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absorption, see extinction

accretion disk, 139, 140, 216

active galactic nuclei (AGN), 215

active galaxy, 202, 216

adaptive optics, 84, 94, 194, 201

adiabatic

gradient, 114

index, 118

sound speed, 102

albedo, 23, 30

Alpha Centauri, 13

Andromeda galaxy, 205

collision with Milky Way, 212

angular momentum, 139, 166

disks, 171

quantum, 270

transport, 171, 216

angular resolution, 83

interferometric, 84

angular size, 11

asteroid, 173, 178

astronomical seeing, 13, 83

astronomical unit (au), 6, 15, 22

asymptotic giant branch (AGB), 130

atomic

energy levels, 35, 269

hydrogen, 197, 198

mass, 128

nucleus, 6, 7, 136, 269

number, 37, 38

size, 7

aurora, 93

azimuth, 16, 75

Barnard’s star, 54, 57

baryonic matter, 200, 255, 262

Betelgeuse (Alpha Ori), 13, 17

Big Bang, 226, 229, 235, 247,

251, 258

binary systems, 51, 59

eclipsing, 63, 64

mass-exchange, 134

mass–luminosity scaling, 64, 112

merger, 136

spectroscopic, 59, 61, 182

visual (astrometric), 59

blackbody radiation, 26

Planck function, 27

in frequency, 27

in wavelength, 28

peak wavelength (Wien’s law), 28

black hole, 138

definition, 138

merger, 144

Schwarzschild radius, 139

supermassive, 142, 201, 202

blue straggler, 52

Bohr atom, 269

radius, 270

bolometric intensity/flux, 32

Boltzmann

constant (k), 102

equilibrium, 275

factor, 274

Saha, 275

Stefan, 32

brightness, 21

apparent (flux), 4, 19

intrinsic (luminosity), 15, 19

starspot modulation of, 71

surface (intensity), 20, 27, 74, 89

broadening

galactic, 197

natural, 270

rotational, 69, 71

celestial sphere, 4

Centauri, Proxima, 6

center of mass, 60

centrifugal force, 45, 60, 261, 269

Cepheid star

period–luminosity relation, 205, 207

as standard candle, 205

Chandrasekhar mass, 133

Chandra X-ray Observatory, 142, 160, 227

chromosphere, 89, 90, 92

classical Cepheid, see Cepheid star

colatitude, 16, 17
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color excess, 78, 156

