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AA, see Aperture array

Absorber, microwave, 209

Active

impedance, 120, 124, 200, 201, 273

impedance matching, 206

reflection coefficient, 124, 201

Active antenna

available gain, 189

available power, 190

definition, 39

effective area, 194

isotropic noise response, 186

noise matching efficiency, 202

noise temperature, 197

receiver, 39

terms, 185

Active array

equivalent transmitting, 196

impedance matching, 204

noise matching, 204

reciprocity, 196

sensitivity model, 207

SNR model, 175

Active element pattern, 126

Adaptive beamforming, 328, 337, 347, 370

Adaptive cross approximation algorithm, ACA, 268

AFAD, 315

Airy pattern, 102, 240, 337, 348, 356

Aliasing, 111

Ambient temperature, 62

Amplifier

front end, 67

low noise, 52, 60, 67, 172

noise parameters, 66, 68

Analog

beamforming, 389

front end, 300

Antenna

aperture, 25, 43, 48, 76, 96, 101, 105, 116, 127,

171, 264

bandwidth, 300

broadband, 300, 302

circuit model, 45

differential feed, 309

dipole, 83, 89

dual circular polarization, 311

efficiency, 26, 196

electrically small, 307

external noise, 171

half-wave dipole, 86, 211

Hertzian dipole, 81

horn, 101

impedance, 51

infinitesimal dipole, 81

linear, 83

log periodic, 303

loop, 86, 89, 147

loss, 64, 143

loss noise, 171

narrowband, 300

open circuit voltage, 55

open-ended waveguide, 99

parameter, 45, 210

passive, 47, 180, 189, 192, 197

passive, reciprocal, 161

patch, 92, 310

patch excited cup, 301

polarization, 49

quality factor bound, 307

receiving, 51

reflector, 1, 2, 10, 15, 19, 22, 62, 65, 75, 96, 101,

103, 226, 235, 240, 278, 303, 332, 336, 356,

412, 415

single-ended feed, 309

sinuous, 15, 300, 304

SNR model, 70

spiral, 304

temperature, 60, 66, 67, 180, 199, 215

terms, 24, 185

transmitting, 42

ultrawideband, 308

APERTIF, 16, 20, 315, 420

Aperture

antenna, 25, 43, 48, 76, 96, 101, 105, 116, 127,

171, 264

array, 2, 11, 12, 14, 221, 222, 224, 244, 259, 264,

300, 307, 315, 333, 341, 377, 396, 412, 415,

425, 432
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array design considerations, 226

