
Index

Adler, 607
admissible

bordering, 413
decomposition, 217
gains, 402

Aitken, 28, 176
all-pass free, 203
Anderson, 288
antiresonance frequency, 532

Bézout theorem, 170
back-end impedance, 345
Badcr, 107
Barabaschi, 619
Belevitch

description, 289–292
polynomial representation, 435

Bennett, 428
BIBO

stability, 24, 28, 506–509
Bittanti, 288
Bliss, 524
Bode, 383
Boltzmann’s constant, 399
Bosma, 607
Bott, 75
Bott–Duffin

cycle, 72
synthesis, 58, 73

bounded-input, bounded-output, 24
bounded-real, 131, 433

discrete, 241
lemma, 246, 255

broadband matching, 333, 368
double, 352–367, 383
single, 337–352, 464

Brockett, 176
Brune, 75

cycle, 42, 53, 54, 57, 319
section, 53, 58, 319
synthesis, 46–55, 226

Butterworth
design, 408

gain, 123, 379, 422, 424
polynomial, 366, 406

Campbell, 619
formulas, 619

Carlin, 383, 607
Cauchy index, 13, 15
Cauchy’s theorem, 379, 390, 512
Cauchy–Binet, 2, 3, 160, 204, 205, 479
Cauer, 107

Cauer-1, 87, 426
Cauer-2, 87

characteristic
denominator, 197
impedance, 518, 525

Chebychev gain, 361
Chen, 383
coefficient of coupling, 104
Collin, 523
Collins, 570
compatible impedances, 455
complex normalization, 309, 393–395
Coppel, 107
Cramer’s rule, 613
crossover radian frequency, 422
current source, 593

D-doublet, 460
Darboux, 9
Darlington, 332

2-port reciprocal, 409
doubly-minimal, 295
equivalent, 293–353
equivalents, 296
pair, 293, 294, 303, 306, 369, 429
reactance 2-port reciprocal, 402
reciprocal, 296

Descartes’ Rule of Signs, 11, 12
dielectric layers, 551
diplexer

design, 406
high-pass, 423
low-pass, 423
maximally flat, 425
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diplexer (cont.)
power complementary, 419
reactance-ladder, 421–422
realization, 408, 420

displacement current, 482
distortionless transmission, 418
double-minimality, 203
driving-point impedance, 61, 116
Duffin, 75
Duffin’s theorem, 72
dynamical system, 16

eigenvalues, 4–6
elliptic gain, 361
embedding 2n-port, 573
equi-ripple property, 541
essential

embedding, 218
singularity, 502, 515

Euclid’s algorithm, 416
excess noise temperature, 400
exchangeable power, 400, 401

gain, 591

Fano, 383
Feldtkeller relationship, 297
Fettweis, 570
Fialkow, 143
filter

antimetric, 297–309, 439
characteristic function, 297
insertion-loss, 108–116, 309
low-pass elliptic, 312
symmetric, 297–309, 439
TEM-line, 535–538, 547–552

Foster, 40, 107
function, 46, 53, 72, 81, 82, 92, 307, 311, 370,

411, 448, 531
preamble, 48, 54, 64, 128
reactance theorem, 82, 83

Fujisawa, 143
Fujisawa’s theorem, 127–128

gain bandwidth restrictions, 366
Gantmacher, 28, 176, 480
Gardner, 428
Garloff, 480
Garloff–Wagner Theorem, 466
Garver, 638
Gatti, 619
Goursat, 524
Guillemin, 288
Gunning, 570
gyrator, 172–175, 177–180

extraction, 265–278
ideal, 266, 402
polarities, 148, 584

Hadamard product, 466, 469, 470, 474
Hamiltonian, 21
Haus, 607
Helton, 383
hermitian solution, 19
Hines, 638
Ho, 176
holomorphic function, 235
Horn, 607, 638
Hurwitz, 419

test, 471
hybrid description, 595

incident energy, 147
irreducible form, 197

Jacobi’s
formula, 199
theorem, 2, 4, 292

Jaumann
realization, 302
structure, 303
synthesis, 302

Johnson, 607, 638
joint diagonalization, 5

Kailath, 28
Kaplan, 607
Kawakami, 638
Kirchoff’s voltage law, 76
Kreyszig, 42

ladder
Cauer, 95
high-pass, 423
LC, 116, 370
low-pass, 127, 135, 423, 428
low-pass LC, 307
low-pass reactance, 125–142
reactance, 108, 116–125, 358, 364
realization, 421
standard, 140
transformerless, 367

