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PARTPARTPARTPART 1:1:1:1:

TimeTimeTimeTime LineLineLineLine ofofofof ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEIN LifeLifeLifeLife

1879:1879:1879:1879: AlbertAlbertAlbertAlbert EinsteinEinsteinEinsteinEinstein isisisis bornbornbornborn totototo HermannHermannHermannHermann EinsteinEinsteinEinsteinEinstein (a(a(a(a featherbedfeatherbedfeatherbedfeatherbed

salesman)salesman)salesman)salesman) andandandand hishishishis wifewifewifewife PaulinePaulinePaulinePauline inininin Ulm,Ulm,Ulm,Ulm, Germany.Germany.Germany.Germany.

1884:1884:1884:1884: AroundAroundAroundAround thisthisthisthis time,time,time,time, AlbertAlbertAlbertAlbert receivesreceivesreceivesreceives hishishishis firstfirstfirstfirst compass,compass,compass,compass,

beginningbeginningbeginningbeginning hishishishis questquestquestquest totototo investigateinvestigateinvestigateinvestigate thethethethe naturalnaturalnaturalnatural world.world.world.world.

1889:1889:1889:1889: AtAtAtAt ageageageage 10,10,10,10, AlbertAlbertAlbertAlbert setssetssetssets intointointointo aaaa programprogramprogramprogram ofofofof selfselfselfself educationeducationeducationeducation andandandand

readsreadsreadsreads asasasasmuchmuchmuchmuch aboutaboutaboutabout sciencesciencesciencescience asasasas hehehehe can.can.can.can.
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1894:1894:1894:1894: TheTheTheThe EinsteinsEinsteinsEinsteinsEinsteins movemovemovemove fromfromfromfromMunichMunichMunichMunich totototo Pavia,Pavia,Pavia,Pavia, ItalyItalyItalyItaly andandandand

Albert,Albert,Albert,Albert, 15,15,15,15, staysstaysstaysstays onononon inininin MunichMunichMunichMunich totototo finishfinishfinishfinish thethethethe schoolschoolschoolschool year.year.year.year. AlbertAlbertAlbertAlbert

lastslastslastslasts onlyonlyonlyonly aaaa termtermtermterm onononon hishishishis ownownownown andandandand followsfollowsfollowsfollows hishishishis familyfamilyfamilyfamily totototo Pavia.Pavia.Pavia.Pavia.

1895:1895:1895:1895: AlbertAlbertAlbertAlbert attemptsattemptsattemptsattempts totototo skipskipskipskip highhighhighhigh schoolschoolschoolschool bybybyby takingtakingtakingtaking anananan entranceentranceentranceentrance

examexamexamexam totototo thethethethe SwissSwissSwissSwiss Polytechnic,Polytechnic,Polytechnic,Polytechnic, aaaa toptoptoptop technicaltechnicaltechnicaltechnical university,university,university,university, butbutbutbut hehehehe

failsfailsfailsfails thethethethe artsartsartsarts portion.portion.portion.portion. HisHisHisHis familyfamilyfamilyfamily sendssendssendssends himhimhimhim totototo thethethethe SwissSwissSwissSwiss towntowntowntownofofofof

AarauAarauAarauAarau totototo finishfinishfinishfinish highhighhighhigh school.school.school.school.

1896:1896:1896:1896: AlbertAlbertAlbertAlbert graduatesgraduatesgraduatesgraduates fromfromfromfrom highhighhighhigh schoolschoolschoolschool atatatat thethethethe ageageageage ofofofof 17171717 andandandand

enrollsenrollsenrollsenrolls atatatat thethethethe ETHETHETHETH (the(the(the(the FederalFederalFederalFederal Polytechnic)Polytechnic)Polytechnic)Polytechnic) inininin Zurich.Zurich.Zurich.Zurich.

1898:1898:1898:1898: AlbertAlbertAlbertAlbert fallsfallsfallsfalls inininin lovelovelovelove withwithwithwithMilevaMilevaMilevaMilevaMaric,Maric,Maric,Maric, aaaa HungarianHungarianHungarianHungarian

classmateclassmateclassmateclassmate atatatat thethethethe ETH.ETH.ETH.ETH.

