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Boldface entries refer to ûgures.

61 Cygni, 81, 426

Abbe number, 114

aberration of starlight, 74, 74, 152

aberrations, optical, 135–46, See also: SA,

coma, astigmatism, curvature of ûeld,

distortion

chromatic, 135, 160

Seidel, 139, 158

absorption coefûcient, 211

achromat, 136, 136, 141, 143

active optics, 158, 168, 170–1

adaptive optics (AO), 172, 177–87, 378

ADC (analog-to-digital converter), 241

ADS, 110

ADU (analog-to-digital unit), 245, 274

aerosols, 341

afocal beam, 132

air mass, 338

Airy disk, 134, 135, 163, 175

Aladin web site, 109

Almagest, 97

Al-Suû, 98, 317

altazimuth mount, 151, 171

altitude

angle, 63–5, 63–5, 69, 152, 427

axis, 151

of the pole, 66

anisoplanatism, 179

anti-reûection coating (AR), 255

aperture

digital, 304–7, 305, 345, 349

stop, 159

telescope, 123, 133, 136, 153

apochromat, 137

Arago, François, 316–17

Argelander, Friedrich Wilhelm, 101,

317–18

astigmatism, 139, 143, 146, 153, 156, 158

astrograph, 136, 437

Astrographic Catalog (AC), 88, 111, 395

astrometry, 60, 69–71, 88, 427

astronomical triangle, 80

astronomical unit (au), 77–80, 418

astrostatistics, 55

atmosphere

absorption by, 165, 257, 323, 336–47,

420

airglow, 165

chromatic dispersion, 127, 381

refraction by, 70, 128, 151, 338, 427

scattering by, 340

scintillation, 175

turbulence, 135, 174, 174–7

atmospheric dispersion compensator

(ADC), 128

atomic clock, 83

avalanche photodiode, 222

azimuth, 63–5, 63–5, 68, 151, 427

band gap

conductivity and, 204, 208–10

deûnition, 203

in materials, 207, 256, 258, 266, 443

superconductor, 225–6

bands

Chappuis (ozone), 341

molecular, 201, 336, 342

Barnard’s Star, 98, 426

barrier potential (CCD), 242–5

Bayer designation, 99

Bessel, Friedrich William, 80, 101

Betelgeuse, 27, 98–101, 421, 432

bias frame. See image processing

BIB detector, 216, 258

binary, eclipsing, 29, 404

blackbody, 19–21, 20, 326, 329

blaze angle. See grating, spectrograph

bolometer, 14, 230, 257, 265, 265–7, 270,

359, 383

bolometric correction, 24, 27, 448

bolometric magnitude, 23, 29

Bonner Durchmusterung, 101, 141

boson, 197, 225

Bouguer’s law, 339–40, 340, 343, 344

Boyle, Willard, 240

Bradley, James, 80

Bragg diffraction, 371

Brahe, Tycho, 99

brightness. See also: ûux; magnitude

apparent, 10–13, 10

monochromatic, 338

surface, 12, 19, 30, 164, 302

bump bonding, 260

Bunsen, Robert, 18

camera

CCD. 446

spectrograph, 376, 380, 414

telescope as a, 131

Cannon, Annie Jump, 21, 395

Cassini, Jean Dominique, 141

CCD. See charge-coupled device

CCD equation, 311

CDS data base, 109

celestial sphere, pole, equator, 65–8
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central limit theorem, 49–51

