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35, 39, 191
for gyromagnetic radiation, 118,
119
for Zeeman components, 45
in Ha, 10
profile of, 23
abundances, elemental, 26, 197,
246
acceleration, 86, 87
first-order Fermi, 168, 199
of nonthermal electrons, 194
of particles, 156, 165ff, 244
second stage, 168, 169
shock, 156, 165ff
action integral, 86, 87
active region, 126ff
adiabatic compression, 152
adiabatic index, 67
adiabatic invariant, 86ff, 94
albedo, 187
Alfvén transit time, 154
Alfven velocity, 70, 74, 76, 152, 242
Alfvén waves (see waves)
a-particle, 126
ambipolar diffusion, 68
Ampére’s law, 70, 71, 75
angular momentum, conservation
in a magnetic trap, 88
Apollo Telescope Mount (ATM),
1, 4,204
Archimedean spiral, 204
aspect ratio (of a magnetic flux
tube), 134
auto-ionization, 24, 32, 33

backwarming, 217

Balmer jump, 227

Balmer lines, density
determination, wing, 38

Beta function, 111, 209

‘Big Flare Syndrome’, 6

blast wave, 18, 240

blue continuum, 17

Bohr orbits, 31

Boltzmann distribution, 24

Boltzmann’s equation, 52ff, 95

bound-free continuum, 227

branching ratio, 33

bright point, 145ff
brightness temperature, 191
buoyancy, magnetic, 76, 163

Carrington rotation, 144
Cerenkov radiation, 121, 122
chromospheric evaporation, 212
classification of flares, 4ff
soft X-ray, 5, 6
type A, type B, type C, 7
visible, 7
subflares, 7
dynamic, 10
coherence effects, in atomic levels,
49
coherent oscillations, 103, 120, 121,
193
collective behavior, 81, 95, 109,
190, 191
collision, 89, 91
damping, 37
electron—electron, 93, 108
electron—proton, 93
frequency, 176
integral, 43
cross-section, 109
heating by, 207
mean free path, 216
column depth, 93, 94, 225
column density, mass, 108, 110,
113, 131, 132, 193
compact flare, 8, 224
compression wave model, 240, 241,
242
Compton scattering, 103, 122, 187
inverse effect, 122, 123
shift, 122
wavelength, 122
conduction, thermal, 57, 185, 214,
215
coefficient of, xiii
electrical (see also resistivity), 58
conservation equations, 54, 55ff
continuity equation of mass, 55,
65, 66, 67
continuity equation of electric
change, 55, 65
convection, 212ff
coronagraph, 234

Coronagraph/Polarimeter (C/P),
231
coronal mass ejection (see mass
ejection)
Coulomb collisions, 108, 188, 207
logarithm, xiii, 92
critical frequency, 117
cross-section
Bethe-Heitler
(Bremsstrahlung), 107, 111, 114
for collisional excitation, 24
collisional (electron—-atom), 61
for dielectronic recombination,
33
differential Bremsstrahlung, 116
differential for electron
scattering, 104
directionality for
Bremsstrahlung, 116, 185, 186
for electron scattering, 104
energy loss, 109
excitation, 33
ionization, 24
Klein—Nishina, 123
polarized Bremsstrahlung, 116
Thomson, 104
current density, 54
cyclotron emission, 117
frequency, 61

d Me stars, 16, 17
damping constant
profile of, 34
radiative, 47
Debye length, 61, 67, 81, 92, 102,
159, 167, 170
sphere, 81, 82
decay phase (of flare), 227
degeneracy, 28, 43, 50
density (see also diagnostics), 15,
38
deuterium formation, 126, 197
diagnostics
density, 38, 40, 218ff, 223ff
temperature, 40, 218, 220ff
dielectric constant, 63, 64
permittivity, 63
dielectronic recombination, 24, 32,
33, 219, 221
satellite lines, 33, 219, 220
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diffusion, 71
timescale, 74, 154
magnetic diffusion equation, 70ff
resistive, 154
Reynolds number, 73
velocity, 54
discrete encounter theory, 37
‘disparition brusque’, 230
dispersion curve, 35
dispersion relation, 100
for electromagnetic oscillations,
63ff
for electrostatic oscillations, 981f
displacement current, 71
dissipation rates, 157ff
dissipative thermal model (see X-
rays, hard)
distribution function, 52
Doppler broadening, 38, 39, 124
effect, 121, 214
width, 35
double layer, 150, 165, 166, 167
circuit theory model of, 166
particle model of, 166
Dreicer field, 170
drifts, single particle, 83ff
dynamo, 139

