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absorption coefficient 379
accretion disks 95-6
basic equations 97-8
driving of magnetized jets from
312-14
energy emitted from 94, 101
steady solution 99-101
thick 100
thin 95-6, 100
viscosity in 96, 102
accretion, spherical 95, 126-8
acoustic waves 106-8
dispersion relation 108
effect of the nonlinear term
111-14
emission of 109-11
speed 108
active galactic nuclei (AGNs), see
active galaxies
active galaxies
accretion as the source of energy
95
active nuclei 95, 384
jets from galaxies, see
extragalactic jets
production of jets from accretion
disks 312-14
adiabatic condition (in gas
dynamics) 106, 107
aerodynamic lift 90-3
aerofoil 90
Alfven radius 311
Alfven velocity 295
Alfvén waves 296
Alfven’s theorem of flux-freezing 282
a-coefficient 354
«? dynamo 358, 362
oaw dynamo 358
ambipolar diffusion 259-60, 315

anti-dynamo theorem, Cowling’s
34647
Archimedes’s principle 74, 76
atomic explosion 117-19
average
ensemble 159, 350
molecular 29, 159

barotropic fluids 60
barotropic relation 60
BBGKY (Bogoliubov—Born-Green—
Kirkwood-Yvon) hierarchy
225
Beénard cells 141
Bennett pinch condition 289
Bernoulli’s principle 66
for adiabatic flow of a perfect gas
106
for steady incompressible flows 66
for time-dependent flow 142
beta, see plasma-f3
BGK (Bhatnagar-Gross—Krook)
equation 41
bifurcation 132
binary stars 95
bipolar magnetic regions 302, 304-5
black hole 95, 101-2, 312
blast waves 116-17
self-similar solution 117-22
Boltzmann equation §, 23
collision integral 22-3
collisionless 15
moment equations of 33
Boltzmann’s H theorem 268
boundary layer 88-9
Boussinesq approximation 137
bremsstrahlung 219
Brownian motion 232
Brunt-Vaiisild frequency, see
Viisdla-Brunt frequency

419
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butterfly diagram 342-3

Cepheid variables 151
Chandrasekhar—Kendall expansion
290-1
Chandrasekhar number 298-9
Chapman-Enskog expansion 41-2
characteristic curves 112
characteristics, method of 112
charged particles, motion of, see
motion of charged particles
closure problem (in turbulence) 172
cold plasma approximation 230
collective phenomena (in plasma)
217, 221
collision
between a charged particle and an
interstellar cloud 210-12
between charged particles 217-18,
262-3
between neutral particles 16, 19
in fully ionized plasma 262-3
in weakly ionized plasma 258
meaning of the term ‘collisionless’
229, 238
suppression of collisions in
degenerate Fermi gases 223
collision frequency 263
collision integral 22-3
collisionless Boltzmann equation 15
collisionless processes
in plasmas 229, 238
in stellar systems 229, 238
complex potential 75
complex velocity 75
conservation
equation 28-9, 31
in binary collisions 20, 24, 28
laws in hydrodynamics 61-2
of energy 20
of momentum 20
continuity, equation of 12, 32, 54,
277
convection, see convective instability
convection cells 141
convective instability
in a magnetofluid 298-301
in a perfect gas 134
in an incompressible liquid 135
in stars 134, 173-4
corona
eclipse observation 63—4
heating of 335-9
hydrostatic model 64-5
X-ray emission from 334-5
correlation function
of turbulent velocities 160
two- and three-particle (in kinetic
theory) 225

correlation length (of turbulence)
160
correlation tensor (of turbulent
velocities) 160
cosmic rays 209
acceleration mechanism 210-14
energy density in 175
energy spectrum 21011
historical note 210
cosmical electrodynamics 281
Coulomb collisions 217-18, 262-3
covariant derivative 373
Cowling approximation 153
Cowling’s anti-dynamo theorem
346-7
Crab nebula 147
critical Rayleigh number 140
current sheets 322
curvature drift 205
cyclotron frequency 198