centroid, 293

Cepheid variables, 410

charge-coupled device (CCD), 239–56

backthinned, 253

bias, 282–5, 308–11

blooming, 245

buried channel, 249

charge transfer efûciency (CTE), 248

clocking, 240–4, 255

commercial, 445

dark current, 247, 251–2, 285, 308–11

deep-depleted, 254, 258, 333

electron multiplication (EMCCD), 252

frame transfer (FTCCD), 252

full well, 244

gain, 245, 274, 308–11

gates, 240–4

intensiûed (ICCD), 264

inverted phase, 251–2

L3CCD, 252

large format, 246

mosaics, 239, 246, 252

multi-pinned phase (MPP-CCD), 251–2

open-electrode architecture, 253

orthogonal-transfer (OTCCD), 252

output ampliûer, 241, 243, 246

overscan, 284, 309

quantum efûciency, 234, 255

read noise, 245–7, 309

registers, 240, 246

virtual phase, 253

chief ray, 137

chopping, 291

chromatic aberration. See aberrations,

optical

cleaning optics, 122

CMOS array, 256, 256

collimator, spectrometer, 376–80

color

extinction and, 343–7

images, 277–8

index, 320, 326–7, 326, 347

spectral type and, 448

temperature and, 20

transformation to standard system, 348–9

coma, 139, 142–3, 143, 146

comparison source (spectra), 382, 390, 392

conduction band, 203, 205

cone effect, 180

conic constant (K), 140

Cooper pair, 225

coordinate systems, 60–77

altitude–azimuth, 63–5, 63–5

barycentric, 73–5

Cartesian, 60

ecliptic, 75

equatorial, 65–8

Galactic, 76

geographic, 62–3

ICRS, 75, 87, 427

right- or left-handed, 60, 60

transformation of, 77, 426

corrector plate, 145, 159–61, 160–2

cosines, law of, 61

cosmic rays, 254, 276, 283

cosmological constant, 411

cosmological redshift. See redshift

coudé focus, 156–8, 388

critical angle, 117, 128

cross-disperser, 369

cross-talk, 239, 254

culmination, 67

curvature of ûeld, 144

curve of growth, 403

cutoff wavelength, 207, 210, 258, 443

dark current, 285, See also: image

processing; charge-coupled device

dark energy, 412

data cube, 277, 383

declination (Dec or δ), 66, 67, 69, 94, 151,

427

depletion region (zone), 216–18, 217,

218–20

Descartes, René, 60, 116, 140

detection limits, 163–5

detective quantum efûciency (DQE), 235–6

detector. See also CCD, CMOS,

photoconductor, photodiode, MKID

characterization, 232–9

photon, 233

thermal, 233, 265–7

wave, 233

Dewar, 247

diamond lattice, 204, 206

diffraction. See also: Bragg diffraction

gratings, 365–8

limit, 133–5, 163, 175

spikes, 153, 245

wave property, 4

digital ûlter, 279–81

boxcar, 280

Gaussian, 280

Laplacian, 280, 293

local-median, 281

unsharp mask, 280

diopters, 123

dispersion

angular, 130, 363–7

chromatic, 114, 120, 136

linear, 363, 377

solution, 392

statistical, 40, 47

distance modulus, 24, 351, 356, 410, 411

distortion (aberration), 145

diurnal motion, 65

DN (data number), 245

doping, semiconductor, 213, 216

Doppler effect, 89, 353, 401, 409

drizzle method, 301, 301

dynamic range, detector, 237

dynode, 262

ecliptic

coordinates, 75

deûnition, 66

obliquity of the, 66, 84

poles and precession, 72, 72

electron

conûguration, quantum numbers, 197–9

degeneracy, 208

energy levels, 194–5

photo-absorption, 195

sp
3-hybrid orbitals, 203

valence (optical), 193

elevation angle. See altitude angle

ellipticity, 95

ephemeris, 108–9

epoch, 71, 75, 87–8

equatorial coordinates. See right

ascension, declination

equatorial mount, 151

equinox, 66, 68, 72, 72

mean, 74

error

propagation of, 51–3

random, 35–6

systematic, 34, 36

étendue, 159, 186

exoplanet

data, 100, 405–6

extinction
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coefûcient, 339–40

compensating for atmospheric, 343–7

interstellar, 351–2, 352

extreme adaptive optics, 186

Faraday, Michael, 5

Fermat’s principle, 116–18

Fermi energy, 208, 219, 225

Fermi–Dirac distribution, 208

fermion, 197

ûlter, digital. See digital ûlter

ûlter, optical, 15, 322, 323, 331, 335, 367

Flamsteed designations, 100

ûat ûeld, 282, 287–91, 287–91

compound, 290

computation of, 290

dark sky, 288–9

dome (projection), 289

for spectra, 389

infrared, 291

space telescope, 290

twilight, 288

ûux (irradiance), 11, See also: brightness;

