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specific heats, 9.16, 9.17
Bohr picture, nuclear reaction, 17.9
bolometric correction, 0.3
bolometric magnitude, 0.3, 0.4
Boltzmann equation, 3.4a, 4.1
bosons, non-interacting, 10.4
boundary conditions,
central, 21.1, 21.2, 21.3, 21.4, 21.5, 23.1a,
23.2
degenerate (completely) configurations,
25.1b
photosphere, 20.1, 20.2, 20.3
point source model, 23.4
polytropes, 23.1
pulsating stars, 27.3, 27.5a
standard model, 23.2
surface, 20.1, 20.2, 20.3, 21.1, 21.2, 21.3,
214, 21.5, 23.1, 23.3
uniform energy source model, 23.3
bound-bound absorption, 16.8a
bound-bound transitions, 2.8
bound-free opacity, 16.6¢
bound-free transitions, 2.8
“branching ratio,” G(b), 17.10
Breit-Wigner one-level dispersion formula,
17.10
bremsstrahlung, 16.2

“CN” or “CNO” cycle, 17.16,
relative mass abundancies, primary,
26.2¢
carbon 12, 17.18a
carbon burning, 17.19
carbon cycle, 17.16, 17.17a,
energy production rates, 17.17a
central helium burning phase, 26.4c
central hydrogen exhaustion phase, 26.4b
Cepheid phase, 27.7e
Cepheids, 27.1, 27.7¢c

Chandrasekhar-Schonberg limit, 26.4¢
chemical composition,
determination, 18.3
non-uniform, radiative gradient, stability,
133
Population I, 26
Population II, 26
uniform, radiative gradient stability, 13.1
variable, 18.4
white-dwarfs, 25.4
zero-age main sequence, 26.3
chemical composition discontinuity, 23.6,
conditions on structure equations, 21.1d
chemical equilibrium, 3.1, 3.4c, 9.12
chemical potential, 9.12, 10.4, 10.5,
non-degenerate system, 10.5
photons, 9.12
chemically inhomogeneous models, 23.6,
26.4
classical Cepheids, 27.1, 27.7a, 27.7d, 27.7¢
coherent Compton effect, 16.3
collapse,
dynamical, 17.5
dynamical, of protostars, 26.2b
relativistic, 26.5b, 26.5d
collapsed stars, 26.5b, 26.5d
“color-magnitude” diagram, 0.3, 26.1b
composition, chemical,
determination, 18.3
discontinuity, 21.1d
Population 1, 26
Population II, 26
variable, 18.4
White Dwarfs, 25.4
zero-age main sequence, 26.3
composition, uniform,
Vogt-Russell theorem proof for models,
18.1
compound nucleus, 17.9b
Compton effect, coherent, 16.3
Compton scattering, 2.8a3, 2.8b2,
Rosseland mean opacities, 16.6a
Compton wavelength, 17.8
conduction, electron thermal, 16.7
conductive opacity, 16.7
conductivities, 14.4,
convective to radiative ratio, 4, 20.5
constants,
astronomical, A.1



constants (continued),
physical, A.1
constitutive equations, 18.1, 21.1, 21.2,
permanently homologous stars, 22.6,
22.7
continuum, depression of,
from electrostatic corrections, 15.5a
contracting (gravitationally) stars, 22.8,
convective, 23.5b
contraction,
gravitational, 17.4, 17.5, 17.6
homologous, 17.6
Kelvin, 26.2¢
convecting elements,
average speed in mixing length theory,
14.3
convection,
effective, in envelopes, 20.5
efficiency, mixing length theory, 14.5
energy source effect, 14.5
entropy, 13.4
instability against, 13.1, 13.3
ionization effect, 13.4
luminosity, 13.2
luminosity to mass ratio effect, 13.4
mixing length theory, 14
opacity effect, 13.4
overshoot, 14.5
pulsating stars, 27.2, 27.6¢, 27.7b
radiation pressure effect, 13.1
stability against, 13.1, 13.3, 13.4
time-dependent, 27.2, 27.6¢c
convection zone,
transition region, 20.6a
turbulent energy, 25.3d
convective core, 19.2a, 23.4b, 26.3,
mean molecular weight variable, 23.6a
convective efficiency, [, 14.5,
actual gradient specified, 14.8
convective envelope with no nuclear
sources, 14.7
cubic equation solutions, 14.7
sun, 14.6
supersonic, 14.9
upper limit, 14.6
convective efficiency parameter, f, 20.5
convective envelope,
convective efficiency with no nuclear
sources, 14.7
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ionization effect, 20.6b
luminosity effect, 23.3
pulsating stars, 27.6¢, 27.7b
structure, 20.6b, 21.2
convective equilibrium, envelope, 20.6
convective flux, 14, 20.5, 27.6c,
actual gradient specified, 14.8
mixing length theory, 14.2
supersonic, 14.9
convective stars, 23.5,
condition for, 23.5¢
gravitationally contracting, 23.5b
luminosity, 23.5a
convective (completely) stars,
pulsational instability, 27.6a
convective transfer, 14.2, 14.4, 14.6, 23.5,
envelopes, 20.6
Hertzsprung-Russell diagram, 20.5
post-main sequence phase, 26.4
pre-main sequence phase, 26.2
pulsational stability, 27.6¢c
white dwarfs, 25.3¢
convective velocity, average,
actual gradient specified, 14.8
convective envelope with no nuclear
sources, 14.7
convective velocity, supersonic,
solution of mixing length theory
equations with, 14.9
“cooling curve,”
white dwarfs, 25.3a
“cooling time,” 7., 26.2b
cooling times, protostars, 26.2b
cooling times, white dwarfs, 25.6,
““accurate” calculation, 25.6b
order-of-magnitude calculation, 25.5a
core,
convective, 23.4b, 26.3
exhausted, 23.6¢c, 26.4
isothermal, 23.6¢, 26.4
core helium burning phase, 26.4d
core solution,
fitting to envelope solution, 23.4c
corona, 27.7c
corrections, electrostatic,
for ionization in interiors, 15.5
correlation, empirical
(L, 7)03
(L, M) 04
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Courant condition, 21.7
Cowling model, 19.2a, 23.4,
application of Vogt-Russell theorem,
19.3
numerical results, 23.4d
Cox, A.N. opacity results, 16.9
cross section, 2.8a2, 2.8a3,
“astrophysical factor,” 17.11, 17.17a,
17.17b
bound-free transitions, 16.1
Breit-Wigner one-level dispersion
formula, 17.10
Compton scattering, 2.8a3
Compton scattering (extremely
relativistic), 16.8g
free-free transitions, 16.2
iow energy exothermic nuclear
reactions, 17.11
nuclear reactions, 17.10, 17.11
pair production (extremely
relativistic), 16.8g
Rayleigh scattering, 16.8d
resonances, 17.9a
screening effect, 17.15
Thomson scattering, 16.3
transfer equation, 2.9b
cross section factor (astrophysical), 17.11,
carbon cycle, 17.17a
proton chain, 17.17b
cycling time,
carbon cycle, 17.17a

de Broglie wavelength, electron, mean,
24.1
Debye-Hiickel theory, 15.5b
Debye length, r,, 15.5a, 15.5b, 17.15
degeneracy and conditions for neglect
of e+ pairs, 24.9a
degeneracy criteria, 24.8a
degeneracy of electron gas, 24.1
degeneracy of nuclei, 24.2a2
degeneracy parameter, w, 24.2a3, 24.2b,
24.8a, 24.8b
degeneracy parameter, 7, 3.2, 3.4c,
e pair effect, 24.9
electron gas degree of degeneracy, 24.1
finite, 24.5
free electron gas, 15.3
infinite, 24.6

non-relativistic, great degencracy,
24.2al
partial degeneracy range, 24.8b
radial distance dependence, white
dwarfs, 25.3c
temperature, electron density
dependence, 24.1
degeneracy parameter, #, evaluation of,
242
arbitrary degeneracy, 24.5, 24.7¢
complete degeneracy, 24.6
extreme-relativistic regime, 24.2b,
25.2b, 26.5a
Fermi-Dirac integrals, 24.7
great degeneracy, 24.2al
non-relativistic regime, 24.2a, 24.5a,
24.6a
partial degeneracy, 24.2a3
slight degeneracy, 24.2a2
degeneracy regions,
p-T plane, 24.8, 24.9
degenerate confiqurations (completely),
basic differential equation, 25.1a
boundary conditions, 25.1b
density, central, 25.1g
hydrostatic equilibrium, 25.1
interior mass, 25.1d
Jimiting mass, 25.1f
mass, 25.1g
mass-radius relation, 25.2c
non-homologousness, 25.2b
numerical results, 25.1g
radius, 25.1c, 25.1e, 25.1g
degenerate configuration (partially),
energy, total, change, 25.3b
internal temperature mass,
radius dependence, 25.3a
secular stability, 25.3b
degree of degeneracy, 3.2, 24.1
density,
composition discontinuity, 21.1d
“critical,” 24.8a
critical for ions, 15.5a
electron, 6.1, 15.2, 24.2, 24.4, 24.5, 24.6
explicit expression for non-interacting
bosons and fermions in statistical
equilibrium, 10.4
homologous stars, 22.1
mean, 1.2, 25.1¢



