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Bohr magneton 353
Bohr model 347
Bolometric
correction 23
quantities 4
Boltzmann
Equation 97
factor 86, 147
Bosons 146
Bound-bound processes 177, 280
Bound-free processes 177
see also ionization
Bremsstrahlung radiation 237
determining source properties 242
geometry 237
H Il regions 242
magneto 255
thermal, Spectrum 247
X-ray-emitting gas 246
Brightness 12
see also intensity
Broad-band emission 236
Brown dwarf 71, 335

Calibration 49, 50

absolute 50
Case A recombination 304
Case B recombination 304
Case studies 325
Central engine 327

see also AGN
Cepheids 179, 382
Chandrasekhar limit 74
Charge coupled device (CCD) 19, 36-37
Classification, stellar (see spectral types)
Closed box model 81
Cluster fitting 333
CO molecule 281, 311-313

in M51 313

relation to H, 312
Collisions

damping constant 295

elastic 84, 89

mean time between 90

rate coefficient 91

rate 90-91

sample parameters 92
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Colour index 23, 131
Colour-magnitude diagram (CMD) 23
NGC 6397 332
see also Hertzsprung — Russell diagram
Solar neighbourhood 24
Colour-temperature calibration 391
Column density 308, 310, 312
Comoving coordinate 379
Complex
catastrophe 275
scattering (see Scattering, Compton)
spectra 253, 319-325
wavelength 368
Conduction
electrical 188
thermal 188
Continuum
characteristics of 236
emission 5, 234, 235
Convection 188
Convolution 40, 293, 340
Cooling curve, white dwarf 333
Cosmic microwave background (CMB) 65,
125, 275
fluctuations 67
Cosmic rays xvii, 112
composition 112
origin of 117
particle spectrum 115
power law energy spectrum 114, 265
showers 112
spectrum 113
synchrotron radiation 255
tracks  xviii
Cosmic web 161
Simulation 162
Cosmological constant 383
Cosmological parameters 69, 276,
384, 386
Covering factor 15
Critical frequency 264
Critical gas density 289
Sample values 290
Cross section
absorption 154, 168
effective 91, 175
Klein-Nishina 368



K-N 369
Sample photon 160
scattering 154, 155
Cyclotron radiation 255, 258, 262
geometry 256
Cygnus star forming complex 329, 331

Dark ages 16, 170
Dark correction 49
Dark energy 69, 386
Dark matter xx, 66, 384
Data cube 55

illustration 56
Deceleration constant 378
Deceleration parameter 378
Degeneracy 352

electron 73, 74, 89

neutron 77
Diffraction pattern 39
Diffuse ionized gas (DIG)

245, 299

Diffusion

radiative 95-96, 188
Dimensional analysis xxv

Disks
accretion 213
dusty 141

geometry of 214
rotating 213
Dissociation 169
Distance
angular size 382
comoving 379
comoving, high z 387
luminosity 381
modulus 22
proper 380
Doppler
beaming 275
broadening 291, 295
shift 210, 217
Double-lobed extra-galactic radio
source 272
Cygnus A 272
Dust
absorption arc emission /09
carbon forms 710
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classical grains 109
cometary 104
disks around stars 141
extinction efficiency factors 371
grain sites 110
grey 383
IR emission 109
meteoritic 104
molecular clouds relation 105
observational effects 105
origin of 111
very small grains (VSGs) 109
Dynamic range 51
Dyson sphere 4

Eddington luminosity 180
Einstein A coefficient 98, 254, 289, 349,
363
Einstein Ring 221, 224
Electric dipole
moment 281
radiation 358
Electromagnetic radiation xviii
useful equations  xvix
Electromagnetic Spectrum, data 394
Electrons
CR spectrum 116
relativistic 255
Electrostatic units xxv
Emission coefficient 190, 235
thermal Bremsstrahlung synchrotron 266
Emission measure 240, 300, 303
Energy density 13
critical 384
geometry 14
specific 13
Energy levels 103
kinetic 187
of hydrogen 350-351
Energy levels
potential 187
rest mass 114
Epoch of reionization 170
Equation of radiative transfer 189, 191
LTE Solution 194
solutions of 191, 194
Equation of state 89
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Equation of transfer see Equation of radiative ~ Free-free absorption 237

