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absolute flux calibration
secondary standards, 189
using magnitudes, 202
Vega at 5556Å, 188
zero-magnitude star 5556Å, 188

absorption coefficient, See also line absorption
coefficient, continuous absorption coefficient

definition, 102
atomic data

Appendix C: ionization potentials, 493
Appendix C: partition functions, 493

bisectors
blue bump, 349
C shape, 273, 412
C shape for cool stars, 414
forming the top of the C, 412
mapping, 422
reversed C for warm stars, 416
variation with effective temperature, 414
variation with luminosity, 416

black body, 106
Einstein coefficients, 110
freezing point, 112
local thermodynamic equilibrium, 107
numerical calculation, 111
observed scaling relations, 107
Planck’s law, 110
radiation standard, 112
Stefan–Boltzmann law, 108
Wien’s law, 108

blue shifts
standard curve/ε Vir, 420
standard curve/Sun, 419
third signature of granulation, 418

bolometric flux
bolometric correction for V magnitude, 204
bolometric corrections, 203
definition, 203

Boltzmann factor, 16

Carrington, solar rotation count, 455
chemical abundances

CNO abundances, hot stars, 379
CNO abundances, dredge-up, 379
composition of the solar photosphere, 364
connections to exoplanets, 383
diffusion, 381
effect of temperature distribution, 359
extreme metal poor stars, 372
galactic populations, 371
globular clusters, 373
lithium cosmic-creation value, 378
lithium in Population I dwarfs, 376
lithium in Population II dwarfs, 375, 378
lithium lines, 376
peculiar A stars, 381
primitive indices, 354
scaling relations for weak lines, 356
using line profiles, 369
using spectral synthesis, 369
variation with distance from galactic center,

372
variation with time, 374

chromosphere
acoustic waves, 129
of Sun, 1
temperature inversion, 284
Wilson–Bappu effect, 347

color index, definition, 8
continuous absorption coefficient, 133

electron scattering, 144
Gaunt factors, 136, 138
helium, 143
helium minus free–free, 143
hydrogen molecules, 141
mass absorption coefficient, 147
metals, bound–free, 145
negative hydrogen ion bound–free, 139
negative hydrogen ion free–free, 141
neutral hydrogen bound–free, 134
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continuous absorption coefficient (cont.)
neutral hydrogen free–free, 138
Rayleigh scattering, 145
stimulated emission, 134
total absorption coefficient, 147

continuum normalization, 250
contribution functions, 158, 172
convection

criterion for, 129
energy transport, 128
mixing, 129
mixing length, 130
timescale, 129

corona
Alfvén waves, 129
and rotation boundary, 473
coronal holes, 468
magnetic braking, 129
of Sun, 1
proxy for magnetic fields, 470
temperature inversion, 285

curve of growth
abundances, 367
electron pressure dependence, 360
for strong lines, 386
microturbulence, 361
saturation, 361
scaling relations, 356
temperature dependence, 359

depth of formation
across Balmer jump, 173, 322
and bisector mapping, 422
and blue shifts, 418
and stellar radii, 305
change with stellar temperature, 173
contribution functions, 158
for model continua, 172
for spectral lines, 160

detectors
A/D conversion, 86
bias level, 84
CCD, 81, 83
cooling, 85
cosmic rays, 93
dark current, 85
dynamic range, 92
flat field, 85
linearity, 86
noise, 87
photographic plate, 94
photomultiplier, 93
quantum efficiency, 81
readout noise, 89
thermal leakage, 85
well depth, 91

Eddington–Barbier relation, 158
effective temperature

basic model parameter, 153
definition, 305

Einstein coefficients
absorption, 105
related to mass absorption coefficient, 105
spontaneous emission, 104
stimulated emission, 104

electron donors, elements, 163
emission coefficient, definition, 102
energy distributions

absolute calibration, 186
Balmer jump, 195
comparison to model continua, 197
definition, 182
extinction curves, 184
line absorption, 195
model continua, 192
of Hyades, 191
of Sun, 189
of Vega, 187
standard stars, 184
temperature error, 201

equivalent width
definition, 268
measurement of, 269

errors, computation of: Appendix E, 504
excitation

atomic, 15
energy levels, 15
equation, 17

exoplanets
metallicity of host stars, 383
radial velocity, 275

exponential integrals
computation, 123
definition, 121

extinction
exponential, 102
interstellar, 9, 309

flux
definition, 99
from stellar surface, 99
isotropic, 100
related to specific intensity, 99

flux integral
including limb darkening, 404
with macroturbulence, 400
with macroturbulence and rotation, 403