density (continued),
protostars, 26.2b
relation between mean and central,
23.1b, 23.2, 25.1e, 27.3¢
standard model, 23.2
variation, pulsating stars, 27.4
density, central, 1.2, 25.1¢,
e+ pair effect, 24.9
shell source effect, 23.6¢
time dependence, 25.5
zero-age main sequence, 26.3
density exponent, x,, of the pressure
equation of state, 9.13, 9.15, 9.16,
9.17, 9.18, 12, 13.3, 24.6a, 24.6b,
24.6c, 24.9¢
density inversion, 20.4
density-temperature plane,
degeneracy regions, 24.8b, 24.9a
detailed balancing, 3.1, 7.1
temperature gradient effect, 5.2
deuterium, 17.16
diathermal wall, 9.1
dimensionless variables,
Schwarzschild, 21.2
“directional” gradient, 2.9, 2.11
dispersion,
elementary theory of, 2.10
dispersion relation, 2.10a

electromagnetic wave in a plasma, 17.20c

dispersive media,

electromagnetic field energy in, 2.10c
“dissociation” energy, 9.12
distribution laws,

basic, for a system in statistical

equilibrium, 3.2
for matter, 3.4
Maxwell-Boltzmann, 3.4b

distribution, temperature in envelope, 20.7

dynamical collapse, 17.5, 27.3b,
protostars, 26.2b
final star stages, 26.5b, 26.5d
dynamical instability,
magnetic effect, 17.5
dynamical instability condition, 26.5a,
26.5b, 27.3b

Eddington approximation, 20.1
eddy velocity, average, 14.3, 14.6,
pulsating stars, 27.2
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effective temperature, T,
0.1, 0.3, 20.1, 20.5, 20.6b, 23.5, 26.3,
26.4, 27.1, 27.3, 27.6¢, 27.7b, 27.7c¢,
27.7e
efficiency of convection in mixing length
theory, 14.5
Einstein coefficients,
absorption, 2.8bl
induced emission, 2.8a2
spontaneous emission 2.8al
relations among the, 3.6
electromagnetic field theory in dispersive
media, 2.10c
electromagnetic waves,
plane, 2.10a
plasma, 2.10d, 17.20c
electron degeneracy,
stability effects, 25.5
electron density, 24.1, 24.4,
degeneracy parameter, temperature
dependence, 24.1
ex pair effect, 24.9
expansion formulae, 24.7
extremely relativistic, finite
degeneracy, 24.5b
extremely relativistic regime, 24.2b
great degeneracy, 24.2al
in interiors, 15.2
non-relativistic, completely
degenerate, 24.6a
non-relativistic, finite degeneracy,
24.5a
non-relativistic regime, 24.2a
partial degeneracy, 24.2a2
partial relativistic, completely
degenerate, 24.6¢
scale height, 6.1
slight degeneracy, 24.2a2
electron, free,
mean molecular weight, 24.3
electron gas degeneracy, 24.1
electron kinetic temperature, 7.1
electron kinetic energy,
average, 24.6a, 24.6b
change with total energy change, 25.3b
internal translational («,),
24.4, 24.5a, 24.5b, 24.6¢c, 24.7a,
24.8b
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electron kinetic energy (continued),

total, partially degenerate configuration,

25.3a
electron-positron pairs, 24.9,

degeneracy and conditions for neglect,

24.9a
electron pressure,
expansion formulae, 24.7
extremely relativistic, completely
degenerate, 24.6b
extremely relativistic, finite
degeneracy, 24.5b
general expressions, 24.4
non-relativistic, completely
degenerate, 24.6a
non-relativistic, finite degeneracy,
24.5a
partial relativistic, completely
degenerate, 24.6¢
various degrees, relativistic and
degenerate, 24.8b
electron scattering opacity,
Thomson, approximate, 16.6a
electron screening, 17.15
electron thermal conduction, 16.7
electrostatic corrections,
continuum depression, 15.5a
ionization in interiors, 15.5
pressure equation of state, 15.5b
electrostatic energy,
average per free electron, 15.5a
electrostatic interaction energy,
plasma, Debye Hiickel theory, 15.5b
electrostatic interactions, 15.5
Emden functions, 23.1, A.5
Enden unit of length, r,, 23.1a
emission,
induced, 2.8a2, 4.1
isotropic source function, 6.2
mass, coefficient, 2.7
radiation, microscopic picture, 2.8
scattering, 2.8a3
spontaneous, 2.8al
emission coefficient, 2.6
energy,
“dissociation,” 9.12
electrostatic interaction, 15.5b
electrostatic per free electron, 15.5a
equipartion principle, 10.6

gravitational potential, 17.2, 17.3,
25.3a
magnetic, 17.2, 17.3, 25.3d
pulsation, 25.3d, 27.3c, 27.6d
resonance, 17.9a
rotation, 25.3d
total of a star, 17.4
turbulent, 25.3d
energy balance, 5.1
energy density,
magnetic, 17.2, 17.3
particle kinetic, 10.1, 10.2, 24.4, 24.9b
energy density (radiation field), 6.3, 6.4,
black body radiation, 3.7b
integrated, 2.3, 3.7¢
monochromatic, 2.3
energy equation, pulsating stars, 27.2,
27.4, 27.5a, 27.7a,
adiabatic, 27.3
viscosity effects, 27.6d
energy gain rate, stellar, 25.5
energy generation,
carbon cycle, 17.16
nuclear, 17.7
nuclear effect on pulsational stability,
27.6a
proton chain, 17.16
shell source, 23.6¢c
thermonuclear reactions, 17.12
energy generating rates, 5.1
carbon burning, 17.19
carbon cycle, 17.17a
helium burning, 17.18
homology transformation, 22.5
hydrogen burning, 17.17
neon burning, 17.19
oxygen burning, 17.19
proton chain, 17.17b
pulsating stars, 27.2

energy, internal, 24.4, 24.9b, 10.4

definition, 9.3
of a star, 17.3

energy levels,

continuous, statistical weight, 3.3b
discrete, statistical weight, 3.3a

energy loss rates,

longitudinal plasmons, 17.20c
pair neutrino process, 17.20b
photo-neutrino process, 17.20a



