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absorption, 34, 48-51, 107, 112, 114, 116-118, 227-231,
261, 314, 328, 336
atomic, 29, 42
coefficient, 29, 32, 34, 38, 48, 49, 73, 106, 119
line, 33, 34, 53, 104, 112
photon, 31
pure, 38, 39, 106, 107
abundances, atomic, 48, 99, 295, 308
active galactic nuclei (AGN), 314-319, 324-326
adsorption, 305, 306
advance of perihelion (periapsis), 167-173, 288,
289
Aitoff projection, 328, 340, 341, 345
Alfvén waves, 252
algorithm, 121, 189, 190, 303, 327, 329, 343
Andromeda galaxy, 267
angular frequency, 3, 54, 83, 180, 226, 248
anisotropic media, 231, 232
Appleton—Hartree equation, 226237
asteroid, 218
atmosphere, 236, 237, 254, 255
extended, 108, 109, 111, 117
plane parallel, 35, 40, 108, 111
stellar, 29-57
ATNEF pulsar catalog, 22, 242, 244
attractor, 195, 202, 219
autocorrelation, 203, 211-213, 307, 327
correlation time, 202-204

big bang, 316, 339, 340, 349, 355
binary, 4-7
pulsar, 138, 176, 180-184
spectroscopic, 6
visual, 4-6, 283, 285-287
black hole, 140, 283-285, 287-289, 313, 319
event horizon, 140, 287
light deflection near, 335-339, 355
nonrotating, see metric, Schwarzschild
rotating, see metric, Kerr
Boltzmann Transport Equation (BTE), 7, 78, 233, 245, 248,
249, 252, 295
bosons, 9-10, 124-129
boundary conditions, 63, 65, 100, 104, 106, 109, 162, 166,
249,261, 291, 349

canonical equations, 201
CARTAN, 163-167

chaos, 186, 194-216, 281, 283

Chapman—Enskog method, 233, 296

chemical reactions, 298, 305

chromosphere, 34, 105, 255, 257

CNO cylce, see fusion

COBE, 339, 342, 345, 347

Compton effect, 20-21
inverse, 21, 27

continuity equation, 250, 252

convection, 45, 134, 253-255

convolution, 25, 55

coordinate time, 183, 353, see also relativity

coordinates, 15, 16, 34, 125, 145, 160, 172, 187, 189,

206-208, 225, 242, 273-275, 286289, 307, 340

transformation, 12—-16

Coriolis effect, 86, 277

corona, 22, 34, 105, 232, 254-260

coronal mass ejection (CME), 254, 255

correlation, 202, 312, 315, 316, 327, 328, 330-332,

354

linear, 312
time, see autocorrelation

cosmic microwave background (CMB), 339-345
ripples, 342

cosmological constant, 309-313

cosmology, 309-354

covariant derivative, 153, 159

critical radius, 257, 336

critical velocity, 257

cyclotron frequency, 221, 248, 322

D layer, 236
dark energy, 350, 351, 353, 354
dark matter, 208, 263-271, 289, 347, 348, 351
Debye
length, 246, 248, 250
shielding, 245-246
Debye—Hiickle law, 245, 246, 249
degeneracy, 8, 96, 124-129, 306, 324
degenerate star, see white dwarf
depletion, 96, 296
depth
optical, 30, 35, 4142, 45-47, 50, 51, 105-107, 109-111,
117
real, 32,47, 51,99, 105
differential equation, 35, 61, 64, 101, 160, 166, 190, 192, 208,
213,216, 257,267, 288, 291, 296, 306, 327, 349, 351
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differential equation (cont.)
ordinary, 193
partial, 14
differential forms, 151-153
dispersion, 228, 240-242, 250, 252, 293, 294
dispersion measure (DM), 242
dispersion velocity, 249, 290
distribution
log normal, 319
Maxwell-Boltzmann, 7, 89, 249
Doppler effect, 53, 106, 108, 112, 113, 176, 264, 270, 284,
340
dust, interstellar, 158, 208, 209, 263, 283, 294-306, 328

