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Key concepts are indicated in bold in the index; page numbers that reference images are in italic.

11-year cycle: see solar cycle aurora, 3, 4, 90, 91, 93, 95, 110, 186, 188, 189, 191, 196
22-year solar cycle, 36, 37 australis, 6, 92
borealis, 6, 92
absorption lines, 26 early observations, 5, 9, 10, 136, 186
acceleration, 16, 59, 183 electrical currents, 12, 67, 74, 78, 86
atmospheric drag, 196 substorm, 74, 75, 190, 192
centripetal, 117, 153 zone or oval, 6, 7, 74, 75, 86, 87, 92, 114
Earth gravitational, 153, 175 auroral electrojet (AE), 74
accretion, 24
active reading, 21 bar (b): see pressure
active regions, 34, 86, 200 Becquerel, Henri, 12, 147
aeronomy, 95 becquerels (Bq), 147
airburst, 168 Bell’s law, 135
Alfvén waves, 13, 185 beta radiation, 145, 148
Alfvén, Hannes, 13 Biermann, Ludwig, 13
alpha radiation, 145, 148, 151 biosphere, 172
alternating current (AC), 119 Birkeland currents: see field-aligned currents
amplitude, 38 blackbody curve, 43
anthropogenic space weather: see under space weather blackbody radiation, 42
apogee, 101, 127, 198, 199 Bloom’s Taxonomy, 60
Apollo 11, 14 Bohr, Niels, 87
Apollo 16, 150 Boltzmann constant, 24, 81, 84
Apollo 17, 150 Boltzmann, Ludwig, 24
Appleton layer, 92 bounce motion, 80
Appleton, Edward, 12, 92, 189 bow shock, 68, 190, 193
Archimedean spiral, 48 Brahe, Tycho, 5, 115
asteroid, 154, 162, 165, 167, 174, 175, 196
Chelyabinsk, 168 carbon 14, 165
land impact, 169 Carrington-class event, 166, 178, 196; see also geomagnetic
ocean impact, 169 storm
Tunguska, 168 Carrington, Richard, 10, 31, 58, 187
astronaut, 2, 68, 99, 121, 149, 150, 152-156, 158 cascading failure, 121
astronomical unit, 17, 27, 51, 116 Cassiopeia A, 173
atmosphere, Earth’s, 2 causation, 165, 176, 177
atmosphere (atm): see pressure Cavendish, Henry, 6
atmospheric drag, 103, 118, 185 celestial spheres, 4
AU: see astronomical unit Celsius, Anders, 10
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Chapman, Sydney, 13, 95, 189 density, 24, 66
Chapman—Ferraro currents: see magnetopause thermospheric, 106
chemical reactions, 128, 146, 166, 174 dielectric discharge, 200
chromosphere, 28, 32, 33, 196, 200 differential rotation, 34, 36, 50
Clarke, Arthur C., 99, 153 diffraction, 111
climate, 2, 18, 19, 139, 163-165, 167-169, 171, 197, 201 dipole, 64, 65, 78
closed field lines, 70 dipole magnetic field, 8, 36, 48, 64, 65, 67, 78, 80, 92, 140,
CLUSTER, 72 199
comet, 13, 46, 165, 167, 189 direct current (DC), 119
Community Coordinated Modeling Center (CCMC), 124, 195 displacement, 38
compass, 7, 78, 186 Disturbed Storm Time index (Dst), 67, 73
complex systems, 18 Doppler, Christian, 28
compound interest formula, 96 Doppler effect, 31, 39, 185
concept map, 43 Doppler shift, 28
conceptual framework, 19 Drake equation, 160
conduction, 25, 198 Drake, Frank, 160
conservation of energy, 86, 175 Dungey, James, 13, 129, 139, 197
continuity equation, 128, 132 dynamo, 36
convection, 25, 28, 34, 36, 197, 198
plasma sheet, 71, 73, 129 Earth radius (rg), 65
convection cycle, 71 ecliptic plane, 57
convection zone, 28 Einstein, Albert, 29, 157
Cook, Captain James, 6 energy and matter, 30, 39, 158
coordinate system, 55 special relativity, 59, 157
Cartesian, 56 electric charge, 76
Copernican heliocentric theory, 6, 8, 116 electric current: see currents
core, 29 electric field, 71
corona, 31, 33, 47, 50, 191, 193, 196, 200 electrical resistance, 87
coronagraph, 33, 48, 51 electromagnetic (EM) radiation, 2, 10, 25, 26, 30, 35,
coronal holes, 49 41, 42,76, 88,94, 109, 144, 146, 147, 166, 197, 198,
coronal mass ejection (CME), 3, 51, 73 201
corpuscular radiation, 2, 3, 12, 144, 145, 197, 201 electromagnetic (EM) spectrum, 39, 40, 42, 144
correlation, 165, 177 electromagnetic pulse (EMP), 171
cosmic rays, 53, 54, 189, 197 electromagnets, 78
composition, 145 electrons, 3, 10, 12, 47, 76, 88, 108, 145
galactic, 53, 150, 151, 165, 172, 200 electronvolt (eV), 53, 66
ionization, 89 ellipse, 116
modulation, 166 elliptical orbits, 101
shock wave, 53 energy, 2, 25, 29, 174
solar energetic particles, 53, 86 chemical, 174
Coulomb, Charles, 76 electromagnetic, 39, 144
Crookes, William, 12 kilotons of TNT, 175
cross-product: see right-hand rule kinetic, 35, 66, 69, 154, 170, 174, 175, 184, 199
Curie, Marie, 145, 147 potential, 174, 175
curies, 147 equilibrium, 18, 82, 85
currents, 66, 76 escape velocity, 47
cyclotron motion, 80 events, 20
excitation, 146
d’Ortour de Mairan, Jean-Jacques, 6 exoplanet, 52, 156, 161
decompression sickness, 152 exponential, 95
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Faraday, Michael, 112, 187
Faraday’s law of induction, 112, 113, 119, 120, 197
feedback, 18
Fermi, Enrico, 160
Fermi approximation, 160
Fermi paradox, 161
Ferraro, Vincenzo, 13, 73
field-aligned currents (FAC), 67, 86, 191
FitzGerald, George, 12, 188
flare, solar: see solar flare
fluid, 13, 35, 86, 91, 188, 192, 197, 200
flux ropes, 51
flux tube, 70, 71
force, 16, 59, 60
air drag, 118