energy loss rates (continued),
plasma neutrino process, 17.20c
transverse plasmons, 17.20c
energy losses,
neutrino, 17.20
Urca process, 17.20
energy, low, exothermic nuclear reactions
cross section, 17.11
energy of excitation in interiors, 15.4
energy of ionization in interiors, 15.4
energy release local, from gravitational
contraction, 17.6
energy source models,
point, 19.2a, 23.4
uniform, 23.3
energy sources, 17,
chemical, 17
gravitational contraction, 17.4, 17.5,
17.6
non-resonant contribution, 17.13
nuclear, 17.7
resonant contribution, 17.14
white dwarfs, 25.4
energy, total,
of a star, 17.3
partially degenerate system, 25.3b
thermal motions, 17.2
entropy, 9.9, 9.10, 10.3, 10.4, 13.4, 24 4,
24.9b
black body radiation, 10.4
convective envelope, 20.6b
convective stability, 13.4
electron-positron gas, 24.9b
extremely relativistic, finite degeneracy,
24.5b
final evolutionary states, 26.5b
helium, hydrogen gas mixture, 20.8
non-degenerate system, 10.5
non-interacting bosons, fermions, 10.4
non-relativistic, finite degeneracy,
24.5a
envelope ionization mechanisms, 27.7,
27.8
envelope solution,
fitting to core solution, 23.4¢c
envelopes,
convective equilibrium, 20.6
effective convection, 20.5
pulsating stars, 27.5a, 27.6c, 27.8
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radiative, 19.2a, 23.4a
radiative equilibrium, 20.3
temperature distribution, 20.7
envelopes, convective,
convective efficiency with no nuclear
sources, 14.7
structure, 20.6b, 21.2
equation of state, 1.2,
density dependent pressure for
homologous stars, 22.9
Fermi-Dirac, ideal, A.3, A4
general, 19.2
internal energy, 9, 10.4, 15.5a
ionizing perfect gas mixture with
radiation pressure, 9.18
pressure, 9, 10.4, 11
relativistic, limiting mass, zero-
temperature white dwarfs, 25.2¢
semi-degenerate, 24.4
white dwarfs, classical theory, 25.1
equations of structure,
basic, 18.1
conditions at chemical discontinuity,
21.1d
dimensionless variables, 21.2
fitting integrations, 21.1¢c
inward integrations, 21.1b
model computation, 21.1
outward integrations, 21.1a
solution in outer radiative layers, 20.2
equilibrium,
chemical, 9.12
local thermodynamic (LTE), 4
radiative, 5.2, 20.3
“secular,” condition, 17.17a, 25.5, 27.5b
statistical, basic distribution law, 3.2
thermal, 5.1
thermodynamic, 3, 9.10
equilibrium, convective
envelopes, 20.6
equilibrium, radiative
envelopes, 20.3
equilibrium, stellar, 25.5
equipartion principle, 10.6,
application to some simple systems, 10.7
evolution,
away from main sequence, 26.4
final stages, 26.5
formation of stars, 26.2a
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evolution (continued),
main-sequence phase, 26.3
observational approach, 26.1b
overall picture, 26.1a
pre-main-sequence phases, 26.2
“red giant regions,” 26.4
white dwarf significance, 25.7
evolution survey, 26
evolutionary tracks, 26.2b, 26.4, 26.5,
27.7¢
excitation energy,
compound nucleus, 17.9b
excitation energy, E;, 15.4
‘“‘excitation” temperature, 7.1
exhaustion phase,
helium, central, 26.4e
hydrogen, central, 26.4b
exothermic, 17.9
exothermic nuclear reactions,
low-energy cross section, 17.11
“expansion time,” f,, 26.2b
extreme relativistic regime,
arbitrary degeneracy, 24.5b
complete degeneracy, 24.6b
degeneracy parameter evaluation, 24.2b

Fermi-Dirac equations of state, ideal,
et pairs included, A.4
e+ pairs neglected, A.3
Fermi-Dirac integrals, A.2
Fermi-Dirac integrals, F,(7), 16.2, 24.2a,
great degeneracy, 24.2al
partial degeneracy, 24.2a3
slight degeneracy, 24.2a2
Fermi-Dirac integrals F,(n,8), 24.4,
asymptotic expansions, 24.7¢c
expansions, 24.7
large degeneracy, 24.7a
small degeneracy, 24.7b
Fermi electron gas, 24.1
Fermi energy, 24.1,
partially degenerate configuration,
25.3a
Fermi momentum, 24.1
fermions, non-interacting, statistical
equilibrium, 10.4
fitting core and envelope solutions, 23.4c
fitting integrations at intermediate point,
21.1¢c

flux,
conductive, 16.7
“diffusion” approximation, 6.4
isotropic source function, 6.2
net, 2.2, 6.3, 6.4
radiative, 5.2
vector net, 2.2, 8.1
vector net, total, 5.1
flux, convective, 20.5,
actual gradient specified, 14.8
convective envelope, no nuclear
sources, total flux specified, 14.7
mixing length theory, 14.2
pulsating stars, 27.6¢
supersonic, 14.9
flux, net,
in mixing length theory, 14.4
inward, 2.2
outward, 2.2
radiation pressure relation, 8.1, 8.2a
vector, 2.2
flux, radiative,
mixing length theory, 14.1
flux, total,
definition, 2.2
solution of mixing length theory
equations, 14.7
“forbidden regions,” 23.5b
forces, restoring,
pulsating stars, 27.4
formation of stars, 26.2a
free energy, 9.10, 9.12,
plasma with electrostatic interactions,
15.5b
statistical mechanical, 10.3, 10.4
“free-fall” time, #,, 0.2, 1.3, 17.5, 26.2b,
27.3a, 27.3b, 27.5b
free-free opacity,
approximate formula, 16.6b
free-free transitions, 2.8, 16.2
free particle, 3.3b
frequency, dimensionless
pulsating stars, 27.3
frequency, pulsating stars, 27.1, 27.3a,
27.3b, 27.3c, 27.5a, 27.5b
viscosity effects, 27.6d
“frozen-in” fields,
flux conservation, 25.3d



galactic clusters, 26.1b
gamma mechanism, pulsating stars, 27.6b
gammas,
black body radiation, 9.16, 9.17, 24.9¢
completely degenerate, partial
relativistic electron gas, 24.6¢
computation of, 9.14¢
extremely relativistic, completely
degenerate electron gas, 24.6b
mixture of e+ pairs and black body
radiation, 24.9c
non-relativistic, completely degenerate
electron gas, 24.6a
perfect gas, 9.15, 9.17
perfect gas mixture, 9.18
pulsating stars, 27.3a, 27.3b, 27.3c,
27.6b
relation to specific heats, 9.14b
Gamow peak, 17.13
“Gamow penetration factor,” 17.11
Gaunt factor, 16.1, 16.2,
bound-free, average, 16.6¢c
free-free, average, 16.6b
general relativistic effects, 26.5d
generated luminosity,
transformation under homology
transformation, 22.5
giants,
location on H-R diagram, 0.3, 26.1b,
26.4
giants, bright,
lIocation on H-R diagram, 0.3
Gibbs distribution function, 10.3
globular clusters, 26.1b
gradient, actual,
solution to mixing length theory
equations with, 14.8
superadiabaticity in convective
envelope, 14.7
supersonic, 14.9
total flux given, 14.7
gradient, radiative,
actual gradient specified, 14.8
supersonic, 14.9
grains, 26.2b
grand partition function, 10.3
gravitational acceleration,
effective, 14.5
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gravitational contraction, 17.4, 17.5,
17.6, 23.6c,
local energy release, 17.6
some conditions for, 17.5
white dwarfs, 25.4
gravitational potential energy, 17.1, 17.2,
17.3, 25.3, 27.1,
change with total energy change, 25.3b
polytropic stars, 23.1b
total, partially degenerate
configurations, 25.3a
gravitationally contracting convective
stars, 23.5b,
limiting luminosity, 23.5¢
gravitationally contracting stars, 22.8,
23.2, 23.3, 26.2¢
group velocity, 2.10a
“guillotine factor,” 16.6¢c

Hayashi’s “forbidden regions,” 23.5b
“Hayashi track,” 26.2b, 26.2c
heat, thermodynamic, 9.4
heat gain and loss, pulsating stars, 27.4,
viscosity effect, 27.6d
“heating time,” 1,,, 26.2b
helium, abundance effect on proton
chain, 17.16
helium burning,
core phase, 26.4d
shell source phase, 26.4f
helium burning reactions, 17.18
helium exhaustion (center) phase, 26.4¢
helium fiash, 26.4h
helium flash phase, 26.4c
helium ionization zone,
adiabats, integrated, 20.8
convective elements, 20.6b
helium second ionization, 27.1, 27.3c,
27.7, 27.7a, 27.7b, 27.8
“Henyey” techniques, 21.7
Hertzsprung-Russell Diagram, 0.3
cooling white dwarf track, 25.6b
gravitationally contracting,
completely convective stars, 23.5¢,
26.2¢c
Hayashi’s “forbidden regions,” 23.5b,
23.5¢
horizontal branch, 26.4h
instability strip, 27.1, 27.7c



1314 SUBJECT INDEX

Hertzsprung-Russell Diagram (continued),
main-sequence phase, 26.3
post-main-sequence phase, 26.4, 23.6b
pre-main-sequence phase, 26.2
pulsating variables, 27.1
“red giant regions,” 26.4
regions of effective envelope convection,

20.5

homogeneous (chemically) stars, 23.2

homogeneous (constant density) star,

23.1a

homogeneous system, 9.1

homologous change, 22, 25.5

homologous contraction, 17.6, 22.8

homologous stars, 22,
definition, 21.2, 22.1
degenerate configurations

(completely), 25.2b, 25.2¢
permanently, 22.6, 22.7

homology relations, 22.1,
derivation, 22.3

homology transformation,

L, ., transformation, 22.5

L, transformation, 22.4

temperature transformation, 22.2
horizontal branch, 26.4h

“hydrodynamic™ numerical integration

technique, 21.7

hydrogen,
interpolation formulae for opacity, 20.4b

hydrogen burning,
main sequence phase, 26.3
rate of energy production, 17.17
shell source phase, 26.4c

hydrogen burning reactions, 17.16

hydrogen exhaustion (center) phase, 26.4b

hydrogen ion,
interpolation formulae for opacity,
20.4b

hydrogen ionization zone,
adiabats, integrated, 20.8
convective envelopes, 20.6b
pulsating stars, 27.7b, 27.8

hydrostatic equilibrium,
completely degenerate configurations,

25.1
conditions, 1.1
dense stars, 26.5a
effects of departure from 1.3, 9.7

equation, 1.1, 1.2
homologous stars, 22.1
mixing length theory, 14
protostars, 26.2b
thermodynamic, 3.1
hydrostatic pressure,
pure, and the pressure tensor, 2.5, 9.7

