1 Tools of the Trade

2.2.3 Venus

Contents

1.1 Angular Measurement............ccccoceevuereeniernienerieeneeneeneereneeeeeneenns
1.2 Distances in AStIONOMY .........cceeveeruireeruirieenierreneerenreerenieenesneenns
1.3 Brightness and Luminosity of Astronomical Objects.....................
1.4 Magnitiudes.......coceeuieieniiriiniieiineeeeeeee e
1.5 The Visually Brightest Stars .........c.ccccceoirvenerieninneninieneeieeene,
1.6 The Colors Of Sars .........cccceieviirieriinienieeeeeeeeree e
1.7 The Sizes Of StarsS.....cc.cocvevierieiiirieiiieceeeeeeeee e
1.8 The Constituents of Stars..........cccceeerveererienerienieeieneeeseeeeeeenn
2 The Solar SYStem...........cccceoiriririneniniieneeceeeeteeee et
2.1 Early History of AStronOmMY.........ccccceceerueriveneriieneeseeneereneeeenneenn
2.1.1 The Geocentric UnNiVerse..........ccoceerveruerrercreneecrenreecneneenn

2.1.2  The Scientific Method ............ccoceoveenirieniniininienicieeene,

2.1.3 Ancient Greek SCIENCE ........ccceevuereerieriieneniieniereneereeenns

2.1.4 The Ptolemaic SyStem.........cccceeuirienierieneniienieieneceeenenns

2.1.5 The Copernican Revolution............c.ccocevervieniecieneecnennenne.

2.1.6  Tycho—The Great ObSErVer .........ccccocceveeceeneecreneenennenn.

2.1.7 Kepler—The Great Theoretician...........c.ccccceeeecveneeuennenne.

2.1.8 Galileo—The Great Experimenter ...........c.ccceccecvevueeuennenne

2.1.9 Newton—The Genius..........cccceeuerveererienerceeneereneerenenns

2.2 Observing the Solar System.........ccccceceeverienirienenieniereseereeeeen
2.2.1  The MOORN ...cceoviiiiiiiiiiiieieeeee ettt

2.2.2 MEICULY ..ottt

XV



Xvi Contents

224 JUPILET ..ottt 55

2.2.5  UTANUS .eeeiiiiiiieniieeiteeiee ettt sttt et st et saee e 55

3 Spectroscopy and the Spectral Sequence..................ccoovreenircienennnnn. 57
3.1  Spectra and SPECITOSCOPY ..eouveeveerrerrieerieeniierieenieeeteenieesreesieesaeeas 57

3.2 Stellar ClassifiCation ..........coceeveerrieeniiniieenienieereeeeeiee e 62

3.3  Amateur Astronomical SPECITOSCOPY ..cuveervrerveerveeriernieerieenieenaeenn 66

3.4 Redshift and Blueshift..........cccoeeerviiiniiniiiniiniiiiecceeeee, 75

4 The Hertzsprung-Russell Diagram ...............cccoocevinieniniennneeeen, 77
4.1 INErOAUCHION....coutiiiieeieeriteeieeeite ettt sttt et 77

4.2 The H-R Diagram and Stellar Radius .......c..cccoccenieniniincnicnennnn. 79

4.3 The H-R Diagram and Stellar Luminosity..........c.cccecceceeverienennes 81
4.4  The H-R Diagram and Stellar Mass........cocceeeceeriienienieeniennienneens 83

5 The Interstellar Medium and Protostars...................ccoocvreenircienennnnn. 85
5.1 TNErOUCLION ...ttt 85

5.2 INEDULAC. ..ottt ettt 87

5.3 Emission Nebulae........ccocueevueiniinnieiniiiiiiienieeieeeeieeeeeieee 87

54 Dark Nebulae..........covcueerieriiiniiieieeieeieeeeeeesteee et 96

5.5 Reflection Nebulae ...........coceiviiniiiiniiiiiiiiiieeieeeeeeeeeee 100

5.6 Molecular CLOUdS ........cooveriueiniiieieiiieeieeteee ettt 102

5.7 PrOtOSTATS ...couviiiiieiieeiieeit ettt et 103

5.8 The Jeans CriteTiON. ......cccueevueeriiernieenierieeneeeieesite et esiee e eniee s 105

6 Star Birth ... 109
6.1 The Birth Of A Star........cccooeeieiieeeeeeee et 109
6.2 Pre-Main-Sequence Evolution and the Effect of Mass .............. 112

