Table of Contents

INtrodUCtiON. . . oottt e 1
Comments on Units and NOtation.........occvveeveviiiieiiieeeeeeeieeee e, 3
1. AUniversal Problem . ...t 5
Dealing With Fermi........cocooviiiiiiiiciiecceeeeee e, 6
The Drake EQUAtION .....ccvviiiiiiieiiieeieeeeeeeee e 9
“Hey! Over Here!" ... 11
(O 74T 1 PP TTSTR 13
Types of CiviliZatiOns ......ccocovvieiiiiiieiie e 14
MOVING FOrWard .......cc.oooviiiiiiiiiiee e 15
2. Tt'saMatter of Time .. ..ottt e 23
Time and Transformation .........cccceeeiviiiiiiiiiiie e 24
The Deadly Earth.........oooooiiiiiiic e, 26
The Deadly Solar SYStEIM .....ocuveiiieieiieiieieciieiece e 28
The Deadly Stars......cccocvviiciiiieiieeciecee ettt 33
Deadly INOVAEC.....ccoviiiiiciieieece ettt 38
GRBS and HYPEIMOVAC .......c.oeeeviieeieeeeeie e 44
The Embrace of Andromeda ..........oooovivviiiiiiiiiiiiiieececee e 47
DEEP TIIMIC .uuiiiiiiiiieee et 49
The DoomSday EVENL ...c.cooviiiiiiieiieiieiiciieie ettt 49
The Long and the Short of Tt........ocoevviiiiiiiiicieeececc e, 50
Making the Best of Tt.....ccoooiiiiiiiiiciccceee e, 51
DYSON SPRETES.....uviiiiiiiiiieeeee e 52
TerrafOrTING ...oooovviiiiiiecie et 53
SPACE SEITUCTUTES...coiiiiiiiiiiiiee et e e eee e e 57
Thinking Long-TeIM .......cccocovviiiiieiiieeie ettt 58
3. The Sun, Insideand Out...........cooviiiiiiii e, 71
SEAT BASICS 1oiviuieieiiieiiiee et 72
The Dynamical Timescale........cccooveviiiiiiinieciecieeccce e 73
Hydrostatic Equilibrium...........cccoooviiiiiiiiiii e, 75
The PreSSure LaAW.....ocvviiiiicieie e 76

ix



X

Contents

The Central TEMPETAtUTIE ......ooovviiiciiieeciieeeee e 78
Photon Diffusion TIIMe ....cccccveevieriieiie et 78
Energy TTansSPOIT ..ocooiviiiiiiiiiiiieeeee it 80
The Surface Temperature of a Star........cccocoeeevviivievieeiiiceieeie e, 82
Stellar LUuminOSItY c...ooeeviiiciie e 83
Energy Generation ...........uvvvvvivueeueeiiiiiiiiiiiirssssseaeseseeeseeeaaaaaaeaaaaaaaens 83
INUCLEAT FUSION ...ecuiiiiieciieeii ettt 85
The Mass LUmMinosity Law ......ccceecvieiiierieeieeie e eee e 87
A Journey Through the HR Diagram .........cccoocevienieieninieniieienenn 88
The Journey of the Canonical SUn .......ccccooceeviiiiiiiieiciiee e 90
The Reasons for GigantiSm..........ccvevveeivieiieiieeieecie e ene e 95
A Negative Feedback System..........ccoeoviiiiiiiiiiiiiiiiieceeeeeee e, 97
Fundamental Constants ...........ccceevieriieiiienie e 99
The Quantum World of the Electron .........oooovvviiieiiiiiiiiieeeene. 101
Collapsing Gas Clouds .......covevvieviiiiiieiiciieciecie e 102
WHhy Stars AT€ MAaSSIVE ...cccviivieriiiiiiiiieciieeiie et 103
A Constraint on Planet Building ..........ccccoevvieiiienieiiiiiiieieeie e, 105
The Price of Doing Nothing. .............. .. ... ..., 113
The Habitability ZOone........ccooovvviiioiiieiieee e, 113
The Ocean 0n EUTOPA .....cc.ooieviiiiiiiecciieeeiee e 115
A Brief Aside: Utilizing EUIOPa «...cvevviivieiiiieiieiieieeiesieeee e 117
IMOON LA oot 117
Synchronization and the Moon Effect.........cccccooviiiviiiiiiiiicnen. 118
The UPPer LIMIt .....ooviiiiieeeiieeciee e 119
A Moving Habitability Zomne..........ccoeevviiiviiiieeiiiecieeeee e 120
The Beginning of the End..........cccoooiiiiiiiiiiiicceceeeee, 122
The Fate of Venus and Earth............coccoooiiiiiiiiiiiiicce, 123
The OUter PLAnetsS....c.ocovviiiiieiiieciieiieciee ettt e 125
Orbital ENGINEETING ...ccovviiiviiiiiieeeiee e 127
Waving the FLag ......ooooviiiiiiiieeeee e 130
End Games and Exotic Worlds...........cccoeeiiiiiiiiiiiiiciceee e, 131
A MOVING IMPETAtiVe...ceeeeiiiiiiiiiieiee et e e e e e 134
Rejuvenatingthe Sun.......... ... . i 147
The Engineering OPLions .......c.cceveeeierierieeieieeiieieeieeieseeeieeeeenee e 147
Mixing and Mass LOSS .......cocuiriiuieeeeeeeeeee e e e 148
Adding to the PreSSUre ...oo.ooivviiiieiieceiee e 150
The Opacity EfeCt.....ooooiiiiiiiiiiiiceeeeceeee e, 152
The Tools of the Trade......c..cooveeiiiiiiiiiceceeceeeeeee e, 153
A Homogeneous Star Model .........ccoooviiviiiiiiiiiieieccceeeee e, 154
INtroducing Mass-LOSS......cc.ccvuieruieiiieieeeiieeie et 155
The Fate of the Ejected Material .........cc.ooooiiiiiiiiiiiiee e, 156
An Outline Scenario for Rejuvenating the Sun...............ccccooevee.. 157