“implicit hydrostatics” method, 21.7
infinitesimal changes in thermodynamic
quantities, 9.6
infrared “‘stars,” 23.b, 26.1b
inhomogeneous (chemically) models,
23.6, 26.4
instability, dynamical, 17.5, 26.2b,
26.5a, 26.5b, 26.5d, 27.3b, 27.5b
instability, pulsational, 27.1, 27.4, 27.5,
27.6, 27.7, 27.8
instability strip,
location on H-R diagram, 27.7¢c, 27.8
long-period edge, 27.7b
width on H-R diagram, 27.7¢
integral exponential function, 6.2, 6.3
intensity,
average, 2.4, 6.3, 6.4
constancy along every ray path in free
space, 2.1b
constancy of I,/u,, 2.1c
integrated, 2.1a
inward, 6.2, 6.3
moment (n'h), 6.2, 6.3
outward, 6.2, 6.3
specific, 2.1
temperature dependence, 6.4
intensity, average, integral equation, 7.3
interior luminosity, definition, 5.1
interior mass, definition, 1.1
internal energy, 9.3, 9.13, 9.15, 9.16, 9.17
9.18, 24.4, 24.9b
explicit expression for non-interacting
bosons and fermions in statistical
equilibrium, 10.4
non-degenerate system, 10.5
statistical mechanical, 10.3
internal energy equation,
black body radiation, 9.16
black body radiation and perfect gas
mixture, 9.17
degenerate electron gas, 24.4



internal energy equation (continued),
electron-positron pairs, 24.9b
ionizing perfect gas mixture, 9.18
perfect gas, 9.15
internal energy equation of state,
electrostatic corrections, 15.5a
statistical mechanics, 10.4
thermodynamics, 9
internal energy of a star, 17.3, 25.3a, 25.5
iternal temperature, white dwarfs, 25.3
determination, 25.3c
distribution, 25.3¢
energy effect, 25.3d
mass dependence, 25.3a
radius dependence, 25.3a
internal translational kinetic energy, 10.2
interpolation formulae
for opacity due to H and H™, 20.4b
for opacities, 16.6¢
ion absorption, 16.8b
ion density, critical, 15.5a
ion kinetic energy,
change with total energy change, 25.3b
total, partially degenerate configuration,
25.3a
ion pressure, white dwarfs, 25.1
ionization,
mean degree, 9.18
mean, per unit atomic weight, 15.1, 15.3
numerical results, 15.6
ionization electrons, number density,
15.1, 15.2, 24.9
ionization energy, 9.18
ionization energy, E,, 15.4
ionization equation, Saha, 3.4, 9.12, 9.18,
15.3, 15.5a
envelopes, 20.5, 20.6, 20.7
mass absorption coefficient, 16.4
partially degenerate electron gas, 15.3
photosphere, 20.4b
ionization-excitation energy, E;, 15.6
ionization-excitation equilibrium, 3.1, 4
ionization in interiors, 15
ionization in perfect gas mixture,
gammas and specific heats for,
with radiation pressure included, 9.18
ionization, mean, 15.4
ionization mechanisms in envelope, 27.7
ionization potential lowering, 15.5a
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ionization region, pulsating stars,
27.7a, 27.7b

ionization zone,
convective envelope, 20.6b
helium, integrated adiabats, 20.8
hydrogen, integrated adiabats, 20.8
pulsating stars, 27.6b, 27.6¢

isobars, 17.8

isothermal gas sphere, 23.1b

isotones, 17.8

isotopes, 17.8

kappa mechanism, pulsating stars, 27.6b
Kelvin contraction to main sequence, 26.2¢
“Kelvin” time, 0.2, 5.1, 14.6, 17.4,
11, 18.2, 21.7, 22.8, 23.5b, 26.2¢c,
27.1, 274, 27.5b
“Kelvin® time and hydrostatic equilibrium,
02,13
kinetic energy,
change with total energy change, 25.3b
electron, 24.4, 24.5, 24.6, 24.7, 24.8
electron, total, 25.3a, 25.3b
internal translational, 10.3
ion, total, 25.3a, 25.3b
mass motions, 25.3d
“mass motion” of continuous fluid, 17.2
thermal, total, polytropic stars, 23.1b
kinetic energy density,
electron gas, partially degenerate, 24.4
electron-positron gas, 24.9b
general, 10.1, 10.2
kinetic energy distribution,
degeneracy effects, 25.3b
kinetic theory,
some results of, 10
Kirchoff’s Law, 3.1
Klein-Nishina formula, 16.3
Kramer’s formula,
free-free transitions, 16.2
photo effect, 16.1
Kramer’s opacity,
interpolation formula, 16.6¢

Lagrangian description,
pulsating stars, 27.2
thermodynamics, 9.6, 9.7
virial theorem, 17.2

Lagrangian variation, relative, 27.2
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Lane-Emden equation, 19.1, 23.1a
Laplacian sound speed, 14.3, 20.5, 26.5a,
27.1
layers, outer, 20
layers, outer, radiative,
solution of structure equations, 20.2
“leakage” of radiation, 6.4
level population of atoms and ions, LTE, 7
level spacing, 17.9b
light curves, classical Cepheids, 27.1,
RR Lyrae models, 27.8
limiting mass, 25.3a, 25.3d,
completely degenerate configurations,
25.1f
partially degenerate configuration,
25.3a
line shape function, 2.8al, 2.8a2, 2.8bl
dispersive effects absent, 3.6
LTE, 4.1
refractive index 1, 3.6
thermodynamic equilibrium, 3.6
linearized equations, pulsating stars,
27.2,27.3
lithium, 26.1b
local energy release from gravitational
contraction, 17.6
local thermodynamic equilibrium (LTE),
condition, 7, 7.3
effect on S, and B(T), 4.2
transfer equation, 4.1
fong-period edge of instability strip,
27.7b
Lorentz-Lorenz model of a dielectric,
2.10d
low energy exothermic nuclear reactions,
cross section, 17.11
luminosity, 0.1, 19.3,
boundary conditions effect, 21.1b, 23.3
chemically inhomogeneous stars, 23.6a
convective element, 13.2, 14.6
convective envelope effect, 23.3
convective (completely) stars, 23.5b
convective, pulsating stars, 27.2
convective stars, 23.5a
core, envelope fitting, 23.4c
estimate, radiative equilibrium, 6.4, 18.2
function, 27.7e
generated, homology transformation,
22.5

limiting, completely convective stars,
23.5¢

gravitationally contracting stars, 23.5¢c

neutrino, 25.5

neutron stars, 26.5¢

order of magnitude formulae, 6.4, 18.2

photon, L,.,, 18.2, 25.5

point source vs. uniform source, 23.4d

protostars, 26.2b

radiated, homology transformation, 22.4

radiative equation, 27.2

relativistically collapsing stars, 26.5d

transformation in permanently
homologous stars, 22.7

uniform energy source model, 23.3

white dwarfs, 25.3¢

luminosity equation, pulsating stars,
27.2, 27.5a
luminosity, interior (H),

opacity effect, 27.6b

pulsating stars, 27.2, 27.5a, 27.6b,
27.6¢c

temperature effect, 27.6b

magnetic energy,
mass effect, 25.3d
temperature effect, 25.3d
total, 17.2, 17.3, 25.3d
magnetic induction, 2.10, 17.2, 25.3d
magnetic pressure tensor, 17.2
magnitudes,
bolometric, 0.3, 0.4
visual, absolute, 0.3
relative, of opacities, 16.6d
main sequence, 0.1, 0.3, 0.4, 26.3,
homologous stars, 22.6, 22.7
Kelvin contraction, 26.2¢c
‘‘zero-age,” 26.2c, 26.3
main sequence phase, 23.6a, 23.6b, 26.3,
26.4a
mass, 0.1,
absorption coefficient, 2.7
degenerate neutron gas, 26.5¢
emission coefficient, 2.6
interior, completely degenerate
configurations, 25.1d
limiting, 25.3a, 25.3d
limiting, completely degenerate
configurations, 25.1f