transfer emission 237
Equilibrium processes 177
LTE 93 Friedmann Equation 383, 385
statistical 93, 96 Fundamental frequency 259
thermal 86, 87 Fusion, nuclear 71
thermodynamic 93
timescale 86 Galactic Centre (GC) 326
Equipartition of energy 270 nuclear Star cluster 328
Excitation parameter 171, 244 radi.o images 326
Excited states populations /03 Galaxies
Extinction curve 108, 182 precursors image 66
interstellar 108 spectral plot 32
Extinction efficiency factor 182, spectrum 31, 320
369 Gamma-ray bursts 155, 167
Extinction 106, 153, 182, 369 GRB 990123 166
selective 106 Gamma-ray Spectrum,
total 107 of Galaxy 323
Eye Gamma rays
data 394 *°Al- 288
spectral response 29, 30 in milky way 287
telescope analogy 32 Spectral lines 286
Gases
False colour 52, 54 characteristics of 82, 104
Field of view 37 partially ionized 102
Filter band passes 5 physical conditions of 83
data 20 Gaunt factor 238, 351
response functions 6 free-bound 252
Fine structure 353 plot 239
Flat field correction 49 radio 243
Fluorescence 165, 262 x-ray 247
Flux density 7 Gdwarf problem 81
Flux 7 Ghosts, synchrotron 273
geometry 9 Giant molecular clouds
measurement 12, 13 311, 331
Focal plane array 36 Global warming, plot 739
Focal ratio 33 Globular clusters
Folded optics 34 formation epoch 335
Forbidden lines 201, 254, 353 NGC 6397 331, 334
Force Gravitational bending 209
electrostatic  xxiv Gravitational lenses 68, 220-227
Lorentz 255, 358 and distances determination 226
strong 76 characteristics 221
Fossils synchrotron 273 geometry 223
Fourier transform 238 lens equation 223
Fraunhofer lines 165, 197 mass mapping 222
illustration 198 Gravitational waves XX

Free-bound emission 251-253 Greek alphabet 389
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Greisen-Zatsepin-Kuz’min (GZK)
cutoff 118
Grey bodies 134, 140
geometry 139
Ground State 348
Guillotine factor 177
Gyrofrequency 258
relativistic 263

HI
21 cm line 307, 354
cold neutral medium 204
column density 309
emission/absorption illustration 203
expanding shell 702
in ISM 98, 101
in m 81 group 307
mass of 310
optical depth 200
shadowing 248
temperature determination geometry
202
temperature of 200
warm neutral medium 204
X-ray anti-correlations 246
H Il regions 101, 160
free-free emission from 242
IC 5146 243
Logon Nebula &7
optical spectrum 253
properties from radio emission 244
ultra-compact 298
H, molecule 282, 311
H ion 178
Harmonics
He flash 74
Heat engine, stellar 179
Heating 168
Heisenberg uncertainty Principle 73, 146
Hertzsprung-Russell (HR) diagram 23, 133
see also colour-magnitude diagram
Homogeneous 208
Hot Jupiters 141
Hubble constant 218
Hubble parameter 378
Hubble relation 218, 377
plot 379

259, 264, 374

Huygen’s Principal 38
Hydrogen

atomic data 349
Balmer lines 302
Balmer series 302, 350
energy level diagram 350
Lyman series 350
quantum data 351
spectrum 347
Hydrostatic equilibrium 250
Hypernovae 167

Ideal gas law  xxvi, 88, 89
Ideal gas 88
Images
characteristics of 51
illustrations 53
visualization 52
Impact parameter 221, 238
Index of refraction, complex
also Refraction index of
Initial mass function (IMF) 79, 81
plot 79
Instability strip 24, 180
Intensity 9
distance independence 13
flux relation 9, 11
geometry [/
mean 14
specific 9
Interstellar medium (ISM) 75, 104
Interstellar scintillation (see Scintillation
interstellar)
Intracluster gas 249, 251
Inverse Compton radiation (Scattering,
Inverse Compton)
synchrotron comparison 274
Io Plasma torus 260
Ion 84
Ionization equilibrium 170
Ionization 169
collisional 169
photo- 169
potential 169
state 82
Ionosphere 41, 376
Isotope 70