1900:1900:1900:1900: AlbertAlbertAlbertAlbert graduatesgraduatesgraduatesgraduates fromfromfromfrom thethethethe ETH.ETH.ETH.ETH.

1901:1901:1901:1901: AlbertAlbertAlbertAlbert becomesbecomesbecomesbecomes aaaa SwissSwissSwissSwiss citizen.citizen.citizen.citizen. Unemployed,Unemployed,Unemployed,Unemployed, hehehehe searchessearchessearchessearches

forforforforwork.work.work.work. HeHeHeHe andandandandMilevaMilevaMilevaMileva meetmeetmeetmeet inininin northernnorthernnorthernnorthern ItalyItalyItalyItaly forforforfor aaaa tryst.tryst.tryst.tryst.
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MilevaMilevaMilevaMileva becomesbecomesbecomesbecomes pregnant.pregnant.pregnant.pregnant. InInInIn thethethethe fall,fall,fall,fall, AlbertAlbertAlbertAlbert findsfindsfindsfinds workworkworkwork inininin

Schaffhausen,Schaffhausen,Schaffhausen,Schaffhausen, SwitzerlandSwitzerlandSwitzerlandSwitzerland asasasas aaaa tutor.tutor.tutor.tutor. Mileva,Mileva,Mileva,Mileva, visiblyvisiblyvisiblyvisibly pregnant,pregnant,pregnant,pregnant,

movesmovesmovesmoves totototo SteinSteinSteinStein AmAmAmAm Rhein,Rhein,Rhein,Rhein, threethreethreethree milesmilesmilesmiles upriver.upriver.upriver.upriver. MilevaMilevaMilevaMileva thenthenthenthen movesmovesmovesmoves

totototo HungaryHungaryHungaryHungary totototo givegivegivegive birthbirthbirthbirth totototo theirtheirtheirtheir babybabybabybaby atatatat herherherher parent'sparent'sparent'sparent's home.home.home.home.

AlbertAlbertAlbertAlbert movesmovesmovesmoves totototo Bern.Bern.Bern.Bern.

1902:1902:1902:1902: InInInIn January,January,January,January, MilevaMilevaMilevaMileva givesgivesgivesgives birthbirthbirthbirth totototo theirtheirtheirtheir daughter,daughter,daughter,daughter, Lieserl,Lieserl,Lieserl,Lieserl,

whomwhomwhomwhom theytheytheythey eventuallyeventuallyeventuallyeventually putputputput upupupup forforforfor adoption.adoption.adoption.adoption. SheSheSheShe reportedlyreportedlyreportedlyreportedly

becomesbecomesbecomesbecomes illillillill andandandand thenthenthenthen allallallall recordrecordrecordrecordofofofof herherherher disappears.disappears.disappears.disappears. AlbertAlbertAlbertAlbert takestakestakestakes aaaa

jobjobjobjobatatatat thethethethe SwissSwissSwissSwiss PatentPatentPatentPatent Office.Office.Office.Office. HermannHermannHermannHermann EinsteinEinsteinEinsteinEinstein becomesbecomesbecomesbecomes illillillill andandandand

dies.dies.dies.dies.

1903:1903:1903:1903: AlbertAlbertAlbertAlbert andandandandMilevaMilevaMilevaMileva marrymarrymarrymarry inininin JanuaryJanuaryJanuaryJanuary

1904:1904:1904:1904: MilevaMilevaMilevaMileva givesgivesgivesgives birthbirthbirthbirth totototo theirtheirtheirtheir firstfirstfirstfirst son,son,son,son, HansHansHansHans Albert.Albert.Albert.Albert.