Lancaster, 107, 288
Laplace transforms, 31, 32, 144, 497, 507, 608
Laurent expansion, 36
left-inverse, 181
linear time-invariant, 592
Linnenberg, 570
Liu, 524
lossless

passive 1-port, 79–81
reciprocal 2-port, 318
reciprocal 2n-port, 588, 627
transmission line, 507

Lyapunov, 19, 22
Lyapunov’s lemma, 19
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MacDuffee, 176, 606
magnetic

coupling, 102–107
flux density, 483

magnitude-complementary crossover network, 417
Marden, 480
Marston, 570
matrix

adjugate, 205
admittance, 157, 431, 432, 452, 602, 610, 615
chain, 573
characteristic impedance, 490
coefficient, 188, 430, 489
compound, 2
controllability, 172
cross-ratio, 576–580
diagonal, 3, 495
elementary polynomial, 192, 219, 239, 415
Foster, 304, 314, 405
Foster admittance, 457
Foster impedance, 283
gyrator, 574
Hamiltonian, 261
hermitian, 5, 18, 147, 581
hermitian nonnegative-definite, 149
Hurwitz, 477, 478
hyperdominant, 488
immittance, 149, 385
impedance, 285, 336, 432, 450, 491
loop impedance, 619
lower triangular, 605
maximum-modulus, 150
minimum hermitian part, 150–153
minimum-phase polynomial, 561
nonsingular, 162, 167
normalized scattering, 266
observability, 172
orthogonal, 181, 253, 260
parahermitian, 242
parahermitian skew, 462
parahermitian-positive, 180–194, 405
paraunitary, 181, 202, 211, 219–225, 269
paraunitary regular, 188
paraunitary symmetric, 414
Pauli spin, 575, 576
polynomial, 7, 181, 182, 557
polynomial Toeplitz, 556, 567
positive-definite, 184
rational, 7, 162, 192, 241, 405, 415
reactance-signature, 248
regular-paraunitary, 179, 186, 187, 203, 213, 223,

231, 233, 249, 278, 292, 414, 453
residue, 286, 305, 314, 450, 454, 459
scattering, 147, 154, 177, 224, 253, 307, 409,

432, 492, 552, 558, 562, 598, 620
signature, 248
skew-parahermitian, 257

skew-symmetric, 243, 283, 583
square nonsingular, 572
square polynomial, 263
square-root, 493, 498
stability, 22
structure, 171
switching, 621
symmetric, 229
symmetric nonnegative-definite, 260
symmetric paraunitary, 354
symmetric positive-definite, 191
symmetric regular-paraunitary, 274
symmetric unitary, 631
tri-diagonal, 471
tuner impedance, 465
unit triangular, 604
unitary, 4, 588

maximally flat, 422
maximum passband attenuation, 550
maximum-modulus, 59–66, 110, 267, 462, 553,

564, 566, 568
McMillan degree, 159, 208

rational matrix, 159–172
regular-paraunitary rational matrix, 164
scattering matrix, 291

Mean Value Theorem, 9
MFDIPLX, 425
microwave band, 481
mid-series, 127
mid-shunt, 127
minimum

immittance, 61, 67, 68, 71
lag, 114
passband gain, 540
phase, 114, 115, 345, 373, 374
phase (Wiener–Hopf), 413
polynomial, 264
reactance, 65, 310, 350, 405, 435, 464
reactance p.r., 407
Real-Part Theorem, 43, 45
resistance, 53, 61, 65
stopband attenuation, 550
susceptance, 65, 128, 140

Mirsky, 288, 524
monotonicity, 64
multiplexer

losses, 402
lossless reciprocal, 409
n-port, 409
phase, 408

n-Port
passive synthesis, 177
synthesis, 194, 219
synthesis minimal passive reciprocal, 250

Newcomb, 28, 288
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non-Foster, 303, 310, 313, 315, 320, 327, 331, 333,
429, 456, 462

non-paraunitary, 339
non-tight embeddings, 226–239
nonnegative-definite, 4, 492

symmetric, 243
normal rank, 180, 292
normalization, 429

Oono, 288
Oono Yasuura algorithm, 181–185
open-circuit transfer coefficient, 454
optimal power gains, 538
Ostrowski, 28

Papoulis, 524
parahermitian, 436

skew, 243
parahermitian-positive function

rational, 534
parametric representation, 204
paraunitary

embedding, 218
regular, 158

partial fraction, 39
passive

1-port, 33–37
1-port synthesis, 43
2-port, 291
devices, 620
multiplexers, 402
n-ports, 144
reciprocal 2-port, 454

passivity, 29
Pauli, 309
permeability, 483
permittivity, 483
phasor, 108, 630

steady state, 156
Pillai, 428, 480
Piloty’s Theorem, 448
Pippard, 107
Plonsey, 523, 570
polynomial

annihilating, 168
Butterworth, 343, 389
decomposition, 295
elementary, 197
Hurwitz, 183, 200, 201, 209, 221, 294, 388, 415,