Fourier analysis
advantages, 272
choice of thermal component, 407
disadvantages, 273
disk-integration models, 406
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fitting a model, 406, 408
for large rotation, 449
for modest rotation, 451
for small rotation, 454
for turbulence, 406
microturbulence dispersion from first zero, 272
residual transforms, 408

Fourier noise filters, 259
Fourier transforms

amplitude and phase, 29
convolution, 35
Cooley–Tukey algorithm, 42
data sampling, 34
definition, 27
delta function, 31
diffraction grating, 54
fast Fourier transform, 42
instrumental profile, 38
noise transfer, 44
numerical calculation, 42
Nyquist frequency, 39
sampling and aliasing, 39
Shah function, 33
sinc function, 30
summary of common functions, 34
theorems, 41
time series, 46
window function, 46

Fraunhofer lines: Appendix D, 503

gas law, 13
giant convection cells, supergiants, 426
granulation

blue shifts, 418
flux deficit/definition, 423
flux deficit/variation with luminosity, 423
flux deficit/variation with temperature, 423
granule–lane temperature difference, 424
intergranular lanes, 422
solar, 394
solar third signature, 419
stars, Fourier power, 430
stellar third signature, 418
Sun, Fourier domain, 428
wiggly lines, 399

granulation boundary, 417
an explanation?, 425

gratings, 51
angular dispersion, 57
blaze, 57, 59, 61
chromatic resolution, 57
diffraction pattern, 55
ghost grating, 64
ghosts, 64
grating equation, 56
order number, 56
polarization, 60

replica, 52
resolving power, 57
ruling engines, 52
shadowing, 62

Hjerting function
definition, 233
numerical evaluation, 235
transform of, 38

Holtsmark distribution, 226
HR diagram, 11
hydrogen lines

examples, 194, 224, 295, 300, 324, 339
f values, 214, 228
Stark broadening, 224

hydrostatic equilibrium, 154

image slicers
Bowen, 246
Richardson, 247

impact approximation, 217
instrumental profile, 253

blurring example, 256
measurement of, 253, 255
noise filters, 259
removal of/restoration, 257
sample, 255
transform, 251, 255–256

interferometers
intensity, 311
Michelson, 73, 310
spectroscopy, 73

ionization
equation, 17
process, 17

irradiance, solar, 190

K integral, 101

limb darkening
computed curves, 404
interferometers/exoplanets, 160
observed for Sun, 156

line absorption, 195
line absorption coefficient, 210

dispersion profile, 213
for hydrogen, 231
Hjerting function, 233
mass absorption coefficient, 238
microturbulence, 232
natural atomic, 211, 213
natural damping constant, 214
oscillator strength, 213
pressure broadening, 216
thermal broadening, 231
total, 233
widths of energy levels, 215
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line asymmetries
line bisectors, 412
second signature of granulation, 412

line bisectors, See also bisectors
blue shifts, 418
solar/variation with limb distance, 413

line profiles
asymmetries, 273
bisector definition, 273
Fourier transforms, 271
half widths, 270
noise level in transform, 272
shapes, 270
shapes and transforms, 272

lithium lines, 376
LTE (local thermodynamic equilibrium), 107, 153,

285–286, 362
luminosity

definition, 3
of Sun, 190

macroturbulence
across the HR diagram, 410
concept/definition, 392
disk integration, 403, 405
examples of line broadening, 393
fictitious isotropic, 400
first signature of stellar granulation, 399
in computation of lines, 399
in hot stars, 411
radial–tangential formulation, 400
radial–tangential shape, 402

magnetic braking 497, 503
angular momentum loss rate, 468
minimum rotation rate, 470
open field lines, 468
Rossby number condition, 469