1905:1905:1905:1905: "Annus"Annus"Annus"Annus Mirabilis"Mirabilis"Mirabilis"Mirabilis" -------- Einstein'sEinstein'sEinstein'sEinstein's "Miracle"Miracle"Miracle"MiracleYear":Year":Year":Year": hishishishis SpecialSpecialSpecialSpecial

TheoryTheoryTheoryTheory ofofofof RelativityRelativityRelativityRelativity isisisis born.born.born.born. JuneJuneJuneJune 30th,30th,30th,30th, Einstein,Einstein,Einstein,Einstein, submitssubmitssubmitssubmits hishishishis

paper,paper,paper,paper, "On"On"On"On thethethethe ElectrodynamicsElectrodynamicsElectrodynamicsElectrodynamics ofofofof MovingMovingMovingMoving Bodies"Bodies"Bodies"Bodies" totototo thethethethe leadingleadingleadingleading
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GermanGermanGermanGerman physicsphysicsphysicsphysics journal.journal.journal.journal. AtAtAtAt ageageageage 26,26,26,26, hehehehe appliesappliesappliesapplies hishishishis theorytheorytheorytheory totototo massmassmassmass

andandandand energyenergyenergyenergy andandandand formulatesformulatesformulatesformulates thethethethe equationequationequationequationE=mc^2.E=mc^2.E=mc^2.E=mc^2.

1906:1906:1906:1906: StillStillStillStill livinglivinglivingliving inininin Bern,Bern,Bern,Bern, EinsteinEinsteinEinsteinEinstein continuescontinuescontinuescontinues asasasas anananan ExaminerExaminerExaminerExaminer atatatat

thethethethe SwissSwissSwissSwiss PatentPatentPatentPatent Office.Office.Office.Office.

1907:1907:1907:1907: EinsteinEinsteinEinsteinEinstein beginsbeginsbeginsbegins applyingapplyingapplyingapplying thethethethe lawslawslawslaws ofofofof gravitygravitygravitygravity totototo hishishishis SpecialSpecialSpecialSpecial

TheoryTheoryTheoryTheory ofofofof Relativity.Relativity.Relativity.Relativity.

1910:1910:1910:1910: SonSonSonSon EduardEduardEduardEduard isisisis born.born.born.born.

1911:1911:1911:1911: TheTheTheThe EinsteinsEinsteinsEinsteinsEinsteins movemovemovemove totototo PraguePraguePraguePrague wherewherewherewhereAlbertAlbertAlbertAlbert isisisis givengivengivengiven aaaa fullfullfullfull

professorshipprofessorshipprofessorshipprofessorship atatatat thethethethe GermanGermanGermanGerman UniversityUniversityUniversityUniversity there.there.there.there. AlbertAlbertAlbertAlbert isisisis thethethethe

youngestyoungestyoungestyoungest totototo attendattendattendattend thethethethe invitation-onlyinvitation-onlyinvitation-onlyinvitation-only SolvaySolvaySolvaySolvayConferenceConferenceConferenceConference inininin

Brussels,Brussels,Brussels,Brussels, thethethethe firstfirstfirstfirst worldworldworldworld physicsphysicsphysicsphysics conference.conference.conference.conference.

1912:1912:1912:1912: TheTheTheThe EinsteinsEinsteinsEinsteinsEinsteins movemovemovemove totototo ZurichZurichZurichZurich wherewherewherewhereAlbertAlbertAlbertAlbert isisisis givengivengivengiven aaaa

positionpositionpositionposition asasasas aaaa professorprofessorprofessorprofessor ofofofof TheoreticalTheoreticalTheoreticalTheoretical PhysicsPhysicsPhysicsPhysics atatatat thethethethe ETH.ETH.ETH.ETH.
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1913:1913:1913:1913: EinsteinEinsteinEinsteinEinstein worksworksworksworks onononon hishishishis newnewnewnew TheoryTheoryTheoryTheory ofofofof Gravity.Gravity.Gravity.Gravity.

