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absolute magnitude (M), 13

absorption line, 10

rotational broadening, 10–11

thermal broadening, 10

accretion, 157, 297

cold, 157

hot, 157

acoustic cutoff frequency (ωac), 273

adiabatic index (γ ), 77

Alfvén radius, 252

Algol paradox, 291

alpha element, 17

angular momentum transport, 239

hydrodynamic, 239

magnetic, 239

wave-driven, 239

apparent magnitude (m), 13

asteroseismology, 255, 279

g-modes, 269

large separation (1ν⋆), 275

p-modes, 269

small separation (δνℓ,ℓ+2), 277

astronomical unit (au), 2

astrophysical S-factor (Sjk), 94
3He–3He reaction, 103

proton–deuteron reaction, 101

proton–proton reaction, 101

asymptotic giant branch (AGB) star, 186,

195–203, 278

dredge-up, 204

Mira A, 203

atomic number (Z), 90

Be star, 233

Bethe–Weizsäcker cycle, see CNO bi-cycle

binary star system, 282–295

mass ratio (q), 285

orbital period (P), 284

binding energy per nucleon (B/A), 90

birthline, 165, 166

deuterium-burning, 167

hot accretion, 167

Bohr radius, 46, 66

Bose–Einstein distribution, 49

for photons, 59

bound–free absorption, 71–73

breakup speed (vBU), 232

bright giant (II), 16

brown dwarf, 1, 170–171

Luhman 16A and 16B, 170

Brunt–Väisälä frequency (NBV), 272

buoyancy frequency, see Brunt–Väisälä

frequency

carbon burning, 114

carbon star, 205

R Leporis, 205

Carnot heat engine, 264

pulsating variable, 265

cataclysmic variable, 296

Chandrasekhar limit, 210, 213

close binary, see also binary star system

equipotential surfaces, 287

mass transfer, 289

Roche lobes, 288

tidal circularization, 285

CNO bi-cycle, 101, 108–111

CN cycle, 108

NO cycle, 108

color index, 14

common envelope event, 288

companion frequency (Fc), 283
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convection, 75–82

low-mass PMS stars, 160

Schwarzschild criterion, 80

convective overshoot, 86–87

convective overturn timescale (τCO), 253

convective zone, 75, 136

red giant, 186

Coulomb barrier, 91

Cowling approximation, 269

critical acoustic frequency, see Lamb frequency

de Broglie wavelength (λdB), 92

degeneracy pressure, 55–58

consequences, 58

neutron, 220

non-relativistic (Pdeg,nr), 56

relativistic (Pdeg,rel), 58

deuterium

binding energy, 90

equilibrium abundance, 102

deuterium burning, 166

luminosity, 167

shell, 168

dispersion relation, 152, 259

dredge-up, 204

first, 187, 204

second, 204

third, 205

dwarf (V), see also main sequence, 16

Algol A, 290

Alpha Centauri A and B, 11

Altair, 234

Lalande 21185, 16

Proxima Centauri, 9

Sirius A, 20

dynamo theory, 253

Eddington luminosity (LEdd), 60, 188

efficiency (η)

