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and induction field, 20 1
Alfven limiting current, see Particle beams

	

Birdsall, C .K ., 287, 298
Alfven speed, 51, 107, 297

	

Birkeland, K., 43
Alfven waves, 259

	

terrella experiment, 4 4
Ampere's law, 54, 93, 95, 96, 108 ; see also

	

Birkeland current s
Biot-Savart force

	

association with inverted V events, 4 8
Aurora

	

in astrophysical plasmas, 48, 11 1
auroral curtains, 30

	

as an atmospheric heat source, 47
auroral kilometric radiation, 37, 190

	

in aurora, 48, 19 0
and Birkeland currents, 190

	

and the Carlqvist relation, 62
diocotron instability, 128

	

at center of Milky Way, 48
electric fields, 145

	

and the cosmic microwave background, 27 5
electrojets, 43

	

and double layers, 70, 183
and ion conics, 190

	

and force-free fields, 29
laboratory simulations, 74

	

of galactic dimension, 66, 28 5
particle simulations, 89

	

history of, 4 3
on planets, 21

	

in the intergalactic medium, 66
as plasma phenomena, 2

	

in ionosphere, 23
in ionosphere of Venus, 4 8
in Jupiter-Io system, 2 1

Bekefi, G., 255, 272, 283

	

in laboratory plasma, 47
Bennett, W.H., 28

	

in quasars, 250
Bennett pinch, see also Z pinches

	

in solar prominences, 48
accumulation of matter, 28

	

from spacecraft injected electron beams, 47
in cosmic plasma, 26

	

in spiral galaxies, 128



364

	

Inde x

Blackbody radiation, 270, 271, 272

	

and currents in the solar atmosphere, 6 3
cosmic microwave background, 39, 277

	

and heliospheric currents, 64
in electromagnetic spectrum, 37

	

Chandrasekhar, S., 29
intensity, 273, 276

	

Chapman, S ., 43
from isotropic plasma, 270

	

Charged particle acceleration, 2 3
Planck formula, 270

	

in aurora, 149
and plasma filaments, 277, 278

	

collective ion acceleration, 23, 15 6
Rayleigh-Jeans law, 37, 271, 274

	

in dense plasma focus, 156
Stefan's law, 270

	

in double layers, 173
Boltzmann equation, 49

	

electron runaway, 169, 24 4
Bostick, W.H., 23, 73, 300

	

in field-aligned electric fields, 2 3
Bremsstrahlung

	

in LINACS, 2 3
from electrons in vicinity of an atom or

	

in magnetic fields, 207
ion, 197

	

radiation from, 19 8
Brewster's angle in anisotropic plasma, 265

	

in shocks, 17 0
Buneman, O ., 30, 286, 294, 2%

	

in wake fields, 23, 79
Buneman-Hartree criterion, 286

	

Clemmow-Mullaly-Allis diagram, 31 8
Bursts

	

Collective ion acceleration, see Charged parti -
in auroral kilometric radiation, 190

	

de acceleration
broadband, from the dense plasma focus,

	

Collision frequency
229

	

electron-neutral, 25 3
broadband, from exploded wires, 229

	

electron-electron, 168
broadband, from vacuum sparks, 229

	

ion-neutral, 25 3
from charged particle orbits, 210

	

Monte Carlo, 29 8
gamma ray, from cosmic sources, 251

	

proton-neutral, 5
gamma ray, from solar flares, 195

	

for 2D simulations, 29 8
of high energy particles, 156

	

for 3D simulations, 298
microwave, from relativistic electron

	

Collision s
beams, 229

	

Monte Carlo model, 298
microwave, from solar flares, 194, 229

	

and plasma wave absorption, 266
neutron, from dense plasma focus, 23

	

simulated, 297
neutron, from solar flares, 195

	

and viscosity, 325
synchrotron radiation, from Jupiter, 283

	