mass (continued),
limiting, partially degenerate
configurations, 25.3a
maximurm, zero-temperature stars,
25.3a, 26.5a
“Oppenheimer-Volkoff,” 26.5a
polytropic stars, 23.1b
proper, 26.5a
pulsating stars, 27.7e
zero-age main sequence, 26.3
mass absorption coefficient, 2.7, 2.8b1,
2.8b2, 2.10b, 4.1
bound-free transitions, 16.4
free-free transitions, 16.4
mean (flux or radiation pressure),
8.2a, 8.2b
monochromatic, 16.4
Planck mean, 26.2b
Rosseland mean, 8.2
mass abundance, relative, 15.1,18.1,18.3,26
mass concentration, relative,
limits, 23.6b
mean molecular weight variable, 23.6
opacity variable, 23.6a
shell source effect, 23.6¢
mass dependence,
internal temperature, White Dwarfs,
25.3a
mass distribution,
relative, homologous stars, 22, 22.1
mass emission coefficient, 2.6, 2.8a2, 2.8a3
mass equation, pulsating stars, 27.2, 27.5a
mass loss, 5.1, 26, 26.4h, 26.5, 26.5b, 27.8
mass-luminosity-radius-composition
relations, 18.2, 21.2
mass-luminosity-radius relation,
uniform energy source model, 23.3
mass-luminosity relation, 0.4, 18.2,
zero-age main sequence, 26.3
mass-radius relation,
degenerate configurations, 25.2¢
polytropic stars, 23.1b
massive stars, 23.5, 25.3a, 26.5,
e+ pair effect, 24.9
stability, mass limit, 27.6a
Maxwell-Boltzmann distribution law,
3.4b, 10.5
Maxwell-Boltzmann systems, 10.5
Maxwellian velocity distribution,
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electron kinetic temperature, 7.1
mean density,
relation to central density, 23.1b, 23.2,
23.3, 23.44d, 23.6¢c, 25.1e, 27.3¢c
mean electron momentum in completely
degenerate electron gas, 24.1
mean electron de Broglie wavelength, 24.1
mean free path,
atom, 4
electron, in plasma, 16.7
neutrino, 17.16
photon, 4, 4.1, 4.2, 6.1, 6.3, 6.4, 7.3
photon, photosphere, 20.1
turbulence element, 13.2, 14
mean free path approximation,
opacity, electron-ion plasma, 16.7
mean ionization, 15.4
“‘mean ionization per unit atomic weight,”
15.1
calculation, 15.3
electron density, 15.2
mean life,
carbon cycle elements, 17.17a
compound nucleus, 17.9b
nuclear reactions, 17.10
nucleus, 17.12
mean molecular weight, 11, 15.1, 23.6,
completely ionized material, 15.1
free electron (u,), 24.3, 25.3a
helium, hydrogen gas mixture, 20.8
numerical results, 15.6
partially ionized material, 15.1
unionized material, 15.1
mixing length, 13.2, 14
mixing length theory of convection, 14,
pulsating stars, 27.2
solution of equations with supersonic
convective velocities, 14.9
solution to equations with actual
gradient specified, 14.8
solutions of equations with specified
total flux, 14.7
model computation, 21
model integrations,
center developments, 21.5
fitting at intermediate point, 21.1c
invariants, 21.4
inward, 21.1b
outward, 21.1a
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model integrations (continued),
surface developments, 21.5
U-V plane, 21.4

model integrations from center,
transformations, 21.3

model integrations, numerical, 21.6, 21.7,

“Henyey”’ technique, 21.7
“hydrodynamic” technique, 21.7
models of uniform composition,
Vogt-Russell theorem “proof,” 18.1
models, stellar, 23,
chemically inhomogeneous, 23.6
computation of, 21
convective stars, 23.5
Cowling, 23.4
point source, 23.4
polytropes, 23.1
standard, 23.2
uniform energy source, 23.3
molecular absorption, 16.8¢c
momentum distribution function,
non-degenerate, 10.5
moment of inertia,
oscillatory, 27.3b
rotating stars, 25.3d
momentum equation, pulsating stars,
27.2,27.5a
monochromatic mass absorption
coefficient, 16.4

negative ion absorption, 16.8b
neon burning, 17.19
neon-sodium cycle, 17.18¢
neutrino energy losses, 17.20, 26.5b
neutrino flux from sun, 17.16
neutrino losses, 26.4g, 26.5b
neutrino processes,

pair, 17.20b

photo, 17.20a

plasma, 17.20¢
neutrinos,

energy production rate, 5.1

energy release in hydrogen burning,

17.16

energy sink, 5.1

flux, 5.1
neutron stars, 26.5a, 26.5b, 26.5¢
non-adiabatic radial oscillations,

linear, 27.5, 27.5

non-adiabatic radial pulsations,
linear, 27.4, 27.5
non-degenerate systems, 10.5,
perfect gas law, 10.5, 10.6, 24.4
non-interacting “‘particles,”
pressure, 10.1
non-linear calculations, recent,
for pulsating stars, 27.8
non-relativistic regime,
arbitrary degeneracy, 24.5a
complete degeneracy, 24.6a
great degeneracy, 24.2al
partial degeneracy, 24.2a3
slight degeneracy, 24.2a2
non-resonant reaction rates, 17.13
non-uniform chemical composition,
stability of radiative gradient, 13.3
nuclear barrier height, 17.11
nuclear barrier penetration
probability, 17.11
nuclear degeneracy, 24.2a2, 26.5a, 26.5b,
26.5¢
nuclear energy generation, 17.7,
effect on pulsational stability, 27.6a

nuclear energy generation rate, 5.1, 17.12,

17.13, 17.14, 17.16, 17.17, 17.18,
17.19, 25.5
nuclear radius,
resonance interaction, 17.9a
nuclear reaction,
Bohr picture, 17.9
cross sections, 17.10
low energy exothermic cross section,
17.11
resonance, 17.9a
“nuclear” time, #,,., 0.2, 17.7,
11, 18.2, 26.1b
pure hydrogen star, 17.7
nuclei, atomic,
basic properties, 17.8
nucleosynthesis, 17, 26
nucleus,
binding energy, 17.8
compound, 17.9b
Blatt-Weisskopf assumptions, 17.9a
mean life, 17.12
numerical integration, 21.6, 21.7,
“Henyey” technique, 21.7
“hydrodynamic’’ technique, 21.7



numerical results,

completely degenerate configurations in
hydrostatic equilibrium, 25.1g

Cowling model, 23.4d

for particular chemical composition,
15.6

opacity, A.N.Cox, 16.9

opacity due to H, H™, 20.4c

point-source model, 23.4d

polytropic stars, 23.1b

observational data, 0
evolution, 26.1b
pulsating stars, 27.1
occupation number g(z,x), 24.1
opacities, 8.2a, 16, 18.2,
A.N. Cox resuits, 16.9
approximate formulae, 16.6
atmospheres, 20.1
bound-free, approximate, 16.6¢c
chemically inhomogeneous models,
23.6
composition discontinuity, 21.1d
Compton scattering, Rosseland mean,
16.6.a
conductive, 16.7
convective envelopes, 20.6b
convective instability, 13.4
Cowling model, 23.4d
due to H, H™, interpolation formulae,
20.4b
free-free, approximate, 16.6b
homologous stars, 22.4
interpolation formulae, 16.6e
ionization zone, 20.6b
outer stellar layers, 20.2, 20.3, 20.4
pulsating stars, 27.6b, 27.8
radiative zero envelope, 20.3
relative magnitudes, 16.6d
Rosseland mean, 8.2, 16.5
Rosseland mean, total, 16.6d
standard model, 23.2
Thomson electron scattering,
approximate, 16.6a
total effective, 16.7
variable, 23.6a
white dwarfs, 25.3¢
opacity law, 16.6e, 18.2, 20.2, 20.3, 20.4b,
22.4,22.6,23.3, 23.4, 25.3¢, 27.2, 27.6b
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opaque material, 2.10, 4.1
“Oppenheimer-Volkoff”’ mass, 26.5a
optical depth, 2.7, 6.1, 6.3, 20.1, 23.4d,
23.6b,
normal, 6.1, 23.6b
optical thickness, 2.7, 4.1
oscillations, radial,
adiabatic, linear, 27.3
non-adiabatic, linear, 27.4, 27.5
oscillations, self excited, 27, 27.8,
hard, 27.8
soft, 27.8
oscillatory solutions,
conditions, 27.3a
outer layers, 20,
radiative, solution of structure
equations, 20.2
overshoot, convective, 14.5
oxygen burning, 17.19