magnitude

bolometric, 14

in a band, 14–16

monochromatic, 13

spectroscopic calibration, 348, 393–4

focal length, 123, 131, 133, 136, 140, 149,

154, 375–7, 414

focal ratio, 132

Forbes effect, 344

Fraunhofer

Joseph von, 16

spectrum, 16, 420

free spectral range, 367, 369

Fresnel’s formulas, 118

Fried parameter, 176–7

full well capacity, 217. See also: charge-

coupled device

FWHM (full width at half maximum), 47,

281, 301, 306, 378, 415

Gaia. See: telescopes (named)

Galilei, Galileo, 78

Gaussian case (optics), 122, 124, 137, 138,

140, 141, 143

Gaussian distribution, 46–8, 47, 49, 49,

57, 422

Gaussian ûlter. See digital ûlter

generation current, 218–20

GLAO (ground-level adaptive optics), 186

grating, spectrograph

amplitude, 365–8

blazed, 367–9

diffraction, 365–9

echelle, 367–9

echellette, 367

efûciency, 369

equation, 366, 368, 371

ûat ûeld concave, 373

holographic, 373

mosaics, 373

phase, 367

ruled, 373

volumetric (VPH), 370–3

gray-scale, 25, 274

great circle, 61

Greek alphabet, 99, 417

Greenwich. See meridian: prime

Greenwood time, 178

grism, 375, 375

ground state, 194

guide star, 152, 180–1

Gullstrand’s equation, 124

Hale, George Ellery, 169

HAWAII IR array, 258, 286, 446

helium, liquid, 248

Henry Draper Catalog, 103, 396

Herschel, Caroline, 104, 150

Herschel, John, 105

Herschel, William, 104, 119, 142, 190

Hipparchus of Rhodes, 22, 62, 71, 73, 316

HIPPARCOS (spacecraft and catalog), 71,

75, 82, 335, 425, 427

holes, as conductors, 208, 209, 213, 216,

219, 251

hour angle, hour circle, 67–8, 84, 151, 427

Hubble

diagram, 411

Edwin, 91

Guide Star Catalog, 103

Key Project, 410

law, 91, 355, 408–9

parameter (constant), 92, 409–11

Space Telescope (HST). See: telescopes

(named)

Huggins, William, 90, 362

Humason, Milton, 91

Huygens, Christian, 436

hysteresis, 238

IBC. See BIB detector

ICCD. See charge-coupled device

ICRS. See coordinate systems

IFU (integral ûeld unit), 385–6

illumination correction, 291

image

brightness, 132

color, 277–8

digital, 25, 273–4

distance, 122–5, 363

intensiûers, 263–5

mathematics, 277–8

scale, 131

slicer, 384–5

undersampling, 239, 378

image processing

bias, 282–4, 308–11

cleaning images, 302–4

combining multiple images, 293, 295–8

convolution, 279–81

dark, 282, 285

drizzle, 301

ûags, bad pixel, 303

ûat ûeld, 282, 287–91

fringing, 282

geometric transformations, 295–8

interlace, 300–1

interpolation, 298–9

IR preprocessing, 291

linearity, 282, 286

mosaics, 297

overscan, 284

pixel masks, 303

rejection algorithm, 283

resampling, 299–302

trim, 285, 295

impurity band, 215

Index Catalog (IC), 105

indium bump bond, 259

indium tin oxide (ITO), 253

infrared detectors, 256–61

InSb (indium antimonide), 211, 242, 258,

444

interpolation. See image processing:

interpolation

iodine vapor cell, 393

irradiance, 11

isoplanatic angle, 179–81

James Webb Space Telescope (JWST). See

telescopes (named)
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Johnson, Harold, 318, 323–4

Josephson junction, 227

Julian date, 86, 428

junction diode, 219–22

K correction, 355

Keck telescopes. See telescopes (named)