Cosmic microwave background, 37, 27 7
synchrotron radiation, from simulated qua-

	

dipole anisotropy, 37
sars, 250

	

Cosmic rays, 8, 29, 39, 56, 121, 123, 170, 19 8
synchrotron radiation, from Z pinches, 234

	

from galactic double layers, 195
time duration, 236

	

solar, 195
total power emitted, 234

	

Coulomb scattering, 16 8
X ray, from cosmic sources, 251

	

Critical ionization velocity, 3 0
X ray, from solar flares, 191

	

Crusius-Schlickeiser function, 27 9
X ray, from Z pinches, 118, 232

	

Currents, see also Birkeland currents
"doubleness" in interacting currents, 11 9
magnetic interaction between, 94

Carlqvist relation, 58

	

simulation of interacting currents, 11 0
and Birkeland currents in Earth's magneto-

sphere, 62
and currents in the galactic medium, 66

	

Dawson, J ., 28 7
and currents in the interstellar medium, 65

	

Debye cube, 287



Index

	

36 5

Dense plasma focus, 48, 119, 158, 161, 232

	

in aurora, 2 1
and the formation of planets, 156

	

breakdown in atmosphere, 159
Dessler, A .J ., 44

	

burst signatures of, see Bursts
Dielectric tensor, 255, 317

	

in cosmic plasma, 22
Diffusion

	

in dielectrics, 15 6
ambipolar diffusion, 113, 185

	

in laboratory, 22
magnetic, 51

	

Lichtenstein figures, 156
magnetic diffusion time, 51

	

penumbra formation, 15 6
Dipole approximation, 202

	

on surfaces, 156, 31 4
Doppler shift

	

on surfaces of giant planets, 156
of plasma oscillations, 70

	

Electric dipole moment, 202
of synchrotron radiation, 212

	

Electric fields
Double layers, 37, 171, 195

	

acceleration of charged particles, 23, 28 5
in association with Birkeland currents, 70

	

in aurora, 149, 155
in association with currents, 183, 186

	

in cosmic plasma, 137, 17 0
in auroral circuit, 188, 190

	

field-aligned, see Field-aligned electric
boundary conditions, 183

	

fields
and the Buneman instability, 180

	

in galaxies, 195
and cosmic radiation, 195

	

generation mechanisms, 138
drifts of, 188

	

in ionosphere, 15 5
energy sources, 173

	

in magnetosphere, 146, 154, 15 5
exploding, 184, 186

	

Marklund-Blomberg model of ionosphere ,
in galaxies, 195

	

15 3
noise and fluctuations, 186

	

measurements, 138, 143
oblique, 188, 190

	

motion induced, 10 3
as a particle accelerator, 173

	

near-earth, 4 0
particle simulations, 180, 182

	

wake fields, 79
in quasars, 194

	

in Z pinches, 236
in radio galaxies, 194

	

Electromagnetic forces, 112, 285, 300 ; see
relativistic, 175, 176

	

also Ampdre' s law and Biot-Savart
series of, 185

	

force
in solar flares, 191

	

between charges, 299
as surface phenomena, 185

	

as derivatives of coefficients of inductance,
and synchrotron radiation, 195

	

108
as a virtual anode, 185

	

polarization forces, 11 3
Vlasov simulations, 180

	

between two circular loops, 99, 10 1
Double radio galaxies, 125, 240, 248

	

between two infinite conductors, 9 7
particle simulations, 243

	

between two parallel filaments, 10 8
plasma properties of, 16

	

Electromagnetic spectrum, 33, 253, 28 5
and quasars, 248

	

solar, 191
radiated power, 243

	

Electrostatic shocks, 145, 176
radio properties, 236

	

Element s
synchrotron spectrum, 243

	

abundances, 10, 168
Dreicer field, 169

	

in galaxies, 16 8
separation of, 43, 165

Elliptical galaxies
Electrical discharges

	

and double radio lobes, 13 1
associated with lightning, 22, 260

	

formation of, 128
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Elliptical galaxies (cont.)