Eddington approximation, 41-45, 56
Eddington’s quartic law, 76
eigenvalue, 152, 194, 201, 292, 294
Einstein cross, 333
Einstein equations, 158-167
electromagnetic field, 153, 154, 158, 233, 321-322
dipole, 224-225
sinusoidal, 233
electromagnetic waves, 178, 226, 244, 247, 343
group velocity, 237-238
phase velocity, 237-238
polarization, 227, 228, 230-231, 238-240, 322, 324
electron pressure, see pressure, electron
emission
coefficient, 29, 38, 51
emissivity, 323
energy
conservation of, 17, 39, 103, 175, 195
Fermi, 9, 10
kinetic, 7, 48, 82, 83, 155, 188, 196, 222, 225, 246, 247,
257,277, 348
potential, 18, 79, 82, 155, 195, 207, 222
entropy, 351
equation of state (EOS), 158, 252, 253, 350, 355
adiabatic, 250, 253, 261
isothermal, 256
equations of motion, 78, 189, 190, 193, 198, 206, 222, 247,
276,278
equilibrium
convective, 97, 98
hydrostatic, 47, 51, 59, 71, 76, 81, 256
LTE, 31-33, 53
thermal, 8, 97, 247
ergodic hypothesis, 78-79, 196, 197, 206
error analysis, 180, 215, 283
least-squares, 5, 307, 310, 312, 316
Monte Carlo, 207, 262, 327, 331-332
extraordinary ray, 228-229, 235, 237, 238

Faraday rotation, 238, 242
fermions, 9, 10, 263

filar micrometer, 4

FITS, see image, FITS
Floquet matrix, 194

fluid dynamics, 252

dynamical friction, 272, 275, 279, 294

turbulence, 25, 53, 233, 290, 332
flux, 36-37, 39, 41, 158, 237, 253, 298, 315
Fokker—Planck equation, 7, 248, 275
Fourier transform, see transform, Fourier
fractal, 194, 216, 332-333

dimension, 332, 333

multifractal, 194, 332
fusion, 87-96

CNO cycle, 93-94, 96

energy production, 92, 93, 96

P-P chains, 91-93

galactic coordinates, 242, 243, 273, 276, 328, 329
galaxy, 263-306, 310, 326-333, see also Milky Way
barred, 267
radio, 314-320, 354
spiral, 268, 275, 283, 294
gas
interstellar, 196, 208, 294-306
ionized, 220-260
Gauss’ law, 208
general relativity, 143-184, 283, 288, 309, 314, 319, 335,
346
metric, see metric
tests of, 167-178
weak field approximation, 178, 185, 336
granulation, 255
gravitation
gravitational redshift, see redshift
Newtonian, 4, 86, 156-157, 162, 167, 168, 355
potential, 61, 85, 156, 162, 175, 272-275, 290, 335,
336
relativistic, see general relativity
waves, 178—184, see also general relativity
gray-body approximation, 40—47, 53, 73, 99
great attractor, 329
grid method, 101
gyro frequency, 229, 234

Ho, 34

Hamiltonian, 186—190, 194, 199, 208, 210, 213, 222-225,
249, 276, 278,279, 281-282, 289

heliosphere, 239, 241, 260

Hénon—Heiles, 193, 281-282, 289, 307

Hertzsprung—Russell (HR) diagrams, 70

histogram, 26, 319, 327, 329, 331

Hopf function, 45

Hubble parameter, 309-313, 347-349

hydrogen 21 cm line, 243, 263, 264, 268, 277, 283

IBEX, 260
ideal gas, 7, 47, 60, 74, 79, 84, 97, 98, 102, 196, 236, 256,
355
image, 21-27
brightness, 24
compression, 23, 27
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contrast, 24

filter, 25-27

FITS format, 23-27

gamma, 24

Imagel, 23
inertial frame, 12, 143, 148, 156
initial conditions, 194-195, 216, 224, 276, 282, 289
intensity

mean intensity, 36-39, 41, 43

moments, 36

specific intensity, 29-31, 35, 37, 45
interferometer, 4, 283
interstellar medium, 220, 236, 238-244, 260
interstellar molecules, 294, 298-300
invariants, 191, 215, 249, 306
ionization, 8, 48, 55, 220, 255, 301

photoionization, 48
ionosphere, 229, 236, 241

Jacobian, 194, 200, 201
jets, 320

KAM theorem, 202

Kaplan—Yorke conjecture, 194

Kelvin—Helmhotz contraction, 80

Kepler’s laws, 4, 169, 182, 263, 266, 283, see also orbital
motion

kernel, 35, 86, 232

kinetic energy, see energy, kinetic

kinetic theory, 7-12, 89, 193, 220, 236, 246248, 296-297

King models, 275

Kirchoff’s law, 31

Kowalsky—Smart method, 5

Lagrange—Jacobi identity, 195
Lagrangian, 154, 155, 160, 161, 167, 186-190, 222, 275-278
Landau damping, 248
Lane—Emden equation, 61-62, see also polytrope
Larmor frequency, 323, 324
Larmor radius, 221
Lennard—Jones potential, 299, 305
light
aberration of, 18-20
deflection of, 334-339
light curve, 6
line profile, 29, 55-57
Doppler, 54
Lorentzian, 54
Voigt, 55
local thermodynamic equilibrium (LTE), see equilibrium,
LTE
Lorentz transformation, 13-16, 19, 143—-144, 146147, 149
luminosity, 3—4, 33, 73-77, 98, 176, 284, 314-315, 325, 347
Eddington, 75-77
luminous matter, 3, 268-269, 271
Lyapunov coefficients, 194-195, 200-202, 279