1914:1914:1914:1914: EinsteinEinsteinEinsteinEinstein becomesbecomesbecomesbecomes directordirectordirectordirector ofofofof thethethethe KaiserKaiserKaiserKaiserWilhelmWilhelmWilhelmWilhelm InstituteInstituteInstituteInstitute

inininin BerlinBerlinBerlinBerlin andandandand professorprofessorprofessorprofessor ofofofof theoreticaltheoreticaltheoreticaltheoretical physicsphysicsphysicsphysics atatatat thethethethe UniversityUniversityUniversityUniversity ofofofof

Berlin.Berlin.Berlin.Berlin. TheTheTheThe familyfamilyfamilyfamily movesmovesmovesmoves theretheretherethere inininin April,April,April,April, butbutbutbutMilevaMilevaMilevaMileva andandandand thethethethe sonssonssonssons

returnreturnreturnreturn totototo ZurichZurichZurichZurich afterafterafterafter 3333 months.months.months.months. TheTheTheThe divorcedivorcedivorcedivorce prodeedingsprodeedingsprodeedingsprodeedings begin.begin.begin.begin.

InInInIn August,August,August,August,WorldWorldWorldWorld WarWarWarWar IIII begins.begins.begins.begins.

1915:1915:1915:1915: EinsteinEinsteinEinsteinEinstein completescompletescompletescompletes thethethethe GeneralGeneralGeneralGeneral TheoryTheoryTheoryTheory ofofofof Relativity.Relativity.Relativity.Relativity.

1917:1917:1917:1917: EinsteinEinsteinEinsteinEinstein collapsescollapsescollapsescollapses and,and,and,and, nearnearnearnear death,death,death,death, fallsfallsfallsfalls seriouslyseriouslyseriouslyseriously ill.ill.ill.ill. HeHeHeHe isisisis

nursednursednursednursedbackbackbackback totototo healthhealthhealthhealth bybybyby hishishishis cousin,cousin,cousin,cousin, Elsa.Elsa.Elsa.Elsa. HeHeHeHe publishespublishespublishespublishes hishishishis firstfirstfirstfirst

paperpaperpaperpaper onononon cosmology.cosmology.cosmology.cosmology.

1919:1919:1919:1919: AlbertAlbertAlbertAlbert marriesmarriesmarriesmarries Elsa.Elsa.Elsa.Elsa.MayMayMayMay 29,29,29,29, aaaa solarsolarsolarsolar eclipseeclipseeclipseeclipse provesprovesprovesproves

Einstein'sEinstein'sEinstein'sEinstein's GeneralGeneralGeneralGeneral TheoryTheoryTheoryTheory ofofofofRelativityRelativityRelativityRelativity works.works.works.works.

1922:1922:1922:1922: IsIsIsIs awardedawardedawardedawarded thethethethe NobelNobelNobelNobel PrizePrizePrizePrize inininin physicsphysicsphysicsphysics forforforfor 1921.1921.1921.1921.
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1927:1927:1927:1927: AttendsAttendsAttendsAttends fifthfifthfifthfifth SolvaySolvaySolvaySolvayConferenceConferenceConferenceConference andandandand beginsbeginsbeginsbegins developingdevelopingdevelopingdeveloping thethethethe

foundationfoundationfoundationfoundation ofofofof quantumquantumquantumquantum mechanicsmechanicsmechanicsmechanics withwithwithwithBohr.Bohr.Bohr.Bohr.

1928:1928:1928:1928: EinsteinEinsteinEinsteinEinstein beginsbeginsbeginsbegins pursingpursingpursingpursing hishishishis ideaideaideaidea ofofofof aaaa unifiedunifiedunifiedunified fieldfieldfieldfield theory.theory.theory.theory.

1932:1932:1932:1932: EinsteinEinsteinEinsteinEinstein isisisis 53535353 andandandand atatatat thethethethe heightheightheightheight ofofofof hishishishis fame.fame.fame.fame. IdentifiedIdentifiedIdentifiedIdentified asasasas aaaa

Jew,Jew,Jew,Jew, hehehehe beginsbeginsbeginsbegins totototo feelfeelfeelfeel thethethethe heatheatheatheat ofofofofNaziNaziNaziNazi Germany.Germany.Germany.Germany.

1933:1933:1933:1933: AlbertAlbertAlbertAlbert andandandand ElsaElsaElsaElsa setsetsetset sailsailsailsail forforforfor thethethethe UnitedUnitedUnitedUnited States.States.States.States. TheyTheyTheyThey settlesettlesettlesettle inininin

Princeton,Princeton,Princeton,Princeton, NewNewNewNew JerseyJerseyJerseyJerseywherewherewherewhere hehehehe assumesassumesassumesassumes aaaa postpostpostpost atatatat thethethethe InstituteInstituteInstituteInstitute forforforfor

AdvancedAdvancedAdvancedAdvancedStudy.Study.Study.Study.

