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Symbols Index

𝛼 Aquilae 233
𝛼 Cygni stars 51, 70, 123, 253, 258, 259, 261
– 𝛼 Cyg 258, 259
– 𝛽 Ori 259
– light curve 253, 254
– radial velocity curve 253, 254

– amplitudes 254
– Deneb 258, 259
– driving mechanism 258
– evolution 259
– HD 100262 259
– HD 168607 259
– HD 62150 259
– HD 91619 259
– HR 4338 259
– HR 8020 259
– instability strip 258, 259, 261
– periods 254, 258, 259
– pulsation modes 254, 258
– Rigel 117, 258, 259
– light curve 253, 254
– radial velocity curve 253, 254

– strange modes
– RSG connection 259, 261

𝛼 Herculis 4
𝛼 Orionis 4
– distance 231
– starspots 231
𝛼 Virginis 38
𝛼-capture elements 57
𝛼2 Canum Venaticorum stars see Ap stars
– roAp stars 242
𝛽 Canis Majoris 248
𝛽 Cephei 248
– Be companion 249
– radius 249

– ring structure 249
𝛽 Cephei stars 51, 52, 122, 127, 240,
245–251, 265

– 𝛽 CMa 248
– 𝛽 Cep 248
– Be companion 249
– radius 249
– ring structure 249

– ζOph stars 246
– amplitudes 246
– Be stars 246
– catalogue 249
– driving mechanism 249, 251
– missing opacity 250

– HD 180642 245
– instability strip 249, 250
– light curves 245, 246
– Magellanic Clouds 251
– magnetic fields 249
– masses 249, 251
– mode identification 245
– multi-periodic nature 249
– nonlinear effects 245
– non-radial oscillations 249
– oblique pulsator model 249
– periods 246, 249
– period–gravity relation 240
– period–radius relation 240
– pulsation modes 246, 249
– solar-like oscillations
– stochastic driving 246

– spectral types 249
– spectral variability curves 245, 247
– spectroscopy 248
– V1449 Aql 245
𝛽 Lyrae stars 3, 4, 32, 35
– 𝛽 Lyr 3, 4
– spotted 36
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𝛽 Orionis 117, 254, 258, 259
– light curve 253
– radial velocity curve 253, 254
𝛽 Persei 3, 4, 7
γ Cassiopeiae 43
γ Doradus stars 51, 52, 124, 136, 233, 236,
240–244, 249

– amplitudes 234, 240
– Blazhko effect 241
– classification 241
– driving mechanism 242
– instability strip 241, 243
– edges 241

– KIC 11285625 236
– light curves
– KIC 11285625 236

– luminosity classes 240
– masses 240
– periods 234, 240
– pre-MS 240
– pulsation modes 234, 240
– rotation 240
– spectral types 240
– temperatures 240
γmechanism 50, 113, 119, 168, 183,
199, 218, 242, 244

– partial ionization regions 119, 120
γmodes 140
ΔS 162
– calibrations 162
𝛿 Cephei see Cepheids
𝛿 Delphini 233
𝛿 Scuti stars 23, 51, 52, 77, 116, 120,
121, 127, 136, 233, 236, 237, 239–242,
244, 248, 249, 265

– 𝛼 Aql 233
– 𝛿 Del 233
– 𝜖 mechanism 116
– 𝜌 Pup 233
– Altair 233
– amplitudes 234
– asteroseismology
– challenges 240

– Blazhko effect 240
– catalog 234
– driving mechanism 242
– evolution 236
– HADS
– amplitudes 235
– evolution 236
– LMC 238
– nonlinear effects 235

– instability strip 233, 238, 241, 243
– edges 241

– HADS position 236
– KIC 9700322 234
– LADS
– amplitudes 235

– light curves
– KIC 9700322 234

– luminosities 234
– metallicity 234
– mode identification 238
– nonmagnetic Am stars 233
– periods 234
– period–gravity relation 240
– period–luminosity relation 237
– theoretical 239

– period–radius relation 240
– Population I 233
– pre-MS 236, 238
– pulsation modes 234, 242
– rotation velocities 234
– small Cepheids 240
– solar-like pulsation 126
– spectral types 233
– temperatures 233
𝛿 mechanism 282
𝓁 Carinae 74
𝜖 Aurigae 4
𝜖 mechanism 104, 113–117, 258, 282, 283
– 𝛼 Cygni stars 117
– 𝛿 Scuti stars 116
– growth rate 116
– GW Vir stars 116
– HeWDmerger 116
– Population III stars 116
– post-He flash 116
– stellar disruption 115, 116
– upper stellar mass limit 115, 116
ζOphiuchi stars 246
– ζOph 246
– 𝜂 Centauri 246
𝜂 Antinoi 4
𝜂 Aquilae 3, 4, 9, 184, 195
𝜂 Boötis 125
𝜂 Carinae 4, 41, 260
𝜂 Centauri 246
ι Boötis 4
ι Canis Majoris 254
κ mechanism 50, 51, 113, 119, 168, 183, 199,
218, 219, 242, 244

– He II ionization 119
– partial ionization regions 119, 120
λ Boötis 233
λ Eridani stars 43, 247
– light curves 247
– periods 247
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– rotation 247
μ Cephei 4
πmodes 140, 143
ξ Hydrae variables 125, 218
– ξ Hydrae 218
o Ceti see Mira variables
𝜌 Puppis 233
χ Cygni 3, 4, 219, 223, 225
ω Centauri 157, 173, 180, 269, 270, 273
12C(𝛼, γ)16O reaction 283
16 Cygni A 148
1SWASP J024743.37-251549.2B 277, 298,
299

20 Tauri 248
2MASS 16, 168, 221, 222, 235
– photometric system 16
2MASS 06451725+4122158 235
2MASS J14074792-3945427 33
33 Librae 244
3D simulations 125, 154
420 Mayer Leonis 6
53 Persei stars 245, 251
– 53 Per
– pulsation modes 251

