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absorption
and emission of photons by atoms and
molecules 17, 20, 22-3
optical observations of atoms and molecules
2, 51-3, 56
of radiation as a heating process 29
abundances, standard relative of the elements
54
active galaxies xiv, 39, 42, 154-60, 163
AGB stars 115, 118-22 — see also giant stars
o Centauri 11
ambipolar diffusion 65, 68, 72, 100-2
angular momentum, role of in the proto-Solar
Nebula and protostellar disk formation
100-3
arrays of telescopes 6, 163
atmospheres of planets — see Earth — the
atmosphere of; planetary atmospheres

bar-like galaxies 156
Barnard 5 (B5) 85-6, 88-9, 95
barriers to
chemical reactions 27-8, 62
nuclear reactions 114, 145
Big Bang xii, 9, 13, 32, 45, 74-6, 159
black body background radiation — see cosmic
background radiation
black holes at the centres of galaxies 39, 154-8,
163
boundary layers and interfaces 85-7, 89, 163

change transfer reactions 60, 71

chondrules 103, 108

clusters of galaxies 12, 160

collapse due to gravity 32-3, 36-9, 45, 67-8, 70,
72, 79-93, 99-103, 109, 145

collisional pumps in masers 133-134, 139, 141-2

collisionally induced deexcitation of radiatively
pumped molecules as a heating process
136

collisionally induced deexcitation or excitation
18, 22, 23, 29, 37, 634, 96, 117, 150
collisionally induced dissociation 35, 150; see
also shocks, dissociation behind
collisionally induced excitation in maser
regions 133-5
collisionally induced ionization 36, 42, 128-9,
150
collisions
between clouds 62, 156, 158
between galaxies 156-7
comets xv, 106-10
complex of atoms 25, 59
continuum energy states as unbound states
15-16
convection as a heat transport mechanism in the
Sun 111
coolants and cooling 13, 29, 33, 36-9, 42-3, 45,
63-5, 122, 136, 141
Copernicus satellite 6
core clusters 85-9, 92, 95
cores
destruction of by stellar winds 85-9
in molecular clouds, dark 85-95, 109, 116
cosmic background radiation 32, 76
cosmic ray induced ionization 26, 29, 45, 57-9,
65, 69, 704, 81, 105-6
cosmic ray propagation 71
cosmic rays as a source of heat 26, 29
cyclic molecular structure 121
C 26, 28, 59, 69-70, 81, 89, 120
C™ 149-50
C* 26, 58-9, 68-70, 89, 92-3, 120-1, 126, 129
%Co 150-1
G, 120
CH 2, 3, 28, 52, 58-9, 90-3, 117-18, 126
CH* 2, 3, 52, 59-60, 126, 129
CN 2, 3, 52, 58, 59, 76, 83, 120
CO 3, 5, 58-9, 61, 63, 68-9, 73-5, 85, 88-9, 92,
107-10, 117-18, 121, 128-30, 144, 147, 149-51
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as a diagnostic of interstellar clouds 57
rotational energy levels of 22
self shielding of against destructive photons
81, 89

vibrational energy levels of 23

CO emission as a tracer of molecular gas
in the Galaxy and its clouds 53, 78-9, 81
in other galaxies 46, 155-8

CO emission from
quasars 160
Seyfert galaxies 156-7

CO* 129

C593

C,H 120-1

C,H* 121

CH, 58, 126

CHj; 59, 126

CO, 107-8, 118

CH3

C;H* 121

C,H, 120-1

CH; 126

CHY 58, 126

C,H 121

C3H, 121

CH, 60, 107-10, 126, 138

C,H, 121

C:HY 121

CH,;0H 61

CH;0H masers 138-40

CH;SH 5

dark lanes in spiral galaxies 45
densities of astronomical objects 10, 12-13
deuterium 3, 32, 35, 71, 73-5
diagnosis, general comments on xiii, 162-3
discrete energy states as bound states 15-16
disks
around black holes in active galaxies 1546,
163
around stars, formation of 100-3
in nova progenitor binary star systems 127
protostellar 139, 163; see also proto-Solar Nebula
dissociation, collisionally induced
— see collisionally induced dissociation;
shocks, dissociation behind
dissociative recombination 26, 58, 59
distances between astronomical objects 11-12
Dunham, T 2
dust 2, 46-51; see also ices
absorption and scattering of light by 48, 50, 78
composition and structure of 48, 126
distribution in the Galaxy 48, 51
electric charges on 70, 104-6
formation of: xii, 47-8, 118-19, 122, 127-8, 130,
149; H, on 28, 49, 55-6, 60, 140-1; molecules
on and their return to the gas phase from
28, 48-9, 60-1, 88-9, 108, 124, 126-7, 138