array effective area, 227

efficiency, 25, 196

uniformly illuminated, 98

Aperture synthesis, see Interferometry, aperture

synthesis

Area

receiving, 51

effective, 51, 52, 56, 194, 227

Array

aperture, 2, 11, 14, 221, 222, 224, 244, 259, 300,

307, 315, 333, 341, 377, 396, 412, 415, 425,

432

aperture, design considerations, 226

aperture, effective area, 227

beam scanning, 111

calibration, 325, 333

calibration, polarimetric, 368

correlation matrix, 166, 175, 187, 194, 329, 332,

333, 337, 347, 350, 353, 361, 369, 374, 378,

380, 388

dense, 223, 228

dense dipole, 306

directivity estimate, 115

Dolph–Chebyshev, 117

dual polarization, 302, 306, 360

element, 11, 13, 18, 108, 111, 124, 142, 149, 158,

166, 242, 300–313

element excitation, 116, 130

element radiation pattern, 107

element, open circuit voltage, 157, 160, 184, 331,

338

factor, xi, 2, 80, 106–120, 126, 149, 224, 230,

233, 249, 330, 341

feed, 2, 11, 15, 23, 207, 221, 243, 254, 273, 279,

304, 310, 348, 377, 384, 389

feed, design aspects, 235

gain, 181, 347

hierarchical, 396

impedance matrix, 212

irregular, 230

isotropic radiators, 136

limited scan, 111

low frequency, 12, 223, 227, 333, 426

manifold, 330

network model, 154

octagonal ring, 306

overlap matrix, 212

passive, 142

polarimetric, 360

response vector, 330

sensitivity map, 356

signal processing, 325

sparse, 223, 230

sparse, regular, 232

spatial response, 333

system modeling, 254

transmitting, 122

types, 10

uniform linear, 107, 109

Y-factor, 208

ASIC, 432

ASKAP, 17, 20, 221, 306, 315, 319, 384, 397, 410,

420

ASTRON, 16, 226, 304, 315, 407, 435

Atmospheric windows, 4

Auxiliary antenna, 372, 384

Available

gain, 52, 58, 189

power, 51

power, active antenna, 190

power, network source, 191

Axial ratio, 311, 359, 364

Balun, 301, 306, 309, 314

Marchand, 309

Bandwidth, 27, 29, 62, 91, 141, 164, 307, 327

antenna, 300

relative, 300, 308

system noise equivalent, 8, 58, 71, 164, 173

Baseband

representation, 163

subsampling, 319

Baseline, 8, 222, 233, 371, 379, 397, 403, 409, 414,

421

Basis function, 255, 262

Beam

displacement factor, 358

independent, 358

Nyquist, 358

pair, correlation matrix, 362

pair, polarimetric, 359, 361

pattern, 12, 28, 140, 210, 213, 326, 331, 336, 340,

345, 371, 377, 383, 398

pattern perturbation, 380

pattern, pencil, 117

scanning, 111, 325

solid angle, 358

Beamformer, 3

biscalar, 369

Capon’s, 352

conjugate field match, 139, 216, 338–340

constrained response, 345

digital, 425

linearly constrained minimum variance, 351

maximum directivity, 137, 146, 148, 150, 195,

197, 216, 333, 338–340, 347, 355

maximum gain, 145, 195, 339, 355

maximum SNR, 214, 328, 333, 347, 351, 355,

367, 368, 373, 380, 386, 391

minimum mean squared error, 349

minimum variance distortionless response, 352

narrowband, 325, 348
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normalization, 347

