Cambridge University Press

978-0-521-43747-9 - Astrophysical Fluid Dynamics
E. Battaner

Index

More information

Index

accretion, 170, 171

active galactic nuclei, 155, 170, 171
active regions, 153

adiabatic fluctuations, 213

advance of perihelia, 119

absolute magnitude, 57, 106
absorption, 58

absorption coefficient, 58

acoustic epoch, 225, 226

acoustic waves, 95, 215, 219, 220, 224, 225
adiabatic atmosphere, 17

adiabatic cooling, 17

adiabatic fluctuations, 213, 214, 225
adiabatic stars, 116

affine connection, 47, 120, 186

age of the Universe, 101, 106, 201, 206
Alfvén, 97

Alfvén speed, 96, 169

Alfvén waves, 95, 169

alpha-effect, 159
alpha—omega-dynamo, 159, 163, 164
ambipolar diffusion, 83, 86, 87, 169
ambipolar diffusion coefficient, 87
anisotropy, 78, 208

anisotropy degree, 78, 155
annihilation, 154, 181

annihilation epoch, 180, 197, 213, 214, 216, 217
antisymmetric tensor associated with a vector, 23
athenosphere, 27

antineutrinos, 197

atmospheric extinction, 71

atomic era, 180

axions, 212, 213, 219

axisymmetric spiral, 163

Barbier, 71

barred spiral galaxies, 133

baryons, 194, 196, 198, 211, 213, 217-220, 226, 227
baryogenesis, 181, 194

baryonic dark matter, 211

biased galaxy formation, 212

Big-Bang, 125, 177, 179-82, 199, 200, 206, 207
Big-Crunch, 177, 199, 203, 206

Biermann, 152

binding electrical field, 87

bipolarity, 153, 154

bisymmetric spiral, 163

Bird, 7

black body, 55, 59, 62-6, 68, 73, 74, 208

black dwarfs, 130, 131

black holes, 101, 119, 124, 125, 130, 132, 170, 171,
211, 212

bolometric magnitude, 57

Boltzmann, 1, 7

Boltzmann’s equation, 7, 8, 39, 57

Bondy, 174

bright spot, 171

brightness temperature, 57

broad line region, 171

brown dwarfs, 107, 181, 211

bulges, 133, 134, 144

bulk viscosity coefficient, 24

central density, 104, 117

central temperature, 105

Chandrasekhar, 7, 109, 115
Chandrasekhar mass, 115, 118, 131, 132
Chandrasekhar opacity, 68, 73

Chapman, 7

Chapman and Enskog (theory), 7, 20, 24,
charge current density, 79, 81, 82, 83, 84, 85, 87
charge density, 79, 81

chemical potential, 108, 109
chromosphere, 147, 148, 153, 154
Claussius, 24

closed universe, 176, 177, 187, 199-206
closure condition, 200, 216

cluster of galaxies, 94, 133, 210, 211, 213, 220
CNO cycle, 105

coalescence, 158

COBE, 208, 212, 213, 225, 226, 227

cold dark matter, 212

cold gas, 38

collapse, 107, 164-9, 172, 215

collision cross-section, 24, 78

collision frequency, 20, 25, 77, 78, 148, 155
colour index, 56, 72

column density, 75
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comoving coordinates, 182, 187, 188, 194, 222

complete degeneracy, 109

conduction flux, 4, 6, 102, 114

conductivity, 153

continuity equation, 8, 13, 14, 30, 40, 41, 47, 80, 81,
91, 144, 157, 161, 173, 174, 194, 221, 225