electric and magnetic, 25, 64; see also Coulomb, Charles

gravitational, 24, 60, 117, 153
pressure gradient, 24, 85
forecasting, 133
Franklin, Captain John, 6
free radical, 146
frequency, 28, 34, 38, 39, 41, 95, 144
critical, 93
cyclotron, 82
diffraction, 111
of a wave, 38, 39
of EM radiation, 95, 144, 197
peak: see Wien’s law
plasma, 185
SI unit, 38

Galilei, Galileo, 6, 8, 9, 15, 23, 31, 186

gamma ray bursts (flashes), 173

gamma rays, 30, 54, 144

gas constant, 84

Gassendi, Pierre, 6, 186

general relativity, 59

geomagnetic field, 8, 9, 187, 197

geomagnetic induced currents (GIC), 113, 119, 171

geomagnetic storm, 10, 13,52, 58,73,76,91, 104, 110, 112,

171, 176, 191, 193, 197, 199
geostationary orbit: see geosynchronous orbit
geosynchronous orbit (GEO), 65, 99, 100, 101, 105, 106
Gilbert, William, 8, 186
Giovanelli, Ronald, 13, 189
global navigation satellite system (GNSS), 111
Global Positioning System (GPS), 101, 110, 111
gradient—curvature drift, 80
Graham, George, 8, 9
granulation, 31-33