Eddington approximation, 25
Einstein coefficient
for absorption, 23
for induced emission, 23
for spontaneous emission, 23
electric dipole radiation, 29
electric quadrupole radiation, 29,
30
electrical conductivity (see also
resistivity), S8ff
electromagnetic waves (see waves)
electron density, 15
electron radius, classical, 107
electron runaway, 170
electrostatic oscillations, 97, 121
electrostatic potential, 80
elementary flare burst, 145, 172,
189
emission coefficient, 22ff
for gyrosynchrotron radiation,
118, 191
emission measure, 15, 114, 179
differential, 40, 114, 201, 215,
216, 223,228
energy
budget, 103, 193
dissipation of, 157, 158
electromagnetic, 132, 139
gravitational, 132
kinetic, 234
loss, 219
magnetic, 131ff
nuclear, 132
storage of magnetic, 74, 136ff: in
situ, 136, 137, 150; remote,
138, 139, 150
thermal, 132
transfer equation, 45
escape velocity, 230
European Space Research
Organization (ESRO), 4

EUYV radiation, 199ff
evaporation, 212, 217

facula, 129
Faraday's law, 71
filament (see also prominences),
144
eruption, 224
filling factor, 16, 133
fine structure constant, 107
flare
classification of, 4ff
compact, 6, 8, 206, 224
dynamic, 10
ejective, 165
gradual, 6
Ha, 224
homologous, 2
impulsive, 6
models of, 160ff
morphology, 10
footpoints, 10, 181
prediction, 140
stars, 16, 17
stellar, 16, 17
sympathetic, 2
trigger, 9, 163
two-ribbon, 8, 10, 224, 229, 230
white-light, 1, 2, 226, 227
fluorescence excitation, 32, 202
polarization, 46, 49
flux, radiation, 25
flux tube models for mass ejections,
242,243
Fokker-Planck equation, 91
forbidden, lines, 29, 30, 219, 223
Forbush decrease, 18
force-free field equation, 75, 133,
150
forerunner, 232
Fourier decomposition, 66, 69, 97,
118, 189, 191
Fraunhofer line, 218, 225
free-bound continuum, 105
free-free continuum, 105
frozen-in magnetic field, 68, 73, 74,
130, 131, 152, 159

Gamma-Ray Spectrometer (GRS),
196, 198
y-rays, 246
bursts, 165, 196ff, 231
delayed, 125, 126, 197
nuclear, 103
prompt, 125, 197
Gaunt factor, 41
Gauss’ law, 71
Gold and Hoyle model, 161
geomagnetic effect, 20
geomagnetic storm, 18
sudden commencement, 18
global instability, 243, 244
gradient drifts, 84
gradual phase, 149
‘green line’, 30
group velocity, 67
guiding center, 84
gyrofrequency, 82, 96, 117, 119
gyroradius, 82, 92, 117, 151
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gyroresonance absorption, 193
gyrosynchrotron emission, 5, 116ff,
190, 191, 193

Ha emission, 1, 7, 10ff
Hall current, 62
half-width
Doppler, 35
natural, 35
Hanle effect, 42, 46ff
3He, 205
Hard X-ray Burst Spectrometer
(HXRBS), 189, 198
Hard X-Ray Imaging Spectrometer
(HXIS), 183
heat flow
tensor, 57
conduction, flux, 57, 215
internal energy, 58
heating
due to conduction, 51, 214
due to electrons, 94, 181, 201,
207
due to ohmic dissipation, 57,
139,210
due to protons, 198
due to radiation, 57, 216ff
Helmholtz’s equation, 138
helium-like ions, 219
resonance lines, 219
H~ ions, 226
Heyvaerts’ model, 163
Hinotori, 4, 183, 245
Holtsmark’s theory, 37
hydrodynamics, 218, 225
hydrogen-like ions, 219

