
Index

absorption coefficient, 108
continuous case, 113
net absorption, 109

continuous case, 114
adiabatic index, 152
adiabatic temperature gradient, 194
Alfvén velocity, 246
ambipolar diffusion

evolution of magnetic field, 232
friction coefficient, 231
friction force, 231

anisotropy parameter, 259

Bardeen potentials, 130
barotropic fluid, 157
BBGKY hierarchy, 28

closure, 28
Bernoulli’s law

non-stationary flow, 164
potential flow, 181
stationary flow, 159

Bohr radius, 83
Boltzmann equation

fluid approximation
higher order moments, 122
lowest-order moment, 122

Boltzmann’s equation, 29
collision-less, 252
Hamiltonian system, 29
linear approximation, 209

Bondi accretion
critical accretion rate, 164
flow velocity, 163

Bondi accretion rate, 162
Bondi radius, 162
Born’s approximation, 253
bremsstrahlung radiation

spectrum, 58
for thermal electron population,

60
integrated over impact parame-

ters, 59

Cartan’s structure equation
first, 131
second, 132

Chandrasekhar’s equation, 285
characteristics

hydrodynamic equations, 171
partial differential equations, 170

charge density
polarised, 202

charge in radiation field
energy loss, 66

Christoffel symbols, 129
circulation, 157
cold magnetised plasma

longitudinal dielectricity, 236
longitudinal electromagnetic waves,

240
transverse dielectricity, 236
transverse electromagnetic waves,

241
collisional invariants, 120
collisions

in evolution equation, 91
phase change, 90

Compton parameter, 74
Compton scattering

energy transfer, 69
averaged, 70

frequency change, 69
connection forms, 129

weak-field limit, 131
conservation equations

ideal fluid
Lorentz-covariant form, 123

constant of the motion, 264
constants

natural, 3
continuity equation

electromagnetic field energy, 21
fluid, 123

relativistic, 130
in momentum space, 32

293
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convective stability
condition, 193, 194

cooling function, 186
Coriolis force, 277
Cosmic Microwave Background

decoupling, 71
cosmic microwave background

dipole, 101
Coulomb logarithm, 253
covariant derivative, 129
cross section

scattering
off harmonically bound charge,

63
crossing time, 254
current density

kinetic energy, 125
curve-of-growth

for equivalent width, 95

Debye length, 199
Debye shielding, 198
Debye wave number, 199
dielectric displacement, 202
dielectric tensor, 204

decomposition, 205
in terms of phase-space distribu-

tion, 209
dielectricity, 202

longitudinal, 210
in thermal plasma, 214

longitudinal and transverse, 205
transversal

in thermal plasma, 214
transverse, 210

dielectricity tensor
cold magnetised plasma, 235

diffusion
ambipolar, 229

diffusion approximation
in phase space, 30

diffusion equation
temperature, 190

diffusion time scale
magnetised plasma, 226

diffusive energy transport, 139
diffusive momentum transport, 138
diffusive particle transport, 138
diffusive stress-energy tensor, 139
disk potential, 276

dispersion measure, 216
dispersion relation

Alfvén waves, 246
electromagnetic waves in cold mag-

netised plasma, 238
electromagnetic waves in plasma,

207
longitudinal, 208
perpendicular, 208

for disk stability, 279
gravity waves, 182
hydromagnetic waves, 248
Jeans instability, 272
Kelvin-Helmholtz instability, 185
Rayleigh-Taylor instability, 184
thermal instability, 189

distribution function
one particle, 29

master equation, 30
drift velocity

in magnetised plasma, 219
dynamical friction, 281

Chandrasekhar’s equation, 285

eccentric anomaly, 56
Eddington limit, 42
Einstein coefficients, 106
Einstein’s relations, 107
electromagnetic fields