magnetic field, 220-222, 226, 228, 230, 232, 243-244,
252-254, 257-260, 321-323

galactic, 244
neutron star, 260
pulsar, 232
solar wind, 254-260
terrestrial, 220, 228
white dwarf, 261
magnetohydrodynamics (MHD), 220, 252, 256260
magnetosphere, 220, 229, 232, 237, 239
magnitude
absolute, 2, 3, 70, 77, 314
apparent, 2, 33, 70
map function, 194
mass
mass density, 34, 79, 156-158, 162, 247, 252, 256, 267,
275, 290
mass fraction, 93
mass—luminosity, 7377, 102
Mathematica, 7, 10, 24, 35, 43, 45, 50, 51, 56, 57, 67, 69, 76,
77,81, 85,97, 99, 100, 149, 164-167, 169, 170, 186,
188-191, 194, 198, 210, 211, 213-216, 222224, 227,
229,233, 234, 239, 241, 242, 245, 250, 252, 261, 265,
274,275,277, 281, 282, 286, 293, 295, 306, 322-324,
327, 328, 330, 332, 336, 338, 342-344, 351, 353
matrix, 16, 112, 143, 145, 150, 165, 187-189, 194, 201, 222,
242,249,293, 294
covariance, 312
Jacobian, see Jacobian
Maxwell’s equations, 13, 226, 253
tensor form, 150
mean free path, 73, 105, 236, 296, 298
mean molecular weight, 47, 60, 76, 81
metric, 16, 144-146, 148, 152, 154, 156158, 160, 162, 163,
167, 173, 177, 287-289, 336, 350
Friedmann—Robertson—Walker, 349, 355
isotropic form, 160, 181
Kerr, 289, 336-338
light-like, 16
Minkowski, 16, 144, 145, 148, 152, 154, 156158, 163,
173
Schwarzschild, 163, 166, 167, 175, 181, 336, 338
space-like, 16
tetrad form, 163—164
time-like, 16
microlensing, 333
Milky Way, 263-271, 314, 316, 317, 325, 340
black hole, see black hole, supermassive 356
magnetic field, 243244
radial potential, 272-273
spiral arms, 289-294
molecular clouds, 48, 208, 263, 273, 275, 277-279, 296-304
Mollweide projection, 340
moment of inertia, 82, 86, 195
momentum, 8, 17-18, 125, 127, 141, 147, 158, 189, 195, 221,
233,248, 256, 276, 298
angular, 168, 184, 191, 221, 290, 336
photon, 37
Monte Carlo method, 207, 262, 327, 331-332
multifractal, see fractal, multifractal
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N-body problem, 6, 78, 186, 193-198, 200, 214, 219, 272,
278-280

Navier—Stokes equation, 248, 290, 296

NED data, 311-313

neutron star, 85, 137-141, 238

Ohm’s law, 252, 253

opacity, 76, 77, 99, 105, 109, 113, 118
continuous, 48-51

orbital motion
argument of periapsis, 5, 6, 181, 285
ascending node, 285, 286
daily motion, 6
eccentric anomaly, 5, 183, 230, 285
eccentricity, 5, 6, 168, 169, 176, 181, 183, 204, 206, 219,

285,288

inclination, 5, 6, 180, 285
mean anomaly, 285
nodal angle, 5
periapsis, 285, 288
periastron, 5, 284, 288
period, 46, 180, 181, 184, 285
semi-major axis, 4, 5, 181, 183, 230, 284, 288
true anomaly, 5, 176, 181

ordinary ray, 228-230, 235, 238, 261

Orion Nebula, 206, 272, see also Trapezium
nebular cluster (ONC), 208, 273

P-P chains, see fusion
parallax, 1
Parker model, 256
parsec, 1, 2, 198, 243
Pauli exclusion principle, 9, 124
permeability, 226
permitivity, 226
phase velocity, 231, 237, 250
phase-space, 8, 79, 125, 193, 206, 216, see also state-space
phonon, 134, 136
photon
energy, see energy, photon
momentum, see momentum, photon
Planck function, 3, 11, 32, 105
plasmas, 7, 220-260, 296
Poincaré section, 217, 282
Poisson’s equation, 59, 245, 290
polarization, 230, 233, 238, 240, 322, 324, 325
polylogarithm, 10
polytrope, 60, 62, 308
index, 60, 130
Lane-Emden equation, see Lane—Emden equation
mass-radius, 70-73, 131
polytropic star, 60, 61, 63—69, 130, 308, see also polytrope
power law function, 109, 206, 265, 269, 316, 323, 330, 332
power spectrum, 27, 202, 211-213, 319, 327, 331, 341,
345
Poynting vector, 158, 227, 321
pressure
electron, 50, 55, 126, 128