pair neutrino process, 17.20b
pair production, 16.8g
pairs, electron-positron, 24.9
partial relativistic regime,
complete degeneracy, 24.6¢
particle emission, from nuclei, 17.9
particles, non-interacting,
pressure in a system of, 10.1
partition function,
atomic, 3.4¢, 15.5a
continuous states, #(7), 10.5
discrete states, B(T), 10.5, 10.6
grand, 10.3
helium, hydrogen gas mixture, 20.8
partition function, G(T), 10.5, 16.2, 24.2a
Pauli exclusion principle,
free electrons, 24.1
general form, 24.1
pencil of radiation, 2.1
perfect gas, 10.5,
constant specific heats,
application of equipartion principle,
10.7b
monotonic, application of equipartion
principle, 10.7a
undergoing ionization, gammas,
specific heats for, 9.18
perfect gas law, 1.2,
non-degenerate systems, 10.5, 10.6
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perfect gas, simple,
gammas and specific heats for, 9.15
mixture of black body radiation and,
9.17
period, pulsating stars, 27.1, 27.3c, 274,
27.5b, 27.6d, 27.7¢, 27.8
period-luminosity relation, 27.7d,
classical cepheids, 27.1
RR Lyrae variables, 27.8
period-mean density relation, 27.1
pulsating stars, 27.3d
Pfaffian differential expression, 9.8
phase lag discrepancy, classical cepheids,
27.1,27.8
phase shifts,
pulsating stars, 27.8
phase space,
“box”’-normalization, 3.3b
phase velocity, 2.10a
photo effect, 16.1
photo neutrino process, 17.20a
photo-excitation, 16.8f
photon absorption,
auto-ionization, 16.8f
photons,
chemical potential, 9.12
photospheric boundary conditions,
luminosity, convective star, 23.5a
photospheric conditions, 20.1
photospheric regions,
behavior of solutions, 20.4a
radiative transfer, 20.4
physical conditions in interiors, 1, 18.2
Planck function, 3.1,
deep interior, 6.4
departure of S, from B(T),
assuming LTE, 4.2
integrated, 3.7a
Planck mean mass absorption coefficient,
26.2b
Planck radiation law, 3.1, 3.5
plasma, electrostatic interactions,
15.5, 15.5a, 15.5b
plasma frequency, 2.10d, 17.20c
plasma neutrino process, 17.20c
“plasmons,” 17.20c
point-source model, 19.2a, 23.4,
numerical results, 23.4d
polytrope applications,

completely degenerate configurations,
25.1g, 25.2¢
envelope approximations, 20.3
protostars, 26.2b
rotation energy, 25.3d
polytropic changes, 12
polytropic exponents, 12, 19.2
polytropic index, 12, 19.2, 23.6,
effective, 12, 20.7, 21.1d, 23.4a, 23.4d,
23.6
radiative gradient, 13.1, 20.2, 20.3
polytropic stars, 19.2, 23.1,
homology, 22.9
mathematical properties, 23.1b
physical properties, 23.1b
polytropic structure,
envelopes, 20.3
positron density,
e+ pairs, 24.9
positron emission,
Q-value, 17.16
potential energy,
gravitational, 17.1, 17.2, 17.3, 25.3a,
271
Poynting vector, 2.10c
pre-main sequence phase, 23.5, 26.2
pressure,
average, 10.1, 10.2
central, 1.2, 11, 23.1b
convective envelope, 20.6b
electron, 24.4, 24.5, 24.6, 24.7, 24.9b,
25.3a
electron, gas, total, relation, 9.18
electron-positron gas, 24.9b
estimates of interior values, 1.1
explicit expression for non-interacting
bosons and fermions in statistical
equilibrium, 10.4
expression for p, , in terms of S,,
isotopic source function, 6.2
function only of density, 19.1, 22.9,
23.1
gas, 1.2
gas to total ratio, #,9.17, 11, 14.3, 22.2,
23.2,249
gravitational, 1.1, 1.2, 18.2, 24.6a,
25.3b
homologous stars, 22.1



hydrogen burning shell source phase,
26.4c
in a system of non-interacting
“particles,” 10.1
ion, white dwarfs, 25.1
ionization zone effect, 20.6b
mean, 1.2, 2.5b
photons, 10.2
photospheric, 20.1, 20.4
polytropic stars, 23.1b
‘“‘quasi-photons,” 2.5, 10.2
radiation, 1.2, 2.5, 6.3, 6.4, 11
radiation, integrated, 2.5a
standard model, 23.2
statistical mechanical, 10.3
uniform energy source model, 23.3
variation, pulsating stars, 27.4
pressure balance, 1.3
pressure equation of state,
electrostatic corrections, 15.5b
radiation pressure effects, 11
statistical mechanics, 10.4
thermodynamics, 9
pressure gradient, 1.1,
homologous stars, 22.1
pressure, radiation, 1.2, 2.5, 6.3, 6.4,
10.2, 11
flux relation, 8.1, 8.2b
integrated for black body, 3.7d
pressure scale height,
gas, 14.5
photospheric, 20.1
pulsating stars, 27.3
total, 14.1
pressure tensor, 2.5b, 10.1,
magnetic, 17.2

reducibility to pure hydrostatic pressure,

9.7
vector net flux and, 8.1
pressure, turbulent,
mixing length theory, 14
profile factor, y(E), 17.10
proper mass, M, 26.5a
proton chain, 17.16, 17.17b
protostar collapse, 17.5, 26.2a, 26.2b
protostars, 26.2a, 26.2b
pulsating stars, 27,
calculations, non-linear, recent, 27.8
evolutionary tracks, computed, 27.7¢

SUBJECT INDEX 1321

instability, 27.4, 27.5, 27.6, 27.7, 27.8
Lagrangian description, 27.2
observational data survey, 27.1
period-luminosity relation, 27.7d
period-mean density relation, 25.3d,
27.1,27.3
stability, 27.4, 27.5, 27.6, 27.7, 27.8
time scales, 27.1
pulsation constant, Q, 27.1, 27.3¢
pulsation energy, 25.3d, 27.3c,
viscosity effect, 27.6d
pulsation period, 27.1, 27.3¢c, 27.4,
27.5b, 27.6d, 27.7¢, 27.8
pulsational instability, 27.4, 27.5, 27.6,
27.7, 21.8,
damping mechanism, 27.4, 27.6b, 27.7a,
27.7b, 27.7¢, 27.8
damping time, 27.6d
driving mechanism, 27.4, 27.7a,
27.7b, 27.7¢c, 27.8
pulsational stability, 27.4, 27.5b, 27.6,
convection effects, 27.6¢
convective transfer, 27.6¢c
damping time, 27.6d
gamma mechanism, 27.6b
ionization effects, 27.6b
kappa mechanism, 27.6b
nuclear energy generation, 27.6a
radiative transfer, 27.6a, 27.6b
viscosity, 27.6d
pulsations, radial,
non-adiabatic, linear, 27.4, 27.5
pycnonuclear reactions, 17.15, 25.4

quasi-convection, 13.3
quasi-photons, 2.10a, 2.10d, 8.1, 10.2,
17.20c,
pressure, 10.2
translational kinetic energy, 10.2
quasi-static infinitesimal adiabatic
changes, 9.14
quasi-static (or reversible) processes, 9.5
quasi-stationary states,
compound nucleus, 17.9b

RR Lyrae variables, 27.1, 27.8

RV Tauri stars, 27.1

radial motion, spherically symmetric,
27.2
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radial oscillations (pulsations),
adiabatic, linear, 27.3
non-adiabatic, linear, 27.4, 27.5
non-adiabatic, non-linear, 27.8
radial pulsations, non-adiabatic, linear,
eigenvalues, integral expressions, 27.5b
equations, direct integration, 27.5a
investigation by non-linear techniques,
27.5,27.8
mathematical problem, 27.5
time behavior of solutions, 27.5b
radiated luminosity,
transformation under homology
transformation, 22.4
radiation,
black body, 3.5, 6.4, 9.16, 9.17, 10.4,
11, 24.9¢
black body, properties of, 3.7
degenerate configurations, 25.3
energy density, 2.3
“leakage,” 6.4
Planck law, 3.5
polarized, 3.6
solar, specific intensity, 2.1b
theory, 2
radiation constant, a, 3.7c, 9.11, 24.9b,
24.9¢
radiation field,
axially symmetric, 2.1
deep interior, 4
general, 2.1
homogeneous, 2.1
isotropic, 2.1, 2.2, 2.3
LTE, 4.1
Planck function, 3.1, 3.5
relaxation time, 2.9a
time independent, 2.1
radiation pressure, 1.2, 2.5, 6.3, 6.4,
10.2, 11,
convective instability, 13.1
flux relation, 8.1, 8.2a
importance of in interiors, 11
integrated, 2.5a, 3.7d
ionizing perfect gas mixture, 9.18
isotropic, 2.5
monochromatic, 2.5
tensor, 2.5, 2.5b, 8.1
tensor, and vector net flux, 8.1
radiative capture, 17.9