– SPB stars 251
68 (Bode) Leonis 6

Subject Index

a
a Centauri 35
AAVSO 21, 22, 178, 213, 216, 219, 228, 230,
231

– 100th anniversary 22
– VSX index 22
– website 22
acoustic cutoff frequency 136
acoustic frequency 134
active galactic nuclei 30
adiabatic approximation 55, 87, 90, 95
– justification 88, 90
– limitations 90, 105
adiabatic exponents 81, 88
– first 88, 89
– ideal gas 100
– third 80, 89
AGB 29, 58, 60, 64–66, 69, 167, 206, 207,
211, 212, 215, 219, 220, 226, 227, 268

– early 65, 69
– Mira variables
– shell flashes 228
– mass loss 220

– Miras 227
– post 43, 58, 66, 69, 211, 212, 214, 268, 285

– super 69
– thermally pulsing 65, 69
AHB stars 200
AI Velorum stars 233, 235
Algol stars 3–5, 7–10, 24, 30, 35, 36
– 𝛽 Persei 3, 4, 30
– triple system 32

– 𝜖 Aurigae 4
– Egyptians 3
– etymology 3
– spotted 36
All Sky Automated Survey 25, 249
Altair 233
– fast rotation 240
AM Canum Venaticorum stars 45
– SNe Ia progenitors 45
AM Herculis stars 45
AM stars
– variability 234
Andromeda Galaxy 197, 198
– RR Lyrae 181
– globular clusters 181

Anomalous Cepheids see Cepheids
Antinous 4
Ap stars 34–36
– 𝛼2 CVn 35
– noAp stars see noAp stars
– roAp stars see roAp stars
Aquila 7, 21
Arequipa, Peru 184
Argelander, F. W. A. 5, 21
AS Cancri 114
asteroids 30
asteroseismology 11, 13, 28, 67, 131, 150,
152, 156, 240, 244, 268, 300

– γ Dor stars 240
– challenges 241

– accuracy vs. precision 152
– DBV stars
– KIC 8626021 290

– GW Vir stars
– GW Vir 286

– neutron stars
– gravitational waves 303

– nonlinear 156
– red giants
– fast-rotating cores 138

– sdB stars
– formation channels 268
– internal rotation 268

– SPB stars
– challenges 245, 252

– stellar populations studies 152
– ultra-compact objects
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asteroseismology (contd.)
– gravitational waves 304

– white dwarfs 275, 291
– crystallization 282, 295
– evolution 275
– fundamental physics 282, 290

asymptotic giant branch (see AGB)
AT Andromedae 15
avoided crossings 139, 141
– KIC 6442183 140, 143

b
Baade, Walter 197, 208
Baade–Becker–Wesselink method 187
Baade–Wesselink method 166, 187
Bailey diagram 158, 159, 174, 176
– IR 160
– theoretical 155
Bailey, Solon I. 22, 157
Balloon 090100001 265
bandpasses 16
Barnes–Evans method 225
Barycentric Julian Date 13
Bayer, Johann 1, 2, 5–7
BD+13∘3224 256
Be stars 43, 247
– γ Cassiopeiae 43
– λ Eridani stars 43, 246, 247
– decretion disks 43
– KIC 6954726 44
– mass loss 43
– outbursts 43
– pulsations 44
– 𝛽 Cep 246
– ζOph 246
– SPB 246

– rapid rotation 43
– solar-like pulsation 126
Be/X-ray binaries 47
BEP stars 299
Bessel equation 95
Betelgeuse see 𝛼 Orionis
Betsy stars see PG 1716+426 stars
BH Crucis 229
BL Boötis stars see anomalous Cepheids
BL Herculis stars 201, 203, 204, 207, 209
– BL Her 199, 200, 203
– metallicity 204

– bump 155
– evolution 206, 207
– instability strip 206
– O − C diagram 207
– period changes 207
– period doubling 155, 202

– periods 199
black holes 47, 49, 70, 275, 302, 304
– accreting 47
– pulsating 275, 302
– pulsations
– driving mechanisms 302

Blaeu, Willem 4
Blazhko effect 155, 160, 168–172, 179
– 𝛿 Sct stars 240
– γ Dor stars 241
– Cepheids 189
– explanation 171
– long-term cycles 171
– RR Gem 171
– RR Lyr 171
– V445 Lyr 171
– XZ Cyg 178
Blazhko, Sergei 160, 169
blink comparator 23
blue loop 67, 194, 195, 206, 207, 212, 255
blue stragglers 35, 236
– Algol connection 35
– anomalous Cepheids progenitors 211
– FK Com connection 38
– W UMa connection 38
blue subdwarfs 116, 275
blue supergiant pulsators 253
– mass loss-pulsation connection 253
Boltzmann equation 57, 79
Bonn observatory 5
boundary conditions 92, 94
– center 92, 93, 95
– rigid sphere 95

– surface 93, 94
BPM 37093 294
Brahe, Tycho 1
British Astronomical Association 21
Brunt–Väisälä frequency 134, 137, 138, 255
Bullialdus, Ismael 1, 8
Bump Cepheids 154
buoyancy 132
– frequency 134
BX Cir see PV Telescopii stars
BX Circini stars 256
BY Draconis stars 37, 39
– BY Dra 37
– marginal 37
– Proxima Centauri 37
– V645 Centauri 37

c
C-burning 69, 70
C-D diagram 148
Caelum 7
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Caesar, Gaius Julius 11
Canada-France-Hawaii Telescope 265
cataclysmic variables 44
– classification 45
– dwarf novae 45
– accretion disk 45
– bright spot 46
– outburst scenarios 45
– SU UMa stars 45
– U Gem stars 45
– Z Cam stars 45

– magnetic 45
– AM CVn stars 45
– AM Her stars 45
– DQ Her stars 45
– intermediate polars 45
– polars 45

– matter accretion 46
– novalike 46
– DWUMa 46
– RW Tri stars 46
– SW Sex stars 46
– UX UMa stars 46
– VY Scl stars 46

– period gap 45, 47
– SU Ursae Majoris stars
– superhumps 45

– SW Sex stars 46, 47
– superoutbursts 45

– V455 And
– pulsations 300

Catalina Real-time Transient Survey 26, 168,
176

catalogues
– 𝛽 Cephei stars 249
– 𝛿 Scuti stars 234
– AAVSO 178, 213, 216, 219, 230, 231
– Clement 172, 197, 200, 217
– EC 14026 stars 269
– GCVS 4, 7, 24, 29, 32, 33, 41–44, 77, 185,