magnetic fields, See also magnetic braking
Alfvén radius, 468
Am stars, 383
Ap stars, 382
braking, 468, 473
chemical concentrations, 382
detection of, 470
generation of, 469
in cool stars, 464
line bisectors, 413, 420
magnetic cycles, 471
O stars, 464
solar, 396

magnitudes
absolute, 11
definition, 7
Geneva system, 8
RGU system, Becker, 8
Sloan system, 9
standard systems, 8
UBV system, Johnson and Morgan, 8
uvby system, Strömgren, 8

mass loss
and angular momentum loss, 468
rates of, 469

Maxwell–Boltzmann distribution, See velocity
distributions

mean intensity, 101
definition, 98

metallicity
and electron pressure, 166
basic model parameter, 153
definition, 163
effect on pressures, 176
variation with time, 374

microturbulence
concept/definition, 392
dispersion from first zero, 272
in line computations, 398

model photosphere
basic parameters, 153
changes in pressure with effective temperature,

178
concept/assumptions, 153
contribution functions, 158, 171
determination of electron pressure, 164
flux spectrum, 171
for dwarfs, 168
for giants, 168
for Sun, 167
geometrical depth, 170
hydrostatic equilibrium, 154
limb darkening, 156
magnetic pressure, 155
metallicity, 163
scaled temperature distribution, 161
solar temperature distribution, 156, 158
standard temperature distributions, 163
temperature distribution for giants, 162
turbulent pressure, 155
variation of pressure with depth, 173
variation of pressure with gravity, 175
variation of pressure with helium abundance,

178
variation of pressure with metallicity, 176

nearest-neighbor approximation, 225
non-radial oscillations

radius determination, 314
scaling relations, 315

Nyquist frequency, 39, 252

occultations, 312
optical depth

definition, 102
in model photospheres, 154

optimum noise filter, 260
oscillator strength, 213

Balmer lines, 228
Einstein coefficients, 214
for hydrogen, 214
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parallactic angle, 185
parsec

definition, 11
value in a.u./meters, 488

partition function, 16
partition functions, 493
peculiar A stars

magnetic fields, 382
spot mapping, 382
variability, 382

photon noise, 87
photosphere

definition, 1
physical constants

Appendix A, 488
pressure

electron, definition, 13
gas, definition, 13

pressure broadening, 216
dispersion profile, 219
Holtsmark distribution, 226
Holtsmark distribution for hydrogen,

227
hydrogen lines, 224
impact approximation, 217
linear Stark effect, 224
nearest-neighbor approximation, 225
phase shift, 219
quadratic Stark, 221
Stark profile for hydrogen, 227
static approximation, 225
van der Waals, 222

radial velocities
cross correlation, 275
eclipsing binaries, 344
from third signature, 422
granulation noise, 396
index of refraction of air, 267
jitter, 425, 427
of Vega, 187

radial–tangential macroturbulence, 400
radiation pressure, 101
radiation transfer, 115

Eddington solution, 127
exponential integrals, 121–122
flux integral, 120
formal solution, 116
Milne’s equations, 125
plane-parallel approximation, 118
radiative equilibrium, 124
stellar geometries, 117
stellar surface flux, 124
the grey case, 126
theoretical stellar spectrum, 121
transfer equation, 115

radii
absolute flux, 310
angular to linear, 305

connection to effective temperature, 304
photometric determination, 306
solar radius, 305
summary plot, 315
surface-brightness method, 316
using bolometric flux, 308
using eclipsing binaries, 313
using interferometers, 310
using lunar occultations, 312
using non-radial oscillations, 314
using Paschen continuum, 307
using spectral lines, 308

resolution, spectral
blurring of observations, 38
for energy distributions, 182
high-resolution spectrographs, 244
instrumental profile, 253
meaning of, 51
of grating, 56–57
of interferometer, 73
of spectrograph, 68–69
spectral classification, 3