d’Alembert’s paradox 73
dark matter problem 37, 193
de Broglie wavelength 8
de Laval nozzle 123
Debye length 49, 217, 220
Debye shielding 198, 220
Debye volume 221
diamagnetic drift 261
dielectric constant (of plasma) 231,
240
differential rotation 177-8
inside the Sun 154-5, 174
stability 178-9
stretching of magnetic fields due
to 304-5, 348-9
theoretical explanation 174, 178
differential scattering cross-section
21
diffusion across magnetic fields (of
plasma particles) 260-2
diffusion, ambipolar 259-60, 315
diffusion coefficient 259
diffusion equation 170, 232
diffusion, turbulent 169, 354
dilute gas 19-20
dispersion measure 255
dispersion relation 108, 145
distribution function f(x,u,t) 8, 14
Maxwellian, see Maxwellian
velocity distribution
dynamical friction 233
dynamical theory S
dynamo equation 356
dynamo number 359
dynamo theory 343
kinematic 345
turbulent 348-50
dynamo wave 358-60
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E x B drift 202
eddies (of turbulence) 165
Eddington-Sweet circulation 190
effective mass (of a solid moving
through an ideal fluid) 73
Einstein’s equation 373
electrical conductivity 52, 267, 269,
397, 398
electromagnetic wave
in unmagnetized plasma 242-3
propagating parallel to magnetic
field 249-54
propagating perpendicular to
magnetic field 257
electron gases in metals 7, 223,
242-3, 269
elliptic partial differential equations
104
emission coefficient 379
em.u. 198
energy equation 57-8, 60, 279
energy-momentum tensor 373-5
energy spectrum (of turbulence) 163
experimental data 168-9
Kolmogorov’s theory of 167
ensemble 11, 159, 224, 350
ensemble average 159, 350
equation of continuity 12, 32, 54, 277
equation of energy 57-8, 60, 279
equation of motion
for neutral fluids 54-6
in MHD 278-9
of a charged particle 198
e.s.u. 198
Euler equation 56
Eulerian time derivative 53
extragalactic jets
hydrodynamic model 124-5
Kelvin—-Helmholtz instability in
148
magnetically driven (from
accretion disks) 312-14
radio observations 124-5
extraordinary wave 257

Faraday rotation 2534
fast mode (of hydromagnetic wave)
297
Fermi acceleration 213
Fermions 223
Ferraro’s law of isorotation 308
first-order Fermi acceleration 213
first-order smoothing approximation
353
flow
high-speed (of compressible fluids)
104
incompressible 59
irrotational 70
one-dimensional (of gases) 1224

past a cylinder (of an ideal fluid)
714
past solid bodies (of viscous
fluids) 86-90
potential 70
steady 65
through a circular pipe (of a
viscous fluid) 834
two-dimensional, see
two-dimensional flow
flux freezing 282
Fokker-Planck equation 228, 233
force-free field 286
generating function for 291
linear 290
nonlinear 291
four-force 376
friction coefficient 232
fusion reactions, see nuclear fusion

galaxies 34-5, 50

active, see active galaxies

active galactic nuclei (AGNs), see

active galaxies

cosmic rays in 209

jets from 124-5

magnetic fields of 306-7, 3401,

344

relaxation time 34, 371

rotation in 192-3

spiral arms 151, 306

triaxial elliptical 189
I'-space 13, 224
gas dynamics 60, 104
gauge freedom 326
Gaussian units (in

electromagnetism) 197-8
generalized Ohm’s law 267
generating function (for force-free
fields) 291

geophysical fluid dynamics 181
geostrophic approximation 181
globular clusters of stars 34-5, 371
Grad-Shafranov equation 286, 316
gradient drift 204
granules 141, 281
gravity waves

internal 135

surface 135, 146
group velocity 108
guiding centre 199
gyrofrequency 198
gyroradius 199

