Part1 Basics

Einstein Said ... ..o 5
DO YOU CAT@Y ..ottt ettt ete e et e e st e e snraeessee e ssaeeenneens 6
Moral and Scientific ISSUES .......ccveeiiiiiieiieciie et eete ettt e ere e 7
INUINIDETS ...ttt sttt st esaee e 9
Mental BIackbOard...........ccuievieiieeiieciieeieesiie ettt eesaeesene e e saneenne 15
MaAagic NUINDETS ........ocooiiiiiieiieeeeee ettt 17
Introduction: Weird Reality..............c..ccccoeieniininininnnncnccceeeee 21
The Big Bang: Dark Matter, Dark Energy, and ... Stuff............cccocevininennnnne 21
WHat IS SUTE? .ot e ae e 24
GRAVILY .ottt e st st s e 30
0515 4 - SRS 34
Relativity at Low Speeds: Kinetic Energy........ccccoccecivievineninicncniencnenen. 35
Relativity at High Speeds.........ccccooiiiiiiiiiiiiiiccceceeeeeeeee 36
TIME TTAVEL...ocuteiiiieiie ettt e ee e e e e tbeebe e taesbeesaneenns 36
Backward Time Travel..........cccveeiiiiieiieecieeee e 37
Forward Time Travel........ccooociiieriiiieiee et 39
TEIEPOTTALION ...ttt ettt ettt st et eenees 41
Quantum Mechanics: Weirdness on a Small Scale..........cccceeevievieecreenreeneennen. 43
Electromagnetic Waves..........ccoeeierieiiniinienieieneeec et 43
Quantum Erasers: True Weirdness ...........cooocvveeeeeeiirieeeeeeiiieeeeeeecieeeeeceevveeen 45
Entangled Photons: More Weirdness ...........cccceeeeveeerrerereniencnenreneneeneenneneennes 47
UNCEITAINTY ...ttt s st e 47
SUPETCONAUCTIVILY ..ottt s s 50
Zero Point Energy (ZPE) ..ot 52
23 o) 5 o) [ SRR 52
2 D I € Lo T AN 10 ) 4 1TSS 55
Cutting WOrld......c..oooiiiiiiiiieeee e 56
CONCIUSION ...viiiviieiieeiie et eette et e st e e e e teeteesteeebeesaeeesseessseanseessseaseessseasaessnennss 58



X Contents

The Metric SYSEem ........c.cocuviririiiininiiierieeeeteteee et 59
EXEICISE ...ttt ettt st st st s 62
CONCIUSION ..ottt st st st 67
Exponentials and Instabilities..............c..ccccoooiiiiininininnccce 69
INSTADIIILY ..ot 71
People INStabilities .....c..cocveriieiiniiiieiieieieeieeeeecee et 72
CONCIUSIONS ...ttt et s st st s s 74

Part I Who Really Did It First?

Chinese Science and ATt..............c.cocoieiiieiiiiiiiececce e 77
GUNPOWALT! ...ttt st 77
PrINTING . .c.eioiiiiiiieee ettt s 79
Navies and VOYAZES ......coccevueeririiriiniieieiietenieetesteere ettt nens 80
SHIK ettt et e et e e be e teeeab e e s abeebeesraeeraeanas 82
(@703 1163 11 3 [ ) + LSRR 85
Space Geometry from Ancient Greece to Today................ccooceevvrvenvnnenen. 87
Venus Transit: A Side Story that is Not Greek........ccocceevievieiniiiniiniciniiniene 94
[@70) 1163 11 3 [ « LSS 95
) 200) 11 SRR 97
(0] 1163 (] (SRR 97
ROMAN ROAAS ....cevviieiiiieee ettt e e e e 97
Roman Text MESSAZES ......coueeverrerieniieieniieienieetesreere sttt sanenen 98
“All Roads Lead to ROME” .......ccoiiiiiiieiiiieeiie ettt e 101
PONt AU Gard .....cc.evieeiie ettt e ra e e eanaeas 101
[@70) 1163 11 3 [ « LSS 104
Islamic Science and ATt ..............occooviieiiieiiieieee e e 105
IDN SANL...eiiiiicee e et ae e aae e 106
Ibn AT Haytham ......c.ccooiiiiiiiiiiiiiiicicecceccee e 108
Ibn Musa al KWarIZmMI ........ceeeeeiiiieeieeiiiiiee et ceeteeee et eetrre e ee e 109
Astrolabe and ASIIONOMLY ........cceeverrieiieniieienieeteneere e et nen 110
ALBITUN .ttt et ae et e e te et e e te e tbeeabeestbeeseessneebaennneenns 111
ALFRAZI ittt ettt et e e ae e aa e e baeerneeans 111
Omar Khayyam......cccoocoeoiiiiniiiiiieeeeec e 111
Translating Scientific and Philosophical Works..........c.ccccccocevinieniniencnnenen. 112
[@70) 1163 113 () 4 TSP 112