529, 556
indicial, 331
parahermitian-positive, 209, 534
real, 411, 416, 419
Tchebycheff, 541–552

port numbers, 177
positive-definite, 4
positive-real functions, 37–42

power gain, 109, 113
principal minors, 471

leading, 477
principal square-root, 498
Puckett, 619
Puiseux expansions, 521

quarter-wave frequency, 532

rank of a matrix, 1
rational

2-variable function, 560
function, 45
non-paraunitary, 560

RCLM network, 76
RCLMG, 173
reactance, 177–180

2-port, 289–292
2-port equalizer lumped reciprocal, 435
2-port reciprocal, 455
extraction, 240–254

real nonsingular matrix, 495
reciprocity, 172–175
reflected energy, 147
reflection coefficient, 108, 155, 345
Regalia, 428
regular all-pass, 114, 203, 209, 212, 293, 295, 307,

343, 349, 414, 417, 419, 420, 463
regular-paraunitary, 181, 219, 223, 245, 246, 250,

289, 356, 358, 414, 416, 432, 434, 435, 531,
553

symmetric, 457
Representation Theorem, 373
residue, 80
resistance, 177–180
resistance extraction, 194–219
resistive impedance load, 536
Rhodes, 570
Riccati Equation, 16–22, 260
Richard, 75, 570
Richards, 332

formula, 65
section, 325
theorem, 70

Riemann–Lebesgue Lemma, 505, 513
right-inverse, 227
Rolle’s Theorem, 8, 9, 12, 473, 479
Rossi, 570
Routh, 107
Routh’s

test, 95, 96, 470
theorem, 86, 87, 471, 472

Rudin, 570

Sard, 401
Scanlan, 401
Schaug–Petterson, 606
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Index 643

Schoeffler, 480
Schur

decomposition, 517
product, 469

Schwarz inequality, 150
Scott, 524
self-gyrator coupling, 173
Shekel, 619
shunt capacitance, 308
Siegel, 607
single frequency tunable, 575
singular value, 4

decomposition, 4
skew-parahermitian, 159
skew-symmetric, 174
Smith–McMillan

canonic form, 197, 219, 220, 232, 276
decomposition, 220
form, 198, 221

special-Foster, 315, 317–319
special-Hurwitz, 30, 40, 131
spectral radius, 242
Spiegel, 524
stability, 384, 392, 393

marginal, 30
short-circuit, 385

stabilizable, 17
pair, 23

stable, 19, 20
open-circuit, 385
short-circuit, 385

standard
embedding, 202
equalizer, 364

state-variable representation
minimal, 264

steady-state, 392, 393
phasors, 497

Stewart, 28
Storer, 309
Stratton, 523
strictly-Hurwitz, 30, 121, 424, 466, 468
strictly-positive, 467
Sturm chain, 14
Sturm’s theorem, 474
surface impedance, 483, 484
Sylvester’s

inequality, 172
law of inertia, 6
law of nullity, 2
theorem of inertia, 236

synthesis 2-port, 448

Takagi’s theorem, 588
Tee equal capacitance, 465
Telegrapher’s Equations, 486
Tellegen, 176

Tellegen’s Theorem, 76, 78, 79, 268
TEM

2-port ideal, 525
line transducer, 489–493

theory of equations, 8
Thevenin impedance, 334, 368, 397
tight bordering, 195
Titchmarsh, 607
transducer power gain, 111, 115, 120, 156, 297,

333, 396, 432, 447, 534
transformer

2-port, 52
2-winding, 102–107
broadband, 546, 547
ideal, 266, 366, 402
TEM-line, 535, 538

transformerless
synthesis, 60

transforms, 29
transient performance, 497
transmission

lines multiconductor, 481
lines TEM, 481
zeros, 125, 291, 310, 312, 337, 371, 502, 552

transverse planes, 490
Turnbull, 607
type

B section, 326
C section, 317, 326
D section, 317, 326
E section, 317, 326

uniform
boundedness, 453
dissipation factor, 101

unitary, 518
upper-triangular, 518

voltage generator, 611

Watanabe, 142, 143
weighting pattern, 23
Wiener–Hopf, 181, 186, 199

factor, 186
Wiener-Hopf

factor, 557
Winter, 480
Wohlers, 480

Yarman, 383
Yasuura, 288
Youla, 28, 143, 176, 288, 309, 332, 383, 401, 428,

480, 570, 607, 619, 638

Zadeh, 619
zero signatures, 233
zero-state, 23
Zobel, 86, 107
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