Kepler’s third law, 77, 403

kernel, 279

KID (Kinetic induction device). See

MKID and MKIS device

Kirchhoff, Gustav, 16, 18, 362

laser guide star (LGS), 180, 186

latitude, 62–3, 63, 66, 427

lens

achromatic, 136

ûeld, 183

graphical ray tracing, 126

materials, 119–21

multiple, 126

paraxial equation, 124

telephoto, 147

thick and thin, 124

lenslet array, 183, 253, 384, 386

line proûle, 399–402

linearity, detector, 237, 282, 286, 308, 314

Littrow conûguration, 368, 371, 380

longitude, 62–3, 84, 86

LTAO (laser tomography adaptive optics),

186

lucky imaging, 175

luminosity, 10–13, 24, 27, 334

class, 22, 396

distance, 355, 410

Lyman-alpha

forest, 356

line, 350, 443

magniûcation

anamorphic, 377

by an ocular, 133

of images, 297

magnitude

absolute, 24

apparent, 22–4, 320

bolometric, 23, 27

instrumental, 329

monochromatic, 321

Oke AB
ν
, 335

outside the atmosphere, 339–40

Pogson’s scale, 22, 317

standard, 329

STMAG, 335

MAMA (multi-anode microchannel

array), 263

Marius, Simon, 103

mass function, 405

mass–luminosity relationship, 404

Maury, Antonia, 395

Maxwell, James Clerk, 4

MCAO (Multi-conjugate adaptive optics),

186

mean

of a population, 39

of a sample, 42

standard deviation of the, 49

weighted, 52

median, 40

deûnition, 40

ûlter, 281

image, 278, 283, 289

Mercury cadmium telluride, HgCdTe

(MCT), 258, 260, 444

meridian

circle (transit telescope), 68

crossing (transit), 67

observer’s, 64, 67

prime, 62–3, 62

upper and lower, 67

meridional plane, 137, 143

Messier objects, 104

Messier, Charles, 103

Michelson interferometer, 69

microchannel plate (MCP), 262

microdensitometers, 81

micro-electronic machined systems

(MEMS), 181

Minor Planet Center, 108–9

mirror

chopping secondary, 261, 291

deformable, 181, 181, 184

graphical ray tracing, 127

large, 170–1, 171

materials, 118–19

meniscus, 171

paraxial equation, 123

segmented, 170, 187

shapes, 139

spin casting, 170

tip–tilt, 182

MIS capacitor, 216

MK system, 396

MKID and MKIS device, 227, 227

MKO (Mauna Kea Observatory), 323, 334

MOAO (Multi-object adaptive optics), 186

mode, 40

MOS capacitor, 216–18

nadir, 64

Nasmyth focus, 156–8, 388

NED database, 109

NGC (New General Catalog), 105

NICMOS IR array, 335

nitrogen, liquid, 247

nod and shufûe, 390

nodding. See shift and stare (dither)

noise

aperture photometry, 308–11

detector, 235–6

digitization, 37

read, 245–7, 256, 309

shot, 45

n-type semiconductor, 213

numerical aperture, 148

nutation, 73

Nyquist sampling, 239

object distance, 122, 123, 363

observatory design, 171–2

ocular (eyepiece), 132

optical ûber, 128, 148, 376, 386, 387

optical path length, 115, 115

Palomar Sky Survey, 107

parallactic angle, 381

parallactic ellipse, 78

parallax

heliocentric stellar, 74, 78–82, 79

spectroscopic, 352

statistical, 88

paraxial approximation, 122, 126

parsec, 24, 79

Pauli exclusion principle, 197, 204, 225

Peltier junction, 248

periodic table, 199, 206

period–luminosity law, 410
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Petzval surface, 144