Part II' Modern Science and Engineering

MOAEIN SCIEIICE ..ot eeee e e e eeree e eneees 115
Kepler and NEWLON .......coccoviiiiiiiiiiiieieieeeeseeee et 115
EANSTEIN ..ttt eetr e e eee e e e e e e etb e e e e e e eetraeeeeeennnnees 122

Special REIAtIVILY ..ccveiiuiiiiiiiiiiiieie ettt s 123



Contents xi

General Relativity: The Final Weirdness ..........ccccocceeerieninencniencnnenennenen. 127
CONCIUSION ..ottt st st st 128
Why Is the Day Sky Blue? Why Is the Night Sky Black?............................ 131
JUC MaXWeIL ..ot 134
Dark NIht SKI@S.....ceeeririririinerienienienienteteieeeeeit ettt sa et neenees 137
AUTOTAC ...ttt ettt ettt et e st ae st ene st ne s snesanerens 138
CONCIUSION ..ottt st 139
MACRINES ..o e 141
FOrce MUILIPHETS. ...c..eoviiiiiiieieiecieeeteteeeeteet et 141
External Combustion Engines.........c..cccceeievieniriieninniinieneneeneneeeseeseeeenens 142
Industrial REVOIULION ........ccueiiiiiiiiiiiieiiiieiceeecc e 145
Carnot and Power Generation............coceeeevueeuieienienieneenueneeneneeneseesnesnenens 145
IMPIOVEMENLS ....covviiiiiiiiiiiiieeceecce ettt 147
Strling BNZINE ...c.eoiiiiiiiiiiiiiiieceeecceercee e 148
Steam TUIbINES.......cc.ooieiiiiiiiiiiecceeecec e e 149
Internal Combustion ENngine Zoo........cccoceevuerieciinieniinienineeeneeeseeeeeenene 150