199, 209, 216, 233, 245, 246, 251, 253, 256,
269, 270, 279

– Haro & Luyten (1962) 278
– OGLE 217
– Sawyer-Hogg 172
– VSX 22, 32, 245, 246, 251, 253, 256
CC Lyrae 204
Centaurus 7
Cepheids 3, 8–10, 51, 52, 70, 71, 73, 77, 99,
114, 115, 120, 121, 125, 153, 154, 168,
183–185, 187–211, 217, 239

– 𝛿 Cephei 3, 4, 8, 10, 21, 74, 183–185, 195
– angular diameter 74
– distance 74

– mass 77
– mean density 77
– radius 74
– trigonometric parallax 74

– 𝓁 Carinae 74
– 𝜂 Aquilae 4, 184, 195
– Anomalous 208, 209
– absolute magnitudes 210
– BL Boo 209, 211
– evolution 210
– field 209
– globular clusters 209
– IR observations 209
– light curves 209, 210
– masses 210
– periods 209
– period–luminosity relation 191, 209
– pulsation modes 209, 210
– temperatures 210
– TYC 1031 1252 1 211
– instability strip 210

– binary theory 9, 10, 184
– BL Boo 208
– BL Her 199, 200
– Blazhko effect 189
– blue loops 68
– bump 121, 154, 187
– resonance 188

– classical 52, 68, 123, 124, 154, 168,
183–195, 197–199, 201, 204, 205, 207,
209

– ages 183, 199
– amplitudes 186
– angular diameter 187
– blue loops 194, 195
– diameter 187
– distance 187
– evolution 183, 192–196, 199
– first crossing 193–196
– H-R diagram 193, 194
– instability strip 183, 190, 193, 194, 299
– IR observations 186, 192
– light curves 185
– luminosity 187
– Magellanic Clouds 183, 193, 195
– mass 183
– metallicity 184
– Milky Way 183
– parallaxes 192
– period changes 192, 194–196
– periods 183
– period–luminosity relation 184, 185,

189–192, 197, 198, 204
– period–luminosity–color relation 190
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Cepheids (contd.)
– radius 186
– second crossing 194, 195
– spectral types 183
– standard candles 184
– third crossing 194, 195
– UV observations 186

– distances 184
– double mode 121
– driving mechanism 183, 199
– dwarf 233
– AI Vel 235

– evolution 207
– hydrodynamical models 212
– instability strip 206
– light curves 212
– period changes 207
– Hubble constant 184
– hydrodynamical calculations 154
– IR observations 198
– Magellanic Clouds 184
– masses 192
– naked eye 195
– nonlinear effects 153
– periods 74
– period–gravity relation 240
– period–luminosity relations 191
– period–radius relation 240
– Polaris 195, 196
– amplitude 196
– companion 195
– evolution 196
– luminosity 196
– mass 195
– mass loss 196
– parallax 196
– period change 196

– populations 197, 198
– pulsation constant 190
– pulsation models 190
– pulsation theory 192
– s-type 185, 186
– SU Cygni 186, 187
– type I 183, 185, 204
– type II 51, 63, 185, 191, 196–209, 212, 240
– abundance anomalies 204
– age 196, 199
– amplitudes 201
– atmospheres 204
– binary systems 203, 207
– BL Her 199, 201, 203, 206, 207
– blue loops 206, 207, 212
– CC Lyr 204
– composition 203

– crested 200
– crossings 206
– CWA 199
– CWB 199
– evolution 60, 199, 206, 207
– flat-topped 200
– globular clusters 197
– HB morphology 204, 206
– high-resolution spectroscopy 203
– instability strip 199, 200, 206
– IR observations 201, 203, 205, 206
– light curves 200–203, 208
– luminosities 205
– M31 196
– M32 196
– M33 196
– masses 196, 206
– metallicity 199, 203, 204
– nonlinear effects 202
– parallaxes 205
– peculiar 202, 203, 208
– period changes 206, 207
– period distribution 200, 201
– period doubling 202
– periods 199
– period–luminosity relation 185, 198,

204–206, 211
– progenitors 206
– pulsation modes 205
– RV Tau 200–202, 211–214
– spectra 203
– W Vir 199, 201, 206–208, 211, 212, 214
– XX Vir 203

– ultra-long-period 70
– ultra-short-period 233
Cetus 1, 2, 6
Chandra telescope 226
chaos 212
charge-coupled device 20, 22, 25, 26, 172
chemically peculiar stars 34
– noAp stars 244
– pulsations 234
chromospheres 35, 39
classical Cepheids see Cepheids
classical novae 44, 46
– nucleosynthetic processes 46
cloud collapse 58
– adiabatic phase 59
– isothermal phase 59
cluster variables 157
CNO cycle 60, 61, 68
– H-burning shell 61, 62, 64, 65, 68, 114, 115,

270
collapsars 49
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colliding winds 42
color-magnitude diagram 58, 62, 64, 65, 68
– M3 161
– NGC 5053
– pulsation cycle 162

– SX Phoenicis stars 238
conductive opacity 54
constellation
– Aquila 7, 21
– Caelum 7
– Centaurus 7
– Cetus 2
– Cygnus 7, 258
– Equuleus 7
– Ophiuchus 7
– Scorpius 7
constitutive equations 56
– linearized 86, 87
Conti scenario 71
continuity equation 94, 131
– linearized 83, 84
– Eulerian form 92

convection
– Ledoux criterion 54, 259
– mixing length theory 55, 218
– white dwarfs 288

– non-local nature 154
– overshooting 55, 67, 69, 125, 149, 179, 194,

255
– pulsation quenching 217
– Schwarzschild criterion 54
– semiconvection 255, 298
– turbulent 123, 129, 171, 218, 243
– white dwarfs 284
convective blocking mechanism 124, 125,
242

convective driving mechanism 277, 281, 282
coronae 39
CoRoT 27, 38, 131, 218, 240, 245–247, 268
Cowling approximation 132
– Emdem’s role 132
– validity 132
Cox, J. P. 119
Credner, T. 2
CTTS 40
cycle of indiction 12
Cygnus 7, 258

d
damping rate 127
DAV stars 292
– amplitudes 277, 292
– BPM 37093 294
– crystallization 294, 295