Lorentz transforms, 17
electromagnetic power

emitted by charge in radiation field,
65

transferred by charge in radiation
field, 66

electromagnetic radiation
damping force, 61, 62
Doppler shift, 91
photon picture, 68

electromagnetism
antisymmetric field tensor, 16
Coulomb gauge, 81
four-current density, 17
four-potential, 16

wave equation, 19
gauge freedom, 18
Lagrange density, 18
Lorentz invariants, 18

electron
equation of motion
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non-relativistic, 39
electron radius

classical, 40
emissivity, 109

continuous case, 114
energy conservation

ideal fluid, 124, 126
viscous fluid, 141

energy current
conductive, 191

energy current density, 98
viscous magnetised plasma, 224

energy density
electromagnetic field, 21

energy transfer
by moving charge to photons, 71

net effect, 71
by photons to moving charge, 71

energy-current density
viscous fluid, 140

energy-momentum conservation
in general relativity, 129

energy-momentum four-vector, 14
energy-momentum tensor

electromagnetic field, 21
from Lagrangian, 20
ideal fluid, 129
of particle ensemble, 119

enthalpy density, 126
entropy

as a function of pressure and den-
sity, 153

as a function of temperature and
pressure, 153

equilibria
time scales of establishing, 187

equipartition theorem, 74, 91
Euler’s equation

for magnetised plasma, 222
ideal fluid, 125

relativistic, 130
in cylinder coordinates, 148
in spherical coordinates, 149

Euler’s theorem for homogeneous func-
tions, 62

Faddeeva function, 214
far field

electric, 23
magnetic, 23

Faraday rotation, 242
rotation measure, 242

Fick’s law, 138
flow from a faucet

cross section, 159
fluid

definition, 120
Fokker-Planck approximation

diffusion coefficients, 31
Compton scattering, 74
for hard spheres, 35
relation, 32

in Compton scattering, 73
Fokker-Planck equation, 31

for absolute momentum, 33
relative to equilibrium, 34

for Compton scattering, 74
four-momentum, 12
four-velocity, 12
frame

inertial, 4
of reference, 4

Gaunt factor, 59
Gaussian profile

from Doppler broadening, 92
gravitational potential energy

Chandrasekhar’s expression, 144,
263

Green’s function
d’Alembert operator

retarded, 19
groups

symmetry, 5

Hagen-Poiseulle law, 167
Hamilton’s equations of motion, 27
Hamiltonian

in electromagnetic field, 81
perturbation due to electromagnetic

field, 81
Hankel function, 58
harmonic oscillator

damped
driven, 63

heat conductivity, 139
electrons, 192
relation to conductive opacity, 191

hydrodynamic equations
covariant form

generally relativistic, 123
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ideal fluid, 126
generally-relativistic, 133
linearised, 150
relativistic, 131, 132

hydromagnetic waves
velocities, 247

hydrostatic equation, 154

induced emission coefficient, 109
induction equation

battery term, 228
inhomogeneous, 228

inertial tensor, 144
integral measure in phase space

Lorentz invariant, 118
integral of the motion, 264

isolating, 265
intensity

relation to Poynting vector, 98
interaction potential

charged and neutral particles, 230
invariance

under Galilei transforms, 5
under Lorentz transforms, 5

isothermal sphere, 269
non-singular, 270
singular, 269

Jeans equations, 257
radial, 259

solution, 260
spherical polar coordinates, 258

Jeans swindle, 272
Jeans wave length, 273
Jeans wave number, 135, 273
Jeans’ theorem, 265

Kelvin’s circulation theorem, 158
Kepler’s equation

for hyperbolic orbit, 57
Kirchhoff’s law, 109
Kolmogorov spectrum, 196
Kompaneets equation, 74

Landau damping
dissipation rate, 212
stellar-dynamical systems, 272

Lane-Emden equation, 154
Larmor formula

non-relativistic, 24
relativistic, 24

Larmor power
non-relativistic, 25
relativistic, 24

Laval nozzle
flow velocity, 160

Levi-Civita symbol, 139
Liénard-Wiechert potentials, 21
Liouville’s equation, 28
Lorentz contravariance, 9
Lorentz factor, 6
Lorentz force

covariant, 26
spatial components, 26

Lorentz invariance, 9
Lorentz profile, 64

for transition probability, 90
Lorentz transform

orthogonality, 18
special, 6

matrix representation, 8
Lorentz transforms

general, 6

Mach number, 160
Maclaurin disk, 276
magnetic advection, 225
magnetic diffusion, 225
magnetic field

frozen into plasma, 225
magnetohydrodynamic equations

linear perturbation analysis, 245
magnetohydrodynamics

assumptions, 219, 220
battery mechanism, 228
induction equation, 221

Maxwell’s equations
homogeneous

covariant, 19
in media, 203
inhomogeneous

covariant, 19
Maxwell’s stress tensor

electromagnetic field, 21
metric, 7
Minkowski metric, 7

line element, 9
Minkowski space, 6
momenta

canonically conjugated, 27
momentum conservation
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ideal fluid, 124