The UV Problem ..., 159



Contents xi

The Extended Solar System Lifetime ............cooceeeeviieiiiiecciieeeee, 160
MIXING T8 UP.iiiiiiiiiiiie et e e e et ee e e e e e e e e eneenneees 162
Black HOlE MiXING .....cccviiuieiiiiieieeiieie ettt eae st see e 163
A Steady Stellar DI€t...ccviiviiiieciiecie et 165
Brave New WOorlds ......cooiiviiiiiiiiiiiiccieccceee e 169
An Alien Beast Within .....cccooeiiviiiiiiiiieiccc e 171
Solar Wrap Control.......c.ooocviioiiiieiieecee e 173
What the Future HoldS.........ccooiiiiiiiiiiiiicciccecceeee e 175
6. Stars Transformed.............ooiiiiiiiiii 181
ReVISItING CaTtOT .eeiiiiiiiiiiiiiiiiiie e 181
AN EXOPlanet REVIEW .....cc.ooovviiiiiiiiiee e 181
The Case of the Blue Stragglers..........ccocoovviiioiiiiiiiiiiiicee e, 184
The Time of Theit LIVES ..ovioouiieiieiieiieeceeeee e 189
Under COonStrUCtION. .....c.eeiiievieetiecie ettt e 190
On the Threshold........ccccooviiiiiiiiiiicc e 191
7. Between Now and Then............cooiiiiiiiiiiiiii i 197
Do We Have a Near-Term Future?.........cccccceeeeiiiiiniiiiiiiiieni, 197
What Price the FUtUre?........ccooiiiiiiiiiiicieceee e 198
Thinking LONG-TEIIM ......ccveeiieiieieetieieetieieeiieeeeeeesieeeeesseeeeesseeaeseas 201
Taking the INEXt StED ..ovviiviiiiieiieieecee et e 202
Future Earth ..o 205
Bpilogue . ..o 209
GloSSAry Of TeIMIS. ..\ttt ettt et 213
Appendix A: A Homogeneous Star Model ............................ 217
Appendix B: An Accreting Black Hole Model......................... 221



2 Springer
http://www.springer.com/978-0-387-68128-3

Rejuvenating the Sun and Avoiding Other Global
Catastrophes

Beech, M.

2008, Xll, 228 p. 40 illus., Softcover

ISBN: @78-0-387-6B128-3



