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Absorption coefficient
continuous,
free-free or inverse
bremsstrahlung, 207
photoelectric, 236-
251
synchrotron, 142-145
general expression
for, 99-104
as imaginary part of
index of refrac-
tion, 46
line, 271-272
negative, 103
for polarized radia-
tion, 103
Absorption lines, 290
Antenna temperature,
67
Associated lLegendre
polynomials, 76,
253-254
Balmer discontinuity,
234
Balmer lines,
Bremsstrahlung,
217
absorption, by in-
verse, 207
classical calcula-
tion, 185-192
in electron-atom col-
lisions, 208
in electron-electron
collisions, 208
energy loss rate com-
pared to ionization
losses, 201, 213

226-228
182~

Bremsstrahlung (con-
tinued)
Gaunt factor,
200, 203
many-body effects,
208
from a plasma,
207
gquantum mechanical
calculations, 193-
202
relativistic effects,
210-213
Black Body radiation,
59-67
Boltzmann formula, 61
Brightness temperature
66
Cassiopeia A, 142
Centaurus A, 132, 180
Characteristic func-
tions, 69-73
see also Eigenfunc-
tions
Characteristic states,
69-73
Characteristic values,
69-73
Collisional excitation
277-282
cross section for
electron-ion col-
lisions, 279-280
rate for a Maxwellian
plasma, 281
Collisional ionization
rate, 290

189,

202-
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Collisional losses,
182-185
Collision strengths,
279-280
Compton scattering,
59, 159ff
see Electron scatter-
ing
Crab Nebula, 132, 148
Curvature radiation,
41-43, 54
Cyclotron frequency,
electron, 43
Cyclotron radiation,
108-117
Cygnus A, 149
Delta function, 22
Density of states, 97-
98
Dielectronic recombin-
ation, 223-224
Dipole approximation
classical, 31
gquantum mechanical,
93-97
Dipole moment
electric, 8
magnetic, 9
Dipole radiation
classical, 30-35
gquantum mechanical,
94
Doppler effect, 17,
18, 53
as a line broadening
mechanism, 116,
272-273
Eddington limit, 162

Eigenfunctions,

Eigenstates,

69-73

angular momentum, 75-
76

for single electron
atoms and ions, 253-
254

spin, 78-79

69-73

see also Eigenfunc-
tions

Eigenvalues, 71

see also Eigenfunc-
tions

Einstein coefficients,

60, 61, 62-64, 92

Electromagnetic field

of an accelerated
charge, 21-30

energy density of, 5

Lorentz transforma-
tion of, 11

momentum density of,
7

of a uniformly moving
charge, 9-12

Electric quadrupole

moment, 9

Electric quadrupole

radiation, 267-268

Electron scattering,

151-181

Compton scattering by
electrons at rest,
155-158

Compton scattering by
moving electrons,
162-171
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Electron scattering
(continued)
Energy loss due to,
in relativistic
plasma, 164
in thermal plasma,
171-172
Inverse Compton
effect, 162-171
Klein-Nishina formula
155-158
of microwave back-
ground radiation,
1l68-169, 180
pair annihilation and
creation in, 174-
177
and radiation pres-
sure, 159-162
radiative transfer
effects, 173
Thomson cross section
152-155
Emission coefficient,
100
Emission integral,
Emission measure,
Emissivity, 202
Energy flux vector, 4
Expansion, energy
losses due to, 135
effect on spectrum of
radio sources, 141-
142, 150
Faraday effect, 49-51
Flux of radiation, 66
Forbidden lines, 265-
268

206
206

Fourier series, 27
Free-free radiation
and absorption,
see Bremsstrahlung
Free-bound radiation
see Radiative recom-
bination
Gauge, Coulomb, 14
Lorentz, 14
invariance of, 14
transformation of, 14
Gaunt factor

bremsstrahlung, 189,
200, 203

radiative recombina-
tion, 219

Green's function, 22-
25

Hamiltonian function
for electron in elec-
tromagnetic field,
68
for electron spin,
79-80
for interaction with
radiation field, 80
Hydrogen and Hydrogenic
ions
Balmer lines, 226-228
collisional ioniza-
tion rate, 290
Lyman series, 261,
290-291
oscillator strengths,
260-261
photoionization rates,
236-243
radio recombination
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Hydrogen and Hydro-
genic ions (contin-
ued)
lines, 228-231