resolving power, See resolution, spectral
rotation

angular momentum, 466
binary stars, 475
braking timescale, 468
braking timescale, 471
correction for random axial projection, 459
destruction of velocity distribution, 473
determination of inclination angle, 461
differential-effect on transforms, 458
differential-Sun, 455
Doppler-shift distribution, 441, 443
dynamo criterion, 473
examples of line broadening, 440, 445
fast/slow braking (dwarfs), 467
flux integral for, 445
magnetic braking, 464
profile fitting, 446
Rossiter–McLaughlin effect, 439
rotational mapping/Doppler imaging, 477
sidereal versus synodic (Sun), 455
solar, 455
transform of Doppler-shift distribution, 448
transform sidelobes, 448
white dwarf/neutron stars, 474

rotation boundary, 418, 473
rotation results

bright giants and supergiants, 474
cool dwarfs, 464
hot stars, 461
subgiants and giants, 471

rotational modulation, 460

scattered light
corrections, 265
effect on profiles, 265
measurement of, 263
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scattered light (cont.)
reduction, 264
relation to instrumental profile, 261
sources, 261

solar constant, 190
source function

definition, 103
Planck’s Law, 103
pure absorption, 103
pure isotropic scattering, 103

specific intensity
definition, 97
units, 97

spectra
determination of wavelength scale, 266
normalization of continuum, 250

spectral lines
abundance dependence, 288
computation of, 282
connection to source function, 281, 284
contribution functions, 282
curve of growth, 287
H&K lines, 284
instrumental profile, 251
LTE, 280
measurement of, 243
measurement of position, 274
metallicity dependence, 289
non-LTE, 285
Nyquist frequency, 251
observed versus true, 251
pressure dependence, 297–298, 300
radial velocity, 275
temperature dependence, 291, 293, 295
weak-line shape/strength, 283

spectral type, 3
designations, 3
flow chart, 5
standards, 4

spectrographs
camera, 67, 249
camera focal length, 68
coudé, 243
echelle, 71
echelle, cross dispersion, 71
field errors, 250
grating size, 69
high-resolution, 243
introduction, 50
linear dispersion, 67
low-resolution, 182
oversampling, 68
resolution of, 69
scattered light, 261
slit magnification, 68
spectrograph equation, 69, 183, 244

Stark broadening, See pressure broadening

starspots
effect on line profiles, 477

static approximation, 225
statistical weight, 16
stellar parameters

Appendix B, 489
stellar temperatures

effective, 319
from Balmer jump, 322
from energy distribution, 320
from equivalent widths, 325
from hydrogen lines, 323
from line-depth ratios, 326
from synthetic colors, 321
scaled, 319
summary/calibrations, 328

Sun
bolometric flux, 190
effective temperature, 190
irradiance, 190
luminosity/power output, 190
magnetic cycle, 190
radius, 305

surface gravity
ambiguity with helium abundance, 344
and macroturbulence, 349
basic model parameter, 153
bisector connection, 349
definition, 2
from Balmer jump, 336
from binary stars, 344
from hydrogen lines, 338
from oscillations, 345
from weak lines, 342
from wings of strong lines, 340
Inglis–Teller relation, 340
solar value, 2
summary, 345
Wilson–Bappu effect, 346

telescopes, 76
Cassegrain focus, 76
coudé focus, 76
f-ratio, 76
Nasmyth focus, 76
scale in focal plane, 77

temperature, See also stellar temperatures
effective, 3

thermal broadening
of spectral lines, 232

third signature of granulation, See also granulation
absolute radial velocities, 421
scale factor-variation with spectral type,

421
scaling and shifting, 420

tidal coupling
binary stars, 475
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Vega, See also absolute flux calibration
effective temperature, 198
energy distribution, 187
radius, 307

velocity distribution
average speed, 15
dispersion, 14
gas particles, 13
Gaussian, 13
Maxwell–Boltzmann, 15
root-mean-square, 15

velocity fields, See also microturbulence;
macroturbulence

convert to Doppler shifts, 397

flicker, 428
in solar photosphere, 395
in supergiants, 425
jitter, 427
models, 431
solar granulation, 395

Voigt function, See Hjerting function

wavelength
barycentric corrections, 268
effect of index of refraction, 267

zenith distance, 184
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