convection, 102, 131

convection cells, 17, 148

convective derivative, 9

cooling, 13

coordinate singularity, 123

Coriolis forces, 18, 19, 158

Coriolis torque, 160

corona, 147, 148, 153, 154

coronal holes, 148

correlation time, 160

corrugations, 155

cosmic electrons, 98

cosmic ray pressure, 157

cosmic strings, 213

cosmic time, 185, 187

cosmological principle, 172, 174, 188, 194

cosmological redshift, 188, 189

cosmological scale factor, 175, 177, 185, 189

Cowling, 7, 151

critical density, 176

critical electron density, 112, 113

cross-correlation, 210

current four-vector, 36

Curtiss, 7

curvature, 183, 185

curvature fluctuations, 213

cyclic universe, 176, 201

cycloid, 202, 203

cyclotron frequency, 77, 78, 155

dark halo, 134, 211

dark matter, 139, 145, 146, 180, 200, 211, 212, 216,
217, 226, 227

dark mottles, 153

de Broglie wavelength, 108

deceleration parameter, 177

deflection of light, 119

degeneracy, 107, 110

degenerate neutrons, 132

degenerate stars, 114-8

density, 5

density parameter, 176

diameter distance, 192, 205

differential rotation, 140

diffusion, 20-2, 82-8

diffusion approximation, 65, 68, 73

diffusion coefficient, 21, 25

diffusion velocity, 5

diffusive equilibrium, 21, 22

Index 237

dipole anisotropy, 212

disc, 74, 75, 134, 144-6, 157, 162, 164, 170
distribution function, 1, 35, 50

dry observer, 9, 10, 11, 39, 44, 64, 65, 79, 174
dust, 133, 135, 169, 171

dynamo, 149, 151, 156-64, 171

Earth, 16, 17, 18, 19, 22, 55, 56, 71, 72, 116, 123, 135,
190

Eddington, 69, 71

Eddington accretion rate, 170

Eddington condition, 73

Eddington energy flux, 130

Eddington, flux, 69

Eddington luminosity, 170

Eddington’s nomenclature, 69

eddy, 28, 156, 158

eddy diffusion, 30, 33

eddy diffusion coefficient, 33

effective temperature, 73, 106, 114

Einstein coefficient, 59

Einstein—de Sitter universe, 176, 177, 201, 202, 206,
207, 221

Einstein’s field equations, 46, 47, 119-21, 126, 192,
198, 224

Einstein-Friedmann equation, 199, 207, 210

electrical conductivity, 83-6

electrical conductivity tensor, 85, 86

electrical current, 42

electromagnetic energy density, 43

electromagnetic energy-momentum tensor, 42

electromagnetic hydrostatic pressure, 43

electron diffusion coefficient, 87

electron—positron pairs, 196

electroweak, 164, 181

elliptical galaxies, 133, 134, 211, 212

emission coefficient, 59

energy balance equation, 12, 13, 14, 31, 43, 60, 91,
102, 144, 157, 178, 199, 225

energy density, 37, 52, 62

energy dissipation rate, 31, 32, 33

energy-momentum conservation, 42, 47, 94, 195

energy-momentum tensor, 36, 39, 46, 64, 121, 198

entropy, 25, 195-8

entropy flux, 27

entropy per baryon, 25, 44, 63, 196-8

entropy per particle, 25, 44

equality, 180, 216-8, 226

equation of motion, 10, 13, 14, 31, 43, 81, 91, 102,
144-6, 157, 161, 175, 194, 195, 221, 225

equation of state, 38, 54, 111, 112, 138, 179, 181, 199,
200

equipartition of energy, 98, 152, 162

equivalent mass, 5, 113

equivalent opacity, 135
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equivalent radius, 93