– driving mechanism 281, 284
– evolution 292
– G117B-B15A 282
– HL Tau 76 278, 279
– hot 296, 298
– composition 296
– driving mechanism 298
– gravities 296
– instability strip 296

– instability strip 292, 293, 295
– purity 293

– KIC 08420780 293
– KIC 11911480 294
– KIC 4552982 293, 294
– KUV 02464+3239 281
– light curves 275
– massive 294
– period changes 283
– periods 277, 292
– pulsation modes 277, 293
– RY LMi 282
– ultra-massive
– GD 518 294, 295

– V411 Tau 278, 279
– ZZ Cet 6
DBV stars 278, 280, 287, 290, 292
– amplitudes 277
– driving mechanism 280–282, 284
– evolution 275
– GD 358 280
– instability strip 276, 287, 288, 290, 292
– DBA stars 287
– purity 287, 293

– KIC 8626021 288, 290
– asteroseismology 291
– He abundance profile 290

– light curves 275
– nonlinear effects 287
– V777 Her 279

– periods 277
– pulsation modes 277, 288
– changes 289

– V777 Her 279, 280
– Fourier transform 289

deep opacity bump 122, 251
Deneb 258, 259
density scale height 136
diffusion 34–36, 54, 68, 86, 115, 124, 244,
267, 273, 286, 290, 291, 299
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dimensionless offset 146, 149
– asteroseismic significance 149
Diocletianus, Gaius Aurelius Valerius 12
Dionysius Exiguus 12
dispersion relation 136
distance scale 48, 198
Doppler effect 33
Doppler Imaging 37
double-mode stars 104, 159
DP Leo 14
DQ Herculis stars 45
DQV stars 275, 277, 278, 290
– amplitudes 277, 290
– driving mechanism 290, 291
– evolution 275
– instability strip 276, 290, 292
– light curves 275, 280
– magnetic fields 291
– periods 277, 290
– pulsation modes 277
– pulsation vs. rotation 291
– SDSS J103655.39+652252.2
– magnetic field 291

– SDSS J142625.71+575218.3 291
– magnetic field 291

Drake, A. J. 27
dredge-up
– first 62, 69
– second 69
– third 69, 220
driving mechanisms 113
– 𝛿 124, 282
– 𝜖 104, 113–117, 258, 282, 283
– 𝛼 Cygni stars 117
– 𝛿 Scuti stars 116
– growth rate 116
– GW Vir stars 116
– HeWDmerger 116
– mass loss 116
– Population III stars 116
– post-He flash 116
– stellar disruption 115, 116
– upper stellar mass limit 115, 116

– γ 50, 51, 113, 117, 168, 183, 199, 218, 242,
244

– H ionization 110, 117, 119, 120, 123
– He ionization 108, 110, 117, 119, 120,

123
– partial ionization regions 119, 120

– κ 50, 51, 113, 117, 168, 183, 199, 218, 219,
242, 244

– H ionization 117, 120, 123
– He II ionization 119
– He ionization 108, 110, 117, 120, 123

– partial ionization regions 119, 120
– convective blocking 124, 125, 242
– convective driving 124, 277, 281, 282
– damping layers 107, 110
– deep opacity bump 122
– driving layers 90, 107–110
– flares 130
– neutron stars 130
– Sun 130

– gravitational waves 129
– heat 119
– mergers 130
– nuclear fission 115
– opacity bump 51, 120, 121, 249–251,

265–267
– self-excitation 107, 125, 132
– starquakes 130
– stochastic driving 51, 125, 128, 218
– 𝛽 Cep stars 246
– mean mode energy 127
– peak height 128
– rms velocity 127

– strange-mode instability 116, 122, 257,
258, 261

– tidal excitation 129
– HD 187091 129
– KIC 4931738 129
– KOI 54 129
– sub-stellar bodies 129

– valve mechanism 113, 114
DS1 33
DW Lyncis stars 264
– DW Lyn 265
– HS 0702+6043 267
DW Ursae Majoris 46
dwarf irregular galaxies 209
– Leo A 209
– Phoenix 209
– Sextans A 209
dwarf novae see cataclysmic variables
dwarf spheroidal galaxies 196, 208–210, 239
– anomalous Cepheids 208
– Carina
– SX Phe stars 239

– Draco
– anomalous Cepheids 210
– RR Lyrae 210

– Fornax
– SX Phe stars 239

– RR Lyrae 173, 175, 181
DY Persei stars 42
dynamical instabilities 36, 85, 96
dynamos 34
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e
E-AGB 65, 69
earthquakes 130
EC 14026 stars 51, 109, 263–265, 268–270,
272

– amplitudes 264
– binary companions 269
– driving mechanism 266
– EC 14026-2647 268
– globular clusters
– ω Cen 269, 270
– NGC 2808 269, 271

– gravities 269
– He abundances 273
– light curves 263
– periods 264, 269
– PG 1219+534
– light curve 265

– pulsation modes 264, 269
– temperatures 269
– UV observations 263
– V1093 Her 269
Échelle diagram 143, 150
– construction 150
– replicated 140
– scaled 150
– semi-scaled 151
eclipsing planets 33
eclipsing variables 30
– contact 30
– detached 30
– overcontact 30
– semi-detached 30
– transient 30
Eddington, Arthur Stanley 100, 107
Edinburgh-Cape Survey 8
EHB stars 64, 66, 116, 263, 268–270, 273
– inner structure 268
– rotation 268
EHe stars 43
Einstein Telescope 304
EL Canum Venaticorum stars 299
ellipsoidal variables 38
– 𝛼 Virginis 38
– planet-related 39
– Spica 38
– white dwarfs 39
ELM-DAV stars 275, 276, 293, 294
– amplitudes 277
– composition 294
– gravities 296
– instability strip 276, 296
– light curves 297
– low-mass ZZ Cetis 296

– masses 296
– periods 277, 296
– pulsation modes 277
– SDSS J111215.82+111745.0 297
– p-mode pulsations 296

– SDSS J151824.11+065723.2 297
– SDSS J161431.28+191219.4 297
– SDSS J184037.78+642312.3 296, 297
– SDSS J222859.93+362359.6 297
– temperatures 296
ELM-HeV stars 276, 298, 299
– 1SWASP J024743.37-251549.2B 298, 299
– mass 299