H theorem 26-8

H I regions 217

Hall effect 267

Hamiltonian 10, 14
Hamilton’s equations 6, 8, 10
helicity
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magnetic 326
of turbulent fluid velocities 176,
349, 354-5
helioseismology 154
Hercules A 124, 148
hydraulics 17
hydrodynamic equations
from kinetic theory 47
in conservative forms 61-2
macroscopic derivation 54-8
hydromagnetic dynamo theory, see
dynamo theory
hydromagnetic waves 295-7
Alfven mode 296
fast mode 297
slow mode 297
hydromagnetics, see
magnetohydrodynamics
hydrostatics 62
magnetohydrostatics 285
hyperbolic partial differential
equations 104, 112

ideal fluids 56
ideal MHD 282
incompressible fluids 59
induction equation 279-80
inertial oscillations 193
inertial range 167
instability
convective, see convective
instability
Jeans 149
Kelvin—Helmholtz 148
kink 289
Parker 307
Rayleigh-Taylor 146
rotational 179
sausage 289-90
tearing mode 325
two-stream 249
internal gravity waves 135
interstellar clouds 210
interstellar medium 3834
blast waves in, see blast waves
equipartition of energy in 175
ionization in 217
Jeans instability in 151
magnetic field in 175, 256, 307,
309, 315
Parker instability in 3067
propagation of pulsar signals
through 254-6
star formation from, see star
formation
turbulence in 175
ionization 3, 216-17
ionosphere 222
reflection of radio waves 242
irrotational flows 70

isorotation, Ferraro’s law of 308
isothermal atmosphere 51, 63, 128

Jacobi ellipsoids 188

Jeans equations 34, 51

Jeans instability 149

Jeans mass 150

Jeans swindle 149

jets, extragalactic, see extragalactic
jets

Karman vortex street 87

Kelvin-Helmholtz instability 148

Kelvin’s vorticity theorem 67-8

Keplerian motion 96

kinematic dynamo problem 345

kinematic viscosity 81

kink instability 289

Kolmogorov’s scaling law 166

Kolmogorov’s theory 165-8

Korteweg—de Vries (KdV) equation
156

Kutta—Joukowski lift formula 93

Lagrangian time derivative 53
Landau damping 247
Lane-Emden equation 63, 76
Langmuir oscillations 241
Laplace equation 70-1
solution in cylindrical coordinates
712
Larmor radius 199
law of similarity 85
Lawson criterion 293
Lenard-Balescu equation 227
lift, aerodynamic 90-3
Lighthill mechanism 111
linear perturbation technique 107,
130-2
Liouville’s theorem 11, 12
local thermodynamic equilibrium
48-9
Lorentz transformation (of
electromagnetic fields) 270
Lorenz number 269

Mach number 115
Maclaurin spheroids 186
magnetic bottle 208
magnetic braking 309
magnetic buoyancy 303
magnetic diffusivity 279, 397
magnetic fields
as transporter of angular
momentum 308-14
freezing of 282
in interstellar medium 175, 256,
307, 309, 315
in solar wind 310-11
of Earth 340-1, 344
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of galaxies 307, 340-1, 344
of neutron stars 284-5, 340
of pulsars 284-5, 340
of stars 284-5
of Sun 304-5, 340-3
of sunspots 301, 304-5, 340, 342-3
magnetic flux tubes 303
magnetic helicity 326
magnetic mirror 207
magnetic moment 206
magnetic pressure 278-9
magnetic reconnection, see
reconnection
magnetic Reynolds number 280
magnetic tension 278-9
magnetic topology 320
magnetized winds 310-11
magnetoconvection 298
magnetofluid 280
magnetohydrodynamic waves, see
hydromagnetic waves
magnetohydrodynamics (MHD) 9,
267, 272, 276-80
applied to weakly ionized plasmas
314-15
basic equations 277-9
derivation from microscopic
theory 265-7
mean field 3504
magnetohydrostatics 285
magnetosphere
of planets 382
of pulsars 2734
Magnus effect 77
Maxwellian velocity distribution
24-5
connection with hydrodynamic
description 37-8, 228, 235-6
departure from 40-2, 228, 235-6
in plasma 226-7, 235
relaxation to 24, 26, 227-8, 234
Maxwell’s equations 6, 231, 271
Mayer cluster expansion 225
mean e.m.f. 351
mean equations (of turbulence) 172
mean field magnetohydrodynamics
3504
mean free path 19, 30, 235
difficulties of defining it in
plasmas or stellar systems 49,
235
metals, electron gases in 7, 223,
242-3, 269
method of characteristics 112
metric tensor 375
MHD, see magnetohydrodynamics
MHD waves, se¢ hydromagnetic
waves
mixing length 17, 174
mobility coeflicient 259