impact parameter, 89, 91
impact polarization, 46
impulsive phase, 149ff
induced emission, 23
inductance, 139, 171
inertial term (in Ohm’s law), 59
infall-impact mechanism, 230
inner shell excitation, 221

ionization, 32, 202

transition, 31, 32,219
instability

ion-acoustic, 102, 159, 166, 210

kink, 163

radiative, 214, 228

resistive, 156, 157

tearing mode, 156, 158, 163

two-stream, 100, 180

velocity-space, 179
integral equations, 110, 116
intensity, specific, 21
intensity, mean, 22, 23
intercombination lines, 219, 223
Interkosmos satellites, 188
intermediate coupling, 30
International Sun—Earth Explorer

(ISEE), 4, 184, 187

Interplanetary magnetic field, 20
interplanetary space, 204
inverse Compton effect, 122, 123
ion-acoustic

instability, 102, 159

velocity, 68, 102, 159

waves, 102, 176, 178, 202, 215
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ionization
electron impact, 32, 202, 219
equilibrium, 26, 41, 220
photo-ionization, 24, 202, 226
Saha’s formula for, 24
ionosphere, 18, 199
isentropic energy equation, 58
isodiaphanous surface, 117

J-J coupling, 30
Joule heating, 57, 62, 139, 226

Ka radiation (iron), 32, 202
K-corona, 105
kernel,

Hg, 13

of integral equation, 110
Kirchhoff’s taw, 22
Klein—Nishina formula, 123

Langrangian, 86, 87
Lagrange’s equation, 86
Landau damping, 101
Landé g-factor, 44, 48
Landenburg f-value, 35
Langmuir waves, 98, 180, 193
dispersion relation for, 98
Laplace transform, 115
Larmor frequency, 48, 61
line broadening, 37ff, 214
line profiles, 33ff
damping, 34
Lorentzian, 35
Voigt, 39
local thermodynamic equilibrium
(LTE), 22
foop, magnetic, 77, 129, 134
Lorentz acceleration equation, 82
factor, 123
force, 57, 75, 85
gas, 61
profile, 35
loss cone, 89
LS coupling, 30
Lyot filtergram, 7

magnetic buoyancy, 76, 163
magnetic diffusion equation, 70ff
magnetic dipole radiation, 29, 30
magnetic field, 3, 17, 103, 126, 147
annihilation of, 145, 231
emergence of, 143
force-free, 74ff, 131ff, 150:
constant twist, 135; linear,
136; parameter a, 135
flux, 72, 88
frozen-in approximation, 73ff
in active regions, 133ff
in cylindrical symmetry, 134
influence of, 42ff
intensity of, 120
loop structure, 77, 129, 134
neutral surface (line}, of, 136,
141, 145, 149, 150, 158, 194
potential, 75
reconnection of, 135, 144, 146,
150ff, 224, 231, 243
sheared, stressed, 4, 131, 133,
135, 140, 141ff, 245
topology, 155, 161, 228

magnetic induction, 139
magnetic island, 156
magnetic mirror, 85
magnetic moment, 44
magnetic quantum number, 28
magnetic trap, 89ff
magnetograph, 138, 141
magnetohydrodynamics (MHD),
52ff, 65, 245
magneto-ionic mode, 119
magnetosphere, 165
marginal stability, 160
maser, 193
mass ejection (coronal), 10, 19,
132, 163, 165, 229ff
mass motions, 218
Maxwell’s equations, 62ff
mean free path, 53, 176
© meson, 127
metastable level, 30, 223
microflare, 145, 196
microwave emission, 89, 190ff, 231
absorption coefficient, 118ff
Bremsstrahlung, 191
bursts, 89, 118, 145, 165, 180,
190ff, 194, 231
emission coefficient, 118ff
extraordinary mode, 119
gyroresonance absorption, 193
harmonics, 119
microflares, 145
number of electrons required,
196
ordinary mode, 119
and particle acceleration, 165
and plasma processes, 191
spatial structure of emission,
194ff
spectrum, 191
in dissipative thermal model, 180
Milne-Eddington model, 46
miniflare, 145
mirror point, 88, 193, 208
mirroring force, 86, 88
momentum equation, 67, 68, 152
Madssbauer effect, 124
Monte Carlo technique, 91
Moreton wave, 239
multiplet, 28
multiplicity, 27