	

Falthammar, C .-G ., 4 3
particle simulation of, 134

	

Faraday disk dynamo, 104
radio properties, 236

	

Faraday rotation, 72, 121, 124, 322
Emission

	

Faraday's law, 102, 10 4
stimulated, 272

	

Field-aligned currents, see Birkeland current s
Emission coefficient, 267, 274, 280, 282, 283

	

Field-aligned electric fields, 23, 14 3
for a Maxwellian energy distribution of

	

collisionless thermoelectric effect, 14 3
electrons, 227

	

double layers, 146
for spontaneous emission, 216

	

electrostatic shocks, 145
Emissivity

	

magnetic mirror effect, 14 4
for a Maxwellian distribution of electrons,

	

as sources of cosmic rays, 170
227

	

Filaments, see Plasma filaments
for ordinary and extraordinary modes,

	

Force-free field, 28, 70, 76, 193, 194
219

	

Forces, see Electromagnetic forces, Gravita-
velocity-averaged emissivity, 222

	

tional force, Radiation forces
Energy

in magnetic fields, 106
in plasma motion, 107

	

Galactic magnetic fields, see also Double ra -
radiated by an accelerated charge, 206

	

dio galaxies, Elliptical galaxies, Milk y
of relativistic particles, 228

	

Way Galaxy, Peculiar galaxies, Seyfer t
released in double layers, 183

	

galaxies, Spiral galaxie s
released in solar flares, 191, 194

	

Faraday rotation measurements, 12 1
storage in force-free fields, 107

	

optical polarization measurements, 12 1
storage of magnetic energy, 106

	

synchrotron radiation measurements, 12 1
in system of current loops, 106

	

Zeeman splitting measurements, 12 1
transport in plasma, 254

	

Galaxies, see also Double radio galaxies, El-
Energy conservation equation, 273, 281

	

liptical galaxies, Milky Way Galaxy, Pe-
Energy density

	

culiar galaxies, Seyfert galaxies, Spiral
in cosmic plasmas, 23

	

galaxies
equipartition of, 122

	

abundances of elements, 168
of electromagnetic fields, 254

	

cD type, 237
in gamma ray background, 34

	

clusters of galaxies, 16, 66, 135
in the infrared background, 37

	

Cygnus A, 237, 241, 243, 244, 245
in laboratory plasmas, 23

	

electric fields in, 19 5
in lightning, 23

	

Fornax A, 24 1
of longitudinal plasma waves, 256

	

IC 342, 12 7
in the microwave background, 37

	

interacting, 16, 24 8
in the radio wave background, 39
ofa transverse electromagnetic wave, 25 5
in ultraviolet background, 3 6
in the visible background, 37
in X ray background, 3 4

Energy flux
electromagnetic, 255
kinetic, 25 5
nonelectromagnetic, 25 5

Equation of transfer, 267

M31, 127, 285
M51, 125
M82, 198
M83, 128
M87, 132, 198, 244
M101, 12 8
Markarian 176, 25 1
Markarian 509, 25 1
N type, 23 7
NGC 253, 128
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NGC 1316, 133, 241, 242

	

Inductance, 104
NGC 1317, 133

	

mutual inductance, 105, 108
NGC 2998, 128

	

self-inductance, 104
NGC 3198, 128

	

of solar flares, 19 3
NGC 3646, 128, 132

	

Induction field, 199
NGC 4151, 128, 130, 250

	

Infrared radiatio n
NGC 4486, 198

	

in electromagnetic spectrum, 3 7
NGC 4736, 128

	

Instabilities
NGC 5033, 128

	

beam hollowing, 76
NGC 6946, 125

	

Buneman two-stream, 68, 180, 188
PKS 1217+02, 251

	

coronal, 1 4
plasma densities, 16

	

diocotron, 29, 119, 12 8
as plasma pinches, 66, 195

	

filamentation, 79
radio luminosity function, 237

	