Index 208

granulation, super, 31
granules, 31

gravitational constant, 117
gravitational field, 79

gravity waves, 87

gray (Gy), 148, 184
greenhouse gas, 18

Greenwich Observatory, 10, 57

habitable zone, 52, 156

Hadean, 167

Hale cycle, 37

Hale, George, 37

Halley, Edmond, 9, 186

H-alpha (Ha), 32

heat, 19, 25, 26, 28, 35, 46, 86, 103, 166, 174, 198

heat transfer, 25

Heaviside layer: see Heaviside, Oliver

Heaviside, Oliver, 12, 83, 92, 188

heliopause, 52, 192, 198

helioseismology, 28, 190

heliosphere, 3, 4648, 52, 53, 68, 129, 157, 189,
192, 198

heliospheric current sheet, 50

helium, 27, 30, 32, 53, 66, 145, 148, 200

Hertz, Heinrich, 38

high Earth orbit (HEO), 100-102, 106, 198

high-frequency (HF) radio communication, 89, 93, 110

high-speed solar wind, 49

Hiorter, Olof, 10, 186

Hubble Space Telescope (HST), 103

hydrogen, 26, 66

hydrostatic equilibrium, 24, 85, 95

Ice Ages, 164

ICON mission, 87

ideal gas law, 24, 81, 84

immune system, 146, 148

inertial reference frame, 55

inner magnetosphere, 65, 72, 201

interaction regions, 49

International Space Station (ISS), 2, 103, 104, 144, 150

interplanetary magnetic field (IMF), 13, 48, 50, 54, 133, 176,

190, 191, 193, 198, 200

southward IMF, 70, 71, 72, 73, 125, 129

interstellar medium (ISM), 52, 156, 193, 198

interstellar space, 3, 52, 53, 157, 172, 192

interstellar travel, 156

ionization, 86, 87, 88,90, 91, 94, 95, 128, 145,171, 173, 198
impact, 91
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ionization radiation
direct, 146
indirect, 146
ionosphere, 12, 66, 83, 84, 87-89, 92, 94, 110, 113, 188,
189, 198
convection, 71, 72
D region, 88
E region, 89, 90, 91
F region, 90
F1 peak, 91
F2 peak, 91
topside, 90

joule heating, 86, 120
Jupiter, 17, 22, 65, 116, 191

Kelvin, Lord, 11

Kennelly, Arthur, 12, 83, 89, 92

Kepler, Johannes, 115, 173

Kepler’s laws, 115, 118

kinetic approach: see magnetohydrodynamics (MHD)
Kp, 74, 126

latitude, 57
light-year, 52, 160, 172
line emission, 95
Little Ice Age, 165
lobes, 70
Lockyer, J. Norman, 11
Lodge, Oliver, 12, 188
logical fallacies, 137
longitude, 57
Loomis, Elias, 6, 7
Lorentz force, 80, 92, 185
Lorentz, Hendrik, 34
low Earth orbit (LEO), 100, 701, 149, 199
luminosity, 27
solar, 29, 164, 165
Lunar Reconnaissance Orbiter (LRO), 154

magnatars, 173
magnetic cloud, 51
magnetic energy, 35
magnetic field, 69, /83, 199
Earth’s, 54, 63, 64, 68, 70, 73, 186, 188
energy, 69
force, 79
galactic, 53
Mars’, 151
polarity, 36

solar, 11, 13, 25, 33, 34, 48, 50, 200
time-changing: see Faraday’s law
magnetic field merging: see magnetic reconnection
magnetic polarity, 34
magnetic poles, 78
Earth’s, 64, 70, 92, 95
solar, 47, 48, 50
magnetic reconnection, 13, 69, 70, 71, 129, 176, 189, 191,
192,197, 199
magnetism, 11, 12, 76, 78
magnetohydrodynamics (MHD), 130, 132, 189
magnetopause, 52, 68, 70, 73, 82, 135, 141, 190, 191,
199
magnetosheath, 68
magnetosphere, 13, 63-65, 67, 68, 69, 71, 72, 74, 80, 124,
144, 190, 199
intrinsic, 86
Magnetospheric Multi-Scale (MMS) Mission, 69
magnetotail, 68—72, 190, 191
Marconi, Guglielmo, 12, 92, 110
Mars, 14, 17, 22, 44, 85, 86, 110, 144, 151, 153, 155, 156,
162, 199
Maunder Minimum, 164, 186
MAVEN mission, 85
mechanics, 55
Medieval Climatic Optimum, 167
medium Earth orbit (MEO), 100, /01, 106, 111, 199
Mercury, 8, 22, 65, 84, 85, 143, 193
mesosphere, 88, 166, 192
meteor, 90, 104, 168
meteor crater, 168
meteoroids, 154
meteorology, 2, 95
Michelson—Morley experiment, 158
micro-gravity, 153, 156
Milankovic cycles, 164
Milankovic, Milutin, 164
Milky Way galaxy, 24, 52, 55, 156, 172
models
artificial intelligence, 136
empirical, 125, 135
kinetic, 130, 132
machine learning, 136
physics-based, 128
simulation, 124, 129
toy, 124
Molniya orbit: see high Earth orbit (HEO)
Moon, 85
Moore’s law, 134
Muncke, Georg Wilhelm, 6