pattern matching, 345

relationships among, 352, 355

response pattern, 331

singular vector, 353

weight vector, 130

windowed, 340

Beamformer weights, 130

complex conjugate convention, 132, 327

computation, 420, 426

open circuit referenced, 160

Beamforming, 108, 122, 137, 155, 160, 216, 236,

325–391

adaptive, 328, 337, 347, 370, 420

analog, 389

broadband, 337

data-independent, 338

digital, 389

implementation, 389, 425

narrowband, 337, 421

polarimetric, 328

post-correlation, 336, 357, 383, 389, 425

real time, 425, 426

spatial code, 354

statistically optimal, 346

Beamwidth

half-power, 47, 358

null to null, 47

Bias correction, 380

Biscalar beamformer, 369

Blackbody radiation, 9, 57, 61, 62

Bosma’s theorem, 171, 289

Brightness, 6

temperature, 62

Broadband

antenna, 300, 302

beamformer, 326

Broadside, 341

Calibration, 325, 327

in situ, 333

array, 333, 348

drift, 336

grid, 335

open-loop, 410

polarimetric, 368

procedure, 335

source, 327, 332–336, 365, 368, 388, 396, 410

stability, 336

Capacity, 353

Capon’s beamformer, 352

CBFM, see Characteristic basis function method

CEM, see Computational electromagnetics

Central processing unit, 440

CFM, see Conjugate field match

Channel matrix, 352

Characteristic

basis function method, 264, 265

basis function method (multi-level), 269

impedance, 44

Chebyshev

beamformer, 106, 115, 117, 150, 249

window, 342, 346

Checkerboard array, 17, 20, 305

CHIME, 14

CLEAN, 380, 400, 402, 412

Cluster feed, 11, 237

Coherency vector, 361, 366

Cold load, 209

Collocation, 256

Common mode, 309

Complex baseband, 163

Complex conjugate convention, 132, 327

Computational electromagnetics, 253

Conjugate

field match, 139, 146, 216, 228, 235, 240, 291,

327, 338–340

field match, pros and cons, 242

gradient method, 247

match, 51, 58, 307

Connection matrix, 290

Conservation of energy, 141

Constrained response beamformer, 345

Constraint, 127, 231, 245, 351

derivative, 351

multiple, 351

pattern, 330, 332, 334, 335, 345, 347, 351, 372

Coordinate system, 40

rectangular, 40

spherical, 41

Correlation matrix

array response, 166, 194, 332, 333, 337, 347, 350,

353, 369, 378, 380, 388

beam pair, 362

definition, 164

diagonal, 165

external noise, 168

isotropic noise, 170, 187

loss noise, 171

noise, 175, 333–335, 347, 353, 374

noise wave, 289

point source, 329

polarization state, 361

receiver noise, 172

receiver noise, approximate, 174

signal, 167, 336, 347, 361

signal and noise, 163, 335

Correlator array, 396

Correlators

computational cost, 422

FX, 422

XF, 421

XF versus FX, 422
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Cosmic microwave background radiation, 9

Covariance matrix, see Correlation matrix

CPU, see Central processing unit

Cross-polarization, 50

discrimination, 31, 362

isolation, 31, 362

Cross-subspace projection, 384

Cryogenic

amplifier, 16, 315

phased array feed, 16, 21, 314

CSIRO, 17, 20, 305, 309, 314

Dense

array, 223, 228

dipole array, 306

Derivative constraint, 351

DGFM, see Domain Green’s function method

Differential feed, 309

Digital signal processing, 4, 12, 18, 122, 131, 154,

166, 180, 204, 326, 354, 391, 420–442

beamformers, 425

correlators, 421–424

digitization, 424

hardware, 431

Nyquist sampling, 425

second band sampling, 425

Dipole, 83, 89, 211

half-wave, 86, 147

Hertzian, 81

horizontal, 226

thickened, 301

Direct Fourier transform, 408

Direction of arrival, 331

Directivity, 48

approximation, 140

map, 47, 214

optimization, 137

over element spacing, 216

overlap integral formulation, 133

partial, 47, 134, 338

receiving pattern, 161

Dirichlet function, 113

Dishes

Arecibo, 1

cost, 1

FAST, 1, 102

GBT, 18, 21

Green Bank 20 Meter Telescope, 346, 387

parabolic, 1, 10, 15, 19, 22, 65, 75, 101, 226, 235,

278, 303, 332, 336, 356, 415

Parkes, 384

versus aperture arrays, 224

Dispersion relation, 93

Dolph–Chebyshev beamformer, 106, 115, 117, 150,

249, 342

Domain decomposition, 263

Domain Green’s function method, 269

improved, 272

iterative, 275

Downconversion, 319

DSP, see Digital signal processing

Dual

circular polarization, 311

linear polarization, 312

Effective

area, 51, 52, 56, 194, 227, 327

system temperature, 26, 76

Efficiency

antenna, 26, 196

aperture, 25, 196

embedded element, 124

radiation, 26, 47, 61, 143

receiving, 47, 191

spillover, 65

survey, 27, 359

EFIE, see Electric field integral equation

Eigenchannel, 354

Eigenvalue, 140, 216, 274, 331, 335, 368, 376, 384

problem, generalized, 137, 138, 339, 347, 368

Electric field integral equation, 256, 257

Element

array, 11, 13, 18, 108, 111, 124, 142, 149, 158,

166, 242, 300–313

embedded pattern, 121, 125, 127, 132, 211, 329,

338, 340

isotropic, 344

loaded pattern, 213

loading condition, 128

open circuit voltage, 157, 160, 184, 331, 338

pattern, primary, 254

pattern, secondary, 254

types, 300

Embedded

element efficiency, 124

element pattern, 121, 125, 127, 132, 211, 329,

338, 340

EMBRACE, 12, 221, 225, 229, 304, 315

Emissivity, 62

Equivalent

temperature, 59

circuit model, 54

current, 54, 97

current model, antenna, 43

network source, 156

source, xii, 51, 53, 57, 122, 124, 128, 149, 176,

191, 254

temperature, 58, 60

Expectation, 40, 164, 167, 288, 332, 350, 373

Extended source, 6, 348

External noise, 2, 60, 62–65, 180, 196, 203, 214,

286, 353

correlation matrix, 168

isotropic, 170, 171, 189, 200, 338, 349
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Far field, 40, 42, 48, 87, 92, 95, 103, 126, 136, 142,