color index, 28

column density, 97

comet, 174

constellation

Fornax, 230

Hercules, 194

Sagittarius, 153, 194, 200

Virgo, 224

coordinates, 4

galactic, 255

core collapse, 132, 137, 141

corona, 89

coronal holes, 92

coronal (magnetic) loops, 92

coronal mass ejection, 188

coronal winds, 93

coronal X-rays, 96

Cosmic Microwave Background (CMB),

225, 229, 247, 251

cosmological constant, 238, 244, 255

Crab Nebula/pulsar, 141, 142

crater, 177

critical density, 236

cross section (σ), 76, 277

bound-free, 279

dust, 155

electron (Thompson), 277

galaxy collision, 212

recombination, 158

dark energy, 228, 244, 247

dark matter, 200, 226

hot versus cold, 226

WIMPs versus MACHOs, 227

ΛCDM model, 255

deBroglie wavelength, 120, 122, 131,

263, 270

degeneracy

electron, 122

AGB stars, 130

brown dwarf, 122, 128

helium flash, 128

white dwarf, 131

neutron, 138

detector, 82, 85

deuterium, 262

distance modulus, 22, 205

distortion, atmospheric, 84, 185

Doppler effect, shift, 56

cluster velocity dispersion, 197

exoplanet detection, 184

galactic rotation, 198, 199

Hubble expansion, 218

rotational broadening, 69

spectroscopic binaries, 64

dust

interstellar, 77, 78, 155

opacity, 79, 155

thermal emission, 172

dwarf planet, 173

Earth atmosphere, 103

aurora, 93

effect on CMB, 254

greenhouse gas, 175

pressure versus Mars, 179

Rayleigh scattering, 79

scale height, 105

seeing, 13, 83

volcanic outgassing, 178

water vapor, 157

eclipse

binary stars, 60

lensing of background stars, 219

solar, 92

ecliptic, 173

Eddington, Sir Arthur, 123

Eddington–Barbier relation, 259, 282

Eddington limit, 123

Eddington luminosity, 123

Eddington standard model, 113

Einstein, Albert

cosmological constant, 244

general relativity, gravity, 138, 143

gravitational lensing, 218, 226, 228

gravitational waves, 138, 142

light-speed limit, 208

quantum nature of light, 26

electromagnetic wave, 86

electron scattering, see Thomson scattering

electron volt (eV), 49, 272, 274

ellipse, 61

emission line spectrum, 141, 272

Enceladus (moon of Saturn), 180

energy transport

convective, 114

radiative diffusion, 109

equivalent width (EW), 70

escape speed, 44, 103

black hole, 139

Europa (satellite of Jupiter), 174, 180

Event Horizon Telescope (EHT), 84, 142, 202

excitation

bound–bound, 279

collisional, 154

equilibrium, 274

excited state, 274

exoplanet detection

direct imaging, 182

microlensing, 187

radial velocity, 182

transit, 184
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extinction

interstellar, 78

wavelength dependence, 78

flatness problem, 248

resolved by inflation, 265

flux (F ), 74

inverse-square law, 33

freefall time, 164

free–free

absorption, 279

emission, 279

opacity, 279

frequency (ν), 26

galaxy, 193

active, 216

Andromeda, 205, 206

clusters, 212, 217, 226

collision, merger, 212

elliptical, 210

evolution, 229

irregular, 211

Milky Way, 193

radio, 215

spiral, 210

starburst, 212

Galilean moons, 174

Galileo telescope, 71, 89

Ganymede (satellite of Jupiter), 174

gas-giant planets, 38

giant impact, 177

globular cluster, 51

Grand Unified Theory (GUT), 252, 264

granulation, 95

gravitational constant (G), 43

gravitational lens, 218, 226

gravitational potential energy (U ), 50, 140, 236

greenhouse effect, 188

ground state, 270

Guth, Alan, 265

half-life, 262

Heisenberg uncertainty principle, 120, 270

helium

Big Bang synthesis of, 261

flash, 128

fusion into carbon, 128

HeII Bohr atom, 42

hydrogen fusion into, 119

mass fraction (Y ), 38

stars, 117

triple alpha process, 128

Hertzsprung–Russell (H–R) diagram, 39

hierarchical structure, 224

Higgs boson, 264

HII region, 154, 158

Hill radius, 181

Hipparcos satellite, 15

Hot-Big-Bang model, see Big Bang

hot Jupiter, 184

H–R diagram, see Hertzsprung–Russell diagram

Hubble, Edwin, 205

Hubble constant (Ho), 207

value of, 255

Hubble law, 207

Hubble Space Telescope (HST), 84

Hubble time (1/Ho), 208

Hubble (Ultra) Deep Field, (HDF, HUDF), 230

hydrogen fusion, 119

CNO cycle, 114, 119

proton–proton (PP) chain, 119

hydrogen term series, 158

Balmer (to/from n = 2), 273

Lyman (to/from n = 1), 273

Paschen (to/from n = 3), 273

hydrostatic equilibrium, 65, 102

ideal gas law, 102

inflation theory, 249, 265

infrared (IR), 88, 157, 272

excess, 172

interference, 26, 143, 144

interferometry, 13

radio, 84

intergalactic gas, 226

interstellar

cloud, 52, 152

dust, 77, 78, 277

extinction, 77

magnetic field, 164

interstellar medium, 85

local, 93

Io (satellite of Jupiter), 174

iron

abundance, 38

core, 136

Earth core, 179

nuclear stability, 135

Jeans criterion, 162

Jeans mass, 163

Jeans radius, 162

Johnson photometric system (UBV), 4, 29

Jupiter

as MACHOs, 227

gas-giant prototype, 174

hot Jupiters, 184

mass, 167

migration, 177

moons, 174

orbital angular momentum, 61
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Kelvin–Helmholtz time, 50, 113

