 676 adjoint, 34

Liénart—Wiechert potentials, 946 band, 35

Light meter, 622 condition number, 37

Line of curvature, 1025 diagonally, 35
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fully populated, 35
Gram, 45
Hermitian transpose, 34
lower (upper) triangular, 36
norm, 37
partial (global) stiffness, 65
rank, 33
secular equation, 34
spectral radius, 35
Toeplitz, 35
unitary, 841
Maxwell’s fish-eye lens, 415
Measured equation of invariance, 788,
913
Mellin transform, 1086
Messier parameters, 442
Metamaterials, 368
Method of lines, 795
Metric coefficient, 1022
Metric tensor, 984
Mie method, 586
Mirror modes, 861, 867
Mismatch factor, 409
Mittag—Leffler’s theorem, 1070
Mixed conductors, 431
Mobile operator, 979
Mobility tensor, 126
Modified Stokes vector, 572
Modified vector potential, 722
Motional (or flux-cutting) e.m.f., 982
Mueller matrix, 573
Multipole expansion:
based on spherical harmonics, 101, 169,
317
for electrostatic potential, 83, 207,
for time-harmonic fields, 307, 312,
764, 768

N equations — N unknowns method, 655
Nabla operator, 1004
Natural boundary conditions, 54
Nernst effect, 127
Neumann boundary condition, 492, 547
Neumann eigenfunctions:
2D, 784
3D, 138
for conical surface, 919
Neumann problem, 137
Neumann’s factor, 102
Newton—Raphson method, 258
Nodal point, 63
Nonpolar material, 103
Nonradiating sources, 323

Subject Index

Norms:

energy, 8

Euclidean, 3

infinite, 3

others, 4, 777

unit, 3
Null space, 519
Number density, 104
Numerical distance, 451

Oblate coordinates, 1021

Ohm’s law, 126, 717

Ordinary (or physical) components, 989
Orthogonal elements, 5

Padé approximation, 20, 638, 915
Paramagnetism, 234

Paraxial approximation, 389
Parseval’s theorem, 198, 1081
Path of steepest descent, 1072
Péclet number, 966

Penetration depth, 262, 428, 707
Perfect electric conductor, 426
Perfect magnetic conductor, 427
Perfectly matched layer, 437, 650
Phase velocity, 829

Phillips integral equation, 117, 181
Photonic band-gap materials, 475
Physical optics, 671

Physical theory of diffraction, 672
Plasma frequencies, 364, 365

1153

Pocklington’s integro-differential equation, 329, 338,

590

Poincaré sphere, 289
Point matching, 30
Poisson’s equation, 78, 283
Polar material, 103
Polarizability dyadic, 179
Polarization:

circular, 288

elliptical, 287

linear, 288
Polarization factor, 410
Polarization matrix, 291
Pole of order m, 1067
Poynting’s vector, 300
Precursor position, 944
Principal curvatures, 1026
Principal directions, 1025
Principal radii of curvature, 1025
Principal value of Cauchy, 1091
Prolate coordinates, 1020
Propogation coefficients in a medium, 371
Purely radiating sources, 323
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Quality factor, 371, 525, 708
Quasi-harmonic fields, 290
Quasi-periodic fields, 460

Radiation characteristic, 294

Radiation function, 294

Radiation (or Fraunhofer) zone, 297

Rayleigh expansion for a grating, 469

Rayleigh method, 671

Rayleigh pulse, 661

Rayleigh region, 540, 578, 696

Rayleigh—Ritz method, 61

Rayleigh zone, 297

Reciprocal medium, 860

Reciprocal waveguide, 867

Reduced magnetic potential, 234, 724

Reflection point, 680

Regular point of an analytic function f(z), 1063

Reluctance of a gap, 240

Remanent polarization, 236

Residue of f(z) at a pole, 1069

Reynold’s transport theorem, 980

Robin’s integral equation, 131, 183

RWG (Rao, Wilton, Gilsson) basis function, 635,
641

Rytov approximation, 387

Saddle point, 1071
Salisbury screen, 436
Sampling theorem, 1085
Scalar product:
energy, 8
Hilbert, 4
symmetric, 4
Scattering center, 674
Scattering matrix of a junction, 839
Scattering matrix of a scatterer, 565
Schmidt orthogonalization process, 10
Schwartz’ inequality, 4, 291
Second (or Gauss) curvature, 1026
Shape functions, 63, 255, 520
Sifting property of the Dirac function, 1089
Singular point of f(z), 1063
Singularities of fields and sources:
current in small loop, 231, 311
multipole of concentrated charges and currents,
85,309
at tip of cone:
fields, 926
potentials, 207
tip of needle, 96, 927
at wedges:
magnetic field, 242

potential, 171, 175
time-harmonic fields, 496
Sine transform, 888
Slant slack transform, 345
Slow wave, 455, 873
Soft boundary condition, 492
Solenoidal (or transverse) part of a field, 284,
1005
Sommerfeld radiation condition, 294, 296, 593
Specific absorption rate (SAR), 641
Specular point, 680
Spherical coordinates, 1015
Spheroidal coordinates, 1020
Sphero-conal coordinates, 544, 932
Splines, 32, 756
Spurious modes, 518, 522
Stationary functional, 51
Stevenson’s method for low frequency fields, 696
Steepest descent method, 70, 1072
Stokes parameters, 292
Stokes’ theorems, 1003, 1031, 1040
Stokes vectors, 572
Stretched coordinates, 439
Substantial derivative, 950
Support of a distribution, 1090
Support of a test function, 1089
Surface conductivity, 156
Surface curl, 1028
Surface divergence, 1027
Surface impedance, 426, 598, 746
Symmetric adjoint medium, 399
System of inertia, 947

T-matrix method, 119, 629
Tellegen’s constitutive equations, 414
Tellegen’s parameter, 861

Test (testing) functions, 31, 1089
Tetrahedron element, 67, 520
Thermoelectric effect, 121

Thin films, 445, 601

Time-invariant media, 358

Total reflection, 431

Transformer current, 701, 713
Transformer e.m.f., 982
Transmission line matrix (TLM) method, 793
Trapped modes, 531, 874

Uniaxial anisotropic media, 435, 860
Uniaxial chiro-omega media, 377
Uniaxial media, 860

Uniform asymptotic theory of edge diffraction, 685
Uniform function f(z), 1064

Uniform geometrical theory of diffraction, 685
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Unimoment method, 188, 791
Unit power wave, 838

Vector potential, 222, 282
Velocity field, 946

Virtual surface charges, 97
Vorticity vector, 1005

‘Watson’s transformation, 581, 741
Waveguide:

adjoint, 365

bidirectional, 861, 867

closure with a PML, 891

networks, 837

reciprocal, 860, 867

resonator, 830
Waveguide modes in conical volume, 921
Waveguide modes in cylindrical volume:

attenuation, 832

closure with PML, 891

complex, 864

in coupled lines, 798

cut-off frequency, 8§22

Subject Index 1155

degenerate, 836
in dielectric fibers, 870
in dielectric slabs, 873
evanescent, 843
expansions in, 814, 868
impedance, 823
mirror, 861, 867
normalization, 868
orthogonality, 814, 865
Yo = constant, 815, 817
in slab-loaded guide, 883
Wave propagation time, 707
Weighting function, 31
Well-posed problem, 9
Wentzel, Kramers, Brillouin (WKB) approximation,
379
Whispering gallery mode, 535, 677
Whistler, 414
World distance, 984

Yee lattice, 657

Zenneck wave, 433, 451
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