
Contents

Preface v

1. Why Record Spectraof AstronomicalObjects? 1

1.1 A HistoricalIntroduction 1

1.2 What One Can Learn from StudyingSpectra 3

2. The Nature ofSpectra 7

2.1 Transitions 7

2.2 Absorptionand Emission 8

2.3 OtherMeasures ofTransitionProbabilities 10

2.4 StimulatedEmission 10

2.5 OpticalDepth 11

2.6 CriticalDensity 12

2.7 Wavelength orFrequency? 13

2.8 The ElectromagneticSpectrum 14

3. Atomic Hydrogen 17

3.1 Overview 17

3.2 The SchrodingerEquationofHydrogen-Like Atoms 17

3.3 Reduced Mass 18

3.4 Atomic Units 19

3.5 WavefunctionsforHydrogen 20

3.6 Energy Levelsand Quantum Numbers 21

3.7 H-Atom DiscreteSpectra 23

3.8 H-Atom Spectrain DifferentLocations 29

3.8.1 Balmer series 29



3.8.2 Lyman series 33
3.8.3 Infraredlines 35

3.9 H-Atom Continuum Spectra 35
3.9.1 Processes 35

3.9.2 H-atom emissionin HIIregions 36

3.10 Radio RecombinationLines 38

3.11 Radio RecombinationLinesforOther Atoms 40

3.12 AngularMomentum Couplingin theHydrogen Atom . . 43

3.13 The FineStructureofHydrogen 44

3.14 HyperfineStructurein theH Atom 45

3.15 Allowed Transitions . 46

3.16 Hydrogen in Nebulae 47

4. Complex Atoms 51

4.1 GeneralConsiderations 51

4.2 CentralFieldModel 52

4.3 IndistinguishableParticles 54

4.4 ElectronConfigurations 55

4.5 The PeriodicTable 56
4.6 Ions 58

4.7 Angular Momentum in Complex Atoms 59

4.7.1 L-S or Russell-Saunderscoupling 59

4.7.2 j-jcoupling 61

4.7.3 Why two couplingschemes? 61

4.8 SpectroscopicNotation 62

4.9 ParityoftheWavefunction 63

4.10 Terms and Levelsin Complex Atoms 64

5. Helium Spectra 69

5.1 He I and He IISpectra 69

5.2 SelectionRulesforComplex Atoms 71

5.3 Observing ForbiddenLines 74

5.4 GrotrianDiagrams 75

5.5 PotentialFeltby Electronsin Complex Atoms 77

5.6 Emissionsof Helium-LikeIons 78

6. AlkaliAtoms 81

6.1 Sodium 81

6.2 Spin-OrbitInteractions 84

6.3 FineStructureTransitions 88

6.4 AstronomicalSodium Spectra 89

6.5 Other AlkaliMetal-LikeSpectra 93

7. SpectraofNebulae 99

7.1 Nebulium 100

7.2 The Bowen Mechanism 104

7.3 Two ValenceElectrons 107

7.4 Autoionisationand Recombination 109

8. Spectrain Magnetic Fields 115

8.1 Uniform Magnetic Field 116

8.2 StrongMagnetic Field 117

8.3 Weak Magnetic Field 118

8.3.1 The normal Zeeman effect 118

8.3.2 The anomolous Zeeman effect 119

8.4 Spectrain Magnetic Field 120

9. X-Ray Spectra 123

9.1 Inner ShellProcesses 123

9.2 The SolarCorona 127

9.3 The StructureofHighlyIonisedAtoms 127

9.4 IsotopeEffects 131

10. MolecularStructure 135

10.1 The Born-Oppenheimer Approximation 136

10.2 ElectronicStructureofDiatomics 137

10.2.1 Labellingof electronicstates 140

10.2.2 Symmetry 141

10.2.3 Statelabels 143

10.3 SchrodingerEquation 144

10.3.1 Nuclearmotion in diatomicmolecules 144

10.4 Fractionation 149

10.5 Vibration-RotationEnergy Levels 150

10.6 TemperatureEffects 152

10.6.1 Rotationalstatepopulations 152

10.6.2 Vibrationalstatepopulations 154



10.6.3 Electronicstatepopulations 155

11. RotationalSpectra 157

11.1 RotationalStructureof PolyatomicMolecules 157

11.2 SelectionRules:Pure RotationalTransitions 160

11.3 SelectionRules 161
11.4 IsotopeEffects 166

11.5 RotationalSpectraofOther Molecules 166

11.6 RotationalSpectraofMolecularHydrogen 170

11.7 Maser Emissions 170

12. Vibration-RotationSpectra 175

12.1 Vibrationsin PolyatomicMolecules 175

12.2 VibrationalTransitions 177

12.2.1 Structureofthespectrum 178
12.2.2Isotopeeffects 181

12.2.3 Hydrogen moleculevibrationalspectra 181

12.3 AstronomicalSpectra 183

13. ElectronicSpectraofDiatomicMolecules 187

13.1 ElectronicTransitions 187

13.2 SelectionRules 188

13.2.1 Vibrationalselectionrules 189
13.2.2 Rotationalselectionrules 190

13.3 TransitionFrequencies 192

13.4 AstronomicalSpectra 193

13.5 Non-1ΣElectronicStates 195

SolutionstoModel Problems 199

FurtherReadingandBibliography 215

Index 217


	page1
	page2
	page3