heating of: 48, 95-6, 124, 138; surrounding gas
by photoelectrons from 48, 65, 136-7

in spiral galaxies 45, 47

infrared emission of 48, 79, 95-6, 135, 140

loss of atoms and molecules from the gas
phase onto 49, 60-1, 83-5, 88-9, 91-3, 109,
138

obscuration of stars by 48, 50-1

percentage of interstellar mass in 48

radiation pressure on xiii, 122

recombination of ions onto 695-70

reddening of background stars by 48, 51

role of in stellar winds vii—viii, 122

shielding of molecules from destructive
photons by 48, 55-6, 59, 92, 126, 137

sizes of grains of: 48; in the proto-Solar
Nebula 106

temperature of 49, 60-1

DCN 75
DCO* 73-5

Early Universe 3244, 55, 117, 151-2
Earth 8, 9
atmosphere of xv, 10, 12, 24-5, 110
density of its atmosphere 12
distance from: the Galactic Centre 11; the Sun
11, 155
formation of 109-11
radius of 11
water content of xv, 99, 110-11
Eddington, A § 2-3
Einstein, A 2
electromagnetic spectrum 30-1
electronic energy of a molecule 20, 234
electronic excited state of a molecule 20
electronic transitions in molecules 30, 31
emission of
photons, quantum aspects 17; see also
stimulated emission
radiation as a cooling process 29
emission profiles as diagnostics of dynamics
89-93, 96-7
endothermic reactions 28, 62, 124
energy of a molecule, total 234

fragmentation during collapse 38-9, 43, 85

free-fall timescale — see timescale, free-fall

friction in turbulent gas and transfer of angular
momentum 103, 163

The Galactic Centre 1545
distance from the Sun of 11

galaxies — see active galaxies; CO emission as a
tracer of molecular gas in other galaxies;
protogalaxies; spiral galaxies; 21 cm
emission of a tracer of atomic gas in
galaxies

galaxies, clusters of — see clusters of galaxies

165

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521056373
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-05637-3 - The Chemically Controlled Cosmos: Astronomical Molecules from the Big

Bang to Exploding Stars

T. W. Hartquist and D. A. Williams
Index

More information

Index

The Galaxy
age of 77
average density in its disk 38
mass of 38
number of stars in 45
rotation of 9, 1012
size of 11, 45
thickness of its disk 11, 45
galaxy formation xiv, 3244, 160
gamma rays 150
giant molecular clouds, definition and
characteristics of 534
giant stars 115, 118-22, 127
gigamasers 158-60
globular clusters xiv, 43
grains — see dust

Halley’s Comet 107-10
heat conduction on the Sun 111
heating 29, 48, 65: see also dust, heating of; dust,
heating of surrounding gas by
photoelectrons from
by collisional deexcitation of radiatively
pumped molecules 138
by photoionization 29, 123
by X-rays 156
due to collapse 36, 38, 103, 145
in supernova ejecta 151
Heisenberg, W 15
Helix Nebula (NGC 7293) 123, 162
Herzberg, G 76
HL Tauri 100-1
H
absorption and emission of photons by
17-18
abundance as a measure of ionization rate in
dark interstellar clouds 72
as a coolant in the Early Universe and during
galaxy formation 32
energy levels of 15-16
energy to ionize 30-1
red line of 17
21 cm line of — see 21 cm radiation
wavelength of light that ionizes 30-1
H' 59, 60, 70-1, 85, 88-9, 117
H™ 35, 117
He, far ultraviolet spectral lines of 18
He" 58, 85, 88-9, 92, 150-1
HD 71, 734
as a coolant in the Early Universe and during
galaxy formation 37
tormation of: in the Early Universe 35
H.
absorption in quasar spectra 160
abundances in interstellar clouds 55
as a coolant: 29, 63-4; see also coolants and
cooling; in the Early Universe and during
galaxy formation 13, 33, 36-9, 43

early detections of outside the Solar System 6
formation: 10; see also dust, formation of H,
on; as the initial step of all gas phase
interstellar chemistry 25, 49, 54-6, 60;
in novae 129; in stellar winds and outflows
117; in the Early Universe 34-5
in an historical context 3
in the diagnosis and construction of models
of diffuse interstellar clouds 56, 59, 70
infrared emission from: active galaxies 155-6;
the Orion Kleinmann-Low region 95-7,
140, 155-6
interatomic interaction in 18-20
on the Sun 111
photodissociation mechanism of 35-6, 556
rotational levels of 23
selfscreening of, against photodissociation
56, 81, 137
vibrational levels of 22
Hj 35, 69, 72, 151-2
HCN 75, 118, 120-1
HCO* 58, 69-70, 73-5, 163
H,D* 734
HDO 110
Hi 59, 69-70, 734, 147, 151-2
key importance of reactions with neutral
atoms for the initiation of chemical
formation sequences in hydrogen rich
environments 57-8
H,0 58, 604, 69, 85, 88-9, 92, 109-11, 118,
138-9; see also Earth, water content of; ices;
Venus, water content of
H,O masers 12-13, 13942, 160
H,0" 57
H,S 90-1, 93
H;0" 25, 57-8, 63
HC;N 3, 118, 121, 126
HCsN 118, 121, 126
HC;N 5, 118, 121