gas, 55,79, 81, 253

radiation, 37, 62, 75, 129
propagation of errors, see errors, propagation of
proper motion, 6
proper time, 15, 16, 144, 147, 175, 287, 353
PSR 1913416, 138, 180
pulsars, 7, 138, 180, 184

as probe of ISM, 238-244

quasar, 283, 314-320, 333
radio loud, 315, 316
radio quiet, 315

radial velocity, see velocity, radial
radiative transfer, 2940, 51, 104, 108, 112
radio galaxies, see galaxy, radio
radio waves, 263, 283, see also electromagnetic waves
random walk, 7
redshift, 20, 264, 309, 313, 316, 335
cosmological, see Hubble parameter
gravitational, 175-176
reference frame, 15, 148
refractive index, 227, 228
relativity
Galilean, 13
general, see general relativity
special, see special relativity
relaxation time, 196, 197
residuals, 212,213, 312, 316
Reynolds number, 253
Rosseland mean, 99, 113
rotation measure (RM), 239, 240, 242, 243
Runge—Kutta, 190, 191, 215
Gauss implicit, 224
symplectic partitioned (SPRK), 190, 191, 194, 199, 200,
206,210, 214, 224, 225, 281

Saha equation, 8, 49, 50, 55, 252
scalogram, 344
scattering, 20, 29, 38, 39, 76, 107
bound-bound, 48
bound-free, 48
coherent, 106
collision frequency, 226, 233, 235, 297
free—free, 48, 50
incoherent, 106
mean free path, 73, 105, 236, 296
pure, 39, 107
shock waves, 255, 260
singularity, 57, 64, 67, 97, 131, 228, 250, 322
big bang, 339
black hole, 185
Sirius B, 130
Skylab, 255
Sobolev method, 112, 124
solar flare, 254, 255, 257
solar system, 1, 178, 198-206, 254, 286, 289
solar wind, 22, 239, 254-260, 294
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sound speed, 247-248, 291, 351
source function, 30, 32, 38-39, 42, 52-53, 104, 106, 112
space—time, see metric
special relativity, 12-21, 143-148, 154, 237, 319, 335, 347
specific heat, 127, 134, 136, 137,298
specific intensity, 29-30, 35, 36, 45
spiral arms, see Milky Way, spiral arms
spiral density waves, see Milky Way, spiral arms
SPRK, see Runge—Kutta, SPRK
Stark effect, 53, 54
stars
homologous, 97
luminosity, see luminosity
polytropic, see polytrope
pressure, 62, see also pressure
radius, 51
stellar evolution, 81, 126, 136
stellar temperature, 33
variable (pulsating), 29, 112, 309
state-space, 194, 201, see also phase-space
statistics
Bose-Einstein, 10, 124, 306
Fermi—Dirac, 9-10, 124, 306
Maxwell-Boltzmann, 7-8, 125, 220, 233, 248, 306
Stefan—Boltzmann equation, 3, 11, 107
sun, see also stars
central density, 68, 69, 80
central pressure, 69, 81
central temperature, 69, 81, 87
radiative core, 97
sunspots, 254, 255
superluminal jets, 318, 320
supernova, 129, 138, 140, 184, 243, 304
symplectic method, 189, 222
synchrotron radiation, 314, 317, 319, 322-326

temperature, 3, 33, 45, 80
tensor, 148-151
metric, see metric
Ricci, 159, 160, see also general relativity
stress-energy, 157
tetrad, see metric, tetrad form
time delay, 177, 232, 241, 334, see also general relativity,
tests of
time of arrival distortion, 232
Toda lattice, 281
transfer equation, 34, 51, 106
transform
DFT, 202, 327, 343
FFT, 25
Fourier, 25, 57, 250, 327, 340
Trapezium, 206213, 272-280, 289, see also Orion nebula
turbulence, 25, 53, 233, 290, 332

van der Waals potential, 306

virial theorem, 78-87, 195-198, 205-206, 208, 275
Vlasov equation, 249, 275

Voyager probes, 260

wave number, 237, 291

wavelet analysis, 342345

whistler, 236

white dwarf, 73, 126, 129-137, 176, 185, 238, 306
Chandrasekhar limit, 130-133, 184
crystallization, 133-137

WKB (WKBJ) method, 291-293

WMAP, 328, 339, 342, 347

x-rays, 105, 140, 208, 232, 255, 295, 314

77 Ceti, 130
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