182, 370 see
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Isotropic 208
radiation 8
universe 208

Jansky 7
Jets from AGN 8

Kappa mechanism 179
Kinematic distances 215
Kirchoff’s Law 193
Kramers’ Law 178

Lamb shift 362
Larmor formula 264, 238
Larmor precession 353
Laser guide star 47
Lens,
achromatic — see gravitational
lenses
diverging — see refraction, interstellar
telescopic 32
Light curves 77, 382
of microlens 226
Light echo, GRB 031203 156
Line broadening 290
collisional 295
FWHM 293
pressure 295
Stark 296
temperature limit 293
thermal 291, 292
Line profile 290
flat-topped 294
Gaussian 291
Lorentzian 295
Voigt 295
Line radiation 234, 279 (see also
bound-bound processor)
Line shape function 290
Local hot bubble (LHB) 248, 271
illustration 248
Local Standard of Rest (LSR) 211
Local thermodynamic equilibrium
(see equilibrium, LTE)
Lorentz factor 113, 263, 273
Lorentz profile 363
plot 364
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Lorentz transformations 263
Luminosity 3,7
flux relation 7
in waveband 5
intercepted 3
spectral 5
stellar 133
Ly « forest 161
Spectrum 162
Lyman « transition 254
Lyman series — see Hydrogen, Lyman series

MACHOs 68, 225
Magnetic bottleneck 261
Magnetic Bremstrahlung (see Synchrotron
radiation)

Magnetic dipole 260
Magnetic field strength

cyclotron emission 259

synchrotron emission 268
Magnetic fields 255

of Jupiter 260

random components 270

sample strengths 257

uniform components 270
Magnetic threads 326
Magnetized plasma 256
Magnetosphere 260

of Jupiter 262
Magnitudes 19

absolute 22

apparent 19

flux density relation 19

sample values 21

zero point values 21
Main sequence 72, 133
Masers 99

H,O 99
Mass absorption coefficient 175
Mass fraction 70
Mass

determination of 213

of intracluster gas 250
Massive compact halo objects

(see MACHOs) 68

Matter  xvii

dark (see dark matter)
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particulate 112
Maxwell Boltzmann velocity dist'n  xxvi,
84, 86, 97
plot 85
Maxwellian dist’'n  xxvi
Mean free path 89
geometry 90
Mean molecular weight 88
Metallicity 70, 79, 81
Meteoritics
impact crater /  xviii
micrometeorites 104
Metric 208
Robertson-Walker 208, 381
Schwarzschild 208, 219
Microlensing 225
Mie theory 182, 369, 372
Milky way
sketch 67
star formation rate 71
Minimum energy assumption 270
Mixing length theory 188
Modelling 253, 321-325
Molecular spectrum, of Orion
KL 284
Molecular transitions (see Transitions,
molecular) 281
Molecules H, (see H, molecule)
Molecules, CO (see CO molceule)
Molecules, detected 285
Monster 327
Natural line shape 365 (see also
Lorentz profile)
Nebulium 305
Neutron stars 77, (see also pulsars)
167
Noise 51
Non-Thermal emission 236
North Polar Spur 271
Nuclear burning 71
endothermic 77
exothermic 77
Nucleons 76
Nucleosynthesis
Big Bang 250
explosive 76, 287
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H 71
He 73
primordial 65, 69
Number fraction 70

Observatories
LIGO xxi
SNO  xxi
Olbers’
Paradox 15
Paradox, illustration 15
Opacity 175 (see also optical depth)
dynamics of 178
Opaque/transparent geometry 125
Optical depth 175
Optically thick 176
Optically thin 176
Oscillator model 359, 362
Oscillator strength 300, 362