– amplitudes 277
– BEP stars 299
– driving mechanism 299
– evolution 299
– instability strip 299
– Cepheid-RR Lyrae extension 299

– periods 277
– pulsation modes 277
Emdem–Cowling approximation 132
energy conservation equation 55, 78, 81, 85,
112, 131

– linearized 85, 110
energy generation 55, 56, 80, 86, 114, 117,
120

energy transfer equation 91, 119, 131
– linearized 86
entropy 55
EO Ceti 270
ephemeris 18–20
– definition 18
– time 13
Epoch
– definition 14
EQ Lyncis 300, 301
equation of state 56, 63, 73, 88, 100
– neutron stars 303
– pressure, temperature exponent

88
Equuleus 7
EROS 7
eruptive variables 39
Euler equation 132
Eulerian formalism 55, 56
Eulerian perturbation 134
evanescence 136
EX Lupi 40
EXor stars 40
– EX Lupi 40
extrasolar planets 33, 38
extreme He stars 257, 258
extrinsic variables 30
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f
F-supergiant variables 42
Fabricius, David 1–4, 20
failed supernovae 49
Far-Ultraviolet Spectroscopic Explorer
287

Ferguson, J. W. 87
FEROS 247
first dredge-up 62, 67, 69
first law of thermodynamics 79, 108
fitting techniques 150
FK Comae Berenices stars 35, 38, 130
– blue stragglers connection 38
– FK Com 38
– non-radial pulsations 38, 130
Flamsteed numbers 6
Flamsteed, John 6
Flare stars 39
Fleming, Williamina 157
flip-flop phenomenon 38
forced oscillations 129
Fornax dwarf spheroidal 208
Fourier decomposition 163
– RR Lyrae 163
Fourier transform 289
FQ Aquarii stars 256
frequency bumping 139
frequency separation
– large 141, 146, 152
– small 146, 148, 152
frequency spacing 97, 98, 141
Fritsch, Johann 4
FU Orionis stars 39, 40
fundamentalization 239

g
G117B-B15A 282
Gaia 8, 28, 166
galaxies
– dwarf irregular 209
– Leo A 209
– Phoenix 209
– Sextans A 209

– dwarf spheroidal 196, 208–210, 239
– anomalous Cepheids 208
– Carina 239
– Fornax 208, 239
– RR Lyrae 173, 175, 181
– Sculptor 208

GALEX 158, 159, 226
GALEX J201337.6+092801 269
GCVS 4, 7, 24, 29, 32, 33, 41–44, 77, 185,
199, 209, 216, 233, 245, 246, 251, 253, 256,
269, 270, 279

GD 358 280
GD 518 294, 295
GD 66 14
globular clusters 22, 24, 35, 58, 64, 157, 164,
165, 167, 172–177, 179–181, 191, 196, 197,
200, 201, 204–206, 209, 211, 217, 220, 227,
234, 236, 237, 239

– ω Centauri 157, 173, 180, 269, 270, 273
– distances 166
– M15 173, 179
– M22 159
– M28 200
– M3 161, 173, 178, 179, 197
– M5 173, 179, 200
– ZNG 1 268

– M53 173
– M62 173
– M92
– V7 211

– NGC 2808 269, 271, 273
– NGC 4147 180
– NGC 5024 173
– NGC 5053 161, 162
– NGC 5139 157, 173, 180, 269, 270, 273
– NGC 5272 161, 173, 178, 179, 197
– NGC 5466
– BL Boo 209–211

– NGC 5904 173, 179, 200
– ZNG 1 268

– NGC 6266 173
– NGC 6341
– V7 211

– NGC 6388 167, 175, 204, 205
– NGC 6441 167, 175, 204, 205
– NGC 6626 159, 200
– NGC 7078 173, 179
– Oosterhoff groups 165
– Palomar 3
– type II Cepheid 204

– Reticulum 164, 166
– second-parameter problem 173
– SX Phoenicis stars 238, 239
– white dwarfs
– crystallization 294

Goodricke, John 3, 4, 8, 21, 184
gravitational potential energy 74, 89, 106
gravity waves 125, 147
Green, Elizabeth M. 267
Gregorian Calendar 11, 12
growth rate 107, 116
GW Librae stars 276, 300
– accretion 300
– amplitudes 277
– EQ Lyn
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– light curve 300, 301
– GW Lib 300
– instability strip 300
– periods 277
– pulsation modes 277, 300
GW Virginis stars 51, 121, 275, 276, 278,
284–288

– amplitudes 277
– driving mechanism 282–284
– evolution 275, 282, 286
– GW Vir 282, 285
– instability strip 275, 276, 282, 283, 285
– blue edge 285
– purity 293
– red edge 286

– IR Peg 282
– Kohoutek 1-16 282
– light curves 275
– masses 286
– periods 277
– PG 1159 stars 282
– PG 1159-035 282, 285
– PG 1707+427 282
– PG 2131+066 282
– propagation diagrams 137, 138
– pulsation modes 277
– rotational splitting 286

– RXJ 2117+3412 278
– structure 286
– temperatures 282
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– ram-pressure stripping 226
– resolved image 225
– space motion 226
– tail 226

– molecular layers 221
– O-rich 225
– OH masers 221
– parallaxes 221
– period changes 228, 229, 231
– BH Cru 229
– shell flashes 228, 229
– T UMi 228