Kelvin-Helmholtz, 29, 28 7
synchrotron radiation, 121, 197

	

kink, 57, 70
3C236, 237

	

numerical, 28 9
3C273, 250

	

sausage, 57, 7 0
Gamma rays, 33

	

stabilization by metallic walls, 5 8
from cosmic sources, 252

	

Intergalactic medium
in electromagnetic spectrum, 34

	

magnetic fields, 19, 13 5
gamma ray background, 34

	

plasma in, 3, 25 3
from solar flares, 14, 191, 194, 195

	

Interstellar clouds, 48, 59, 65 ; see also
Geometrical optics, 262, 270

	

Nebul a
Gravitational force, 1, 17, 59, 60, 63, 65, 67,

	

formation by currents, 66
285, 286, 299, 300, 325

	

Ionosphere, 5, 260, 287, 31 4
Gravitational potential, 30, 50, 300
Group velocity, 256, 260

Jeans condition, 60, 67
Jeans length

Hartree, D .R ., 286, 291

	

relation of Debye length, 328
Heaviside, O ., 1

	

Jeans mass, 68, 329
Heaviside

	

Jets
Kennelly-Heaviside layer, 253

	

in cosmic plasma, 198
operational calculus, 309, 314

	

fading, 248
Helmholtz equation, 107

	

hot spots in, 24 5
Herlofson, N ., 198

	

in laboratory plasma, 73, 117, 118 ,
Hertz, H ., 1, 253

	

229
HI regions, 16

	

particle simulations, 24 8
in association with magnetic fields, 127,

	

and quasars, 244
168

	

as sheet electron beams, 248
degree of ionization, 17

	

and superluminosity, 244
magnetic fields in, 121

	

synchrotron radiation from, 24 5
Hot spots

	

Jupiter
in cosmic jets, 245

	

electrical discharges on Io, 16 2
in plasma pinches, 118, 232

	

Jupiter-Io plasma torus, 8, 16 3
in quasars, 250

	

magnetosphere, 8
in spiral galaxies, 250

	

synchrotron radiation, 37, 197, 283
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Kirchoff's circuit laws, 20

	

nonconservative, 102
Kirchoff's law, 254, 273

	

quasi-stationary, 10 1
for anisotropic plasma, 272

	

random, large-scale approximation,
277

in stars, 1 9
Laboratory astrophysics, 71

	

in Z pinches, 236
Laboratory simulation of cosmic plasma pro- Magnetic fields in galaxies, see Galactic mag-

cesses, 71, 118

	

netic fields
Langmuir, I ., 2, 171

	

Magnetic Reynolds number, 5 1
Langmuir condition, 175

	

Magnetobremsstrahlung, see Cyclotron radia-
Larmor formula, 206

	

tion
Lienard's formula, 204, 212

	

Magnetohydrodynamics
Lightning, 260

	

basic equations, 49
natural causes of, 3

	

continuity equation, 50
from nuclear explosions, 3

	

equation for magnetic induction, 5 1
on planets, 3

	

equation for mass conservation, 50
plasma properties of, 2

	

momentum equation, 5 0
Line emission

	

single fluid force equation, 50, 325
in narrow emission line galaxies, 251

	

Magnetosphere
in quasars, 251

	

bow shock, 7
in Seyfert galaxies, 251

	

cometary, 8
in spiral galaxies, 128, 251

	

Earth's, 5
in Z pinches, 232

	

on Jupiter, 163
Liouville's theorem, 49

	

magnetopause, 7
Lorentz, H .A ., 1

	

planetary, 8, 28 5
Lorentz equation, 1, 23, 207, 291

	

plasmasphere, 7, 26 1
Lorentz force, 43, 95, 103, 229

	

polar horns, 7
Luce, J ., 23

	

transmission line properties, 21, 31 4
Lundquist parameter, 17, 51

	

Marconi, G., 25 3
Marklund convection, 165
Maxwell, J.C ., 1, 253

Magnetic fields

	