Pacholczyk’s constants 266
values 266
Panchromatic observations 31
Partition function 97, 100
Pauli Exclusion Principal 73, 146, 353
Perfect gas law (see Ideal gas law)
Photoelectric effect 37, 279
Photon  xviii
Physical constants 390
Pitch angle 255
Pixel 36
Pixel field of view 37
Planck function 124 (see also Blackbody
radiation) 146-148
Planck function, sample curves 124
Planetary data 393
Planetary nebulae 74
free-free emission from 245
images 75
Planets
extra solar 140-143
radio spectra 261
Plasma frequency 173, 374
Plasma waves 374
Plasmas 84, 373
diverging lens 174
perturbation 374
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Plate scale 33
Point spread function (PSF)
45
Polarizability 366
Polarization
by dust 372
cyclotron radiation 258
degree of 25
from scattering 156
geometry 360
of atmosphere 165
Synchrotron radiation 270
Polycyclic aromatic hydrocarbons
(PAHs) 110
examples 1171
Population Synthesis 325
Power 3

spectral 5
P-P chain 71
Pressure

particle 88

radiation, geometry /8

total 89
radiation 16, 17
Principal quantum number 348
Probability dist’n function xxvi
Proper motion 217
Pulsars 8

anomalous X-ray 322

as ISM probes 174

Quantization 347

Quantum mechanics 279, 347

Quarks 76

Quasi-stellar objects (QSOs)
25

Quintessence 386

Radiation xvii, xviii, 188
Radio bursts 261
Radioactive decay 286
Random walk 95
illustration 96
Rayleigh criterion 40
Rayleigh-Jeans Law 129

Recombination — see free-bound emission

Recombination coefficient 170
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effective 303
sample value 304
Recombination lines 102

optical 302

radio absorption 302
radio image 299
radio spectra 298
radio 297
Recombination radiation 251
Red giant 72
Reddening 306
atmospheric 48
interstellar 106
sunrise, set 164
Redshift 210
expansion 217
gravitational 210
Red super giant 74
Reflection nebula 154
Merope 155
Reflection 154

Refraction index of 58, 173, 370

atmospheric 42, 58
atmospheric, geometry 58
atmospheric, illustration 42
gravitational 220
interstellar 172
wavefront geometry 173

Refractive angle 59

data 61

plots 60

Relics 273

Resolution 33
diffraction-limited 38, 40
diffraction-limited, geometry
38

illustration 40
pixel-limited 45
seeing-limited 45

Resonance 361, 362, 376

Rosseland mean opacity 177

Rotation curve 216

Rotational transition (see Transition,

rotational) 281

Scale factor 219
Scattering 153, 357



by dust 369

coherent 357

Compton 166, 367

elastic 157, 357

geometry 154, 155, 367
incoherent 165, 357

inelastic 165, 357

Inverse Compton 116, 168, 273
Rayleigh 362, 366

resonance 158, 361

Thomson 157, 177, 358
Schwarzschild Radius 220
Scintillation

atmospheric 48
interstellar 174
Seeing 43, 45
Self-absorption
Sidelobes 39
Signal processing 49
Signal-to-noise ratio 51
Sky dips 50
Sky
blue colour 163
night colour 164
Snell’s law 42, 58, 172
Saha equation 100
Solar constant 8
variation 10
Solar eclipse 199
Solar flares 199
radio burst 375
X-ray Spectrum 200
Solar sail 18
Solar wind 117
Source function 191
Space weather 174
Space
2-D visualization 209
Euclidean 208, 380
Space-time 207, 210
Spallation 77, 113
Speckles 43
illustration 44
Spectral lines 5, 279
broadening (see Line broadening) 290
emission/absorption 196, 197
line strength 289

194, 239
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LTE 289
ratios 304
series 101
thermalization 289
Spectra
complex 320
modelling 321
Spectral band 283
Spectral index
CR energy 114
synchrotron 267
Spectral surveys 283
Spectral type stellar
Spectrum 5
radio 324
Spiral galaxies
inclination 214
interior mass 216
rotation of 214
rotation or geometry 215
Standard candles 179, 382
Star formation 70
tracers of 80, 288
Star forming region, Cygnus 329

