
Index

aberration, 217, 218, 238, 240–241, 247, 249, 250,
253, 254

aberration and advection with monochromatic
radiation, 247

absorbance, 100
absorption matrix, 418, 419
accelerated lambda iteration, 339, 342
adaptive mesh, 254–257
method, 254

adaptive mesh
scheme, 261

advection, 218, 238, 247, 249, 250, 253, 254
affine ALI, 349
albedo for single scattering, 10, 46, 109, 136–149,

315, 378, 444, 449, 453
Ambarzumian, 116, 117
principle of invariance, 116, 124, 130, 135, 139,

146, 154,
amplification factor, 250–252
amplitude, 417
angle-frequency, 98
angle-frequency mesh, 217
angular distribution of specific intensity, 174
anomalous dispersion, 419
approximate lambda operator, 338, 348
approximate probabilistic equations, 265
Arago points, 396–398
axially symmetric atmosphere, 62

Babinet points, 136, 396–398
Banach space, 317
binary stars, 442
extended sources, 442
point source, 442

birefingence, 423
Boltzmann equation for photons, 30
boundary conditions, 40, 67, 70, 74–77, 81, 85,

88–93, 95, 98, 100–107, 119, 121, 130, 131,
148, 159, 197, 203, 222, 224, 233, 249, 252,

288, 289, 290, 303, 306, 307, 315, 333, 351,
373, 375, 378, 383, 388, 393, 403, 425, 442,
444, 455, 459

bremsstrahlung, 11
Brewster points, 136, 395–398

Cartesian coordinate system, 3, 30, 33, 449, 452
cell matrix, 149
Chandrasekhar’s solution, 64
characteristic rays, 353, 354, 357, 358
Chevron matrix, 204
chromosphere, 411
circular retarder, 421
circularly polarized light
left, 417
right, 416

collisional de-excitaion, 11
collisional de-excitation parameters, 181
collisional recombination, 11
comoving frame, 218–221, 225–228, 234, 238,

243, 244, 246, 256
compensator, 417
complete linearization, 350, 345, 346, 353
complete redistribution, 13, 22, 25, 99, 196, 201,

209, 213, 220, 226, 233, 251, 271, 279, 280,
282, 311

complex analytic representation of the mutually
orthogonal components of E, 416

Compton reflected spectrum, 411
constant net flux, 65, 79, 117, 120, 124, 130, 373,

376
continuity equation, 14
core saturaion method of Rybicki, 282
criterion for convergence, 70
critical optical depth, 282
curvature scattering matrices, 175, 177
curvilinear coordinate systems, 36, 37, 127

damping constant, 19, 208, 283, 420
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degree of polarization, 362, 376, 384
plane parallel, 376
spherical symmetery, 408

density of radiation, 5
diamond scheme, 182, 230, 382
difference equation, 92, 94, 95, 98, 110
differential equation method, 90
diffuse reflection, 76, 78, 79, 117, 154, 162, 387,

391–396, 412
diffusion approximation, 53
dilution factor, 238
discrete space theory, 146, 179, 189, 201, 205, 206,

225, 228, 376, 396, 398, 407, 409, 412, 413,
449

distorted atmospheres, 442
distribution function, 35, 36, 400
Doppler broadening, 283, 309
Doppler shifts, 194, 217, 237, 240
Doppler width, 16, 18, 184, 194, 225, 267, 268,

277, 307, 310, 400, 420, 421

Eddington approximation, 56, 57, 81, 198
Eddington factor, 25
Eddington factors, 98, 101, 102, 104, 259, 261
Eddington–Barbier relation, 51, 52, 288–290, 291,

296
Einstein coefficients, 12, 15, 180, 404
Einstein transition probability, 275
emergent intensity, 43, 51, 52, 59, 60, 116, 129,

151, 153, 196, 198, 229, 289, 376
emergent radiation field, 57, 157, 315
emission coefficients, 10, 11, 29, 44, 45, 59, 200,