ices xv, 49, 60-1, 88-9, 106-11, 138
absorption of infrared radiation by 60-1
InfraRed Astronomical Satellite (IRAS) 155
infrared astronomy 6, 162
infrared luminosities of active galaxies 159
infrared radiation 30-1, 95-7, 140; see also dust,
infrared emission of; H,, infrared emission
from active galaxies; H,, infrared emission
from the Orion Kleinmann-Low region
initial state clumps 78-85
interatomic interactions 18-20, 27-8
intercloud medium 53
interclump gas in interstellar clouds 79
intercore medium in a core cluster 85-9
interferometers
— see arrays of telescopes
intergalactic medium 3943
density of 13
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interstellar clouds xiv, 2, 6, 14, 44-97
clumpy structures of 78-81
collisions between — see collisions between
clouds
definition of: dark 53, 57; diffuse 52;
translucent 53
densities of 12-13, 51
fraction of interstellar medium filled by 48
gravitational confinement of 53, 65-7
ionization balance in 68-74, 80-5
masses of 51
number of per unit length along a line of sight
51
obscuration caused by 51
properties of 57
random velocities of 62
sizes of 51
temperature of 51
interstellar gas 44-97
hot component of 6, 12, 44, 53
temperatures of 12
water component of 53
interstellar medium, pressure of 14
ionization — see collisionally induced ionizatior;
cosmic ray induced ionization;
photoionization
ionization induced by radioactive decays 103,
106
ion-molecule reactions 25-6
IRC +10216 121
isotopes 3, 150

James Clerk Maxwell Telescope (JCMT) 5-6
Jeans mass 38, 43, 53
magnetic modification of 67
Jupiter
and the Solar System’s angular momentum
102
as a protoplanet 109-10

kelvins, definition of xii
Kleinmann-Low Nebula 95-7, 135-6, 139-40,
155

Large Magellanic Cloud 12, 144, 146
lasers xiv, 4, 131

lightning 99, 103

light year, definition of 11

magnetic fields 40, 45, 65-8, 70-2, 80-2, 90, 97,
100-2, 111, 139, 163

main sequence stars 113-14

masers xiv, 4, 12-13, 122, 131-42, 158-60

megamasers 158-62

The Milky Way — see The Galaxy

millimetre wave astronomy 4, 6, 162

moons of giant planets 111

Mg" 69-70

neutral-neutral reactions 27-8

neutrino detection of SN1987A 144
neutron stars 14, 145, 163

NGC 4565 47

NGC 5194 45, 46

NGC 5195 47

novae 48, 62, 115, 127-30, 149

NQ Vulpeculae 127-8

nuclear burning in stars 114-15, 127, 145
nucleosynthesis 32-3, 46-7, 74-5, 143, 145
N 28, 63, 126

Nt 162

Na, orange spectral line of 18

Nat 69-70, 85, 92

Net! 156-8

NH 61, 63, 120, 126

N, 24, 28, 107-10

NO 28, 58, 83, 118

NH, 126

NH; 60-2, 88-93, 107-10, 120, 126

optical absorption lines — see absorption, optical
observations of atoms and molecules

optical emission lines 156-8, 162

Orion Molecular Cloud 6, 57, 94-6, 131, 135-6,
139-40; see also Kleinmann-Low Nebula

Orion Nebula 4, 6, 17, 57, 94, 155, 162

distance from the Earth of 11

O 28, 59-60

O™ 25, 59-60

0%" 162

O°" in interstellar gas 53

OH 4, 28, 58-60, 62—4, 70-71, 92, 117-18, 141

OH masers 13440, 142, 158-9

0O, 24, 28

photodetachment 117, 150
photodissociation 20-1, 35-6, 59, 70-1, 107,
119-22, 124-8, 135-8, 142, 151
photoionization 18, 20-1, 26, 30-1, 59, 69-70, 81,
92, 117, 119-27, 129-130
photon, definition of 4
photon dominated regions 135-8
planet formation 99-100
planetary atmospheres xv, 99; see also Earth,
the atmosphere of
planetary nebulae 10, 14, 122-7
planetary systems, formation of xiv; see also
proto-Solar Nebula
population inversion of levels in masers 1334
potential curves — see interatomic interactions
protogalaxies 10, 33, 36, 38-9
protoplanets xv, 106, 109-11
proto-Solar Nebula xiv, 99, 111
convective motions in 104
density of 1213, 99, 103
ionization structure of 103-6
lifetime 103, 107, 110