– period meandering 229
– periods 216, 217
– period–gravity relation 240
– period–luminosity relation 222, 227
– period–radius relation 240
– progenitors 220
– pulsation modes 220, 221, 230
– R Aquarii 4
– R Cancri 4
– R Hydrae 3, 4
– R Leonis 3–6
– R Serpentis 4
– R Virginis 4
– radio observations 223
– S Serpentis 4
– schematic diagram 224
– shock waves 225
– spectroscopic identification 249
– standard candles 222
– T UMi 228
– tail 226
– temperatures 219
– UV observations 225, 226
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non-adiabatic theory 105–109
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– mode interactions 156
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– resonances 154, 156
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– multimode pulsation 222
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– red giants
– evolutionary stage 149
– mixed modes 149

period–gravity relation 240
period–mean density relation 63, 76, 77, 99,
165, 176, 177, 189, 194, 204, 217, 221

period–radius relation 239
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– Johnson-Cousins 16
– Sloan 16
– Strömgren 16
photomultiplier tube 25
Pickering, Edward C. 184, 185
Pigott, Edward 3, 4, 21, 184
Planck function 54, 159
– Rayleigh-Jeans tail 159
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– Maia 248
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power spectrum 17
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– RR Lyrae 171
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prograde waves 143
propagation diagrams 136, 285
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Proxima Centauri 37
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– pulsation scenario 302
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– pulsation 302, 303
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pulsation mechanism see driving mechanism
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– exact solutions 81
– linear theory 81
– Maia stars 248
– nonlinear 153, 154, 171, 202
– hydrodynamical calculations 154
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– perturbation theory 82
pulsations
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pulsators
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– non-radial 51, 249
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– BX Cir 255, 256
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– instability strip 257
– periods 254, 256
– pulsation modes 254
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QS Vir 14
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– DY Centauri 43
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– strange modes 42
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red giant branch see RGB
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– driving mechanism 218
– convection 218
– H ionization 218

– evolution 222
– H-R diagram 215
– instability strip 217, 219
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– nonlinear theory 218
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– spectral types 217
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relation

Ritter, Arthur 77, 130
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rosette modes 145
Rosseland mean opacity 54, 87, 117, 118, 122,
284

– Kramers Law 117, 118, 120
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– progeny 167
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– evolutionary computations 103, 118
– luminosity 102
– mass 102
– period 103
– pulsation mode 103
– temperature 102

– RR Lyrae “gap” 167
– RW Dra 169
– second overtone 159
– shock waves 168, 172
– spectra 163
– H emission 168
– line doubling 168
– RR Lyr 168

– spectral types 162
– temperatures 114, 157, 210
– TW Lyncis 114
– ultra-low-mass 299
– evolution 299
– nonlinear calculations 299
– OGLE-BLG-RRLYR-02792 299

– UV observations 158
– V445 Lyr 171
– velocity curves 168
– XZ Cyg 178
RRe stars 233
RRs stars 235
RS CVn stars 36, 37, 39
– HD 12545 37
– XX Tri 37
RV Tauri stars 197, 199–202, 205, 211–214
– abundance anomalies 213
– amplitudes 212
– CC Lyr 204
– evolution 211
– blue loops 212

– hydrodynamical models 212
– IR observations 214
– light curves 200, 211–213
– mass loss 214
– Mira progeny 227
– multimodality 212
– O − C diagram 212
– period changes 212
– periods 199, 212
– progeny 211
– pulsation modes 212
– R Scuti 4, 212, 213
– chaos 212
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RV Tauri stars (contd.)
– evolution 212
– period change 212

– spectral classification 213
– Balmer lines 213
– CN bands 213
– RVa type 213
– RVb type 213
– TiO bands 213
– water-vapor emission 214

RW Draconis 169
RW Triangulum stars 46
RXJ 2117+3412 278
RY Leonis Minoris 282

s
S Doradus stars 258
– 𝛼 Cyg subgroup 259, 261
– instability strip 260, 261
– missing S Dor’s
– yellow hypergiants connection 260

– P Cygni 4
– strange modes
– mass loss 261
– RSG connection 261

S Persei 230, 231
S Serpentis 4
s-Cepheids 185, 186
s-process elements 65, 69, 217
Saha equation 57, 79
SARV 216
Sawyer Hogg, Helen 172
Scaliger, Joseph Justus 11, 12
Schrödinger equation 95
Schwarzschild criterion 54
Schwarzschild discriminant 134
Schwarzschild, K. 54
Schwarzschild, M. 102
Schwerd, Friedrich Magnus 4
Schönberg–Chandrasekhar limit 61
Scorpius 7
Sculptor dwarf spheroidal 208
sdBV stars see also EC 14026 stars
– V391 Pegasi 14
sdBVg stars see PG 1716+426 stars
sdBVp stars see EC 14026 stars
sdBVr stars see EC 14026 stars
sdBVs stars see PG 1716+426 stars
sdOV stars 109, 270
– amplitudes 264
– driving mechanism 267
– EO Ceti 270
– globular clusters
– ω Cen 269–271, 273

– NGC 2808 271, 273
– instability strip 275
– origin 271
– periods 264
– pulsation modes 264
– SDSS J160043.6+074802.9 264
– light curve 270, 271

– V499 Ser 264, 271
– He abundance 271
– light curve 270, 271
– nonlinear effects 270
– pulsation modes 271

SDSS J000555.90-100213.5 291
SDSS J010415.99+144857.4 296
SDSS J023520.02-093456.3 296
SDSS J103655.39+652252.2 291
SDSS J111215.82+111745.0 296, 297
SDSS J142625.71+575218.3 291
SDSS J151824.11+065723.2 297
SDSS J160043.6+074802.9 264
– light curve 270, 271
SDSS J161431.28+191219.4 297
SDSS J184037.78+642312.3 296, 297
SDSS J222859.93+362359.6 297
SDSS J234843.30-094245.3 280
second dredge-up 69
second-parameter problem 173
self-excitation 107, 125, 132
semi-regular variables 216–218, 221, 222,
229–232

– 𝛼 Herculis 4
– 𝛼 Orionis 4, 230
– starspots 231

– μ Cephei 4
– Betelgeuse 4, 230
– starspots 231

– bulge 217
– double-mode 229
– first overtone 229
– fundamental 229
– light curves 227, 229, 230
– LMC 217
– multi-mode 232
– period changes 231
– periods 217
– period–luminosity relations 229
– second overtone 229
– SRa type 216
– SRb type 216
– SRc type 216
– 𝛼 Orionis 230, 231
– absolute magnitudes 231
– Betelgeuse 230, 231
– mass loss 230
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– masses 230
– period–luminosity relation 231
– progenitors 230
– S Per 230, 231

– SRd type 216
– secondary periods 230

– triple-mode 229
– Z UMa 229, 230
semiconvection 255
Sextans A dwarf irregular 209
SGB 44, 58, 61
Shapley, Harlow 9, 197
Si-burning 70
Sloan Digital Sky Survey 26, 158
Slowly Pulsating Blue Stars see SPB stars
small frequency separation 146, 148,
151, 152