Navier-Stokes equation, 57

neon-like ions, 219

neutron, 199, 204

noise storm (radio), 235, 237, 238,
239

nuclear processes, 123ff, 245

Ohm’s law, 58ff, 70, 71

ohmic heating (see heating)

Olber’s paradox, 79

opacity, optical depth, 24ff, 120,
217

optically thin radiation, 26ff

Orbiting Solar Observatory (OSSO},
4

oscillations, 92

plasma, 65
oscillator strength, 35, 41

P87-1 Satellite, 4, 245
particle beam, 89ff
partition function, 24
Paschen jump, 227
Pauli’s exclusion principle, 27, 28
perfect gas, 53
Petschek’s mechanism, 154, 158
phase-space, 53
phase-velocity, 67
photo-ionization, 24, 226
Pioneer Venus Orbiter (PVO),
184, 187
pitch angle, of electron motion
relative to guiding field, 93
pivot point, 144
plage, 129
Planck function, 22, 191
plasma, 78ff
plasma beta, 137, 143
plasma frequency, 67, 117, 120,
121, 236
plasma oscillations, waves, 65, 92,
97, 193, 202, 236
Poisson’s equation, 80, 97, 166
polarization, 42ff, 194
of Bremsstrahlung, 187ff
of scattered radiation, 104
fluorescence, 46, 49
impact, 46
resonance, 46
positron annihilation, 124, 125
positronium, 124, 125
post-flare loops, 9, 13, 227, 228,
229
power law
for hard X-ray spectrum, 110,
115
for microwave bursts, 192
precursor, 140ff, 239, 244
pressure broadening, 37
principle of reversibility, 23
principle of spectroscopic stability,

prominences, 2, 214, 229
active, 229
activation of, 140, 141
eruptive, eruption of, 9, 230, 234,
243
loop, 9, 229
spray, 230

quantum defect, 24

quantum numbers, 27ff
rules obeyed by, 27, 28

quasi-linear equations, 101

radiative transport, 22ff, 45, 200,
216,217,218, 245
radiative loss function, 213, 216,
228
radio bursts
Type 1, 235, 237, 238, 239
Type II, 235
Type 111, 121, 146, 202, 203, 204,
235, 239
Type IV, M IV, 235,236
U-burst, 203, 235, 239
Rayleigh-Jeans formula, 22, 191
reconnection, magnetic, 150ff, 155,
231
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reduced mass, in collision process,
90
refractive index, 119
resistivity (see also conduction), 60,
94, 131, 139, 150, 158, 245
anomalous, 159
resonance line, 219
polarization, 46
return (reverse) current, 96, 102,
176, 179, 210
Reynolds number, magnetic, 73,
150, 153, 154, 155, 158
ribbons (of Ha emission), 10, 13
ring current, 243
runaway, electron (see also Dreicer
field), 169, 170, 171
Russell-Saunders coupling, 44
Rydberg state, 32

Saha’s equation, 24
scattering, 103ff
inelastic, 125
electron (Thomson), 231, 234
scalar potential, 87
scaling laws for loops, 227
Schrédinger equation, 63
Second Law of Thermodynamics,
132
selection rules, 27, 28, 30
shear (see magnetic field)
shielding distance (see Debye
length)
shock wave, 18, 165, 236, 239, 243
acceleration in (Fermi
acceleration), 167
hydromagnetic, 18, 169
front, 168
interplanetary, 18
single-particle motions, 82ff
Skylab, 1,2, 4, 5, 15, 129, 204, 205
Solar Maximum Mission (SMM),
4, 21, 133, 183, 184, 189, 196,
200, 245
Solar X-Ray Telescope (SXT), 183
solar-stellar connection, 16
Solrad 9, 41
Solwind, 231
sound speed, 68, 242
source function, 22ff, 36, 110, 116
Spacelab 1, 188
spallation, 125, 126
spectral index, 113
speed (see velocity)
Spicer’s model, 163
spike, in hard X-ray bursts, 172ff
spin, 27ff
spin—orbit interaction, 30
spary {see prominences)
Stark effect, 38
broadening, 37ff, 224
linear, 38
quadratic, 38
statistical equilibrium equation, 25
statistical weight, 23, 28
stellar flares, 16