OO CYCLE ..ttt s 150

WaaNKEL CYCIe ..ottt 150

Radial ENINe......cc.cooiiiiiiiiiiiiiiiciencecceeeeeecee e 151

DIESEL ... e 151

HYDTIA .ttt et 152

TESLA ..ot e 152

Turbine Engines fOr Cars .........cocooivieiiiieniiieniccneceeceeeee e 153

The Differential..........ccccocerieiiniiiiiieeeecee e 153
Windmills and Renewable Energy ........coccoviiriiiniiniiinienienieeieeeceeeseeee 155
Inverse Machines, the Servel and Liquid Helium...........c..ccccooenininicninnnnen. 155
Electric and Laser Refrigerators ............cocecevieienieniinienineeneneeeseeeeeeene 156
The Self-Replicating Machine ............ccccoceevuenieiiiniininienineenereeeseeeeeene 156
Other MaChines.........coeevuiiiiriiiieiieieneeeeeeeeeete et 157
CONCIUSIONS ...ttt st et 158
Lighter Than Air FHght............c..ccooooiiiiiiiecceeeee 159
Hot Air BallOONS ....c..coviiiiiiiiiiieieeereeeeeetee et 159
Gas-Filled BallOONS ......c.ccooeeiiiiiiiiiieiiiieeeeieetcre et 161
DITIZIDIES. ..ottt st s 162
Helium, In TEXAS? ..vviiiiiiciiieee ettt eeerre e e e ee e e e eearreeeeeenannees 163
High-Altitude Helium Balloons..........cc.ccoevieniiiiniiiiniiiieecreeesecieeeeene 163
Distance RECOTAS .......cc.eriiriiiiiiiiiiiiicieieccteeece et 164
SPYINE ettt ettt et e st st 164
CONCIUSIONS ...ttt s st st 164
EIECEIICHEY ...ttt 165
Volts, Ohms, AmpPs, and WatLS..........covvierriirriinieirienieenteeieenteeieesee e 165
Voltage: HazardOUS? .........coeevieiiieieniinieiieienecieeeeee et 166

RESISTANICE ..uvvieieeiiiiiiec ettt e e e e e e e eareae e e e e trreeeeeennnnees 167



Xii Contents

POWET ...ttt st st s 167
TranSTOIMETS ......cooviiiiiiiieieeeeee et 167
Tesla and the First Wireless .........ccccovevieriieiiininienieinieeneeeseee e 169
Birds 0N @ WITE ...c..ooiiiiiiiiiiiceceeeceeeee et 171
Different Hazard If It’s High Frequency.........ccccocevinieniniininicniiccneene 172
AC aNd DC..iiiiiiiiiiese ettt 172
TIANSTOITNETS «..c..eouiiiiiiieiiciieicee e 172
EXPEIIMENt......coeiiiiiiiiiiiiiieieeceecee ettt 173
How Do YOu Use EIECtIICItY 7..cc.ueeeuiiiiieeieeiieiieeiee ettt 174
DIC MOLOTS .ttt sttt et st esae e naee 174
AC/DC MOLOTS.....coeruierieiietieienitete sttt see e ene st eene s ne e e ene e esaeennenaes 174
AC MOLOTS ..ottt ettt sttt sttt st ene e esae e nnee 175
INAUCHION MOTOT ...ttt 176
How Do You Make EICtriCity 7 ........covieevierniiiiieie et 176
BAttEIIES ..ottt e 176
SOLAT CIIS ...ttt 177
GENEIALOTS ...ttt ettt ettt et enesaeesaeemnenaee 177
Faraday’s Homopolar Machine...........c.ccoccooervieniniininiiniiiinecceeceeeee 178
EXPEIIMENt......coeiiiiiiiiiiiiiieiieccrecee ettt 178
Electromagnetic TEthers...........coceoirieiiiiiniiiicececeeee e 180
The Earth Dynamo........ccccocieviiniiiinieiiiieienecccrcecreeee e 181
Lightning! c..covoiiiiiee e e 181
Experiment: Liquid Van de Graaf ..............ccccoceiiiiininiiniiicceecceeee, 182
SPIILES .ottt t et a e st st s 183
Wimshurst Machines and Capacitors.........c..coceveeeveriecienieniineenieeeneeeene 184
CONCIUSION ..ottt sttt 185
Drones and Robotic FLight ... 187
RODOUC WAITIOTS ...ttt 188
CONCIUSIONS ...ttt st st s s 189
The Jet Plane: How Metal Birds FLy .............ccooooeiiiiiiiniiieeeeeee 191
First Commercial Flight: The Comet.........ccccoceciniiiiniinininiiececeeeeene 192
How Can a Metal Bird Fly?........cocoiiiiiiiiiiiicececcneee e 194
WVINES oottt st st e st s 195
The TUIDOJEL....c..eeiiiieiieieeeeeee et st 197
Supersonic Commercial Jet Planes ...........ccccocevieiiniiininiininncnienceceeeeene 203
Other SUPErSONIC JELS.......cocueriiiieriiiieieeieneeteeeete ettt 205
PULSE JEES ..o 207
Even More Advanced Jet Engines: The Ramjet..........c.cccocooceninieninicncnnennen. 208
CONCIUSIONS ...ttt s st st s s 209
ROCKELS ... 211
ROCKELS VS. JEES ..coniiiiiiiieieceec ettt s 211
REACLION ...ttt s 214