eruptive events, 154

Euler’s equations, 13, 14, 15

exosphere, 18

expansion, 173, 179, 188, 189, 197, 199, 207, 208,
210, 215, 216

extinction, 72

extragalactic radio sources, 97, 100

Faber-Jackson effect, 212

Faraday rotation, 100, 163

Faraday tensor, 41

Fermi energy, 111

Fermi momentum, 111

Fermi pressure, 107, 130

Fermion system, 107, 108

Fick’s first law, 22

Fick’s second law, 22

filaments, 154, 155, 210

filigree, 153

flaring, 155

flat universe, 177, 181, 201, 221

flocculent galaxies, 133

fluctuating flow, 29

fluctuating quantity, 29

force-free, 154

formal solution, 70

four-velocity of the fluid, 39

fragmentation, 167

free-falling observer, 184, 187

free—free absorption, 58

free streaming, 219

Friedmann models, 2014

friction velocity, 21

frozen-in magnetic field lines, 88, 89, 148, 151, 155,
158, 159, 168, 169

fundamental galaxy, 184, 187, 188, 205, 206

fundamental observer, 184, 185

fundamental particle, 184

fusion, 101

galactic centre, 74, 13843

galactic dynamics, 13346

galactic mass, 94

galactic plane, 74, 133, 134, 135
galaxy formation, 179, 213-27

gas, 94, 155

Gauss’ theorem, 27

geodesics, 119, 122, 186, 187
geometrized unit system, 35, 50, 119, 184
giant planets, 107

globular cluster, 94, 133, 138, 143, 218
Gold, 174

grand unification, 181

granulation, 148-50

gravitational lenses, 119
gravitational potential energy, 93
Great Attractor, 210

Great Wall, 210

grey-body, 66, 67

gyrofrequency, 78

hadrons, 181

Hall charge current density, 85

Hall conductivity, 85

halo, 137, 144, 220

halo compact objects, 211
Harrison—Zeldovich spectrum, 213
Harwit, 98

Hawking radiation, 119

heat conduction, 23, 24, 46

heating, 13

helicity, 154, 158, 159

helium combustion, 131

helmets, 154

Henry Draper classification, 106
Herlofson, 97

Hertzsprung—Russell diagram, 106, 131
HI clouds, 156

HII regions, 134, 156

heterosphere, 23, 34

Hipparchus, 56

Hirschfelder, 7

hollow sphere, 126

homogeneity, 172, 184, 185
homogeneous turbulence, 32
homopause, 22, 34

homosphere, 34

horizon, 205, 208, 216

hot dark matter, 212

hot gas, 38, 156

Hoyle, 174

Hubble’s constant, 173, 176

Hubble flow, 212

Hubble frame, 212

Hubble’s law, 173, 174, 189, 190, 193, 194
Hubble time, 176, 199, 206, 212, 214
hydromagnetic waves, 148
hydrostatics, 15, 48, 102, 114, 127
hydrostatic pressure, 3, 4, 37, 62, 66, 69, 138

ideal plasmas, 88

ideal system, 108, 110

impact parameter, 143

imperfect fluids, 20-7, 219

imcompressible fluid, 28

induction equation, 88, 89, 91, 149, 150, 157, 162
inflation, 181, 207, 211, 213

inhomogeneities, 208-10, 212, 213, 216-27

initial mass function, 167
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instabilities, 92 Larmor, 149
intensity, 51, 62, 70, 71 Laplace’s equation, 22
intensity outside the atmosphere, 70 large-scale structure, 210, 212, 213
intercloud medium, 155, 156 latent heat, 148
intergalactic magnetic fields, 97 Lemaitre, 122, 124
intergalactic medium, 164 lenticular galaxies, 133
interstellar extinction, 74, 75, 138 Lettau’s formula, 33
interstellar medium, 130, 147, 155-69 Lorentz matrix, 39
intrinsic polarization, 99 life, 18
inertial term, 10, 28 Lifshitz, 215
internal energy per particle, 12 limb darkening, 71
inverse compton effect, 97, 170 LMC, 211
ion acoustic waves, 95 lobes, 155
ion diffusion coefficient, 87 local minkowskian system, 123
ion-drag force, 19 local standard of rest, 136, 137
ion supported tori, 171 local thermodynamic equilibrium, 14, 59, 65
ionization, 147 luminosity, 55, 103, 106
ionizing continuum, 171 luminosity distance, 190-3, 205, 206
ionization potential, 179
irregular galaxies, 133
isentropic flux, 44, 45 macroscopic neutrality, 77, 81, 87
isothermal density distribution, 134 magnetic braking, 169
isothermal fluctuations, 213, 225 magnetic buoyancy, 152
isotropic fluctuations, 213, 225 magnetic diffusion, 155, 156
isotropic form, 120, 124 magnetic energy density, 92, 98
isotropic scattering, 58, 59 magnetic field lines, 78, 90
isotropic turbulence, 32 magnetic flux, 90, 168
isotropy, 172, 174, 184, 185 magnetic flux tubes, 152, 153, 164
magnetic knots, 153