moment equations (of the
Boltzmann equation) 33
motion of charged particles
in a curved magnetic field 204-5
in a dipolar magnetic field
199-200, 208-9
in a magnetic mirror 205-8
in a uni-directional magnetic field
with gradient 2034
in a uniform magnetic field 198
with a force perpendicular to the
magnetic field 201-2
u-space 13

Navier-Stokes equation
from kinetic theory 47
from macroscopic considerations
81
in curvilinear coordinates 82-3,
393-5
neutral point 347
neutral-point reconnection, see
reconnection
neutron stars 383
accretion onto 95, 314
identification of pulsars as 191
in binary systems 95
magnetic fields of 285, 340
pulsars, see pulsar
Newtonian fluids 78-9
Newton’s laws of motion 7-8
nonlinear effects 111-14, 155-6
nuclear fusion
in plasma 292-3
in stars 94

Ohmic heating 279
Ohm’s law 267
one-dimensional gas flow 1224
Oort limit 36-7
ordinary wave 257
oscillations

inertial 193

Langmuir 241

plasma 241

solar 4, 153-5

stellar, see stellar oscillations

Parker instability 307
Parker spirals 310
Parker’s theory of coronal heating
336-9

particle acceleration 210-14
perfect gas 104-6
perturbation technique 107, 130-2
Petschek reconnection rate 325
phase space 6, 158-9

ensembles in 11

I'-space 13, 224

u-space 13
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trajectory 6, 158-9
phase velocity 108
pinch condition 289
plasma 3, 216, 221
coining of the name 216
collective phenomena in 217, 221
confinement of 208, 288, 2924
dielectric constant of 231, 240
different models of 235-7
different types of 222-3
difficulty of establishing
hydrodynamic model 219,
230, 235-7
electrical conductivity of 267, 269,
398
electromagnetic waves in, see
electromagnetic waves
fusion reactions in 292-3
ionization in 216-17
quasi-neutrality of 217
radiation from 219
refractive index of 243
relaxation, see relaxation
thermal conductivity of 268-9, 398
thermodynamic equilibrium in 49,
219, 224, 230, 235
transport phenomena in 268-9,
277
waves in, see waves in plasmas
weakly ionized 258, 314-15
plasma-§ 286
plasma frequency 217, 240
plasma limit 221
plasma orbit theory 197
plasma oscillations 241
plasma parameter 217, 221
plasma waves, see warm plasma
waves
Poisseuille’s formula 84
poloidal magnetic field 348
potential flows 70
pressure
as the isotropic part of pressure
tensor 80
from kinetic theory 38
from macroscopic considerations
55
pressure-balanced field 286
principle of superposition 131
pulsar 383
as a probe of interstellar medium
254-6
identification as rotating neutron
star 191
magnetic field 340
magnetosphere 2734
millisecond 191