202
energy density, 6–8, 25
entropy, 460, 462, 463
escape probability (Sobolev), of photons, 266, 267
exit function, 139–141
exponential integral, 48
extended atmospheres
dusty, 449
expanding, 448

extinction coefficient, 9, 10
absorption coefficient, 9, 29, 39, 44, 60, 219,

227, 238, 247, 251, 261, 446, 449, 460
scattering coefficient, 9, 44, 60, 368, 385, 387,

396
extremum principle, 460

Feautrier method, 92, 97, 99, 101, 106
finite medium or atmosphere, 40
first order probability methods, 280
fluorescence, 11
flux, 11
astrophysical, 4, 51
Eddington, 4, 8
net, 2, 3

flux conservation, 146
flux profiles of lines, 272
formal solution of transfer equation, 42

Gauss’s formula (quadrature), 65
general cylinderical coordinates, 34

general spherical geometry, 34
glass plates theory, 112
Green’s function, 361
grey approximation, 55

H -functions, 71, 78, 376
Hanle effect, 434, 438
Helmholtz principle, 118
Hopf function, 56
Hopf–Bronstein, 73
hyperbolic equations, 220

I , 417
Ia , Ib , Ic , Id , Ie , I f , 417

impact parameter, 104–105
impact parameter method, 220
incident intensity, 41
initial condition, 224, 232
integral equation, 79
iteration, 79
linear equations, 82

integral equation method, 198
integral form due to to Averett and Loeser, 209
integral operator, 185, 292
integral operator method, 185
intensity, 8, 41, 57, 108, 113, 118, 119, 125–129,

137, 140, 189, 198, 268, 278, 282, 288, 289,
291, 297, 313, 324, 362, 367–368, 373, 375,
379, 393, 395, 403–407, 416, 417, 444

average,6, 177, 296, 437, 450
mean, 5–6, 14, 48, 56, 68, 81, 93, 97, 105, 157,

196, 202, 213, 214, 221, 275, 282, 283,
288, 345, 346, 453, 440

specific, 1, 4, 40, 52, 56, 58, 61, 74, 92, 153,
180, 189, 191, 218, 241, 247, 268, 270,
271, 275, 282, 284, 444–446, 448, 449, 460

interaction principle, 158
for the rod, 148
slab, 152

invariance of
specific intensity, 58
the law of diffuse reflection, 119

isotropic radiation field, 8
isotropic scattering, 177, 190

K -integral, 46
kinetic theory of gases, 64

Lambda operator, 292, 296
lambda operator method for Zeeman line transfer,

426
Landeé factor, 434
Laplace tansform, 44
large velocity gradients, 266
law of diffuse reflection, 118, 119
left handed polarization, 363, 417
Legendre polynomials, 65
limb darkening, 57
line formation with aberration and advection, 251
line of sight, 339
line source function, 15, 16
linear velocity law, 230, 253
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linearization, 296
local potentials, 460, 464, 465
Lorentz transformation, 217, 238
LTE (local thermodynamic equillibrium), 11, 12
luminosity specific, 4
Lyman, 74
Lyman alpha line (hydrogen), 18, 182

magnitude change, 60
masers, 409
mean escape probability, 310
Milne Eddington approximation, 421
Milne planetary nebulae boundary condition, 59
Milne’s problem, 55
moments of radiation field, 8
K -integral, 8

moments of the transfer equation, 52
monochromatic equation of transfer, 185
Monte Carlo theory, 264
Muller matrix, 421
multi-level accelerated lambda iteration, 330
multi-level calculations, 349
multiple scattering, 273

natural period of the wave, 417
net radiative bracket, 311
Newton–Raphson, 330, 343, 344, 348, 353
Ng’s procedure, 330
non-local perturbation, 330, 335
non-LTE (non-local thermodynamic equilibrium,