Maxwell-Hertz-Heaviside equations, 1, 49 ,
from a circular loop, 99

	

137, 254, 288, 291, 302, 31 7
on Earth, 2

	

Maxwell's equations, see Maxwell-Hertz -
in galaxies, see Galactic magnetic fields

	

Heaviside equation s
history of, 93

	

Microwaves
from an infinite conductor, 96

	

from beam instabilities, 86
in intergalactic medium, 19, 135

	

cosmic microwave background, 37
interplanetary, 15

	

in electromagnetic spectrum, 3 7
isobars from axial currents, 113

	

from galactic MASERS, 3 7
magnetic induction field, 95

	

in klystrons, 3 7
in magnetic variable stars, 15

	

in magnetrons, 30, 37, 188, 286, 29 1
measurement in galaxies, 119

	

from particle beams, 22, 3 7
measurement in laboratory plasmas, 108,

	

in relativistic klystrons, 70
110

	

in slow wave structures, 3 7
measurement in space, see Satellite

	

from solar flares, 1 4
in the Milky Way Galaxy, 19

	

from virtual cathodes, 3 7
in neutron sources, 19

	

from Z pinches, 229
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Milky Way Galaxy, 16, 37, 170, 237

	

Particle simulations, 285
double radio emission at center, 240

	

of the aurora, 89, 19 1
inflow of neutral hydrogen, 168

	

benchmarking, 7 6
magnetic fields, 121, 122, 123, 127

	

of Birkeland currents, 76
plasma filaments, 48, 124

	

of cosmic jets, 248
Sagittarius arm, 124

	

Courant condition, 29 5
synchrotron radiation between spiral arms,

	

cycloid fitting, 295
123

	

definition of dimensionality, 28 8
synchrotron radio emission, 123

	

of double layers, 180
of double radio galaxies, 243
of elliptical galaxies, 13 4

Nebula

	

gravitational, 296
Crab, synchrotron radiation from, 198

	

Green radiation condition, 296
Lagoon, 48

	

history of, 286, 287
Orion, 48

	

ISIS, 77
Veil, 18, 48

	

Lindman radiation condition, 29 6
Neutral hydrogen in cosmic plasma, see HI

	

of magnetic fields in galaxies, 12 8
regions

	

of particle beams, 76
Neutrons

	

of quasars, 250
from D-D reactions, 23

	

and relativity, 296
from dense plasma focus, 156

	

spectral methods 287
from solar flares, 14

	

of spiral galaxies, 126
Newton's third law, 95

	

SPLASH, 81, 11 1
superparticles, 297
time scale compression, 297

Optical depth, 268

	

TRISTAN, 111, 30 1
in plasma filaments, 276

	

of Z pinches, 233, 23 6
Permeability, 1
Permittivity, 1

Parseval's theorem, 207

	

Planck law, 268, 270, 27 1
Particle beams

	

Plasma
Alfv6n limiting current, 55, 78

	

approximation, 50, 69
Budker's parameter, 56

	

associated with Sun, 1 0
charge neutralized beam propagation, 56,

	

cellular, 2, 185, 18 6
77, 87

	

in comets, 8
cross-field beam parameter, 30

	

as compared to liquids, solids, and gases, 2
current neutralized beam propagation, 57,

	

conductivity, 2, 51, 137, 305
77

	

definition of, 1
diocotron instability, 30

	

in double radio galaxies, 1 6
in double layers, 173

	

dusty, 325, 326
filamentation, 79

	

on Earth, 2
Lawson's interpretation, 56

	

in exploded foils, 72
propagation along a magnetic field, 58

	

in exploded wires, 2, 72, 11 7
relativistic, 37, 60, 78

	

filamentary, see Plasma filaments
Schonherr whirl stabilization, 58

	

in galaxies, 1 6
simulations, 76

	

grain, 176, 325, 329
space charge limiting current, 37, 56,

	

in HI regions, see HI regions
285

	

interstellar, 15
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Plasma (cont .)