157, 278, 329

point source, array response to, 329

radiation integral, 43, 279

FAST, 1, 102, 426

Fast Fourier transform, see FFT

Fast multipole method, 277–278

multilevel fast multipole algorithm, 278

FDTD, see Finite difference time domain method

Feasible region, 245

Feed

–reflector interaction, 273, 280

cluster, 11

horn, 11

FEM, see Finite element method

FFT, 400, 402, 420

and FX correlator, 422

and polyphase filters, 429

comparison with Fourier transform, 409

telescope, 399

Field

(under)sampling, 236

incident, 51, 54, 101, 147, 157, 181, 211, 284,

330, 360, 363

scattered, 147, 235

Field of view, 11, 27, 224, 243, 325, 327, 332, 359,

396

and number of beams, 357

definition, 356

survey speed weighted, 27, 356

Field programmable gate array, 432–438

ROACH board, 432

SKARAB board, 434

UniBoard, 435

Figure of merit, 24, 71, 154, 176, 203, 208, 243, 316

Filter bank, 337

Filtering, 319

Finite

difference time domain method, 253, 285

element method, 253, 285

impulse response filter, 326, 340

Fixed word length arithmetic, 348

FLAG, 18, 21, 302

Flux density, 6, 44, 46

system equivalent, 27

Focal plane array, see Phased array feed

Focal plane, fields in, 235, 348

Fourier

components, 278

discrete, 409

series, 94, 120

shift theorem, 107

transform, 11, 44, 99, 102, 259, 284, 288, 342,

396, 397, 401, 415, 421, 427

transform, direct, 408

FoV, see Field of view

FPA, see Phased array feed

FPGA, see Field programmable gate array

Friis transmission formula, 31

Functional analysis

linear operator notation, 255

Fundamental noise theorem, 175

G/T, 8

Gain, 62

antenna, 8, 48, 49

array, 181

available, 58

isotropic noise, 182

maximum, 103, 145, 195, 339, 355

realized, 206

SNR, 181

transmitting array, 144

variation, 340

white noise, 184

Galerkin

and MoM, 256

Gaussian quadrature, 262

GBT, 18, 21

Generalized eigenvalue problem, 137, 138, 347, 368

Genetic algorithm, 248

GPU, see Graphical processing unit

Gradient-free, 246

Graphical processing unit, 438–440

CUDA, 438

OpenCL, 438

Grating lobe, 110, 140

Green Bank Observatory, 15, 21, 32, 301, 304, 346,

387

Green’s function, free-space, 280

Ground shield, 209

Half-power beamwidth, 47, 357–359

Half-wave dipole, 86, 147, 211

HERA, 13

Hertzian dipole, 81, 147

Hierarchical array, 396

Hilbert space, 375

Horn

antenna, 101

feed, 11

Hot load, 209

Hot/cold sky method, 208

HPBW, see Beamwidth, half-power

Hydrogen line, see Radio astronomy, HI line

IBC, see Surface impedance

IEEE standard antenna terms, 39, 45, 46, 48, 51, 60,

64, 179, 185, 192, 198, 203, 362

IID, see Independent identically distributed

Image reject mixer, 319

Impedance

matching, 204, 205

matrix, 123, 212

mismatch, 52, 73
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Incident field, 51, 54, 101, 147, 157, 181, 211, 284,