radiative damping, 27.6b
radiative envelope, 19.2a, 20.3, 23.4a
27.6b, 27.7a, 27.8
radiative equilibrium, 5.2
radiative gradient,
actual gradient specified, 14.8
adiabatic, 14.1
Cowling model, 23.4d
ficticious, 14.1, 14.4
ideal gas, black body radiation mixture,
13.3
polytropic index, 13.1
stability of, 13, 13.1, 13.3, 13.4
standard model, 23.2
uniform energy source model, 23.3
radiative layers, outer
solution of structure equations, 20.2
radiative transfer, 20.2,
effects on pulsational stability,
27.6a, 27.6b
photospheric regions, 20.4, 20.6b
pulsating stars, 27.2
sub-photospheric regions, 20.4, 20.6b
white dwarfs, 25.3b
radiative transfer equation, 2.9
atomic parameters, 2.9b
LTE, 7
solutions, 6
time derivative included, 2.9a
radiative zero solution, 20.3, 23.3
radii, 0.1
radius,
degenerate (completely) configuration,
25.1¢
degenerate (partially) configuration,
25.3b
mean molecular weight variable, 23.6
neutron stars, 26.5¢
pulsational stability, 27.7a, 27.7b
shell source effect, 23.6¢
zero-age main sequence, 26.3
zero-temperature, 25.3d, 25.6a
radius dependence,
internal energy, White Dwarfs, 25.3a
Raman scattering, 2.8a3, 16.8¢
ray path, 2.9, 6.1,
radius of curvature, 2.9, 6.1
Rayleigh scattering, 16.8d
Rayleigh’s principle, 27.3b



reaction, nuclear,
Bohr picture, 17.9
cross section, 17.10, 17.11
low energy exothermic cross section,
17.11
reaction rate, thermonuclear, 17.12
non-resonant contribution, 17.13
resonant contribution, 17.14
screening effect, 17.15
reactions,
alpha-particle capture, 17.18b
carbon burning, 17.19
helium burning, 17.18
hydrogen burning, 17.16
neon burning, 17.19
oxygen burning, 17.19
triple alpha, 17.18
reciprocity relation, 9.11, 9.12
,‘red giant regions” evolution, 26.4, 27.7d,
27.7¢
Red variables, 27.1
reduced width, 17.9b
refractive index, 2, 2.10a, 2.10b, 2.10d,
3,4,5,6,7,8,
effect on Rosseland mean opacity, 8.2
electromagnetic wave in a plasma,
2.10.a, 17.20c
gradient, 2.9, 5.2, 6, 8.1
“relativistic collapse,” 26.5b, 26.5d
relativistic regime,
arbitrary, 24.7a, 24.7b
extreme, 24.2b, 24.5b, 24.6b
non-, 24.2a, 24.5a, 24.6a
partial, 24.6c
relativity parameter, §, 24.4
relaxation time,
mechanical, 3.1
radiation field, 2.9a
reaction, 3.1
thermal, 3.1
resonances, occurrence of,
Bohr picture, 17.9a
resonant reaction rates, 17.14
rest mass of material, fixed, 15
restoring forces,
pulsating stars, 27.4
reversible (or quasi-static) process, 9.5
Reynolds number, 14.3
Reimann zeta function, table, 24.2a 1
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Rosseland mean mass absorption
coefficient, 8.2
“modified,” non-unity refractive
index, 8.2b
unity refractive index, 8.2a
Rosseland mean opacities, 16.5,
A.N. Cox results, 16.9
Compton scattering, 16.6a
total, 16.6d
rotation energy, 25.3d

Saha ionization equation, 3.4, 9.12, 9.18,
15.3, 15.5a,
envelopes, 20.5, 20.6, 20.7
mass absorption coefficient, 16.4
partially degenerate electron gas, 15.3
photosphere, 20.4b
saturation of atomic, ionic levels, 16.4
scale height,
electron density, 6.1
gas pressure, 14.5
total pressure, 14.1
scale length, ¢,, 25.1c, 25.2b,
physical interpretation, 25.2a
scattering,
absorption, 2.8b2
Compton, 2.8a3, 2.8b2
Compton, Rosseland mean opacities,
16.6a
direct, 2.8a3, 2.8b2
emission, 2.8a3
induced, 2.8a3, 2.8b2
induced (coherent), 2.9b
Raman, 16.8e, 2.8a3
Rayleigh, 16.8d
scattering opacity, Thomson electron, 16.6a
Schwarzschild dimenionless variables, 21.2
Schwarzschild radius, 26.5a, 26.5d
screening
by electrons, 17.15
screening factor, f, 17.5
alpha capture, 17.18b
carbon burning, 17.19
oxygen burning, 17.19
triple alpha reaction, 17.18a
secular stability, 18.2, 25.3a, 25.5, 27.5b
degenerate (partially) configurations,
25.3b
white dwarfs, 25.5
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self-excited oscillations, 27, 27.8,
hard, 27.8
soft, 27.8
semi-convective zone, 23.6a, 26.4
shell source, 23.6¢, 26.4c, 26.4f
shell source phase,
helium burning, 26.4f
hydrogen burning, 26.4¢c
shock waves,
dynamical collapse, 26.5b
protostars, 26.2b
simple system,
definition, 9.1
solar constant, 2.1b
solar radiation,
specific intensity, 2.1b
Sommerfeld’s Lemma, 24.2al
source function, 4.1, 6.1,
departure of S, from B(T),
assuming LTE, 4.2
integral equation, 7.3
isotropic, 6.2
sources of energy, 17
specific heats, 9.13, 18.2, 25.3b,
black body radiation, 9.16, 9.17
ionizing perfect gas mixture, 9.18
perfect gas, simple, 9.15, 9.17
polytropic change, 12
pressure constant, 9.13
relations between gammas and, 9.14b
volume constant, 9.13
specific heats, constant,
application of equipartion principle
to perfect gases, 10.7b
spectral types, 0.1, 0.3
speed of convecting elements,
average, in mixing length theory, 14.3
sun, 14.6
upper limit, 14.6

stability against convection, 13, 13.1, 13.3,

13,4
general discussion, 13.4
radiative zero solution, 20.3

stability coefficient, pulsating stars,
27.4, 27.5a, 27.5b, 27.6d

stability, dynamical, 17.5, 26.2b, 26.5a,
26.5b, 26.5d, 27.3a, 27.3b, 27.5b

stability of the radiative gradient, 13

stability, pulsational, 27.4, 27.5b, 27.6,
27.7,27.8
stability, secular, 18.2, 25.3a, 25.5,
27.5b,
degenerate (partially) configurations,
25.3b
white dwarfs, 25.5
standard model, 23.2
stars, 0 through 27
statistical equilibrium,
non-interacting bosons and fermions,
10.4
statistical mechanics, 10.3
Statistical Mechanics and Kinetic Theory,
some results of, 10
statistical weight, 3.3a, 3.3b, 10.3, 10.4
steady state equations
for two-level atom, 7.2, 7.3
steady state, statistical, 7
Stefan-Boltzmann constant, 3.7a, 3.7c
stellar phenomena, 0 through 27
stoichiometric coefficients, 9.12
stress tensor, 2.5b
structure,
special cases, 19
structure equations,
basic, 18.1
conditions at chemical composition
discontinuity, 21.1d
dimensionless variables, 21.2
fitting integrations, 21.1c
inward integrations, 21.1b
model computation, 21.1
outward integrations, 21.1a
solution by “Henyey’’ and
“hydrodynamical” techniques, 21.7
solution in outer convective layers,
20.6, 20.7
solution in outer radiative layers, 20.2
subgiants,
location on H-R diagram, 0.3
sub-photospheric regions,
radiative transfer, 20.4
sun,
convective efficiency, 14.6
convective velocity, 14.6
gas pressure, 15.5b
Kelvin time, 17.4
lifetime, upper limit, 17.7



sun (continued),
neutrino flux, 17.16
temperature gradient, average, 4
turbulence element lifetime, 14.6
superadiabaticity in convective envelope,
13.1, 13.2, 14.6, 14.7, 14.8, 14.9
inefficient convection, 14.6, 14.7
large convective efficiency, 14.6, 14.7
superadiabaticity in deep interior,
estimate of degree, 13.2, 14.6
temperature gradient, 13.1
supergiants,
location on H-R diagram, 0.3
supersonic convective velocities,
mixing length theory equations, 14.9