167

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/0521056373
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-05637-3 - The Chemically Controlled Cosmos: Astronomical Molecules from the Big

Bang to Exploding Stars

T. W. Hartquist and D. A. Williams
Index

More information

Index

proto-Solar Nebula (cont)
temperature of 103, 104
protostellar nebula, disks of 10

quantum mechanics 15-24, 1314
quasars xiv, 155, 160

radiation by a hot gas 18

radiation pressure xiii, 107, 122

radiation trapping 64

radiative association 34-5, 59, 117, 149

radiative attachment 34-5, 129, 149

radiative pumps in masers 133—4

radiative recombination 26, 33, 69-70, 129

as a cooling mechanism 36-7

radiative transitions 17

radio astronomy 4-5, 51, 162

radio waves 30-1

radioactive decays 106, 150-1

recombination era of the Universe — see
The Universe, the recombination era

recombination of ions onto dust - see dust,
recombination of ions onto

recombination radius in a stellar wind 117

red giant stars — see giant stars

redshift—distance relationship in the Big Bang
159-60

redshift of radiation as the Universe expands 32

relativity, general theory of 2

Rosenfeld, L 2

Rosette Molecular Cloud 78-80

rotation of molecules 20, 224, 30-1

Saturn as a protoplanet 109-10
Schrédinger, E 15
serpentine 110
Seyfert galaxies xiv, 156-8
shocks 12, 39-43, 53, 61-5, 87-9, 97, 124-9, 138-
41, 155
dissociation behind 62-3, 97, 13941
SN 1987A 144, 146-52
Solar System xiv, 98-112, 163
size of 11
spectral signatures 18
speed, average thermal 12
spiral galaxies 45-7
starburst galaxies xiv, 154-60
star formation xiv, 7, 24, 45, 57, 68, 77-97, 99—
103, 155-6, 163
stars
see AGB stars; giant stars; main sequence
stars; neutron stars; T Tauri stars; white
dwarf stars
envelopes, outflows, and winds of xii—xiv, 6,
10, 12-14, 85-9, 93-6, 105-6, 113-27, 139,
141-2, 155-6
lifetimes of 10, 14, 77, 115
luminosities of 115

number of in the Galaxy 11
pulsation of 47
surface temperatures of 115
steady state chemistry 11
stellar chromospheres 122
stellar evolution 113-15, 143-5, 148
stimulated emission 131-2
submillimetre wave astronomy 5, 162
The Sun 9, 10, 78, 100, 111, 113-15
density at its centre 12-13
distance: from the Earth 11; to the Galactic
Centre 45, 154-5
luminosity of 144
mass of 38, 78
radius of 11, 117
temperature of 12, 111, 145
wind of 1056
sunspots 100, 111
supergiant stars — see giant stars
supernova remnants 71
supernovae xiv, 10, 14, 48, 53, 62, 77, 93, 106, 115,
143-52, 156
Swings, P 2
S* 81, 84-5, 162
Sit 81
Si0 122, 144, 147
SiO masers 142

T Tauri stars 106, 114-18
talc 110
temperatures of astronomical objects 12
thermodynamical chemical equilibrium
107-110, 118

three-body reactions xv, 24-5, 99, 118, 124, 129
timescales

astronomical 9-10

chemical 10, 58-9, 83, 89, 107-10

dynamical in core clusters 87-9

free-fall 83

of heavy element freeze-out onto dust 834
trapping of radiation — see radiation trapping
turbulence 48, 85-6, 103, 108, 163; see also waves
21 cm radiation 18, 51, 53, 72

as a tracer of atomic gas in galaxies 45-6, 49
two-body reactions xv, 25, 99

ultraviolet radiation 30-1
The Universe
age of 9
average density of 38
background radiation of — see cosmic
background radiation
expansion of 32
recombination era of 13, 32-3, 38
size of 12

vibration of molecules 20—4
Virgo cluster of galaxies 12
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visible light 30-1

waves 80-2, 116
white dwarf stars 14, 115, 127, 142
winds of

galaxies 3943, 158

Index

stars — see stars, envelopes, outflows, and

winds of
X-rays 30-1

¢ Ophiuchi 52
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