330, 360, 363

Independent

beams, 358

identically distributed, 165, 182, 184, 350

Integration

long term, 380

numerical, 127, 135, 212, 258, 260, 262, 279,

280, 291

short term, 372

Interference to noise ratio, 373, 374, 378, 383, 386

Interferometry, 3, 10, 396–417

1st generation calibration, 410–411

2nd generation calibration, 412

3rd generation calibration, 415–416

and subspace projection, 379

aperture synthesis, 397

baseline, 8, 222, 233, 371, 379, 397, 398, 403,

409, 414, 421

calibration, 410–412, 415–416

CLEAN, 400

closure relationships, 411–412

computational cost, 409

direction cosines, 398

direction-dependent effects, 415

direction-dependent effects, LOFAR example,

416

direction-independent effects, 415

Earth rotation synthesis, 403–410

east-west array, 404

gridding, 400

Jones matrix, 413

one-dimensional synthesis example, 400–403

point spread function, 401, 408, 415

primary beams, 415

Radio Interferometry Measurement Equation,

412–415

source brightness, 398

van Cittert–Zernike theorem, 398

visibilities, 11, 397, 398

Intermediate frequency, 319

Inverse sensitivity, 26, 76

IQ mixer, 319

Irregular array, 230

Isolation, 311

Isotropic

external noise, 170, 338

noise gain, 182

noise response, 170, 175, 186–190, 194, 198,

200, 208

noise response, measuring, 188

pattern, 46

radiator, 46, 80, 136, 344

Iterative method, 246, 263, 272, 275, 278, 336, 400,

412

Jacobi, 282

Jacobi method, 273

Jansky

Karl G., 4

unit, 6

JIVE, 435

Jones matrix, 360, 364, 368, 413

Kronecker product, 366, 381

Krylov subspace, 265

MBF enhanced iteration, 276

Limited scan array, 111

Linearly constrained minimum variance

beamformer, 351

LNA, see Low noise amplifier

Loaded element pattern, 213

Loading condition, element, 128

LOFAR, 12, 222, 226, 232, 301, 315, 389, 412, 416,

420, 426

Log periodic antenna, 303

Long term integration, 380

Loop antenna, 86, 89, 147

Loss, 143

antenna, 61, 64

factor, 59, 61

noise, 61, 63, 171

ohmic and dielectric, 48, 53

tangent, 311

Lossless, resonant, minimum scattering

approximation, xii, 3, 80, 104, 106, 121, 146,

148, 211, 212

Lossy

component, 59

material, 26, 143, 171

Low noise amplifier, 52, 60, 67, 172, 313

characterization, 317

design, 316

differential, 207, 306, 309, 314

noise figure, 316

single-ended, 314

spot cooling, 315

LRMSA, see Lossless, resonant, minimum

scattering approximation, 211

LWA, 13, 426

Macro basis function method, 262, 264

Magnetic field integral equation, 280

Main lobe, 109, 325

Map

directivity, 214

sensitivity, 356

Matching, impedance, 52

Matrix

correlation, 163

covariance, 163

mutual impedance, 141

mutual reactance, 141

mutual resistance, 141

pattern overlap, 132, 141
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rank one, 135, 167, 331, 332, 338, 348, 369