1936:1936:1936:1936: ElsaElsaElsaElsa diesdiesdiesdies afterafterafterafter aaaa briefbriefbriefbrief illness.illness.illness.illness.

1939:1939:1939:1939: WorldWorldWorldWorldWarWarWarWar IIIIIIII begins.begins.begins.begins. EinsteinEinsteinEinsteinEinstein writeswriteswriteswrites aaaa famousfamousfamousfamous letterletterletterletter totototo

PresidentPresidentPresidentPresident FranklinFranklinFranklinFranklin D.D.D.D. RooseveltRooseveltRooseveltRoosevelt warningwarningwarningwarning ofofofof thethethethe possibilitypossibilitypossibilitypossibility ofofofof

Germany'sGermany'sGermany'sGermany's buildingbuildingbuildingbuilding anananan atomicatomicatomicatomic bombbombbombbomb andandandandurgingurgingurgingurging nuclearnuclearnuclearnuclear research.research.research.research.

1940:1940:1940:1940: EinsteinEinsteinEinsteinEinstein becomesbecomesbecomesbecomes ananananAmericanAmericanAmericanAmerican citizen;citizen;citizen;citizen; retainsretainsretainsretains SwissSwissSwissSwiss citizenship.citizenship.citizenship.citizenship.



17

1949:1949:1949:1949: MilevaMilevaMilevaMilevadies.dies.dies.dies.

1955:1955:1955:1955: EinsteinEinsteinEinsteinEinstein diesdiesdiesdies ofofofof heartheartheartheart failurefailurefailurefailure onononon AprilAprilAprilApril 16.16.16.16.

REFGERENCEREFGERENCEREFGERENCEREFGERENCE :::: http://202.201.109.15/gzxia/jxzyg/yy/2/19/01/kzzl1.htmhttp://202.201.109.15/gzxia/jxzyg/yy/2/19/01/kzzl1.htmhttp://202.201.109.15/gzxia/jxzyg/yy/2/19/01/kzzl1.htmhttp://202.201.109.15/gzxia/jxzyg/yy/2/19/01/kzzl1.htm
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PARTPARTPARTPART 2:2:2:2:

PICTURES:PICTURES:PICTURES:PICTURES:

EINSTEINEINSTEINEINSTEINEINSTEINATATATAT 3333 YEARSYEARSYEARSYEARSOLDOLDOLDOLD

1882188218821882

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN LATELATELATELATE ININININ TALKTALKTALKTALKATATATAT 9999 YEARSYEARSYEARSYEARSOLD.OLD.OLD.OLD.
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THETHETHETHEHOUSEHOUSEHOUSEHOUSE ININININULMULMULMULM WHEREWHEREWHEREWHEREALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINWASWASWASWAS BORNBORNBORNBORN

PAULINEPAULINEPAULINEPAULINENEENEENEENEEKOCHKOCHKOCHKOCH EINSTEINEINSTEINEINSTEINEINSTEINTHETHETHETHEMOTHERMOTHERMOTHERMOTHEROFOFOFOFALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN

HERMANNHERMANNHERMANNHERMANNEINSTEINEINSTEINEINSTEINEINSTEIN THETHETHETHE FATHERFATHERFATHERFATHEROFOFOFOFALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN
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ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN ININININ 1893189318931893 (AGE(AGE(AGE(AGE 14)14)14)14)

ALBERTALBERTALBERTALBERT'S'S'S'S EINSTEINEINSTEINEINSTEINEINSTEIN FIRSTFIRSTFIRSTFIRSTWIFEWIFEWIFEWIFEANDANDANDAND SONSSONSSONSSONS ::::