Contents xiii

SPULIIK L.ttt st e s 216
From the Moon to Mars and Far Beyond............ceccovviiniiniiiniinniiniiieeneee 220
EXOtIC ROCKELS «..couviiiiniiiiiiicieeceececeee et 221
TON ENZINES ..ottt e 221
Laser Space PropulSion............ccccecveoieiienieiieniniiinieienecenece e 222
Photon ROCKELS ......ccccoouiiiiiiiiiiiinieiiceeeeceee et 222
Thermonuclear ROCKELS ...........cceeieiiiriiiniiiiiieienicercee e 222
Satellites: What Holds Them Up7?........cooieeiiiiniiniiiniiiieeieeeeeeeeete e 223
Zero Gravity Environments and Free Fall ..............cc.coccooiiininninnnnn. 223
Zooming Along Without Feeling a Thing............ccccocevieninieniniencnencnenen. 225
Space Junk: The Downside of Satellite Launches...........ccccccoccevieniniencnnenen. 226
What One Invention Will Survive Us? .........ccociniiiiniinininiieceeeeeeeene 227
CONCIUSION ..ottt st st 228
Electromagnetic Waves................cccoccoiiviiiniineinceeeeeeesee e 229
Michelson—Morley EXPEriment ..........cc.coeevueruieienieniineenieneeneneeeseesneeeenens 232
Vectors and FIeldS ......c..ooveriiiiiiiiiiieieiieicciecce e 234
Maxwell’s EQUAtIONS.........coeeviiriirieniieieniieiesteeteseeee et 235
RAGIO .ttt 236
TIANSINILIELS ...eveeniiiiieieriieieeteecte ettt ettt ettt 239
Electric DIPOIES......cocveriiriiiiiieieeieeeteeeeeeees et 239
Magnetic DIPOLES .......ccooiiriiiiiieieieeeeeeeeee e 239
MIiCTOWAVE FIULES......coviiiiiiiiiiiciciicrceeeeteet et 241
CONCIUSION ..ottt st st 241
Electronics and COMPULETS ...............ccoeveiierieriinieieeeee et see e 243
INErOAUCTION.....c.eeimiiiieiieiceeeec ettt s 243
AMPLIIETS ..ottt sttt s 243
Logic Gates: The Guts 0of @ COMPULET ......c..coueecuerieiiirieniirienereeeneeeeeennene 245
The First Electronic COMPULET........c..coceeirienirienieieneeie e seere e snenenn 246
Computing Speed and Parallel Processing ............ccccceveeviriencniiencneenennenen. 247
Information Explosion and Al ..........ccccooiriiniiiiniiiineeeeceeeeeeeee 248
S0CIAL MEAIA ...ttt s 250
The Universal Brain...........ccoccoiiiiiiiiiiiininieniceneceeeceeeeeee st 251
IDBVICES. ..ottt ettt ettt sttt a e e sae e st st ne e 252
RODOtS and DIONES.....c..ooeiiiiiiiiiiiiieiceceeeecee et 252
“Artificial” Beings and Neural Nets .........cccccccevvieiiniininiinieneneceseeeeeeene 253
CONCIUSION ..ottt st st s s 255
BIOLOZY ... e 257
MENAEL ... e e s e 257
DArWIN....ciiiiiiiiee ettt st st st s 258
“Sequencing” Human DNA ... 258
SNIPPING GEMES ...ttt ettt et et e st sne e ne e 259
Reassembly: Modern GMO vs. What We’ve Done All Along ............cccceeeeee. 260
Rewriting DNA COde........coeeoiiiiiiiiiieieiieieeieeeeeecee et 262

CONCIUSION ..vviiieeeiiiiiee ettt ettt eeeet e e e eeettr e e e e eeetareeeeeeeesraeeeeeeersaeeeseennnnees 263