11, 13, 16, 24
non-negativity, 163, 168, 169
non-uniqueness of the solution, 135
normalized profile, 195, 267, 338, 340

observer’s frame
discrete space theory, 205
inertial frame or lab frame, 194
plane parallel, 194
spherically symmetry, 201

operator perturbation method, 331
optical depth, 38

��� operator, 40
P Cygni type profile, 194
partial frequency redistribution, 280, 438
particle counting method, 137
Peierl’s equation, 62
perturbation technique, 295
phase, 365, 366
phase function, 119, 121, 125, 120
photo de-excitation, 11
Planck function, 10, 11, 14
planetary atmospheres, 189
planetary nebulae, 42
polarization, 362
circular, 363, 397, 417
elliptical, 362–365
linear, 381, 399, 412

polarization approximate lambda iteration (PALI)
method, 433, 438

polarization in magnetic media, 416

pressure tensor, 8
principle of
conservation, 461
detailed balancing, 12
invariance in a finite medium, 126
reciprocity, 118, 140

probabilistic equation, 301
probabilistic radiative transfer, 303
probability of
photon creation, 298
quantum exit, 312

profile
Doppler, 16, 195, 308
Lorentz, 16
Voigt, 16

profile function, 15
absorption, 303, 307
emission, 303, 307

Q, 417
quantum exit, 312, 313
quantum numbers, 419, 434
quarter wave plate, 417

radiation hydrodynamics, 287, 297
radiation pressure, 7, 8
radiative bracket, 310
radiative equilibrium, 53
of a planetary nebula, 74

radiative excitation, 280
radiative recombination, 11
radiative transfer equation
cylindrical symmetry, 32
spherical symmetry, 30

ray by ray method, 201
ray by ray treatment, 106, 108
Rayleigh phase function, 85
redistribution function, 16
Re , 21
RDH , 21
RI−AD , 17
RI−A(dipole), 26
RI−A , 18
RI I−AD , 18
RI I−A(dipole), 26
RI I−A , 19
RI I I−AD , 19
RI I I−A , 19
RIV−AD , 20
RIV−A , 20
RV−A , 21
RV , 20
RComp, 23
Rfluor , 24

reflectance, 112–114
reflecting surface, 163
reflection effect, 442, 447
refractive index, 25, 368
resolvents (kernel), 319
resonance line polarization, 397, 403, 409
resonance line radiation, 282
resonance points, 276
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Riccati method, 198
Riccati transformation, 90
right handed, 363, 416
rod model, 147, 149
Rosseland cycle, 282
Rybicki method, 99, 101

Sn method, 127
Scharmer’s method, 299
Schuster–Schwarzschild, 65
Schwarzschild and Milne equations, 47
semi-infinite medium or atmosphere, 40
serach light problem, 143
shocks, 299
Snell’s law, 25
Sobolev length, 267
Sobolev theory, 267
generalized method, 275

source function, 12, 13
continuum, 180
line, 180

sphericity factor, 103
star product, 150, 154, 171
statistical equilibrium equation, 11, 13, 14
stellar atmosphere, 13, 14, 16, 25, 40
Stokes parameters, 362, 364, 367, 370, 388, 399,

400
striking theorem, 460
supersonic approximation, 267
surface of constant velocity (radial), 264

thermalization length, 184
three dimensional radiative transfer, 442, 452
time-independent transfer equation
plane parallel, 30

transfer equation, 33, 39, 42, 45, 46, 48, 49, 55, 58,
64, 74, 79, 92, 93, 108, 119, 131, 163, 173,

178, 179, 196, 205, 212, 226, 234, 244,
251, 258, 282, 288, 331, 353, 354, 362,
368, 370, 372, 373, 377, 388, 408, 428,
436, 445–448, 449, 452, 455

for the Stokes vector, 418
in the comoving frame, 218
in three-dimensional geometry, 33
spherical symmetry, 171

transition probability, 42
transmission and reflection factors, 112, 116
transmission and reflection operators, 207
transmission function, 127
transmittance, 114, 115
turbulent magnetic field, 434
two dimensional transfer, 449
two point boundary condition, 88
two-level atom, 15

U , 417

V , 417
variational principle, 143, 460, 465
velocity gradient, 198, 199
Venus atmosphere, 189

wave motion in the observer’s frame, 199

X operator, 40
X -function, 133, 135, 136

Y -function, 133, 135, 136

Zanstra’s theory, 74
Zeeman line transfer, 423, 426
Zeeman sublevels, 423
Zeeman triplet, 419, 434
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