quantum gases 7, 223
quasi-neutrality (of plasmas) 217

radiation
bremsstrahlung 219
from accelerated charged particles
198, 215
from accretion disks 101
from plasma 219
from shock waves 116
heat gains and losses due to 58
specific intensity of 377-8
synchrotron 209, 219
radiation hydrodynamics 365,
377-80
radiation reaction 198
radiative transfer equation 379
radio astronomy 386
radio observation
of a supernova remnant 117
of extragalactic jets 124-5, 148
of interstellar medium 306
of synchrotron radiation 209
radio waves
propagation though interstellar
medium 254-6
reflection from ionosphere 242
Rankine-Hugoniot relations 115-16
Rayleigh-Bénard convection 135,
155
Rayleigh number 138
critical 140
Rayleigh—Taylor instability 146
Rayleigh’s criterion (of rotational
stability) 179
reconnection (magnetic) 323
Petschek rate 325
Sweet-Parker rate 324
refractive index 243, 256
relativistic gas 372-3
relativistic hydrodynamics 365,
372-6
relaxation
in stellar dynamics 50, 371
of a magnetized plasma (in
MHD;) 321, 330-3
of plasma particles to Maxwellian
distribution (in plasma
kinetic theory) 227-8, 234
violent 50
relaxation time (of stellar systems)
371
resistivity 265, 277
reversed field pinch 332
Reynolds equation 172
Reynolds number 85
Reynolds stress 172
Riemann invariant 113
ring current 209
Rossby number 180
rotating frames
electromagnetism in 2734
hydrodynamics in 180-1
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turbulence in 164
vorticity in 182-3
rotating masses, self-gravitating
184-9
rotating stars 178, 189-92
angular velocity distribution
(inside the Sun) 154-5
turbulent transport of angular
momentum in 174
rotation
differential, see differential
rotation
Ferraro’s law of isoration 308
in galaxies 192-3
in stars, see rotating stars
solid-body 177
rotational instability 179

Saha ionization equation 216
sausage instability 28990
scaling law, Kolmogorov’s 166
scattering cross-section
differential 21
total 30, 40
Schrodinger’s equation 6-8
Schwarzschild stability condition 134
Schwarzschild velocity ellipsoid 50
second-order Fermi acceleration 213
self-similar solution 117
of blast waves 117-22
of magnetized accretion disk 314
shock waves 114
jump condition across 114-16
oblique 116, 129
particle acceleration in 214
radiative 116
steepening into 111-14
similarity, law of 85
slow mode (of hydromagnetic wave)
297
solar corona, see corona
solar cycle 342-3
solar flares 325
solar oscillations 4, 1535
solar wind 65, 126, 128, 310, 314
solid-body rotation 177
solitary waves 156
solitons 156
sound speed 108
sound waves, see acoustic waves
specific intensity 377-8
spectrum, energy (of turbulence), see
energy spectrum
spherical accretion 95, 126-8
spherical blast waves, see blast
waves
spherical winds 126-8
Spitzer resistivity 265
stagnation pressure 129
star formation

magnetic braking during 309-10
removal of magnetic flux 315
role of angular momentum 192
triggered by Jeans instability 151
stars 380-1
binary 95
Cepheid variable 151
clusters of 34-5, 371
convection in 134, 174
formation, see star formation
magnetic 174, 284-5, 340
neutron, see neutron stars
oscillations, see stellar osciilations
rotating, see rotating stars
stability 153
structure 4, 63, 174
virial theorem 370
white dwarfs 7, 191, 222-3
stellar dynamics 3845
collisional relaxation 34, 50, 371
collisionless 34, 229, 238
comparison with plasma kinetic
theory 50-1, 224, 229, 233,
238, 371
dark matter 37, 193
dynamical friction 233
Jeans equations 34, 51, 192
lack of thermodynamic
equilibrium 50-1, 224
Qort limit 36-7
stellar motions in solar
neighbourhood 192-3
virial theorem 49, 370-1
stellar oscillations 4, 1514
non-radial 1534
radial 151-3
stellar structure 4, 63, 174
stellar wind, see wind
stochastic forces 232
Stokes’s law 87
stream function 74
streamline 65
equation for 74
Sun 381-2
angular velocity inside 154-5, 174
corona, see corona
granules 141, 281
magnetic field 304-5, 341-3
solar cycle 342-3
solar flares 325
solar oscillations 4, 153-5
solar wind 65, 126, 128, 310, 314
sunspots, see sunspots
sunspots
bipolar 302, 304-5, 342
cyclic variations 342-3
formation due to magnetic
buoyancy 303-6
magnetic fields of 301, 302, 304,
340
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magnetoconvective model 301-2
supernova

blast waves 116-19

Crab nebula 147

particle acceleration in 214

Rayleigh-Taylor instability in

shells 147

Tycho’s 117
superposition, principle of 131
surface gravity waves 135, 146
surface tension 142, 157
Sweet-Parker reconnection rate 324
synchrotron radiation 209, 219