Small Magellanic Cloud 184, 185, 200, 205,
208

– 𝛽 Cep stars 251
– SPB stars 251
Smeyers, P. 258
SN 1987A 49
SN 2009ip 260
SOHO 138, 142
solar abundance problem 152, 153
solar flares 130
solar-like pulsators 50, 51, 125, 136, 148, 150,
233, 236, 242

– 𝜂 Bootis 125
– 16 Cygni A 148
– hot stars 126
– red giants 125, 138
– KIC 4350501 151
– KIC 5356201 151
– OSARGs connection 230

– subgiants 125, 138
– KIC 6442183 140, 143

Sonneberg Observatory 22
sound
– waves 73, 130
– propagation timescale 74
– total internal reflection 147

– speed 73, 75, 134, 147, 152, 153
– increase with depth 147
– solar interior 153

South Africa 208
SPB stars 51, 52, 245, 248, 249, 251, 254
– 53 Per stars 251
– amplitudes 246
– asteroseismology
– challenges 245, 252

– Be stars 246
– driving mechanism 249, 251

– missing opacity 250
– fast rotating 248
– HD 170935 247
– instability strip 249, 250
– supergiant extension 252

– light curves 245
– Magellanic Clouds 251
– magnetic fields 249
– masses 251
– mode identification 245
– nonlinear effects 250
– periods 246, 251
– pulsation modes 246, 251
– rotation 251, 252
– SPBsg stars see SPBsg stars
– V469 Per 251
SPBsg stars 252, 253
– ι CMa 254
– amplitudes 254, 277
– HD 141318 254
– HD 163899 253, 254
– HD 168183 254
– HD 54764 254
– HD 98410 254
– periods 254, 277
– pulsation modes 254, 277
specific heat 56, 74, 80, 88, 100
spectroscopy 35, 152, 162, 163, 168, 197, 203,
217, 245, 248, 268, 273, 287, 288, 294

speed of sound 73
spherical harmonics 135
– angular degree 𝓁 135
– azimuthal order m 135
Spica 38
Spitzer Space Telescope 192, 214, 220, 227
splitting
– magnetic 142
– rotational 140, 143
spurious periods 18, 27
stability coefficient 107, 112, 113, 117
– energy generation term 113
– energy transfer term 113
stability conditions 105, 107, 108, 123
– growth rate 107, 116
– stability coefficient 107, 112, 117
– work integral 108, 110, 112, 284
standard solar model 153
starquakes 130
– neutron stars 302
starspots 34, 36–38, 40
– Algol 36
– Betelgeuse 231
– BY Dra stars 37
– FK Com stars 38
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starspots (contd.)
– HgMn stars 36
– 𝛽 Lyr stars 36
– RS CVn stars 36, 37
Stebbins, Joel 9, 10
Stefan–Boltzmann law 187, 189, 204
stellar populations
– Baade’s discovery 197
– Cepheids 197

Steward Observatory 267, 280
stochastic driving see driving mechanisms
strange modes 42, 50, 116, 122, 257, 258
Strömgren photometry 16, 163, 204, 215
STScI 225
Sturm–Liouville equation 95, 96
– general form 95
SU Cygni 186, 187
SU Ursae Majoris stars see cataclysmic
variables

subdwarfs
– blue 64, 66, 116, 263, 264, 267-270, 272,

273, 275
– O-type 263, 264, 267, 269-271
Sun 13, 22, 34, 39, 49, 61, 97, 99, 125, 129,
130, 132, 134, 136, 138, 139, 142, 143, 145,
146, 149, 150, 164, 172, 183, 184, 192, 198,
199, 217, 286

– 5-min oscillations 130
– internal rotation profile 143–145
– near-surface shear lane 144
– ray diagrams 147
– tachocline 144
sunquakes 130
sunspots 34
super-AGB 69
supergiant X-ray binaries 47
superhumps 45
supernovae 3, 4, 44, 48, 49
– accretion-induced collapse 294
– Cassiopeia 1
– collapsars 49
– core collapse 48
– explosion mechanisms 49
– distance scale 48
– electron capture 294
– failed 49
– impostors 41
– SN 2009ip 41, 260
– UGC 2773-OT 260

– Nobel Prize in Physics 48
– nucleosynthesis 49
– peculiar 49
– SN 1572 1
– SN 1987A 49

– thermonuclear 48
– Tycho’s 1
– type I 49
– type Ia 45, 49, 116
– progenitors 48, 49, 116, 294

– type Iax 49
– type Ib 49
– progenitors 49

– type Ic 49
– progenitors 49

– type II 49
– type IIb 49
– type IIc 49
– type IIL 49
– type IIn 49
– type IIP 49
superoutbursts 45
SuperWASP 26, 234
surveys
– 2MASS 16, 168, 221, 222, 235
– ASAS 25, 249
– CCD era 20
– CRTS 26, 38, 168, 176
– Edinburgh-Cape 8, 268
– ESO Public 26, 159, 209
– Gaia 8, 28
– HATnet 38
– IRSF/SIRIUS 227
– LONEOS 26
– LSST 8, 26, 33
– microlensing 7
– EROS 7
– MACHO 7, 8, 25, 38, 221
– OGLE 7, 25, 30, 38, 181, 188, 191, 193,

202, 203, 209, 210, 217, 221, 222, 239,
299

– OGLE-III 25, 30, 181, 190
– OGLE-IV 26

– NSVS 15, 26
– Palomar-Green 8
– PTF 38
– SDSS 26, 158, 181
– SuperWASP 26
– TrES 38
– variability 7
– VMC 209
– VVV 8, 26, 159, 203
– WASP 38
– XO 38
SW Sextantis stars see cataclysmic variables
Sweigart, A. V. 58
Swope, Henrietta 208
SX Arietis stars 35
– a Centauri 35
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SX Caelum 7
SX Phoenicis stars 51, 52, 77, 98, 100, 120,
233, 234, 236–239, 299

– 2MASS 06451725+4122158 235
– ages 234, 238
– amplitudes 234, 238
– binary progenitors 236
– blue stragglers connection 236
– color curves 235
– color-magnitude diagram 233, 238
– double-radial pulsators 238
– driving mechanism 242
– evolution 236
– extragalactic 236, 238
– field 237
– globular clusters 238, 239
– instability strip 233, 238
– J0247-25A 299
– light curves 235
– metallicity 234
– mode identification 238
– non-radial 238
– periods 234
– period–luminosity relation 205, 237,