Jansky, 57 magnetic monopoles, 181, 212
Jeans mass, 1647, 21318 magnetic pressure, 92, 152
Jeans waves, 166, 214, 215 magnet@c Reynolds number, 89, 148, 152, 155, 158
jets, 164, 170, 171 magnetized cloud, 90

Johnson and Morgan system, 56 magnetograms, 151 .
Joule heating, 82, 91 magnetohydrodynamics, 88-97, 157, 161, 171

Jupiter, 16, 19 magnetohydrostatics, 91
magnetosphere, 16

magnitude, 56, 72, 74

magnitude per arcsec(-2), 57
main-sequence stars, 101, 130, 131
mass flux, 3

mass—luminosity relation, 105, 130, 146
mass-radius ratio limit, 119, 128-130
matter-antimatter asymmetry, 181

Keplerian rotation curve, 139, 170, 211
Kerr black holes, 119

Kerr—-Newman black holes, 119, 171
kinematic condition, 153

Kirchoff law, 59, 65

Kolmogorov and Oboukov (theory), 33

Kramers’ opacity, 105, 106 matter domination, 179, 180, 195, 198, 200-7, 209,
Krause, 151 216, 217’ 223
Kruskal-Szekeres coordinates, 124 Maxwell, 25

Maxwell distribution, 14, 16, 25, 137, 143
Landau, 7 Maxwell’s equations, 42, 77-80, 162
Landau length, 77, 147 Maxwell-Boltzmann distribution, 13, 108
Landau-Oppenheimer—Volkoff limit, 132 Maxwell tensor, 91, 94
Lane-Emden equation, 118 mean flow, 29
Lane—Emden function, 118 mean free path, 24, 78, 114, 144, 148, 56, 157
Lang, 98 mean free path of photons, 60, 219
Langmuir, 7 mean free time, 25
Langmuir waves, 95 mean intensity, 52, 66, 69
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mean quantity, 29

mean magnetic field, 149

mean velocity, 2, 5, 138

mesogranulation, 148, 151

mesons, 181

mesosophere, 18

metals, 113

metallicities, 137

microlensing, 211

microwave background radiation, 65, 178, 195, 197,
208, 209, 212, 226

Mie scattering, 58

Milne line element, 183

Milne universe, 181-3, 185

Minkowski tensor, 39

Minkowskian observer, 181

minor constituent, 22

Milky Way, 123, 134-6, 143, 146, 161, 162, 170, 187,
205, 211, 212, 217, 220

molecular clouds, 155, 164

molecular diffusion, 22

momentum flux equation, 61

multicomponent fluids, 5, 6

M3l, 162, 163

M33, 163

narrow line region, 171

Navier-Stokes equations, 25

near infrared, 56, 74

network, 148, 153

neutralinos, 212

neutrino decoupling, 180, 197, 198, 220
neutrinos, 132, 180, 181, 196, 197, 200, 212, 219, 220
neutron stars, 101, 108, 127, 128, 130, 132, 211
neutronization, 132