symmetric, 141

trace, 361

Maximum

directivity beamformer, 137, 146, 148, 150, 195,

197, 216, 328, 333, 338–340, 347, 355

gain beamformer, 145, 195, 328, 339, 355

SNR beamformer, 214, 328, 333, 347, 351, 355,

367, 368, 373, 380, 386, 391

MeerKAT, 225, 397, 410, 421, 432

Mesh, 256

Method

of moments, 253, 255

of weighted residuals, 255

MFAA, 14

MFIE, see Magnetic field integral equation

Microstrip patch antenna, 92, 310, 312

Microwave

absorber, 209

radiometry, 28

Minimum

detectable signal, 8

mean squared error beamformer, 349

variance distortionless response, 352

variance RFI mitigation methods, 371

Mixer

image reject, 319

IQ, 319

MoM, see Method of moments

Mueller matrix, 365

Multipath, 354, 370

Multiple input multiple output communication, 352

Multiple sidelobe canceler, 372

Multipole expansion, 278

Mutual

coupling, 2, 80, 106, 116, 120, 123, 124, 126,

131, 133, 137, 142, 146, 148, 158, 173, 177,

213, 216, 227, 230, 233, 242, 266, 270, 271,

280, 304, 330, 333, 339, 341, 345, 374, 378,

416

coupling, definition, 123

impedance matrix, 141

reactance matrix, 141

resistance matrix, 141

MWA, 13, 420, 426

Narrowband

antenna, 300

beamforming, 325, 337, 371, 421

condition, 337

Network

analysis, xi, xii, 2, 3, 106, 120, 123, 126, 131,

141, 145, 154, 158, 160, 172, 176, 180, 186,

254, 352

source, xii, 122, 124, 128, 149, 156, 176, 191, 254

Noise

antenna loss, 61

budget, 70

coupling, 206

external, 62–64, 168, 170, 171

factor, 59

figure, 58, 59

figure, cascaded, 60

isotropic, 170, 171, 175, 186–190, 194, 198, 208

loss, 63, 171

matching, 67, 204, 205

matching efficiency, 202

model, 355

parameters, 69

receiver, 57, 66, 172, 199, 204

sky, 62

spillover, 65

system, 8, 26, 76, 198, 199, 203, 211, 214

temperature, 60, 62, 66, 67, 180, 197, 199, 200,

215

theorem, 175

thermal, 57, 58

whitening, 386

Noise wave, 69, 171, 288, 316

correlation matrix, 289

representation, 206, 286

Norton equivalent, 53

Null, 110

deep, 373, 375, 384

depth, 377

placement, 337

Number of beams, 27, 29, 243, 333, 357

Numerical

integration, 127, 135, 212, 258, 260, 262, 279,

280, 291

modeling, 253

Nyquist

beams, 357–359

criterion, 111, 112

sampling, 425

Objective function, 248

Octagonal ring array, 306

Open circuit voltage, 54, 55, 160, 184, 188, 331, 338

array element, 157, 349

Open-ended waveguide, 99

Optimization, 11, 198, 204, 253

algorithms, 244

array design, 291

directivity, 137

objective function, 248

Orthogonal projection, 375

Orthogonality principle, 349

Overlap

integral, 133

integral, computing, 135

integral, primary or secondary patterns, 254

matrix, 132, 133, 141, 142, 145, 212, 340

PAF, see Phased array feed
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PAPER, 13, 16