phonon, 208

phosphor, 253

photo-absorption. See electron: photo-

excitation; photo-absorption

photocathode, 255, 261–2, 261, 264

photocell, 223, 318

photoconductor, 210, 214–16, 235, 259

photodiode, 221, 259, 260

photoelectric effect, 222–4, 223–4, 318

photo-excitation, 194, 195, 227

photography, 81, 136, 142, 233–4, 318,

330, 395

photometer, visual and photoelectric, 317

photometric systems, 329–36

closed and open, 330

infrared (ZYJHKLMNQ), 333

instrumental (natural), 329

photographic, 330

SDSS (ugriz(y)), 333

standard, 329

Strömgren (uvbyβ), 334

transformation to standard, 348–9

UBVRI, 331

visual, 330

photometry

absolute, 345

all-sky, 26

CCD equation for, 311

differential, 26

digital aperture, 24–7, 304–13

extinction correction, 343–7

history of, 317–19

response function, 320–6, 323–5

standard stars, 332, 348–9

photomultiplier (PMT), 255, 261, 261,

318, 331

photon ûux, 221, 273, 321, 393,

400

Pickering, Edward, 317, 395

piezoelectric effect, 181, 181

PIN photodiode, 221

Planck function. See blackbody

p–n junction, 218

bias, 220

current–voltage relation, 221

diode, 219–22

point-spread function (PSF), 178, 178,

239, 294, 447

Poisson distribution, 44–6, 45, 50,

235–6

Poisson, Siméon-Denis, 44

Polaris, 73

polysilicon, 253

position angle, 94

precession, 71

precision, 35–6

prism

dispersion by, 130, 130

non-objective, 375

objective, 374–5

reûection by, 129

types, 128–30

probable error, 47

proper motion, 71, 87–9

Ptolemy, 73, 97, 316, 318, 322

p-type semiconductor, 212, 213

pulse-counting mode, 229, 383

purity, spectral, 364, 374, 376–7, 401

quantum efûciency (QE), 215, 234, 276,

324, 390, see also: charge-coupled

device

quantum yield, 235

quasiparticles, 226

Rayleigh

criterion, 134–5, 364

laser beacons, 180

scattering, 341, 345, 358

Rayleigh–Jeans approximation, 21, 327

ray-tracing, 125–7, 145–6

recombination current, 218–20

reddening

atmospheric, 336

interstellar, 350–2

redshift

cosmological, 356, 409

gravitational, 353

parameter, 89, 353–4, 403

photometric, 355

reûection

coefûcient, 118

from a conic of revolution, 139

from a detector, 224

from a sphere, 122–4, 138–9

grating, 365, 367–8, 379

materials, 118–19

total internal, 117, 128, 146

refraction

at a spherical surface, 124

atmospheric. See atmosphere

by a parallel plate, 127

by lenses, 114

index of, 115–16, 119, 370

Snell’s law, 117

refractivity, 127

resolving power, spectroscopic, 90, 319,

364, 377, 388

response time, 181, 238, 262, 266–7

right ascension (RA or α) , 66–8, 72

sagittal plane, 138, 143, 147

saturation, 217, 237, 260, 276, 286

SCAO (single-conjugate adaptive optics,

185, 186

Schmidt camera, 159–61

Schmidt corrector plate, 160

scintillation. See atmosphere

seeing, atmospheric, 135, 163–4, 169,

172–8, 184, 186, 189–90, 379, 382,

See also: atmosphere: turbulence

semiconductor

absorption coefûcient, 211

covalent bond, 204, 206, 210

deûnition, 203–6

direct transition, 211

extrinsic (p, n type), 212

intrinsic, 205

materials, 205, 230

setting circles, 151

Shack–Hartmann sensor, 182

shift-and-add, 300

shift-and-stare (dither), 289, 291–2,

298

sidereal

clock (time), 67, 69

day, 65

silicon

amorphous (polysilicon), 253

band structure, 205, 213

crystal, 203–7

SIMBAD database, 109, 111

sines, law of, 61

SIS junction, 227

sky annulus, 307

slit. See spectrometer
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Sloan Digital Sky Survey, 107, 246, 330,