EDUARDEDUARDEDUARDEDUARD TOTOTOTOTHETHETHETHELEFT,LEFT,LEFT,LEFT,MILEVA,MILEVA,MILEVA,MILEVA, ANDANDANDAND HANSHANSHANSHANSATATATAT 1914.1914.1914.1914.
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EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S SECONDSECONDSECONDSECONDWIFEWIFEWIFEWIFE

ELSAELSAELSAELSA

ELSAELSAELSAELSAEINSTEINEINSTEINEINSTEINEINSTEINWITHWITHWITHWITHHERHERHERHERHUSBANDHUSBANDHUSBANDHUSBAND

HERHERHERHERPARENTSPARENTSPARENTSPARENTS :::: RUDOLFRUDOLFRUDOLFRUDOLFRAFAELRAFAELRAFAELRAFAELRUPERTRUPERTRUPERTRUPERTEINSTEINEINSTEINEINSTEINEINSTEIN ANDANDANDAND FANNYFANNYFANNYFANNY

(NEE(NEE(NEE(NEEKOCH)KOCH)KOCH)KOCH)

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

http://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 3:3:3:3:

EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S FAMILYFAMILYFAMILYFAMILYTREETREETREETREE

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

www.einstein-website.dewww.einstein-website.dewww.einstein-website.dewww.einstein-website.de

http://www.einstein-website.de/
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PARTPARTPARTPART 4:4:4:4:

CHRONOLOGYCHRONOLOGYCHRONOLOGYCHRONOLOGY1879-18961879-18961879-18961879-1896

[[[[ ]]]] REPRESENTSREPRESENTSREPRESENTSREPRESENTSTHETHETHETHEAGE:AGE:AGE:AGE:

[0][0][0][0] 1879187918791879 14141414March,March,March,March, AEAEAEAE bornbornbornborn inininin Ulm,Ulm,Ulm,Ulm, Germany;Germany;Germany;Germany;

ancestorsancestorsancestorsancestors forforforfor twotwotwotwo centuriescenturiescenturiescenturies areareareare SwabianSwabianSwabianSwabian Jews,Jews,Jews,Jews, butbutbutbut parentsparentsparentsparents irreligiousirreligiousirreligiousirreligious

[1][1][1][1] 1880188018801880 FamilyFamilyFamilyFamily movesmovesmovesmoves totototoMunich;Munich;Munich;Munich; fatherfatherfatherfather andandandand uncleuncleuncleuncle JakobJakobJakobJakobpartnerspartnerspartnerspartners inininin

manufacturingmanufacturingmanufacturingmanufacturing firmfirmfirmfirm forforforfor plumbingplumbingplumbingplumbing andandandand electricalelectricalelectricalelectrical apparatusapparatusapparatusapparatus

[5][5][5][5] 1884188418841884 EEEE enchantedenchantedenchantedenchanted bybybyby aaaa compass.compass.compass.compass. HasHasHasHas privateprivateprivateprivate lessonslessonslessonslessons atatatat homehomehomehome

(too(too(too(too youngyoungyoungyoung forforforfor admissionadmissionadmissionadmission totototo publicpublicpublicpublic primaryprimaryprimaryprimary school)school)school)school)

[6][6][6][6] 1885188518851885 EEEE startsstartsstartsstarts violinviolinviolinviolin lessons,lessons,lessons,lessons, continuescontinuescontinuescontinues totototo ageageageage 13.13.13.13.

Oct,Oct,Oct,Oct, entersentersentersentersCatholicCatholicCatholicCatholic primaryprimaryprimaryprimary school;school;school;school; alsoalsoalsoalso beginsbeginsbeginsbegins

privateprivateprivateprivate JewishJewishJewishJewish religiousreligiousreligiousreligious instructioninstructioninstructioninstruction (required(required(required(required bybybyby law)law)law)law)

[9][9][9][9] 1888188818881888 Oct,Oct,Oct,Oct, EEEE enters1stenters1stenters1stenters1st yearyearyearyear ofofofof 9-year9-year9-year9-yearGymnasiumGymnasiumGymnasiumGymnasium programprogramprogramprogram

[10][10][10][10] 1889188918891889 UncleUncleUncleUncle tellstellstellstells EEEE ofofofof PythagoreanPythagoreanPythagoreanPythagoreanTheorem;Theorem;Theorem;Theorem; EEEE devisesdevisesdevisesdevises aaaa proof.proof.proof.proof.