© in this web service Cambridge University Press & Assessment

www.cambridge.org



www.cambridge.org/9781108791717
www.cambridge.org

Cambridge University Press & Assessment
978-1-108-79171-7 — An Introduction to Space Weather
Mark Moldwin

Index

More Information

Index 210
muons, 54 positrons, 53, 54
Musk, Elon, 155 power grids, x, 3, 114
pressure, 24, 68, 80
Near-Earth Objects (NASA NEO), 169 gas, 24, 81, 84
Neckham, Alexander, 7 magnetic, 81
Neptune, 22, 65 ram, 81
neutral sheet current, 71 pressure gradient, 84
neutrinos, 30, 54 proton—proton chain, 30
Newton, [saac, 59, 116, 158 protons, 3, 24, 30, 76, 88, 108, 145
nitrogen and oxygen molecules (NO,) Proxima Centauri, 52, 156
ozone, 166
Norman, Robert, 8 radiation, 25, 26, 68, 99, 107, 144, 145, 148, 149, 150, 151,
nuclear bomb, 171 154-156, 171, 200, 201
nuclear winter, 171 exposure, 146
ionizing, 108, 145, 146, 198

Occupational Safety and Health Administration (OSHA), killer electrons, 108, 151

150 shielding, 151
Oersted, Hans Christian, 78 radiation belts, 70, 74
Ohm’s law, 120 radiation sickness, 149, 198
open field lines, 70 radiation zone, 28
orbital debris, 104 radio waves, 2, 12, 38, 89, 90, 92, 94, 144, 188, 189
orbital lifetime, 83, 103, 118, 127 radioactive decay, 145, 148
order of operation, 181 rads, 148
outer magnetosphere, 66, 190 reactions
ozone, 166 endothermic, 174
ozone layer, 109, 172 exothermic, 174

recombination, 88, 89, 90, 128

paleo-climate, 167 reconnection: see magnetic reconnection
Parker, Eugene, 13, 190, 193 Red Giant, 143
Parker spiral angle, 49 reference frame, 55
pascal (Pa): see pressure reflect, 94
perigee, 101, 106, 198 reflection, 145, 200
period, 38 refract, 28, 94
periodic table, 27 refraction, 41, 200
photochemical reactions, 94 relativistic electrons, 107
photoelectric effect, 41, 107, 158 rems (radiation equivalents in man), 148, 150, 200
photoionization, 88, 91, 94, 128, 199 requirements, 121
photon, 28, 41, 87, 88, 94, 95, 144, 146, 157, 185, 197, 199, resistance, 120

