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accretion, spherical, 118
isothermal, 119
polytropic, 120
sonic radius, 119

accretion discs, 163
energy emitted, 174
spectrum, 176
steady state, 173
viscosity in, 169

Alfvén velocity, 190, 191

Alfvén waves, 190

atomic line radiation, 42

barotropes, 50

Bernoulli’s constant, 108

Bernoulli’s equation, 107

blast waves, 89
approximate method, 90
becoming sound wave, 102
explosion energy, 89
maximum radius, 103
similarity solution, 94

Bondi accretion, 119

Bonnor—Ebert spheres, 56

charge neutrality, 184
charged particles, 180
collisional fluid, 5
conservation equation for
plasmas, 181
conservative force, 20
continuity equation, 13
convection, 128
convective derivative, 8
cooling function, 38, 45
covariant derivative, 201
curvilinear coordinates, 200
vector operators in, 201

224

de Laval nozzle, 113
general points, 116
isothermal case, 114
polytropic case, 115

Debye length, 186

dispersion relation, 70

divergence theorem, 13

electrical conductivity, 182
energy equation, 37
energy transport, 39
conduction, 40
convection, 40
cosmic ray heating, 39
radiation, 41
equation of state, 32
adiabatic, 34
barotropic, 34
isothermal, 34
polytropic, 50
Eulerian equations, 5
continuity, 13
cylindrical coordinates, 204
spherical coordinates, 202
tensor form, 200
energy, 39
cylindrical coordinates, 205
spherical coordinates, 203
tensor form, 201
momentum, 17
conservative form, 17
cylindrical coordinates, 204
spherical coordinates, 203
tensor form, 201
Eulerian to Lagrangian equations, 7

Field criterion, 146
fluid element, 4
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free—free radiation, 42
frozen-in magnetic field, 188

galaxy jets, 117
gas constant R, 33
Gauss’s theorem, 13
Gaussian surface, 24
gravitational acceleration, 20
gravitational potential, 20
for a cylindrical mass distribution, 25
for a finite disc, 27
for a plane mass distribution, 26
for a spherical mass distribution, 24
gravitational potential energy, 28

Helmbholtz’s equation, 110
hydrostatic equilibrium, 46

ideal gas, 32

ideal hydromagnetic equations, 190

incompressible fluid, 14

instabilities, 128

internal energy, 34

interstellar medium
structure, 104, 124
temperature, 104, 124

ionisation, 44

irrotational flow, 109

isentropic fluid, 37

isothermal atmosphere, 49

isothermal gas sphere, 55

isothermal slab, 47

Jeans instability, 139
Jeans length, 141
Jeans mass, 141
jets, 117

Kelvin’s vorticity theorem, 112
Kelvin—Helmholtz instability, 138
Keplerian motion, 165

Lagrangian equations, 6

continuity, 13

energy, 38

momentum, 17
Lagrangian to Eulerian equations, 7
Lane-Emden equation, 52

solution for n =0, 52

solution for n =1, 53

solution for n =5, 54

Laplace’s equation, 112
line cooling
atomic lines, 42
molecular lines, 44

Mach number, 79
magnetic fields, 179
magnetic force density, 188
magnetic pressure, 189
magnetohydrodynamic equations, 180
magnetohydrodynamics, 179
mass conservation, 12
mass—radius relation for polytropic
stars, 58

Maxwell’s equations, 182
mean free path, 4
metric tensor, 200
molecular line radiation, 44
momentum equation, 15

for plasmas, 182

Navier—-Stokes equation, 153, 156
Ohm’s law, 182

particle paths, 9

particle trajectories, 8

Pfaffian operators, 34

plasma frequency, 185

Poisson’s equation, 22
cylindrical coordinates, 205
spherical coordinates, 203
tensor form, 201

polytropes, 50

polytropic index, 50

pressure, 14

ram pressure, 18
Rankine—Hugoniot relations, 81
Rayleigh-Taylor instability, 137
in a plasma, 194
recombination radiation, 42
reversible changes, 34
Reynolds number, 162

scale height, 68

scaling relations for stellar structure,
56

Schwarzschild criterion, 130

Sedov solution, 101

shear viscosity, 151
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shocks, 78
adiabatic, 81
compression factor, 83
entropy jump, 83
isothermal, 85
compression factor, 86
post-shock flow, 87
sound speed, 65
adiabatic, 67
isothermal, 66
sound waves, 63
dispersion relation, 70
group velocity, 71
in a stratified medium, 68
in a uniform medium, 63
Lagrangian vs. Eulerian
description, 73
phase velocity, 71
specific heat
at constant pressure, 36
at constant volume, 35
ratio vy, 37
spherical accretion, see accretion, spherical
stability in stratified fluids, 133
stars
as polytropes, 50, 57
binary mass transfer, 61
central temperature, 58
dynamic timescale, 59
mass—radius relation, 58
scaling relations, 56, 62
thermal timescale, 147
steady spherical flows, 126
stellar winds, 123
Stokes’ theorem, 109, 187

streaklines, 9
streamlines, 8
stress tensor, 15
strong shocks, 83
sunspots, 194, 199
superbubbles, 124
supernova bubble, 104
cooling, 105
galactic plane blow out, 105
supernovae, 89
and interstellar medium
structure, 104
supersonic flows, 77
surface gravity waves, 137

thermal instability, 142, 146
thermal timescale, 147

thermodynamics
first law, 34, 37
second law, 155

turbulent flow, 161

virial theorem, 29
viscosity coefficient, 153
bulk, 155
shear, 155

viscous diffusion equation, 168

viscous stress tensor, 151
vorticity, 108
flux conservation, 111

wave propagation
at interfaces, 74
general approach, 73
wavenumber, 65
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