239
– theoretical 239

– Population II 234
– pulsation modes 234, 237
– relation to 𝛿 Scuti stars 233, 234, 237
– relation to HADS 236
– SX Phe 77, 234, 239
– mass 77
– mean density 77
– period 77, 100
– radius 77

symbiotic novae 48
symbiotic stars 44, 47, 48
– classification 48
– Z Andromedae 47, 48

t
T Tauri stars 39–41
– accreting 40
– classification 40
– CTTS 40
– Herbig-Haro nebulosity 41
– PTTS 40
– rotational modulation 40
– WTTS 40
T Ursae Minoris 228
tachocline 144, 152
Templeton, M. 228
TESS 28
thermodynamic engine 78, 113

– valve mechanism 113, 114
thermonuclear reactions 53, 55, 56, 114
third dredge-up 69, 220
tidally excited pulsations 129
time
– Ephemeris 13
– International Atomic 13
– light-travel time effect 14
– Universal 12, 13
timescales
– dynamical 78, 79, 218
– free fall 96
– Kelvin-Helmholtz 78, 88, 89, 195, 229
– nuclear 60, 78, 79
– perturbation damping 107
– perturbation growth 107
– pulsational 79, 82, 88
– thermal 61, 88, 242
torsion balance
– oscillation period 75
total internal reflection 147
TP-AGB 65, 69
transition zone 123
TrES 38
Tsesevich, V. P. 21
turbulence 78, 125, 215, 218
turn-off point 61, 62, 68, 211, 220, 250
– HADS 236
TW Lyncis 114
TX Equulei 7
TYC 1031 1252 1 211
Tycho’s supernova 1
Type II Cepheids see Cepheids

u
U Geminorum stars 45
UGC 2773-OT 260
Universal Time 13
UV Ceti stars 39
UVES 296
UX Ursae Majoris 46
UXor stars 41
– UX Orionis 41

v
V1093 Herculis stars see PG 1716+426 stars
V1154 Cyg 189
V1449 Aquilae 245–247
V2076 Ophiuchi stars 256
– V2076 Oph 256
V338 Serpentii stars
– GALEX J201337.6+092801 269
– V338 Ser 269
V361 Hydrae stars see EC 14026 stars
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V391 Pegasi (contd.)
V391 Pegasi 14
V411 Tauri stars
– V411 Tau 279
– ZZ Cet 279
V4152 Sagittarii 256
V445 Lyrae 171
V455 Andromedae 300
V469 Persei 251
V499 Serpentis stars see sdOV stars
V585 Pegasi stars 264
– Balloon 090100001 265
– HS 0702+6043 267
– V585 Peg 265
V645 Centauri 37
V652 Herculis stars see PV Telescopii stars
V777 Herculis stars see DBV stars
V817 Herculis 282
variability classes 30
variability tree 30
variability types 29
virial theorem 75, 89
viscosity 78, 218
– turbulent 219
Vista Survey of the Magellanic Clouds 209
Vista Variables in the Vía Láctea 8, 26, 159,
203

VLBI 221
VLT 296
VSX 22, 32, 245, 246, 251, 253, 256
VY Sculptoris stars 46

w
WUMa stars 32, 35–38, 130
– ι Bootis 4
– spotted 36
– starspots 36
W Virginis stars see Cepheids
Washington photometry 204
WASP 38
waves
– buoyancy 136
– gravity 125, 147
– prograde 143
– retrograde 142
– sound 73, 130, 136, 147
– propagation timescale 74

– total internal reflection 147
WD 1017-138 296, 298
Wesenheit index 191, 205, 209, 221
White dwarfs
– 12C(𝛼, γ)16O reaction 283
– convection zones 284

– cooling rates 282, 283
– axions 283
– fundamental physics 283, 290
– neutrinos 283
– WIMPs 283

– cooling tracks 50, 275, 282, 285, 293, 295
– crystallization 282, 294, 295
– globular clusters 294

– DB gap 296, 298
– pulsating 51, 77, 275
– asteroseismology 275
– DAVs 276–279, 285, 287, 292–294, 298
– DBVs 275–282, 284, 287–293, 298
– DOVs 276–278, 285
– DQVs 275–278, 280, 290–292
– EHM-DAVs 294
– ELM-DAVs 275–277, 293, 294, 296, 297
– ELM-HeV 276, 277, 298, 299
– GW Librae stars 276, 277, 300, 301
– GW Vir stars 276, 277, 282, 285, 286,

288, 293
– hot DAVs 277, 296, 298
– instability strip 275, 276
– light curves 275
– PNNV stars 277, 285
– ZZ Ceti stars 6, 77, 275, 277, 279–284,

292–296
– pulsation models
– realistic 290

– rotation 294
– spectral classification 276
– DAs 276
– DBs 276
– DCs 276
– DOs 276
– DQs 276
– hybrids 276

Whole Earth Telescope 27, 278, 286, 288, 289
Wichita State University 87
WIRE 27
WISE 160, 168
Wolf-Rayet stars 41, 42, 71, 122, 258, 261, 287
– colliding-wind systems 42
– pulsation 42, 261
– strange modes
– mass loss 261

– WR 123 122
Wood diagram 221, 222
Wood, Peter R. 221
Work integral 108, 110, 112, 284
World War II 24, 29, 208
WTTS 40
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x
X-ray binaries
– Be/X-ray 47
– high-mass 47
– intermediate-mass 47
– low-mass 47
– supergiant 47
XO 38
XX Trianguli 37
XX Virginis 203
– metallicity 204
XZ Cygni 178

z
Z Andromedae stars 47
Z Camelopardalis stars 45
Z Ursae Majoris 229, 230
ZAHB 50, 63, 64, 66, 102, 177
ZAMS 50, 58, 60, 61, 67, 102, 238, 263
Zhevakin, S. A. 119
ZNG 1 268
ZZ Ceti stars see DAV stars
ZZ Leporis stars 286
– mass loss 287
– pulsations 287
– rotation 287
– temperatures 286
– UV observations 287
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Soszyński et al. (2009b) 217, 221, 232, 394
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