NGC6946, 163

Newton, 95

Newtonian cosmology, 172-80

Newtonian stars, 110, 127

non-baryonic dark matter, 211-212
non-diffusive forces, 12, 14

nuclear burning, 101, 105

nuclear density, 132

nucleosynthesis, 180, 181, 211

number density, 1, 5, 36

Olber’s paradox, 136, 172
Ohm’s law, 83, 88

ohmic diffusivity, 151, 169
omega-effect, 159

Qort, 140

Oort’s functions, 142
Oort’s constant A, 141
Qort’s constant B, 142
opacity, 55, 131, 135, 170

opacity coefficient, 58

open clusters, 133, 143, 166, 167

open universe, 176, 177, 200, 203, 204, 206
optical depth, 69

overshooting, 148

Parker, 151

Parker instabilities, 162, 164

partial degeneracy, 111

partial density, 5

particle era, 181

partition function, 108, 110

Pauli’s principle, 109

peculiar galaxies, 133

peculiar velocity, 2, 5, 46, 137, 212, 223
Pederson conductivity, 85

perfect cosmological principle, 173, 174
perfect fluids, 13-19, 185, 194, 197, 219
perfect photon fluid, 64

phase transitions, 213
photodissociation, 22, 58

photometry, 134

photon current four-vector, 51

photon decoupling, 180, 208, 209, 214, 216,

photon diffusion, 218

photon number density, 52
photosphere, 147, 148, 151-3
plages, 148, 153

Planck diameter, 181

Planck epoch, 181

Planck function, 55, 59

Planck mean absorption coefficient, 67, 68
Planck mean opacity, 67
Planck mean scattering coefficient, 67
Planckian emissivity, 59, 65, 67
plane universe, 190, 207, 208
planetary nebula, 131, 169
plasma era, 180

plasma frequency, 95

plasmas, 77-100, 147, 151
plasmaspheres, 15, 16

plumes, 154

points in faculae, 153

pores, 153

Poisson’s equation, 145, 175, 221
polar faculae, 151
polarization, 98

polarization degree, 99
polarized synchrotron, 98-100
poloidal field, 151, 158-60
polytropes, 116-8

polytropic index, 116
polytropic stars, 116
population, 134, 143
positrons, 196, 197

220
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Poynting three-vector, 43 rotation measure, 100
pregalactic structures, 179, 180 Ruzmaikin, 151
pressure gradient force, 11, 146, 162, 212, 221
pressure tensor, 3, 6, 46, 62, 66, 69, 137, 138, 145
primordial density fluctuations, 211 Saturn, 19
prominences, 92, 151, 154 scalar curvature, 121
proper distances, 189, 190 scalar electrical conductivity, 84, 155
proper energy density, 37 scale height, 15, 16, 70, 76
proper hydrostatic pressure, 37 scattering, 58
proper motions, 142 scattering coefficient, 58
proper number density, 37, 182 Schwarzchild black hole, 119, 171
protogalactic inhomogeneities, 208, 217-21 Schwarzchild distribution, 137, 145
proton—proton chain, 105 Schwarzchild ellipsoid, 137
protostars, 169, 170 Schwarzchild metric, 119, 128
pulsars, 100, 132 Schwarzchild radius, 122, 123, 170

Schwarzchild singularity, 122, 123
Schwarzchild surface, 119, 122, 124, 125, 128
seed magnetic field, 149, 158, 159, 163, 164
Seyfert galaxies, 171