	

spectra, 250
laboratory jets, 73

	

synchrotron radiation, 197
lifetimes, 2
nonneutral, 2
from nuclear sources, 3

	

Radiation, 16, 127 ; see also Blackbody
positron, 2

	

radiation, Bremsstrahlung, Synchrotron
in solar system, 8

	

radiation
as sources of electromagnetic radiation, 2

	

from an accelerated charge, 198
in stars, 15, 73

	

from an accelerated electron in a magnetic
Plasma filaments, 2, 23, 28, 48, 76, 87, 106,

	

field, 207
108, 111, 112, 113, 137, 159, 183, 228,

	

auroral, 37
229, 253, 275, 276

	

bound-bound electron transitions, 197
galactic, 16, 48, 124, 127, 186, 243, 278

	

cyclotron, 274, 277
in heliospheric current system, 64

	

from dipole elements, 20 4
on Io, 162

	

electromagnetic, theory of, 253
prominences, 14

	

enhancement by multiple filaments, 118 ,
Plasma guns, 73, 156, 158

	

229, 234
Plasma waves, 17, 70, 253, 259, 262, 265, 317

	

free-bound electron transitions, 197
Plasmoids, 70, 73

	

free-free electron transitions, 121, 197
Plyutto, A .A ., 23

	

from neutral hydrogen, 16, 12 7
Poisson's equation, 67, 69, 70, 174, 178, 286,

	

from plasma oscillations, 197
292, 302

	

from plasma recombination, 197
Poisson-Vlasov equations, 145, 176

	

planetary, 3 7
Polarization, see Radiation, Radio waves,

	

plasma thermal emission, 23 0
Synchrotron radiation

	

polarization, 207, 317
Potemra, T., 44

	

X ray, see X rays
Power

	

Radiation fields, 201, 236
emission from galaxies, 236

	

Radiation forces, 32 5
emitted by an accelerated electron, 211, 218 Radiation zone, 21 1
emitted by volcanic plumes on Io, 163

	

Radio luminosity function, 237
in spectral range, 263, 278

	

Radiotelescopes
total power from a Maxwellian distribution

	

Effelsberg, 124, 12 6
of electrons, 228

	

Green Bank, West Virginia, 3 8
Power density

	

Hobart, Tasmania, 39
in galaxies, 236

	

Jodrell Bank, 24 5
from radiating plasma filaments, 228

	

RATAN-600, Zelenchukskaya, USSR, 3 8
Poynting's vector, 201, 254, 255

	

Testa Grigia, Italy, 3 8
Propagation

	

VLA, 124, 245, 24 6
constant, 309

	

Radio waves
of electromagnetic radiation, 253, 256

	

and the discovery of the ionosphere, 5, 283
function, 311

	

in electromagnetic spectrum, 37, 28 5
polarization, 126, 219, 31 7
solar sporadic emissions, 197

Quasars

	

from synchrotron radiation, 197
and jets, 244

	

Razin-Lorentz factor, 28 1
particle simulations of, 250

	

Reber, G., 39, 240
radio properties, 236

	

Reciprocity theorem, 105
relation to radio galaxies, 248, 251

	

Refractive index, 253, 264, 283, 318
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Rostocker, N ., 58

	

plasma filaments, 127
Rotation measure, 121

	

radio properties, 23 6
rotation velocities, 12 8
spectra, 250

Satellite

	

Stars, 1, 2, 6, 15, 19, 36, 37, 73, 121, 122 ,
GEOS, 140

	

133, 285, 299, 32 5
ISEE, 140, 149

	

StOrmer, C., 286
S3, 146, 149

	

Sun
TRIAD, 44

	

chromosphere, 10, 107, 191
Viking, 146, 149

	

corona, 10, 107, 19 1
Saturn

	

heliosphere, 1 4
magnetosphere, 8

	

photosphere, 10, 107
plasma torus, 8

	

sunspots, 12, 19 1
synchrotron radiation, 37

	