6.3 Mass Loss and Mass Gain.........cecueevueerieenienieenienieenieeeieeseens 117

6.4 Star Formation TTiEErs ......eevveerierrieinieiiienieeieerieeiee st 119

7 Galactic Clusters and Stellar Associations .............cccccccecevrincncnnenne. 123
7.1 Galactic Star CIUSLETS .....eevveriieerieeieerte ettt 124

7.2 Stellar Associations and Streams ..........cocceeveervieereensieeneenneeenne 134

8 The Sun, Our Nearest Star...............cccoooevviieeiiiiiieeeeeeeeee e 139
8.1 From the Core to the Surface ........ccccovveeviiriiinieniiiniieieee 139

8.2 The Proton-Proton Chain ..........ccccceveirviiniiiniiiinienieeieeieeeee 142

8.3 Energy Transport from the Core to the Surface ...........ccecueeneenn. 145

9 Binary Stars and Stellar Mass .............ccocerieriinienenieneeee e 147
9.1 Binary STArS ....cocueeviiiiiiiieeeeteeeeee e 147
9.2 The Masses of Orbiting Stars ........cccccoevveevieriiienienieenieeieeneens 152

10 Life on the Main Sequence.................cccoeveeiirierienienieeiee e 155
10.1  Lifetimes of Main Sequence Stars..........c.ccoceeeevveneecieneenveneenn. 155
10.2  Red GIant StarS......coceerieeeieerieerieenieeieeeie ettt 159
10.3  Helium Burning and the Helium Flash ............ccccoccoccniinn 162