333

Snell’s law, 117, 129, 138, 147

solar

constant, 11

luminosity, 10, 418

spectrum. See Fraunhofer spectrum

speckle interferometry, 175

spectra

blackbody, 19–21, 326–7

comparison, 90, 394

data reduction, 357, 379

deûne, 13

echelle, 370

ûux calibration, 393–4

Fraunhofer. See Fraunhofer

spectrum

gaseous nebulae, 398–9

Kirchhoff–Bunsen rules, 28

observing practices, 389–90

of galaxies, 409

of molecules, 201

of Vega, 14

stellar, classiûcation (types), 21, 333, 335,

348, 374, 377, 395–8, 413

spectrometer

basic design, 374–5, 382, 386

echelle, 370

ûber mosaic, 386

image slicer, 385–6

imaging, 387

integral ûeld, 385–6

lenslet array, 386

long-slit, 387

mounting, 388–9

multi-object, 389

prismatic, 377

resolving power. See resolving power

slit, 375–8

slitless, 375, 389

spectrophotometer, 322, 335, 348

spherical aberration (SA), 139–42, 147,

156, 159, 436

spherical trigonometry, 77

Spitzer, Lyman, 162

standard candle, 410

standard deviation, 35, 41, 43, 422

standard normal distribution, 47, 422

Stefan–Boltzmann law, 19

STJ detector, 226, 231, 277

Strehl ratio, 178

Struve, Friedrich, 80

superapochromat, 137

superblaze, 372

superconductivity, 224–7

supernova, 307, 411

telescope

airborne, 167

Cassegrain, 154–6

catadioptric, 161

extremely large, 187

Gregorian, 154–6

history, 435–9

image scale, 131

Keplerian, 133

mounts, 150

Newtonian, 153–4

Paul–Baker (3-mirror), 131

prime focus, 153–4

resolving power, 135, 169, 374, 378

Ritchey–Chrétien (R-C), 156

Schmidt, 159–61, 374, 442

Schmidt–Cassegrain, 161

space, 135, 149, 152–3, 162–9, 290,

378

transit, 68

telescopes (named)

European Extremely Large Telescope

(E-ELT), 171

Gaia space telescope, 70–1, 75, 82, 153,

335, 410

Giant Magellan Telescope(GMT), 190

Hale (Palomar), 170–1, 437

Herschel Space Telescope, 266

Hubble Space Telescope (HST), 75, 82,

149, 152, 162, 335, 438

James Clerk Maxwell Telescope,

267

James Webb Space Telescope (JWST),

119, 131, 163, 167–9, 439

Keck I and II, 170–2, 387, 438

Kepler space telescope, 319

Large Binocular Telescope, 170, 172

Large Synoptic Survey Telescope

(LSST), 158–9, 246, 333

Magellan 1 and 2, 388

Sloan, 388

SOFIA (Stratospheric Observatory for

Infrared Astronomy), 167

Spitzer Space Telescope, 119, 259

Thirty Meter Telescope (TMT), 190

Very Large Telescope (ESO VLT),

171, 171, 172

WIYN, 172

thermistor, 265

throughput (spectrometer), 376

time

atomic (TAI), 83

equation of, 85, 425

sidereal, 68, 86, 152

solar, 83–6

zone, 86

Transition Edge Sensor (TES), 266, 268

Two Micron All Sky Survey (2MASS),

107

Tycho-2 Catalog, 88, 427

UCAC2, 427

uncertainty. See error

US Naval Observatory, 85, 427

USNO B1.0 Catalog, 427

vacuum photoelectric effect. See

photoelectric effect

valence band, 203, 205

variable star names, 100

variance, 41–2, 49, 51

Vega (alpha Lyrae), 14, 23, 73, 81, 326,

332, 421

velocity

radial, 87, 89–92, 403

space, 87

tangential, 87

vertex, 122

very long baseline interferometry

(VLBI), 69

Virtual Observatory, 110

vision, human, 238, 274, 322, 421

wavefront, 115, 135, 137, 181–4

correctors, 182

reconstruction, 184

sensors, 182

wavelength, 6

calibration in spectra, 388–9, 392, 394

center of bandpass, 324–6
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shifts in, 353–5

waves, electromagnetic, 3–7

Wide-ûeld Infrared Survey (WISE), 107

width, equivalent, 392, 399, 403

Wien’s displacement law, 20

work function, 223

Yale Bright Star Catalog, 103

zenith, 64, 67–8, 127, 151–2, 177, 288

zenith distance (angle), 64, 68, 70, 339,

345, 427

zodiacal light, 203, 205
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