201 right-hand rule, 79
photosphere, 28, 31, 32, 34, 47, 196, 199, 200 ring current, 66, 67, 73, 75, 188, 197
pions, 54 rotation
pipeline, 112, 114, 197 Earth, 88, 91, 101, 163
Planck constant, 39, 94, 144 solar, 31, 34, 48, 49, 187, 188, 198
Planck, Max, 39
plasma, 32, 46, 48, 189, 199, 200 Sabine, Col. Edward, 10, 187
plasma sheet, 67, 70, 71, 92, 191 satellite orbits, 100
plasmapause, 66, 72, 126, 127 Saturn, 22, 65, 191
plasmasphere, 66, 70, 90, 190 scalar, 58
Pluto, 22, 52, 57 Scheiner, Christoph, 8
polar cap, 70, 71, 75, 89 Schwabe, Samuel Heinrich, 8, 187
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scientific notation, 17
Shen Kua, 7
shock wave, 51, 53, 61, 68, 168, 172
ST units, 16, 148, 152
sieverts (Sv), 148
simulations: see under models
single-event effects (SEE), 109
single-event upsets (SEU), 109
skywave, 110
slow-speed solar wind, 49
SOHO satellite, 51, 192
solar constant, 29
solar cycle, 8, 31, 35, 37, 43, 50, 74, 86, 91, 133, 164, 166,
187, 200
sunspot cycle, 8, 36, 110, 187
solar eclipse, 47, 48, 186, 191, 196
solar ecliptic reference frame: see reference frame
solar flare, 26, 69, 81
Carrington, 10, /7, 58, 187
energy of, 35, 199
solar maximum, 35, 86
solar minimum, 35
solar nebula, 24, 27
solar plages, 33
solar prominence, 11, 33, 35, 188
solar spectrum, 26, 187
solar storm, 89, 91, 109, 113, 150, 151
solar system, 2, 3, 8, 54, 57, 115, 154, 156, 157, 167,
173
solar wind, 3, 13, 33, 46, 48-52, 58, 63, 65, 68-71, 73,
80, 81, 86, 124, 125, 133, 136, 145, 188-191, 197, 198,
200
sound speed, 51
solar wind, 51
sound waves, 28, 38
southward IMF, 176
space weather, 2, 156, 163, 186, 196, 197, 200
anthropogenic, 165, 171, 196
effects, 14, 61, 74, 76, 99, 103, 106, 108, 110, 112, 113,
115,118,172, 193
forecasts, 111, 124, 133
modeling, 124, 129
natural hazard, 3, 121
solar cycle, 37
Space Weather Modeling Framework (SWMF), 130, 131
spacecraft charging, 106
deep dielectric discharging, 107
surface, 107
SpaceX, 155
special relativity, 59, 158, 160

length contraction, 159; see also Einstein, Albert
relativity of mass, 159; see also Einstein, Albert
time dilation, 159; see also Einstein, Albert
speed, 15, 16, 41, 57; see also velocity
spicules, 32
Sporadic E, 90
Sputnik, 13
Standard Solar Model, 27, 28, 201
Stermer, Carl, 6, 188
stratosphere, 4, 166, 169
stratospheric warming, 166
substorm, 74, 75, 87, 92, 124, 125, 127, 129, 188, 190, 192,
199, 201
sudden ionospheric disturbances (SID), 89
sudden storm commencement (SSC): see geomagnetic storm
sunspots, 4, 8, 9, 10, 31, 34, 186, 199
active regions, 34
climate, 164, 166
cycle, 10, 35, 36, 187, 200
supernovas, 53, 172, 173, 197, 201
Systéme International (SI), 15
systems engineering, 120
Systems Science, 18

temperature, 3, 24, 25, 32, 41
termination shock, 52

terrella, 8

THEMIS, 72

thermonuclear fusion, 24, 30, 53
thermonuclear reactions, 24, 29, 172
thermosphere, 2, 83, 84, 86, 120, 123, 129, 166, 192, 201
Thomson, J. J., 12

topology, 70

total ionizing dose (TID), 108, 150
transformer, 112, 113, 114, 120, 201
transition region, 33

triangulation method, 6, 101, 111, 137
tropopause, 4

troposphere, 2, 4, 87

ultraviolet (UV), 2, 109, 147
solar, 66

upper atmosphere, 12, 83, 87, 92, 103, 137, 166, 171, 201
density, 103

Uranus, 22, 65

vacuum, 152

Van Allen, James, 66, 190, 192

Van Allen radiation belts, 66, 106, 107, 190, 201
Van Allen storm probes, 68
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vector, 58 Wien’s law, 42, 185
velocity, 16, 58, 59, 183 white blood count, 146, 148
Alfvén, 185 Wide-Area-Augmentation System (WAAS), 112
Doppler, 40 Wilke, Johann, 9
fluid, 130 Wolf, Rudolf, 10, 187
of light, 39, 158 work, 184
orbital, 103, 118
of a wave, 39 X-rays, 2, 35, 86, 89
Venus, 8, 22, 143, 190
voltage, 120 Yohkoh satellite, 35
Voyager spacecraft, 52, 157 Young, Charles, 11
wavelength, 39, 144 Zeeman effect, 33, 34
weather, 2 Zeeman, Pieter, 34
Wien, Wilhelm, 42 Zurich Observatory, 8, 10
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