Parkes Observatory, 384

Partial

directivity, 134, 338

effective area, 194

Particle swarm optimization, 247

Passive

antenna, 47, 161, 180, 189, 192, 197

array, 142

array elements, 156

component, 171

remote sensing, 2, 18

Patch antenna, 92, 310

Patch excited cup antenna, 301

Pattern

constraint, 345

matching beamformer, 345

overlap integrals, 132

perturbation, 380

synthesis, 113, 119

Peeling algorithm, 380

Pencil beam, 117

Periodic sinc function, 113

Phase shifter, 24, 222, 389

Phased array

contemporary usage, 1

design and optimization, 221

design methods, 2

feed, 2, 11, 15, 23, 207, 221, 243, 254, 273, 279,

304, 310, 348, 377, 384, 389

feed, cryogenic, 314

feed, design aspects, 235

fundamental noise theorem, 175

high sensitivity, 1

history, 1

mutual coupling, 2, 80, 106, 116, 120, 123, 124,

126, 131, 133, 137, 142, 146, 148, 158, 173,

177, 213, 216, 227, 230, 233, 242, 266, 270,

271, 280, 304, 330, 333, 339, 341, 345, 374,

378, 416

mutual coupling, definition, 123

numerical modeling, 253

receiver vs. receptor, 4

remote sensing, 18

satellite communication, 22

types, 10

Phasor, 39

Physical optics approximation, 102, 103, 236–238,

254, 278

corrections, 280

implementation, 279

Physical temperature, 58, 61

Physical theory of diffraction, 103, 236–238, 280

Planck’s law, 9

Plane wave, 49, 54, 97, 102, 111, 167, 194, 197,

210, 235, 277, 349

incident, 55, 157, 159, 213, 239, 330, 360

polarization, 50

power flux density, 51

spectrum expansion, 284

time harmonic, 7

Plasma frequency, 5

PO, see Physical optics approximation

Point

constraint, 345

source, 6, 82, 102, 167, 191, 265, 327, 330, 333,

337, 347, 350, 355, 360, 391, 401, 408, 412,

414

spread function, 401, 408, 415

Polarimetric

array, 359

array calibration, 368

array calibration, approximate, 368

beam pair, 359, 361

beamforming, 328, 359

beamforming, optimal, 367

calibration, 359

Polarization

antenna, 47, 49, 50

coherency vector, 361, 366

cross-, 50

dual, 14, 50, 302, 306, 352, 360

dual circular, 311

efficiency, 51

Jones matrix, 364

Mueller matrix, 365

state, 360

Stokes parameters, 365

Polyphase filters, 327, 427–430

Position vector, 41, 42, 55, 157

Post-correlation beamforming, 336, 357, 383, 389,

425

Power

available, 51

density, 46

radiated, 44

Poynting flux density, 44

Primary pattern, 254, 415

Printed circuit board, 23, 92, 302, 305, 306, 310,

313

PTD, see Physical theory of diffraction

Pulsars

discovery of, 10

Q, see Quality factor

Quadrature hybrid, 312

Quadrature rule, 135, 212, 262, 280

Quality factor, 92

bound, 307

Quantum mechanics

bra-cket notation, 256

Quasi-Newton method, 247

Radiated power, 44
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Radiation

efficiency, 26, 47, 48, 53, 61, 72, 143, 311

pattern, 46, 333

resistance, 44

Radio astronomy, 4, 25

“Cradle of Life”, 9

history, 4

beam area, 6

bremsstrahlung, 6

continuum, 5

exoplanets, 9

HI line, 6

non-thermal origin, 9

polarization, 5

reading, 10

science drivers, 9

science goals, 9

SETI, 9

spectral line, 5

synchrotron radiation, 6

Radio camera, 11

Radio frequency interference, 3, 10, 57

mitigation, 320, 337, 369–389

mitigation bias correction, 380

mitigation, real time, 420, 426

motion, 337

moving, 380

Radiometer equation, 8

Radiometry, 8, 28

Random

process, 163

search, 247

vector, 164

Rank one

matrix, 135, 138, 167, 331, 332, 338, 348, 369

signal, 138

Rayleigh–Jeans law, 9

Reaction integral, 54

Realized gain, 206

Reber, 4

Receiver

electronics, 313

noise, 66, 204

noise correlation matrix, 167, 172, 173, 175, 200,

209, 214

noise correlation matrix, approximate, 174

noise figure, 199

noise temperature, 199, 200

sensitivity, 71

Receiving

area, 51

efficiency, 47, 48, 191, 211

pattern directivity, 161

Receiving array

network model, 154

signal and noise model, 166

SNR model, 175

Reciprocal, 141

antenna, 161

array elements, 156

Reciprocity, 54, 55, 160, 196, 249

Rectangular coordinates, 40

Reference

plane, 64, 131, 155, 338, 348

plane, transformation, 124, 146, 159, 167, 168,

174, 188, 201, 213, 329, 348, 355

temperature, 58

Reflector

beam displacement factor, 358

cylindrical, 13, 102

illumination taper, 237

parabolic, 1, 2, 10, 15, 19, 22, 62, 65, 75, 96, 101,

103, 226, 235, 240, 278, 303, 332, 336, 356,

412, 415

scattering, 254

spherical, 102

surface error, 303

torus, 240

Residual, 255

Resolution, 8

RFI, see Radio frequency interference

Rocket array, 305

Room temperature, T0, 58

Ruze factor, 303

RWG element, 257

S-parameters, 123, 142

Sampling, 111, 112, 154, 222, 319, 401, 427, 441

baseband, 319

density, 235

Satellite communication, 22, 29

Scan element pattern, 126

Scattered field, 147, 235

Scene, 62

Schelkunoff representation, 113

Secondary pattern, 254, 415

SEFD, see System equivalent flux density

Self-calibration, 336, 396, 410, 412, 415

Sensitivity, 8, 71, 327

G/Tsys, 30

beam, 332

feed and reflector, 75

inverse, 26, 76

map, 47, 356

model, 207

reduction factor, 356

Separation of variables, 93

Short term integration, 372

Sidelobe, 110, 115, 325

level, 31, 46, 117, 340, 345

Signal of interest, 167

Signal processing

array, 325
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digital, 4, 12, 18, 122, 131, 154, 166, 180, 204,