Navier-Stokes equation, 140
with gravitational force, 143

Newtonian gravitational field
energy-momentum tensor, 143
Lagrange density, 143

occupation number
Bosons and Fermions, 103
Lorentz transform, 100

Ohm’s law, 219
Ohmic heating, 210

in magnetised plasma, 223
time-averaged, 211

opacity, 109
conductive, 191
effective, 191

optical depth, 93
orbits

regular and irregular, 265
orthonormality relation

Minkowskian, 9
oscillator strength, 85

Parseval’s equation, 43
particle current density

conservation
Lorentz-invariant form, 122

four-vector, 119
partition sum

grand canonical, 102
permeability

magnetic, 202
perpetuum mobile

construction, 73
phase mixing

in collision-less systems, 271
phase space, 27

distribution function
reduced, 28

division into cells, 28
Plancherel’s theorem, 43, 82
Planck spectrum, 103

spectral energy density, 104
total energy density, 105

plasma, 197
ideal, 199

plasma dispersion function, 214
plasma frequency, 201
Poisson equation

generalised, 132
polarisation

plasma, 202
polarised current density

in cold magnetised plasma, 235
polytropic equation of state, 133, 152
polytropic index, 154
polytropic sound speed, 152
polytropic specific enthalpy, 152
polytropic temperature-density relation,

152
Poynting vector, 21

far field, 23
projection tensors

parallel and perpendicular, 205
projector, 205
proper time, 9

quantum states
absorption cross section

for electromagnetic radiation, 84
transition probability

due to electromagnetic radiation,
83

due to unpolarised electromag-
netic radiation, 84

quantum transitions
bound-free, 85
cross section

for bound-free transitions, 86,
87

dipole approximation, 84
quantum-mechanical states

long-term population, 90
spontaneous decay, 89

quasi-linear partial differential equa-
tions, 169

radiation pressure, 99
relation to intensity, 99

radiation pressure force
by Thomson scattering, 42

radiation temperature, 104
radiation transport equation, 110

solution, 110
radiative energy current density

transport, 116
Rankine-Hugoniot condition

density, 174
pressure, 174
relation, 175
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Rayleigh scattering, 64
Rayleigh-Jeans law, 104
relativistic aberration of light, 11
relativistic beaming, 11
relativistic dynamics

action, 13
Lagrange function, 13

relativistic hydrodynamics
density contrast

linearised evolution equation, 134
relativistic length contraction, 10
relativistic time dilation, 10
relativistic velocity addition, 11
relaxation time, 254
retarded time, 22
Reynolds number, 165

critical, 194
magnetic, 225

Riemann invariants, 171

scalar product
Minkowskian, 7

scattering
hyperbolic orbit, 55

scattering off hard spheres, 34
Sedov solution

radius, 178
shock velocity, 177

shear flow, 139
shock, 173

velocity, 176
sound waves, 151

dispersion relation, 151
in density contrast, 135
steepening, 173

specific entropy
viscous fluid, 142

specific intensity, 98
Planck spectrum, 103
relation to occupation number, 98
relativistic invariant, 100

spectral lines
equivalent width, 93

spectrum
electromagnetic radiation

from non-relativistic charge, 45
from relativistic charge, 45

Stefan-Boltzmann law, 105
stress-energy tensor

for magnetised plasma, 223

viscous fluid, 140
sum convention

Einstein’s, 8
Sunyaev-Zel’dovich effect, 76
synchrotron radiation

beaming, 49
spectrum, 52

cutoff frequency, 53
in orbital plane, 53

total power, 50

thermal instability
condition, 189

Thomson cross section
differential

for polarised light, 39, 41
for unpolarised light, 41

total, 41
Toomre’s criterion, 280
transformations

canonical, 28
transport phenomena

non-ideal fluid, 136
turbulence, 194
turbulent cascade, 194

units
cgs and SI, 1
of charge, 1

vector space
dual, 7

velocity dispersion
line-of-sight, 262

velocity potential, 181
velocity-dispersion tensor, 256
velocity-gradient tensor

symmetrised, 139
violent relaxation, 271
virial theorem

scalar
collision-less systems, 264

tensor, 145
collision-less systems, 264

viscosity, 139
kinematic, 165

viscous dissipation, 195
Voigt profile, 85, 93
vorticity, 156

diffusion equation, 164
vorticity equation
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barotropic fluid, 157

Wien’s law, 104