Xiv Contents

L. 1 5 (1TSS 265
Mirrors: The First SEIfie.......cocueiriiriiiiiiiiiiieieeeeeeeteeeee e 265
Signaling in the Raj.......cccocoviiiiiiiiiicccee e 265
CUIVEA MIITOTS. ..cuiiiiiiniiiiieieeieiecteeet ettt st et 267
Lenses: The First OPLiCs ...c..coceveeieriiriienieienieieneere et 267
CAIMETAS. ...ttt ettt ettt et st st st ne e sanenens 268
Black and White Photos and MOVIES .........cocceevvieiriiniieinieniieniceieeeeeieeeee 268
Chester CarlSOMN ... .....coouiiiiriirieieeieeeee ettt st 269
Kodachrome!..........cocooiiiiiiiiiiiceccccccce et 270
POLArOid ....c.eeoiiiiiieieee e e e 271
3Dttt b e ettt na et entene 271
Prisms and SPeCtrOmMEterS........c.cocuerierieriieiiniieienecre ettt 273
Diffraction GIatings ........cccoeeeverierieniieienieeeneeieseeere et 275
SPECITOMELET «...eeuiiiiieiiieieeite ettt ettt ettt e bttt e st e st e e satesabeesbeeebeeaees 275
TRIESCOPES .ttt ettt ettt sttt st sabe e bt e e bt e b e sbeesaeesaee 276
Visible and Infrared TeleSCOPES ........eevuierieiniiiriiiiierieeteeeeeeeeee e 276
XATAY TIESCOPES ...veeuvieritieiteriieeiteee ettt sttt ettt sbe e s esaee e 277
Gamma Ray TeleSCOPES ....c..cocveuieiiiieieiieieteeeeeee et 278
Microwave and Radio TeleSCOPES......cccueeueeriiriierniiiiierieeieerieeieesiee e 278
IMICTOSCOPES ...ttt ettt ettt ettt sre e et eae st ene st nesanenesanennens 278

Electron MICTOSCOPES. ....ccovtetierieriieniieeitenite ettt ettt st et sreeesre e 278
FIDET OPLICS..c .ttt st st s s 279
CONCIUSION ..ottt st st 281
LLASEIS ...t s 283
TREOTY .ottt ettt st ettt et e st e bt e bt e sbeesbeesaeesaee 283
SPECIIA .ttt ettt ettt sb e et e bt st e bt st esateeateenbte e b e naees 283
ADSOIPUIOM. ...ttt ettt ettt ettt et st st ene st ne s ne e nens 284
QUANLA ...ttt ettt ettt e b e st et st e st et e e bt e e b aees 285
CREIMISITY .ttt ettt ettt st sabe e bt e e beesbeesbeesaeesaee 285
EMISSION...cuiiiiiiieiiiieieet ettt st st s 286
The Laser Idea........c.cccoeviiriiriiiiiieiieieeeeee et 288
INVETSION ..ottt st 289
Start Of the Laser AZE ...cccueeveiiiiinieeiierteee ettt s 289
The LaSET Z0O0 ....ccuiiiiiiiiiieeeeiecteeeeeeeett ettt st 289
What’s Special About Laser Light? .........ccccooiiiiniiiininieceeeeeeene 291
UItrashort PUISES ....cc.eiiieiiiiiiiiieeceteeee ettt 293
Digression: Bats and Chirped-Pulse Acoustic Radar............cccccoceveniencnnnnen. 294
Petawatt Pulses, Attosecond Lasers .........ccccoeevvviieiieeiiiveeeieeeieeee et e 295
APPLCALIONS ...ttt sttt st st s ne e 296

Photodynamic Therapy (PDT)........ccccooiriiniiiiniiiieieceeeceeeeeeeee 296

Laser Engraving, Welding and Cutting.........c..ccccceceveevienieniineeneneenceneenne. 297