326, 354, 391, 420–442

Signal to interference plus noise ratio, 391

Signal transport, 318

Simplex method, 247

Simulated annealing, 248

Single-ended feed, 309

Singular value decomposition, 266, 353

Sinuous antenna, 15, 300, 304

SKA, 9, 12, 16, 221, 227, 272, 304, 315, 371, 397,

416, 423, 431, 442

SKADS, 13

SNR, 25, 58, 60, 205

gain, 181, 347

maximum value, point source, 349

model, 70, 286

Source

equivalent, xii, 51, 53, 57, 122, 124, 128, 149,

176, 191, 254

extended, 6, 348

impedance, 51, 53

network, xii, 122, 124, 128, 149, 176, 191, 254

point, 6, 82, 102, 167, 191, 265, 327, 330, 333,

337, 347, 350, 355, 360, 391, 401, 408, 412,

414

Sparse

array, 223, 230, 396

array, regular, 232

Spectroscopy, 421

Spherical coordinates, 41

Spherical wave, 49

Spillover

efficiency, 65

noise, 65

Spiral antenna, 304

Spot cooling, 315

Square Kilometre Array, see SKA

Standard, IEEE, antenna terms, 39, 45, 46, 48, 51,

60, 64, 179, 185, 192, 198, 203, 362

Station, 228, 396

Steering vector, 329–331, 335, 338, 350

Stochastic, 246

Stokes parameters, 5, 365, 414

error, 367

Subband, 39, 325, 337, 371

Subspace projection, 375

and synthesis imaging, 379

beamforming, 377

Superdirectivity, 115, 116, 140, 216, 228

on receive, 184

Surface impedance, 261

Survey

efficiency, 27, 359

speed, 11, 27, 243, 244, 301, 356, 359

speed weighted field of view, 27, 356

SVD, see Singular value decomposition

Symmetric matrix, 141

Synthesis imaging, see Interferometry

Synthetic functions approach, 264

System

equivalent flux density, 27

modeling, 254

noise, 8, 198, 199, 203, 214

noise equivalent bandwidth, 8, 58, 71, 164, 173

noise temperature, 26, 76, 211, 226

reference impedance, 67

reference temperature, 58

temperature, effective, 26, 76

Taper efficiency, 115

Tapered slot antenna, 14, 72, 125, 229, 262, 270,

300, 304, 308

Temperature

ambient, 62

antenna, 60, 66, 67, 180, 199, 215

equivalent, 9, 58, 59

physical, 58

Thévenin equivalent, 51, 53

Thermal

radiation, 57

equilibrium, 59

noise, 9, 57, 58

radiation, 62

Thickened dipole, 301

Time

average, 40, 164, 167, 288, 332, 350, 373

harmonic, 40

Transformation

element loading condition, 128

reference plane, 124, 146, 159, 167, 168, 174,

188, 201, 213, 329, 348, 355

Transistor, 314

Transmitting

antenna, 42

array, 122

array, equivalent, 196

array, gain, 144

TSA, see Tapered slot antenna

Twiss’s theorem, 171, 175, 188, 289

ULA, see Uniform linear aray

Ultrawideband antenna, 308

Uniform linear array, 107, 109, 344

directivity, 115

UWB antenna, see Ultrawideband antenna

Vector current moment, 44, 279

Visible window method, 113

Vivaldi, see Tapered slot antenna

VLA, 397

VLBI, 10, 396, 414, 435

Voltage

open circuit, 54

Wave vector, 54, 331

www.cambridge.org/9781108423922
www.cambridge.org


Cambridge University Press
978-1-108-42392-2 — Phased Arrays for Radio Astronomy, Remote Sensing, and Satellite Communications
Karl F. Warnick , Rob Maaskant , Marianna V. Ivashina , David B. Davidson , Brian D. Jeffs 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

454 Index

Waveguide, 99

Weighting function, 255

White noise gain, 184

Wideband, 164, 421, 423

ADC, 425

antenna, 300

array, 16, 207

element, 223, 300

feed, 304

PAF, 240

RFI, 388

signal, 122

source, 6

Wiener filter, 349

Wiener–Khintchine theorem, 288

Window function, 341, 342, 429

2-D array, 343

Windowed beamformer, 340–345

WSRT, 12, 19, 281, 399, 407

XPD, see Cross-polarization discrimination

XPI, see Cross-polarization isolation

Y-factor, 208

measurement, 180, 189, 208, 317

Zero forcing, 375
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