stimulated emission, 23

Stokes parameters, 42, 43

stopping distance, collisional, 113

stress tensor, S6

structure magnétique evolutive, 144

Sturrock’s dilemma (see also Type
111 bursts), 203

Sturrock’s model, 161

subflare, 145

subphotospheric motions, 74, 139

sudden frequency deviation, 200

sunspot, 143

‘sweeping skirt’ hypothesis, 239

Sweet’s model, 161

synchrotron radiation, 118

T Tau stars, 17
temperature, 36ff, 216

brightness, 191

Doppler, 222

excitation, 36

kinetic, 36, 53

radiation, 37
temperature minimum region, 225ff
term, 29
terrestrial effects, 17ff
thick-target model, 108, 112, 174,

180, 181, 185, 196, 202, 224

thin-target model, 108, 112
timescales

radiative, 228

conductive, 228

hydrodynamic, 228
transition rate, 23
transition region, 146
trigger, 9, 163
turbulence, 36
two-stream distribution, 99, 102
Type I, I1, I11, IV bursts (see radio

bursts)

U-bursts (see radio bursts)

uncertainty principle, 33

Ultraviolet Spectrometer and
Polarimeter (UVSP), 200

van der Waals force, 38
vector potential, 87
velocity
turbulent, 36
ion-acoustic, 68, 109, 159
Venus, 184
Very Large Array (VLA), 194
virial theorem, 132
viscosity, 57
Vlasov equation, 53, 95, 97
Voigt profile, 39

wave damping, 101
wave equation for E, 63
wave-wave interaction, 203
waves
Alfvén, 64, 68, 70, 226
electromagnetic, 62ff
electron—cyclotron, 193

273

extraordinary, 119

ion-acoustic, 102, 159, 176, 178,
202, 215

Langmuir, 98ff, 180, 193:
Landau damping of, 101;
nonlinear interactions of, 203

magneto-acoustic, 68ff

shock (see shock waves)

white-light transient, 236

X-rays, hard, 5, 13, 105ff, 142
Bremsstrahlung cross-section
(Bethe-Heitler), 106, 107, 111,
114
Directivity, 185ff, 246:
backscatter-induced, 187;
cross-section, 116; limb
darkening, 187; statistical
observations, 187;
stereoscopic observations,
187; of a thick-target model,
187; of a thermal model, 187
energetic efficiency, 176, 178: of
a thick-target model, 178; of a
thermal model, 179
microflares, 145
nonthermal models, 107, 108ff,
116, 174: thick-target model,
108, 112, 174, 202, 224;
injected electron flux
spectrum, 108; thin-target
model, 179
polarization, 187ff, 246:
backscatter-induced, 188;
cross-section, 116;
observations, 188
spatial structure, 180ff:
footpoints, 13, 181; modeling,
181ff; observations, 183ff;
wave fronts, 185
spectra, 111, 112, 115, 172ff:
integral moments of, 116;
power laws, 111, 115, 145,
173; spectral index, 113
temporal structure, 189ff:
elementary flare bursts, 145,
172, 189; ultrafast structures,
145, 190
thermal models: differential
emission measure, 115, 175,
179; ‘dissipative thermal
model’, 176, 180
X-rays, soft, 206, 212
heating by, 217
X-type neutral point, 156ff

Y-type neutral point, 161

Zeeman effect, 43ff, 129
emission, 43
inverse, 45
longitudinal case, 44
transverse case, 44
wavelength shift, 44

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521115520
http://www.cambridge.org
http://www.cambridge.org