quantum gravity, 181
quark—gluon plasma, 181
quarks, 181

shear, 170
quasars, 54, 97, 171, 218 shear tensor, 23
sheets, 210
radiance, 70 Silk mass, 218
radiation, 102 singularity, 125
radiation domination, 179, 180, 194, 195, 197, 198, solar cycle, 151, 154, 159
200, 207, 208, 216, 218, 224, 225 solar neighbourhood, 100, 134-7, 140, 142, 143, 155
radiative energy flux, 52, 54, 53, 56, 57, 66,69, 71, 73,  solar wind, 148, 154
106 solid-body rotation, 23
radiative equilibrium, 61, 67, 68, 76 sound, 45, 46, 148, 166
radiative hydrostatic pressure, 66, 116, 117 sound speed, 169, 214
radiative pressure three-tensor, 53, 76 source function, 59
radiative transfer, 51 specific heat at constant pressure, 17
radio continuum, 97 specific heat at constant volume, 12
radiogalaxies, 155, 170 spectral index, 98
radius of the Universe, 175, 185-7, 206 speed of sound, 46, 101
random magnetic field, 99 spiral arms, 133, 137, 155
Rayleigh scattering, 58, 72 spiral galaxies, 133, 139, 155, 158, 162, 163, 211
reconnection, 152, 158 Spitzer, 98
recombination, 22, 59, 77, 147 spontaneous symmetry breaking, 181
recombination epoch, 179, 180, 198, 202, 207, 212-25  stable atmosphere, 18
red giants, 56, 74, 76, 131 standard form, 120, 124
redshift, 123, 124, 173, 180, 189, 191, 192, 204, 212 standard model, 181
relativistic cosmology, 181, 184-209 star count equation, 135
relativistic electrons, 98 star formation, 90, 135, 155, 164-9
relativistic fluids, 35-49, 214, 215 static, 15
relativistic stars, 109, 111, 114-18 stationary, 15
relativistic white dwarfs, 112 steady state cosmology, 174
relaxation time, 142 Steenbeck, 151
Reynolds’ number, 29, 156 Stefan—Boltzmann constant, 63, 113
Reynolds’ tensor, 31, 34, 156 stellar dynamics, 139
Ricci tensor, 47, 121, 126, 198 stellar interior, 72, 73, 101-19, 126-32
Riemann tensor, 47 stellar viscosity, 144
rings, 134, 155, 162 stratopause, 18
Robertson-Walker metric, 185, 194, 208, 225 stratosphere, 18
Rosseland mean opacity, 68, 103, 130 streamers, 154
rotation curve, 138, 139, 155, 211 strong interactions, 181
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subhorizon anisotropies, 209

subhorizon inhomogeneities, 208

substratum, 185

Sun, 57, 71, 74, 76, 102, 104, 106, 119, 131, 135-40,
147-54, 161

Sun typical parameters, 107

sunspots, 148, 151-3

super-attractor, 210

superclusters, 172, 173, 210

supergiant, 131

superhorizon anisotropies, 209

superhorizon inhomogeneities, 208, 226

supernova, 98, 131, 132, 157, 169

supergranulation, 148, 149, 151, 153

supernova remnants, 97

superunification, 181

surface density, 75

synchrotron, 97-100, 155, 163

Taylor expansion, 193

temperature, 2, 6

Tenerife experiment, 213, 226

thermal conductivity coefficient, 24, 25, 219
thermal diffusion, 22

thermal emission, 97

thermodynamic equilibrium, 62, 65
thermosphere, 18, 22

thick disc, 171

Thomson scattering, 58, 66, 170, 179, 219
Thonk’s theorem, 85

Tonk’s, 7

topological defects, 181

toroidal field, 151, 159, 160

total energy-momentum tensor, 43
transmission factor, 70

transport fluxes, 2-6

tropospheres, 27, 34

turbopause, 23, 34

turbulence, 27-34, 149, 151, 153, 156, 158, 170

turbulent electric field, 150

turbulent diffusion, 30, 161

turbulent heat flux, 31, 34, 116

turbulent hydrostatic pressure, 156
turbulent magnetic diffusion, 149-53, 161-3
turbulent pressure, 156

turbulent viscosity, 157

UBYV system, 56

uniform magnetic field, 99
unipolar sunspots, 153
unstable atmosphere, 18

vacuum Schwarzschild metric, 126
Venus, 16, 19

vertex deviation, 137

virial theorem, 92, 164, 168, 211

viscosity, 23-5, 170, 219
viscosity coefficient, 23, 25
VLBI, 171

voids, 210, 211, 212
vorticity equation, 28

warm ionized gas, 156

warm neutral gas, 156
warps, 155

weak field approximation, 49

wet observer, 9, 10, 11, 12, 14, 17, 25, 37, 44, 64, 79,

89, 174
white dwarfs, 56, 101, 107-18, 124, 130, 131
white hole, 124, 125
Wilson effect, 152
Wolf-Rayet star, 131
WIMPs, 226, 227
wind, 19, 169

Yerkes’ classification, 106
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