recombination rates,
219-223

transition probabil-
ities, 262-263

21 cm line, 262,
290

Impact parameter,
184

Index of refraction,
44-47

Index of emission,
103

Interstellar medium

effect on polariza-
tion of radio waves
50-51

effect on pulsar
pulses, 55

Interstellar medium,

X-ray absorption by,
245-247

Intensity, definition
of, 61

Ionization equilibrium

in thermodynamic
equilibrium, 107

in a low density gas,
283

Ionization

collisional, 183-185

photoelectric, 236-
251

289-

182~

61,

Ionization Energy
losses, 182-185
K-fluorescence yield,

245
Kinetic equation,
139
Klein-Nishina
152-158
LaPorte's rule, 253
Larmor's radiation
formula, 32
Level population,
277, 282
Lienard-wWiechert po-
tentials, 21-30
Lines, 253-291
absorption, 290
broadening mechanisms
173, 270-274
emission, as a cool-
ing agent for a hot
plasma, 283
formation of, 274-277
profiles, 269-274
Lorentz condition, 13
Lorentz transformation
10, 11

136~

formula,

6l,

Lyman alpha, 261, 290-
291

Magnetic dipole radia-
tion

from a rotating mag-
netic star, 53-54
from an atom, 267-269
Magnetic field,
effect on propagation
of electromagnetic
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Magnetic field (con-
tinued)
waves, 46-51
energy density of in
radio sources, 132
Mass absorption coef-
ficient, 245
Maxwell distribution,
202
Maxwell's equations,
2, 45
Maxwell's stress ten-
sor, 6
Microwave background
radiation, 106,
168-169, 180
Operators, 70-72
angular momentum, 74
spin, 76-79
Optical depth, 100
Orthonormality of wave
functions, 72
Oscillator strengths,
96
average, 258-259
hydrogenic, 260-261
for complex atoms
and ions, 263-265
sum rules, 258-260
Pair annihilation and
creation, 174-177
Parseval's theorem,
33-34
Perturbation theory,
time-dependent, 80-
87
Partition function,
107

Photons, 57

Photoelectric effect,
236-251

hydrogenic cross
sections 236-243

K-shell cross sections
243-245

and X-ray absorption
in interstellar
medium, 245-247

Planck's law, 64

Plasma, effects of on
propagation and
emission of electro-

magnetic waves, 44-
51
oscillations, fre-

quency of, 45
excitation of by fast
electrons, 184
Polarization of elec-
tromagnetic waves,
18-21
Poynting vector, 4
Pulsars, 54, 55
Radiation,
from an accelerated
charged particle,
35-55
semi-classical theory,
60ff
Radiation pressure,
159-162
Radiative recombina-

tion, 218-235
Balmer lines, 226-228
case B, 221

continuous spectrum,
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Radiative recombina-
tion, continuous
spectrum (contin-
ued)

224-226

cross section, 219

radiofrequency lines,
228-231

rate coefficients,
219-223

Radiative transfer
equation, 100

Radio sources, cosmic,

minimum energy re-

quirements, 130-
133
spectra, 133-142, 150

Razin effect, 145-146

Redshift, 53

Resonance scattering,
273

Retarded potentials,
26-30

Rotation measure, 50

Rydberg constant, 228-
229

Saha ionization for-
mula, 107

Scalar potential, 6

Schrddinger equation,
67-79, 72

Selection rules, 252-
258
Spin, electron, 73-79

Spin-orbit interaction
80
Stationary states, 72

Statistical weights,
6l
Stefan-Boltzmann con-

stant, 65
Stimulated emission of
radiation, 61, 103
Stokes parameters, 20-
21
Strdmgren spheres, 234

Synchrotron radiation,
108-150

arbitrary pitch angles
121

critical frequency of,
119

from an ensemble of
particles, 123-128

evolution of spectrum
133-142

from individual par-
ticles, 115-123

lifetime for energy
loss, 111

peak frequency, 111

polarization, 128,
129

and Razin effect, 145-
146

reabsorption, 142-145

small pitch angle,
123, 127-128

spectrum, 115, 119

total energy loss,
110

Thomson cross section,
152-155
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Transition probability
84
for absorption, 91-92
for continuously dis-
turbed final states
97
for dipole radiation,
95-97
and Einstein coeffic-
ients, 91-92
for electric quadru-
pole radiation, 267
for hydrogen, 261-262
for induced emission,
90-91
for magnetic dipole
radiation, 267
for spontaneous emis-
sion, 60, 61, 91-92
Vector potential, 7
Wave functions, 67
expansion of in terms
of energy eigen-
states, 73
Wave equation
for electromagnetic
field, 12-l6
for electrons, 67-69
Wave number, 16
Wave vector, 16
X-ray absorption, 243-
247
X-ray background, 181