MaxMaxMaxMax TalmudTalmudTalmudTalmud (later(later(later(later Talmey)Talmey)Talmey)Talmey) beginsbeginsbeginsbegins regularregularregularregular visits;visits;visits;visits; continuescontinuescontinuescontinues sixsixsixsix

years,years,years,years, bringsbringsbringsbrings EEEE popularpopularpopularpopular sciencesciencesciencescience booksbooksbooksbooks

[11][11][11][11] 1890189018901890 E'sE'sE'sE's intenseintenseintenseintense "religious"religious"religious"religious paradise",paradise",paradise",paradise", lastinglastinglastinglasting aboutaboutaboutabout aaaa year.year.year.year.

ReadingReadingReadingReading science,science,science,science, includingincludingincludingincluding Darwin,Darwin,Darwin,Darwin, disenchantsdisenchantsdisenchantsdisenchants EEEE

withwithwithwith religion;religion;religion;religion; hehehehe becomesbecomesbecomesbecomes aaaa "fanatic"fanatic"fanatic"fanatic freethinker"freethinker"freethinker"freethinker"
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[12][12][12][12] 1891189118911891 EEEE enthralledenthralledenthralledenthralled withwithwithwith "holy"holy"holy"holy littlelittlelittlelittle geometrygeometrygeometrygeometry book"book"book"book" (from(from(from(from

Talmud),Talmud),Talmud),Talmud), findsfindsfindsfinds Euclid'sEuclid'sEuclid'sEuclid's axiomatic-deductiveaxiomatic-deductiveaxiomatic-deductiveaxiomatic-deductive methodmethodmethodmethod

aaaa trustworthytrustworthytrustworthytrustworthy "road"road"road"road totototo paradise."paradise."paradise."paradise."OverOverOverOver nextnextnextnext fourfourfourfour yearsyearsyearsyears

learnslearnslearnslearns analyticanalyticanalyticanalytic geometrygeometrygeometrygeometry andandandand calculuscalculuscalculuscalculus outsideoutsideoutsideoutside schoolschoolschoolschool

[13][13][13][13] 1892189218921892 EEEE distainsdistainsdistainsdistains barbarbarbar mitzvah.mitzvah.mitzvah.mitzvah. CaptivatedCaptivatedCaptivatedCaptivatedbybybyby MozartMozartMozartMozart sonatassonatassonatassonatas

("love("love("love("love isisisis aaaa betterbetterbetterbetter teacherteacherteacherteacher thanthanthanthan duty");duty");duty");duty"); readsreadsreadsreads KantKantKantKant

[15][15][15][15] 1894189418941894 FamilyFamilyFamilyFamily movesmovesmovesmoves totototo Milan.Milan.Milan.Milan. IntendsIntendsIntendsIntends EEEE totototo staystaystaystay inininin MunichMunichMunichMunich totototo

completecompletecompletecompleteGymnasiumGymnasiumGymnasiumGymnasium;;;; inininin DecDecDecDec EEEE quitsquitsquitsquits school,school,school,school, goesgoesgoesgoes totototo ItalyItalyItalyItaly

[16][16][16][16] 1895189518951895 Summer,Summer,Summer,Summer, sendssendssendssends uncleuncleuncleuncle essayessayessayessay onononon statestatestatestate ofofofof etheretheretherether inininin magneticmagneticmagneticmagnetic

field.field.field.field. Oct,Oct,Oct,Oct, failsfailsfailsfails entranceentranceentranceentrance examexamexamexam forforforforETH;ETH;ETH;ETH; enrollsenrollsenrollsenrolls inininin

cantonalcantonalcantonalcantonal schoolschoolschoolschool inininin Aarau,Aarau,Aarau,Aarau, boardsboardsboardsboards withwithwithwithWintelerWintelerWintelerWinteler family.family.family.family.

PondersPondersPondersPondersGedankenGedankenGedankenGedanken rideriderideride onononon lightlightlightlight wave.wave.wave.wave.