10.4  Globular Star Clusters and the H-R Diagram..............cccccceueee.e. 165



Contents xvii

11

12

13

14

15

10.5  Post-Main Sequence Star Clusters—The Globular Clusters...... 166
10.6  Pulsating Stars........ccccecevievienieniinieneeeeneeeeeerese e 173
10.7  Why Do Stars Pulsate?.........c.cccocerveniiieninieninienecieneeeeeee 173
10.8  Cepheid Variables and the Period-Luminosity Relation ............ 176
10.9  Temperature and Mass of Cepheids .........cccccoveeveniecieniecnennennn. 178
10.10 RR Lyrae and Long-Period Variable Stars...........c..cccceeeeuennne. 179
Star Death: White Dwarfs & Planetary Nebulae................................ 183
11.1  The Death Of Stars........ccccecerievirveninienineeeeeeeneereeeeen 183
11.2  The Asymptotic Giant Branch............ccccoceeveniniinniininninnnn. 183
113 Dredge-UPs .coeeieeieiieieiieieeeceeeeeeeeeeeee e 185
11.4  Mass Loss and Stellar Winds .........ccoccocenerieninieninneneenienenn 186
11.5  Infrared STars......cccococevieiinienineceeeceecee e 186
11.6  The End of an AGB Star’s Life ........ccccevvirniinieiniieniienieeieene 187
11.7  Planetary Nebulae..........ccccocirieninveniniiniiieieieeceeeieeeee 190
11.8  White Dwarf Stars.........ccccocevievinieniniinieecceceeceeeee 196
Star Death: Supernovae, Neutron Stars & Black Holes..................... 203
12.1  High-Mass Stars and Nuclear Burning..........c..ccccceceeceniennne. 203
12.2  Supernovae and the Formation of Elements............cccccccecueunene. 206
123 Supernova Remnants...........cocceeerveeniriieneniienienienenieneeeeneenns 209
12,4 Supernovae TYPES......coeueeveerieirienieeniteee ettt e 212
12.5  Pulsars and Neutron Stars.........c.ccocceeeevvenerienenieneeceneeceeneenn 215
12.6 Black HOIES ....oovieiieiiiiiiieiiiccecccccceccceecee e 218
EXOPIanets...........cccooiiiiiiiiiieeee e 225
13.1  INrOAUCHON ..ottt 225
13.2  Types of EXOPIanets ......c..ccceveevuirieniiniienenienecieneeieneeeeeaeenne 226
13.3  Techniques of Detection..........ccccceveevueriieneriieneriienenienecrenenns 229
13.4  Observing Exoplanet SyStems.........cceveereerneeriieeneenieeneeneeenne 234
GAlAXIES .....cueiiiiiiiee et 239
141 INrOAUCHON ..c.uviiiiiiiieiieeieeste ettt s e 239
142 Galaxy TYPES ...ccueeieriieieiieierece e 240
143 Galaxy STrUCHUIE........cocuevuieriinieiieeeieeeee e 240
14.4  Stellar Populations.........c..ceceveeveirieninienenieneerenecieseeeeeeeans 241
14.5  Hubble Classification of Galaxies .........ccoceeeeereecreneecieneecrennennn 242
14.6  Gérard de Vaucouleurs’s Classification of Galaxies................... 245
14.7  The MilKy Way .....cocooeiiiiiirinineninenesetesieneeteteeeeeie e 246
14.8  Observing Galaxi€s ........cecceereeereeerieeniienieeieenieeniee e esiee e 247
14.9  Clusters of GalaXi€s.......coccecvereeruirieririienenreneereneerese e 256
Active GalaXIes .........cc.coueiiiiiiiiiriice s 259
15.1 Active Galactic Nuclei (AGN’S).....ueieiieeiiieeeeeeiinieeee e 259
15.2  Origin of Nuclear ACHVItY ......cccccoveereriieneriienierenecreneeeeeeen 260
15.3  Classification of Active Galaxies .......c..ccocceeereevieneecieneeceennenn. 260

154 AGN Variability.......cccoeoiiiiiiiiiiiiiiniiiiccccccs 262



XViii Contents
15.5  Starburst Galaxies .........cccceeevvirieniirieniniieneneeeerese e 264
15.6  Observing Active GalaXies ........ccoceeveerereenerieeneenienieereneereneenne 266
16 COSMOLOZY .........ooonieiieiieieeeeeee ettt st ennens 271
16.1 The Big Bang .....c.cccceeiiiiiiniiiiiniiiiiiccceecceeceeeee e 272
16.2  Hubble and HUmMason..........cccccoceeviirieninieninicnccieeceneeeeeeen 274
163  After the Big Bang.......cccooieiiniiniiiiniieccecceceeceeee 276
16.4 Evidence for and Against the Big Bang Theory .......c.ccccoeeeuenne. 280
16.5 The Inflationary Model .........coocueevieniiiniiniiiiiiiecteeeeeeeee 281
16.6 Dark Matter and Dark Energy........ccocceeveerviiiniiniinnieniienieneee 283
16.7 The Future of the Universe ............coccceervenerienenienenceneeienenn, 286
16.8 Cosmology and the Amateur AStrONOMET .......c..ccceeveeverueevennennn. 287
16.9  Final ThOUGhtS ...c..cocviiiiiiiiiiiiicicceeeceeeeeeee e 291
Appendix 1: Degeneracy...........c..cccoveririnienenienieieeeeeeneeeeeere et 293
Appendix 2: Book, Magazines, Organizations, and Equipment................. 295
IIAEX ... 299



2 Springer
http://www.springer.com/978-3-319-11643-3

Astrophysics 1s Easy

An Introcluction for the Amateur Astronomer

Inglis, M.

2015, XX, 202 p. 282 illus., 42 illus. in calor., Softcover
ISBM: 978-3-319-11643-3