gravitational potential, 224

helium burning, 116

hydrogen burning, 100

energy transport

conductive, 36–39

convective, 37, 75

radiative, 36, 39–41

equation of state, 33, 43

equation of stellar structure, 31–41, 119,

235–237

boundary conditions, 120–121

energy generation, 34

energy transport, 40

hydrostatic equilibrium, 33

mass conservation, 31

excess twin fraction (Ftwin), 285

Fermi energy (EF), 55

Fermi momentum (pF), 55

Fermi–Dirac distribution, 49

fractional ionization (x), 65

free–free absorption, 68–71

freefall time (tff), 32

of molecular cloud, 148

of Sun, 32

of white dwarf, 224

fundamental mode, 261

Cepheid, 261

vs. overtones, 261

Gamow energy (EG), 93

Gamow peak (fGP), 96, 97

giant (III), see also red giant, 16

Pollux, 20

R Doradus, 9

globular cluster, 26

NGC 6397, 301

gravity darkening, 234

gyrochronology, 249

Hayashi track, 163

Heisenberg uncertainty principle, 48

helioseismology, 240

high-ℓ modes, 275

helium burning

core, 191–195

shell, 195

helium flash, 189–191

Henyey track, 159

hep reaction, 102

Hertzsprung gap, 175

Hertzsprung–Russell (H–R) diagram, 19, 21,

26, 139, 160, 174, 185, 187, 194, 256, 301

homology, 126–132, 138–139

definition, 126

horizontal branch, 195, see also helium

burning

hydrogen burning

core, see main sequence

shell, 179

ideal gas law, 50, 119

derivation, 50–51

initial mass function, 168–170

Chabrier, 168

Salpeter, 168
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instability strip, 257

interstellar dust, 148–149

inverse bremsstrahlung, see free–free

absorption

iron abundance [Fe/H], 17

iron peak, 90, 115, 199

isothermal fragmentation, 154–155

isothermal sound speed (cs), 151

Jeans length (λJ), 152

Jeans mass (MJ), 152

kappa mechanism, 266

in Cepheids, 267

Kelvin–Helmholtz time (tKH), 35, 158

Kraft break, 248

Kramers’ law, 70, 217

generalized, 70, 130, 159, 266

Lagrangian observer, 149

Lamb frequency (Sℓ), 271

Landau mass (ML), 212

Lane–Emden equation, 125

Leavitt’s law, 256

light helium (3He), 7

equilibrium abundance, 103

lithium burning, 186

local thermodynamic equilibrium (LTE), 47,

68

luminosity class, 16

main sequence, 16, 20, 117–118

lifetime (tMS), 23

mass–luminosity relation, 21–22

mass–radius relation, 23

stellar properties, 25

terminal age, 178

zero age, 121, 126, 138–144

mass continuity equation, 150, 151

mass number (A), 90

mass–luminosity relation, 21

main sequence, 21–22

mass–radius relation, 23, 132

main sequence, 23

neutron star, 221

non-relativistic white dwarf, 211, 212

mass-to-light ratio (ϒ), 34

at Eddington luminosity, 61

of draft horse, 34

of Sun, 34

Maxwell–Boltzmann distribution, 50

Maxwellian energy distribution, 54, 92

mean molecular mass (µ̄), 51, 52

in Sun’s interior, 137

neutral vs. ionized gas, 53

of molecular cloud, 148

metallicity (Z), 8, 17

metals (astronomers’ definition), 53

Mira variable star, 203

mixing length parameter (αℓ), 83

mixing length theory, 82–86

MK spectral class, 16–17

molecular cloud, 147

molecular cloud core, 147

momentum equation, 150, 151, 258

linearized, 258

multiplicity fraction (Fm), 283

neon burning, 114

neutrino

cooling, 190

mean free path, 64

solar, 106

neutron

capture time (tnc), 200

lifetime (τ ), 90

neutron star, 220

general relativity, 221

mass function, 222

RX J1856.5−3754, 222

strong nuclear force, 221

non-interacting particle, 47

nova, see also cataclysmic variable

classical, 296

dwarf, 296

recurrent, 296

opacity (κ), 39, 64–75

bound–bound, 73

bound–free, 71–73

electron scattering, 65–68

free–free, 68–71

H− ion, 73, 163

molecular, 74

Rosseland mean, 70–71

open cluster, 26

h Persei, 174

NGC 188, 175

Pleiades, 26–28, 248

Praesepe, 175, 248

oxygen burning, 115

P Cygni line profile, 12, 297

parallax, 8–9

Gaia measurements, 9
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trigonometric, 8