Supernovae
Scaling laws, 300

	

anisotropy of charged particle fluxes ,
Schroedinger's equation, 286

	

170
Schwinger, J., 217

	

synchrotron radiation, 197
Seyfert galaxies

	

Synchrotron radiation, 197, 25 1
Markarian 509, 251

	

angular distribution, 211, 23 6
NGC 4151, 250

	

beam energy, 197
radio properties, 236, 239

	

continuous spectra, 197
and relation to quasars, 250

	

from cosmic sources, 236, 252
spectra, 250

	

critical frequency, 218, 24 3
Skin depth

	

Crusius-Schlickeiser function, 27 9
electromagnetic, 306

	

from an ensemble of electrons, 222
plasma, 77

	

frequency distribution, 21 3
Snell's law, 264, 266

	

gain, 21 3
Solar atmosphere

	

from galaxies, 19 7
currents in, 63, 191

	

in galaxies, 12 1
Solar flares, 14, 191, 193, 198

	

and gamma ray astronomy, 19 8
and double layers, 191

	

PHERMEX experiment, 229
two ribbon flares, 191

	

and plasma effects, 27 9
Solar system

	

polarization of, 197, 21 9
plasma transition regions, 10

	

pulsed, 21 0
Solar wind, 6, 41

	

radiation lobes, 236
Solitons, 176

	

in solar flares, 19 8
Source function, 268, 272, 275

	

spectral lines, 21 6
Spectral energy density, 207

	

from Sun, 19 7
Spectral flux, 262

	

from supernovae, 197
Spectral intensity, 263, 275

	

and X ray astronomy, 198
Spectrum, see Electromagnetic spectrum

	

from 7.lpinches, 229, 23 6
Spiral galaxies, 126

bisymmetric magnetic fields, 126, 128
diocotron instability, 128

	

Temperature
emission lines, 128

	

of charged particle beams, 12, 79, 297
hydrogen deficient cores, 128

	

of dusty clouds, 326
magnetic fields, 126, 128

	

equilibrium, 26 8
magnetic fields and neutral hydrogen, 127

	

of interstellar grains, 121, 327
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Temperature (cont .)

	

Vortices, 29, 30, 33, 48, 74, 84, 86, 89, 181 ,
of plasma, 1

	

182
radiation, 273, 274
of solar layers, 1 2

Time-domain reflectometry, 314

	

Wake fields, see Charged particle acceleratio n
Transmission lines

	

Webster, H ., 74
characteristic impedance, 312

	

Wernholm, O ., 2 3
on Earth, 20

	

Whistlers, 154, 260, 261, 31 8
equations, 31 3
ionosphere-magnetosphere, 2 1
magnetically insulated, 21

	

X radiography, 7 1
in space, 20, 186, 305, 315

	

X ray background, 3 4
telegrapher's equation, 308

	

X rays
Trubnikov, B.A., 274, 276

	

from cosmic sources, 252
from dense plasma focus, 48, 229
detectors, 73, 23 2

Ultraviolet radiation

	

in electromagnetic spectrum, 3 3
in electromagnetic spectrum, 36

	

from exploded wires, 23 2
from solar flares, 191

	

from particle beams, 22
Universe

	

solar, 1 2
currents in, 48

	

from solar flares, 191, 194
high-energy-plasma universe, 34

	

from synchrotron radiation, 198
intrinsic impedance, 199

	

from Z pinches, 229, 230, 233
visual, 33

	

X ray spectroscopy, 229, 230

Van Allen belts, 3

	

Z pinches, 72, 117, 156
Vector potential, 99

	

interacting, 110, 116, 118, 229, 236, 242 ,
Visible light, in electromagnetic spectrum,

	

25 0
37

	

as sources of synchrotron radiation, 229
Vlasov equation, 176

	

velocities of, 117, 118
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