104, 200

Stars
colours 131
dwarfs 72

high mass limit 181

low mass limit 71, 335
Statistical mechanics 86
Statistical weight 97, 146, 352
Stefan-Boltzmann Law 133
Stellar data,

dwarfs 395

giants 396

supergiants 397
Stellar evolution 70

Imeo 73

low mass end products 74
Stellar pulsation 180
Stellar Spectra 201
Stellar winds 167, 180
Stimulated emission 191
Stromgren sphere 170
Sublimation 169
Sun

atmospheric conditions 798
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chromosphere 197
corona 84, 199
coronal loop 199, 257
granulation 188

granulation, illustration /89

interior model 39/
photosphere 197
prominences 197, 256

Spectrum 127
Sunyaev-Zeldovich effect 275
(see also Inverse Compton radiation)
275
Superbubbles 271
Supermassive black hole (see Black holes,
supermassive) 181
Supernova explosion 75
Supernova remnants 5, 77, 117, 267
Cas A 5
edge-brightened 330
expanding 291
Supernovae 117, 155, 287
illustration 76
kinetic energy 75
SN 1987A 287
Type la 382
Type I 75
Symbols  xxiii
Synchrotron sources, total energy of 269
Synchrotron radiation 116, 255
all-sky map 271
geometry 256
Source properties
spectra 267
spectral index 267
spectrum 262
Synchrotron self-absorption 266

268

Synchrotron sources 270
Telescopes 32

detectors 32, 36

detectors, focal plane arrays 37
geometry 33

ground-based Arecibo 35
ground-based Gemini 35, 46

ground-based, JCMT 42
objective 32
ray diagram 34
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109
23

space-based Herschel
space-based, Hipparcos
space-based, GAIA 24
space-based, Chandra 36
spatial response 39
super-resolution 39
space based Spitzer
Temperature
brightness
dust 87
excitation 98
inkeV 247
kinetic 84
‘negative’ 98
radiation 94
spin 99
Tg-T relation 196
Theory of relativity
General xx, 207
Special 207
Thermal correction 49
Thermal emission 236
Thermonuclear reactions 71
Thomson cross-section 358 (see also
Scattering, Thomson)
Time dilation 210
Time variability & source size 227
Time
diffusion 96
look-back 380

109

127

Transitions
bound-bound 280
collisional 99, 289

collisionally dominated 94
electronic 280
electronic, physical conditions
forbidden 305, 354
molecular 281, 282, 311
nuclear 286
rotational 281
spontaneous 289
vibrational 281
Triple alpha process
Turbulence
atmospheric 43
line broadening 293
Turn-off point 333

296

74



Two-photon radiation 253

Ultraluminous IR galaxy 137
Units
cgs  Xxxii
cgs-SI conversion  xxii
equivalent xxiii, Xxv
prefixes Xxxv
SI xxii
Universe
accelerating 383
components of energy density (€2)
69
evolution of 65
gaseous 82
liquids in 82
liquids in, Titan &3
raisin cake model 378
Unresolved source 41
illustration 13

Variable stars 179
Velocity
components of 211
group 376
mean square 84
mean 85
most probable 85
phase 375
radial 210

INDEX

Velocity parameter 292
root-mean-square 85
transverse 210
Vibrational transition (see Transitions,
vibrational) 281
Virialization 312
Virtual particles 208

Warm ionized medium (WIM) free-free
emission from 245
Wave electromagnetic — xx
Wave-particle duality of light xviii
Weakly interacting massive particles
(WIMPs) 68
White dwarfs 74, 188, 382
Wien’s Displacement Law 131
Wien’s Law 129
Wolf-Rayet stars 113, 167
wind illustration 167

X factor for CO-H, conversion 312
X-ray emiting gas, free-free emission
from 245, 251
X-ray halos 249
NGC 5746 250
X-ray-HI anti-correlation 246
X-rays, intracluster gas 251

Zeeman effect 296, 354
Zenith angle 42
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