temperature,
central, 1.2, 18.2, 21.1a, 22.2, 23.1b,
23.4d, 23.6, 25.3c, 26.3, 26.4
convective (completely) stars, 23.5a,23.5b
effective, 0.1, 0.3, 20.1, 20.5, 20.6b,
23.5, 26.3, 26.4, 27.1, 27.3, 27.6¢,
27.7b, 27.7¢, 27.7¢
effective to mean, ratio, 6.4
electron kinetic, 4.1, 7.1
estimates of interior values, 1.2, 18.2
“‘excitation,” 7.1
kinetic, 7.1
maximum mean, 25.3d
mean, 1.2, 18.2, 23.4d, 23.6, 25.3
mean molecular weight variable, 23.6
polytropic stars, 23.1b
pulsating stars, 27.2
shell source effect, 23.6¢
standard model, 23.2
surface, 0.3
uniform energy source model, 23.3
zero-age main sequence, 26.3
temperature distribution,
grey-atmosphere approximation, 20.1
in envelope, 20.7
temperature, effective,
convective envelope, 20.6b
pulsating stars, 27.8
temperature exponent, v, 17.12,17.13,
17.14,
carbon burning, 17.19
carbon cycle, 17.17a
helium burning, 17.18a
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neon burning, 17.19
oxygen burning, 17.19
pair neutrino process, 17.20b
photo-neutrino process, 17.20b
plasma neutrino process, 17.20c
proton chain, 17.17b
temperature exponent, x.., of the
pressure equation of state,
9.13, 9.15, 9.16, 9.17, 9.18, 12, 13.3,
24.6a, 24.6b, 24.6¢c, 24.9¢c
temperature gradient, 4, 13, 14.1, 14,5,
adiabatic, V,4, 14.1, 14.5, 14.7, 14.9
average, V, 14.1, 14.5, 14.6, 14.7, 14.9
central, 21.1a
composition discontinuity, 21.1d
convective element, V’, 14.1, 14.5,
14.6, 14.7, 14.8, 14.9
convective envelope, 20.6b
ionization zone effect, 20.6b
mixing length theory, 14.1
radiative, 8, 8.2a, 8.2b
radiative (ficticious), V,,
14.1, 14.4, 14.5, 14.7, 14.8, 14.9,
20.2, 20.4, 20.4a, 20.4c, 21.1d
sink for high frequency radiation, 5.2
source for low frequency radiation, 5.2
superadiabatic, 13.1, 20.6a
temperature gradient, AV7, 14.1, 14.6,
convective (completely) star, 23.5a
temperature, internal,
white dwarfs, 25.3
temperature transformation under
homology transformation, 22.2
thermal conduction, electron, 16.7
thermal equilibrium,
definition, 9.1
stellar, 5.1, 19.1
thermodynamic, 3.1
thermodynamic equilibrium, 3,
general discussion of, 3.1
conditions for, 9.10, 9.12
thermodynamic potential, 9.10, 9.12
thermodynamics, 9,
definitions, 9.1
exactness, 9.8
first law, 9.3, 9.7
fundamental identity, 9.12
second law, 9.9
“‘zeroth” law, 9.2
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thermonuclear reaction rate, 17.12,
non-resonant contribution, 17.13
resonant contribution, 17.14
screening effect, 17.15

Thomson electron scattering opacity,
approximate formulae, 16.6a

Thomson scattering, 2.8a3, 16.3,

absorption coefficient, Rosseland mean,

16.5
cross section, 16.3
Klein-Nishina formula, 16.3
mass absorption coefficient,
monochromatic, 16.4
time scales, 0.2, II,
contraction, ¢_,,, 17.4
dynamical tg, 27.5b
evolutionary significance, 26.1a
“free fall,” 1., 0.2, 1.3, 17.5, 26.2b,
27.3a, 27.3b, 27.5b
gravitational, ¢,,.., 25.5
gravitational contraction, ¢,,,,, 17.4
“Kelvin,” 7, 0.2, 5.1, 14.6, 17.4,
11, 18.2, 21.7, 22.8, 23.5b, 26.2c,
27.1, 27.4, 27.5b
numerical integrations, 21.7
nuclear, 0.2, 17.7, II, 18.2, 26.1b
protostars, 26.2b
pulsating stars, 27.1, 27.5b, 27.6d
total energy of a star, 17.3, 25.5
transfer, convective, 14.2, 14.4, 14.6, 23.5
envelopes, 20.6
Hertzsprung-Russell diagram, 20.5
post-main sequence phase, 26.4
pre-main sequence phase, 26.2
pulsational stability, 27.6¢
white dwarfs, 25.3¢c
transfer equation,
convergence of power series solution,
6.4
excitation temperature, 7.1
formal solution, 6.1
simultaneous solution with two-level
atom steady state equations, 7.3
kinetic temperature, 7.1
LTE, time-independent, 4.1
power series solution, 6.3
scattering (induced) effect, 2.9b
solution, 6
thermodynamic equilibrium, 3.6

transfer, radiative,
effects on pulsational stability, 27.6a,
27.6b
photospheric regions, 20.4
sub-photospheric regions, 20.4
transition probability, 2.8a
transition region,
convection zone, 20.6a, 20.6b
pulsating stars, 27.5b, 27.6b, 27.7a,
27.7b
white dwarfs, 25.3c
transitions,
bound-bound, 2.8
bound-free, 2.8
collisional, 7, 7.1
free-free, 2.8, 16.2
radiative, 7, 7.2
translational kinetic energy,
internal, 10.2
transmission factor, 17.9a
“transparent” media, 2.10a, 2.10d
triple alpha reaction, 17.18a
turbulence element,
convective core lifetime, 14.6
mean free path, 13.2, 14
mean life, 13.2, 14
turbulent energy, 25.3d
turbulent pressure,
upper limit, 14.6

U-V plane, 21.4
uniform chemical composition,
stability of radiative gradient, 13.1
uniform composition models,
Vogt-Russell theorem “proof,” 18.1
uniform energy source model, 23.3,
convective, limiting luminosity, 23.5¢
upper limits,
in mixing length theory, 14.6
Urca process, 17.20

velocities, supersonic convective,
mixing length theory equations, 14.9
velocity curves,
classical cepheids, 27.1
RR Lyrae models, 27.8
*“virial of Clausius,” 17.2
virial theorem, 17.2,
Chandrasekhar-Schonberg limit, 26.4¢



virial theorem (continued),
degenerate configurations, 25.3a, 25.3d
gravitational contraction, 17.4, 17.5
polytropes, 23.1b
pulsating stars, 27.1
white dwarfs, 25.5
viscosity effects on pulsational stability,
27.6d
viscosity pressure, artificial, 21.7
visual magnitudes, absolute, 0.3
Vogt-Russell Theorem, 18,
application to Cowling model, 19.3
homology transformations, 22
physical interpretation, 18.2
“proof” for uniform composition
models, 18.1
variable chemical composition case,
18.4
violation, 18, 25.3a

W Virginis variables, 27.1
wave equation, adiabatic, 27.3, 27.3b,
27.3c,
eigenfunctions, 27.3b, 27.3c
wave equation, non adiabatic, 27.3,
eigenfunctions, 27.5b
viscosity effects, 27.6d
white dwarfs,
“classical” theory, 25.1
contraction, 25.3b
“‘cooling curve,” 25.3a
cooling times, 25.6
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degeneracy effects on equations of
state, 24

dense, 23.5
energy source, 25.4
evolutionary significance, 25.7
gravitational contraction, 25.4
internal chemical composition, 25.4
internal temperature, 25.3
limiting mass, 25.1f
location on H-R diagram, 0.3, 25.6b
luminosity, 25.3c
opacity, 25.3¢
physical interpretation, 25.2
pulsational instability, 27.6a
radiation, 25.3
secular stability, 25.5
“transition region,” 25.3c
virial theorem, 25.3

white dwarfs, theory, 25

width (of a nuclear state), 17.9b,
reduced, 17.9b

work rate, pulsating stars, 27.4

““zero-age” main sequence, 26.2c, 26.3
zero-temperature radius, 25.1c, 25.3b,
25.3d, 25.6a
zero-temperature stars, 25.1, 25.2, 26.5a,
energetics of approach, 25.3b
maximum mass, 25.3a, 26.5a
neutron stars, 26.5¢
white dwarfs, 25.1, 25.2
zeta function, Riemann, table, 24.2al
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