3D Metal Printing .....c..coceeviieiiiniiiienieieniieieeeeteeeere et 298

COTNEA SUTZETY .euveeiiieiieniieetteeteestee st e it e sttt e bt e st e e bt e satesabeesabesabeesseeenseenaees 298

LaSET GYTOS ..ttt sttt st 298



Contents XV

Laser Produced Plasma..........cccveiiieeiiiiiei et 300
Orbital Debris REMOVAl.........cccuviiiiiiiiiiieicecieee e e 301
Laser Space PropulSion...........ccecueeveerieiiiiniiiniienieeiteeeeeeste e 301
Pyramids of CREOPS ...ccoveeiiiiiiiieeieeteeeete ettt 301
INTF ettt et e e st e et e et e e be e aae e ba e taeeabe e tbeebe e taeebaenaneaans 302
Laser Fusion Dreami.........c..coccuviiiiiiieeiie et evee e 302
Making Integrated CIrCUILS .......ccuerveerieriieeniie ettt ettt s eeesiee e 304
1Y (70 (ST I USSR 304
MOdEIn Fabs .....ccviiiiiiieeiie ettt e ns 307
LIGO ..ottt ettt st e e aa e e ba e s aaeeaveesabeeabeesabeensaennas 307
[@70) 1163 11 3 () 4 TSRS 308
INUCIEOMICS .......oeeiiieiiiciecee ettt ettt e e e et tbeeaeesaneebeeeaneeans 309
23 73 () 4 BRSPS 310
LS (o) 4 RSP 312
Safety and ULHHEY .....eeveeeiiinieiieeeeeeee ettt e 312
FUSION ZI0O ...ttt et e e st e e eta e e ensaeesnsaeans 313
Inertial FUSION .......oeieiiiieiie ettt e e e aae e saeeens 313
Magnetic FUSION. ....c...oiiiiiiiiiieeieeeeteetet ettt 313
(@70) [ 8 2 13 [ ) 1 BRSPS 314
Muon-Catalyzed FUSION........ccccoiiviiiiiiiiieiiicccrcecreeeeece e 315
Ton Beam FUSION .......c.oiiiiiiiiiiicceecee ettt 315
Electrostatic FUSION...........oeiiiiiiiiieeieeciieee ettt et e eeeanees 315
[@7e) 1163 11 3 (o) « ISR 315

Part IV Odds and Ends

REIIZION ...ttt 319
PrieSthoOds .....o e 321
CONCIUSION ..ottt st st s s 321
Everything EISe ............ccoiiiiiiieieeeee e 323
The Death Asteroid: The Really Big Space Debris Story.........ccccceevvenernennen. 323
End of the DINOSAULS.........ootiiiiiiiiiiiieieiieeeeeeseee et 325
SOIULIONS ...ttt et e s s 326
Where Did Water Come From?..........cccccoieviniiiiniininienineenereeeseeeeeeene 327
Finding EXOPIANets .......cccccoeeiiiiiiiiniieieiieeeecteecctesceee st 328
Planets and STArS ........cccocvereriiiiiiiiieeeeee et 328
What Is Special About Earth?.........c..ccccooiiiiniiiiniiiniieeeeeeeeeeeene 328
SEATS ...ttt ettt ettt ettt e a e e st st e 329
Planets and EXOPIanets ..........c.ccccecveriieiiininiinieienicienccceeee e 329

The Transit Method.........cccueiiiiriiiiiiieee e 330

Radial VEIOCILY ..eouveiiiiiiieeiieeiteeeetee ettt 330

TIMANZ ¢ttt et ettt bt e st st e sabe et e s bt e e beenaees 330

Direct TmMaging ......coocveeveerieiiieeieeeeeteetese ettt sttt 331

MICTOIENSING ...ttt ettt st sttt ettt ebeesaees 331



2 Springer
http://www.springer.com/978-3-319-21680-5

Mo Wonder You Wonder!

Great Inventions and Scientific Mysteries
Phipps, C.

2016, XV, 331 p. 289 illus., 233 illus. in color.,
ISBMN: 978-3-319-21680-5