parsec (pc), 8

photosphere, 2

planetary nebula, 205

Poisson equation, 151, 235, 268

polytrope, 121–126

Lane–Emden equation, 125

polytropic constant (Kn), 122

polytropic index (n), 122

pp chain, 100–108

pp I chain, 103

pp II chain, 105

pp III chain, 105

pre-main sequence (PMS) star, 1, 158–164

proton–deuteron reaction, 94, 101

in protostar, 166

proton–proton reaction, 93, 101

protostar, 1, 156–158

radiative barrier, 168

protostellar core, 156

pulsar, 222

binary, 222–223

millisecond, 222

pulsating variable, 255–257

classical Cepheid, 255

Delta Scuti, 257

Gamma Doradus, 257

Mira, 203, 255

RR Lyrae, 256

W Virginis, 256

quantum tunneling, 92–93

r-process, 228–230

core collapse supernova, 230

neutron star merger, 230

radiation density constant (a), 39, 60

radiation pressure, 59–61, 119

radiative zone, 75

effect of diffusion, 176

rotating star, 236

rapid neutron-capture process, see r-process

red clump, 20, 186, 279

Capella Aa, 20

red giant, 20, 117, 185, 278

red giant branch, 20, 185

RGB star, see red giant

Rossby number (Ro), 253

Rosseland mean opacity, 70

solar abundance, 74

rotating star

equipotential surfaces, 235

hydrostatic equilibrium, 235

meridional circulation, 237

radiative energy transfer, 236

thermal equilibrium, 237

s-process, 200–203

technetium production, 202

Saha equation, 65

scale height

density (hρ ), 272

pressure (h), 83, 215, 273

Schönberg–Chandrasekhar limit, 180–182

shell flash, 197–199

compared to helium flash, 199

silicon burning, 115

slow neutron-capture process, see s-process

solar abundance, 7–8

solar constant (S⊙), 5

solar irradiance, 4

solar model

BP04, 135–138

polytropic, 123, 133–135

uniform density, 45, 133

solar wind, 4, 251–252

solar-like oscillations, 268

specific energy generation rate (ǫ), 34, 98

CN cycle, 110

pp I chain, 104–105

triple alpha process, 114

specific internal energy (u), 76

spectral type, 14

brown dwarf (LTY), 170

Harvard (OBAFGKM), 14, 170

spindown time (tJ ), 250

star formation, 146–168

low metallicity, 156

star–disk coupling, 246

stellar rotation, 32, 231–254

stellar wind, 188, 205

asymptotic giant branch, 203–204

magnetized, 251–253, 294–295

main sequence O star, 188

red giant, 188

superwind, 203

subdwarf (VI), 118

Kapteyn’s star, 118

subgiant (IV), 16, 175, 185

Algol B, 291

Sun

central conditions, 45

effective temperature (Teff,⊙), 6

luminosity (L⊙), 5

magnetic field, 3, 251

mass (M⊙), 4
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mass loss rate (Ṁ⊙), 5

mass parameter (GM⊙), 4

radius (R⊙), 3

rotation period (P⊙), 4

supergiant (I), 16, 20

Betelgeuse, 9

blue, 185

Canopus, 20

iron core, 219

P Cygni, 21

red, 185

VY CMa, 21

yellow, 185

supernova, 223–227

core collapse, 225–227

remnant, 226, 304

thermonuclear, 225

surface gravity (log g), 24, 241, 277

tachocline, 240

temperature gradient

actual (∇act), 81, 86, 119

adiabatic (∇ad), 80, 86, 119

radiative (∇rad), 81, 119

terminal age main sequence (TAMS), 178

thermal diffusivity (Dth), 37

electrons, 37, 39

protons, 176

thermal equilibrium, 34

thermal time, 216, 218

thermonuclear runaway, 225

Tolman–Oppenheimer–Volkoff (TOV) limit,

210, 221

triple alpha process, see also helium burning,

112, 113

resonance, 113

turnoff mass, 173

Urca process, 190

virial theorem, 180–181

Vogt–Russell theorem, 118, 209, 232

von Zeipel’s paradox, 237

wave equation, 259

wavenumber, 152, 273

horizontal, 271

white dwarf, 20, 204, 211–218

atmosphere, 215–217

cooling, 218

mass function, 214

Sirius B, 20, 215

Wolf–Rayet stars, 193

X-ray binary, 296

Zeeman Doppler imaging, 241

zero age main sequence (ZAMS), 121, 126,

138–144
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