Taylor—Proudman theorem 183
Taylor’s theory of plasma relaxation
3304
tearing mode instability 325
tensor virial equation 368
thermal conductivity
comparison between theory and
experiment 45-6
from kinetic theory 43
from macroscopic considerations
58
of plasma 268-9, 398
of some common substances 397
thermodynamic equilibrium 8-9
in plasma 49, 219, 224, 230, 235-6
incompatibility with self-gravity
50, 224
local 48-9
thermodynamic variables 8-9
extensive and intensive 57
thermometric conductivity 136, 397
thermonuclear fusion, see nuclear
fusion
thin accretion disk 95-6, 100
tokamak 293
topology, magnetic 319
toroidal magnetic field 348
trajectory
in phase space 6, 158-9
of a charged particle 218
of a neutral particle 20
transport phenomena
in neutral gases 3940, 434
in plasmas 268-9, 277
turbulence 10, 132, 159
homogeneous isotropic 161-8
in astrophysics 173-5
in rotating frames 164
spectrum, see energy spectrum
turbulent diffusion 169, 354
turbulent dynamo 348-50
turbulent wake 87
two-dimensional flow 74-5
around a cylinder 71-3, 77
around an aerofoil 90-3

two-fluid interface, perturbations at
141-8

two-fluid model (of plasma) 228-31,
238

two-stream instability 249

Tycho’s supernova 117

Viisiala-Brunt frequency 135
Van Allen belt 209
vector potential 326
velocity correlation function (of
turbulence) 160
lateral and longitudinal 162
velocity potential 70
violent relaxation 50
virial theorem 49, 365-6
application to gravitationally
bound systems 370
higher-order 372
scalar form 369
tensor form 368
viscosity
comparison between theory and
experiment 44-6
from kinetic theory 44
from macroscopic considerations
56, 78-80
kinematic 81
of plasma 277, 398
of some common substances 397
viscous shear stress 78-80
VLA 124
Vlasov equation 7-8, 227-8, 238
Vlasov theory of plasma waves
244-9
VLBI 125
von Zeipel paradox 190
vortex street 87
vorticity 59
in rotating frames 182-3
vorticity equation 59-60
vorticity theorem, Kelvin’s 67-9

warm plasma waves
from two-fluid model 2434
Vlasov theory 244-7
wave equation 108
wave—particle interaction 248
waves
acoustic, see acoustic waves
Alfven 296
blast, see blast waves
dynamo 358-60
electromagnetic, see
electromagnetic wave
extraordinary 257
fast 297
gravity, see gravity waves
hydromagnetic, see hydromagnetic
waves
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internal gravity 135

magnetohydrodynamic, see
hydromagnetic waves

MHD, see hydromagnetic waves

ordinary, 257

plasma, see warm plasma waves

radio, see radio waves

shock, see shock waves

slow 297

solitary 156

sound, see acoustic waves

surface gravity 135, 146

warm plasma, see warm plasma
waves

waves in plasmas

Alfvén 296

electromagnetic, see
electromagnetic wave

fast 297

hydromagnetic, see hydromagnetic
waves

magnetohydrodynamic, see
hydromagnetic waves

MHD, see hydromagnetic waves
plasma, see warm plasma waves
slow 297
warm plasma, see warm plasma
waves
weakly ionized plasma 258, 314-15
Wiedemann—Franz—Lorenz law 269
whistlers 254
white dwarfs 7, 191, 222-3
wind
magnetized 310-11
solar 65, 126, 128, 310, 314
spherical 126-8
Woltjer’s theorems 328-30

X-ray astronomy 95, 386
X-ray emission from corona 334-5
X-ray emitting binary stars 95

zero-order approximation (in
deriving hydrodynamics from
kinetic theory) 3740
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