Kepler satellite, 185

Kepler’s third law, 62, 164, 188, 201

galaxy rotation, 200

Kuiper Belt Objects (KBO), 174

last scattering surface, 255, 261

LIGO (Laser Interferometer Gravitational-wave

Observatory), 142

limb darkening, 90, 283

Local Group, 224

longitude

Galactic, 196, 197, 224

luminosity (L), 5, 15, 19

class, 39

Lyman-α clouds (forest), 217, 218

MACHO (massive compact halo object), 227

magnetogram, 87, 91

magnitude, 4

absolute, 22

apparent, 22

Cepheid, 207

color, 28

extinction, 78, 79, 156

I-band Tully–Fisher, 209

limiting, 82

orders of, 6, 264

relation to luminosity (flux), 22

Sun, 22

white-dwarf SN peak, 132, 243

main sequence, 40

lifetime, 51

Mars

parallax distance, 14

wind ablation of atmosphere, 93, 179

matter-dominated universe, 249, 257

Maxwell, James Clerk, 25

mean-free-path, 76, 107, 212

mean molecular weight, 102

dependence on ionization, 102

Mercury, 186

meteorite, 51

metric units (MKS), 5

Milky Way Galaxy, 7, 193

bulge, 195

disk, 153, 159

halo, 195

kinematics, 57

minor planet, see asteroid

molecular mass, see mean molecular weight

Moon formation

giant impact theory, 177

Neptune, 174

neutrino (ν), 119

mass, 228

neutron (n), 138

neutron degeneracy, 137

neutron stars, 44, 137, 138

merger, 143

Newton’s law of universal gravitation, 43, 59

Oort cloud, 174

opacity (κ), 77

atomic origins, 277

bound–free, 114

Kramers’ law, 279

optical depth (τ), 76, 77

central, 107

temperature variation, 110

outgassing

comets, 174

planets, 178

parallax, 4

Mars, 14

spectroscopic, 20

stellar, 14

trignonmetric, 13

parsec (pc), 14

Planck constant, 26

reduced (h̄), 131

Planck function, 109, 161

Planck length, 264

Planck time, 252

planetary migration, 177

planetary nebula, 130, 133, 140

planet formation, 172

plate tectonics, 178

Pluto (dwarf planet), 173

polarization

linear and circular, 86

magnetic, 87

CMB, 265

Population I stars, 195, 205

Population II stars, 195

proper motion (µ), 54, 201

proton (p), 278

proto-planetary disk, 171

Proxima Centauri, 6

pulsar, 143, 146, 186

QSO, see quasar

quantum tunneling, 262

quantum number

principal (n), 270, 274

quasars, 215

lensing of, 218

radar ranging, 15

radiation-dominated universe, 267

radiation pressure, 123, 279
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radiation transport, 109, 261

radiative transfer

equation of, 109, 281

radioactive dating, 51

radioactive decay, 178

radioactive heating, 186

radio line emission

21 cm, 197

random walk, 107, 108, 109

Rayleigh scattering, 79

blue sky, 79

red sunsets, 79

recombination, 116

coefficient, 157

cross section, 158

era, 255, 258, 259

rate, 157

redshift, 251

temperature, 261

time, 158

zone, 116

reddening, 77, 78

exponent, 79, 156

red giant, 44

red-giant branch, 126

redshift, 207, 208

gravitational, 219

distance, 236

map, 225

quasar, 218

refraction, 26

Roche limit, 47

rotation, 69

broadening, 69

differential, 95

rigid-body, 70

Sagittarius A*, 200

Saha–Boltzmann equation, 275

Saturn, 174

scale factor, 236

scale height, 103

Schwarzschild radius, 139

seeing, see atmospheric seeing

Sirius, 22

solar wind, 93

Mars atmosphere, 179

sound speed, 102, 105

spacetime, 144

space velocity, 57

specific intensity, 21

spectral class

OBAFGKM, 39

spectral sensitivity, 29

spectrum, 4

absorption-line, 35, 272

blackbody, 26, 30

emission-line, 36, 272

Sun’s, 36

spiral arm, 159

standard candle, 205

star

main-sequence, 53

mass–luminosity relation, 110

mass–radius relation, 124

star formation, 159, 162

Stefan–Boltzmann

constant, 32

law, 32, 76

stellar structure

equations of, 104

Strömgren

radius, 158

sphere, 158

strong nuclear force, 120, 228

sunspot, 71

supercluster, 200, 224

supergiant, 20, 39

supernova

as standard candle, 205

core-collapse, 132, 137

luminosity of, 137

remnant, 141

white-dwarf, 132

surface brightness, 20, 27, 32

telescope

reflector, 82

refractor, 82

temperature, 5

adiabatic gradient, 114

brightness, 27

blackbody, 26

CMB, 255

fluctuations, 254, 255

color, 28

core/interior, 104, 107, 119

corona, 89

effective, 90, 110

equilibrium, 175

fusion, 119

gradient, 114

history of universe, 251

ISM, 152

nucleosynthesis, 261

optical depth variation, 110

peak wavelength, 28

radiative gradient, 114

recombination, 114, 266

spectral, 32

surface, 20, 27

TESS (Transiting Exoplanet Survey

Satellite), 186
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thermodynamic equilibrium, 26, 274

Thomson scattering, 277

Thomson cross section, 277

tidal

coupling, 171

distortion, 64

flexing, 180

warping, 211

Titan (satellite of Saturn), 174

Tolman–Oppenheimer–Volkoff (TOV)

limit, 138

transit method, 182, 184

Tully–Fisher relation, 209

ultraviolet (UV), 4, 25

dissociation, 172

photoionization, 154

reionization, 230

Uranus, 173

velocity

dispersion, 197

radial, 56, 182, 186, 197, 207

space, 57

transverse, 54

Venus

radar ranging, 15

retrograde rotation, 173

runaway greenhouse effect, 175, 178

Virgo cluster, 224

Virial Theorem, 101, 128

visible light

wavelength range, 26

wavelength (λ), 4, 27

peak flux, 28

white dwarf, 41, 44, 131

mass–radius relation, 121

supernova, 132, 154

Wien’s law, 28, 157

Wilkinson Microwave Anisotropy Probe

(WMAP), 255

WIMP (weakly interacting massive particle), 227

Zeeman effect, 96

zenith, 80
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