[17][17][17][17] 1896189618961896 Jan,Jan,Jan,Jan, renouncesrenouncesrenouncesrenounces GermanGermanGermanGerman citizenship.citizenship.citizenship.citizenship. Sept,Sept,Sept,Sept, passespassespassespasses examexamexamexam

forforforforAarauAarauAarauAarau diploma.diploma.diploma.diploma. EssaysEssaysEssaysEssays ononononGoetheGoetheGoetheGoethe andandandand onononon futurefuturefuturefuture plans.plans.plans.plans.

REFERENCEREFERENCEREFERENCEREFERENCE::::

https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...

OROROROR

http://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBE

RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-

1896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%2

F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%

2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A

FQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSA
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PARTPARTPARTPART 5:5:5:5:

Schoolboy:Schoolboy:Schoolboy:Schoolboy: Munich,Munich,Munich,Munich,Milan,Milan,Milan,Milan, andandandand

AtAtAtAt SwissSwissSwissSwiss PolytechnicPolytechnicPolytechnicPolytechnic Institute,Institute,Institute,Institute, Zurich,Zurich,Zurich,Zurich, 1896-19001896-19001896-19001896-1900

[17][17][17][17] 1896189618961896 Oct,Oct,Oct,Oct, EEEE totototo Zurich,Zurich,Zurich,Zurich, enrollsenrollsenrollsenrolls inininin ETHETHETHETHprogramprogramprogramprogram forforforfor diplomadiplomadiplomadiploma

totototo teachteachteachteach highhighhighhigh schoolschoolschoolschoolmathmathmathmath andandandand physics;physics;physics;physics; amongamongamongamong 10101010 otherotherotherother studentsstudentsstudentsstudents inininin thatthatthatthat

programprogramprogramprogram areareareareMarcelMarcelMarcelMarcel Grossmann,Grossmann,Grossmann,Grossmann, math,math,math,math, andandandandMilevaMilevaMilevaMilevaMaric,Maric,Maric,Maric, physicsphysicsphysicsphysics

[18][18][18][18] 1897189718971897 ThroughThroughThroughThroughmusic,music,music,music, meetsmeetsmeetsmeets MicheleMicheleMicheleMichele Besso,Besso,Besso,Besso, engineer;engineer;engineer;engineer; hehehehe urgesurgesurgesurges EEEE totototo studystudystudystudy

MachMachMachMach

[19][19][19][19] 1898189818981898 Jan,Jan,Jan,Jan, EEEE dismayeddismayeddismayeddismayed bybybyby fatherfatherfatherfather’’’’ssss bankruptcy;bankruptcy;bankruptcy;bankruptcy;

Oct,Oct,Oct,Oct, EEEE passespassespassespassesmidwaymidwaymidwaymidway oraloraloraloral exams,exams,exams,exams, usingusingusingusing GrossmannGrossmannGrossmannGrossmann notesnotesnotesnotes totototo cram,cram,cram,cram,

getsgetsgetsgets highesthighesthighesthighest scorescorescorescore amongamongamongamong mathmathmathmath &&&&physicsphysicsphysicsphysics candidatescandidatescandidatescandidates (5.7/6).(5.7/6).(5.7/6).(5.7/6).

[20][20][20][20] 1899189918991899 Aug,Aug,Aug,Aug, EEEE inininin letterletterletterletter totototoMilevaMilevaMilevaMileva [M],[M],[M],[M], firstfirstfirstfirst proposesproposesproposesproposes totototo discarddiscarddiscarddiscard ether.ether.ether.ether.

Oct,Oct,Oct,Oct, EEEE appliesappliesappliesapplies forforforfor SwissSwissSwissSwiss citizenship.citizenship.citizenship.citizenship.

[21][21][21][21] 1900190019001900 Spring,Spring,Spring,Spring, EEEE andandandandMMMMwritewritewritewrite diplomadiplomadiplomadiploma essays,essays,essays,essays, bothbothbothboth onononon heatheatheatheat

conduction,conduction,conduction,conduction, forforforfor Prof.Prof.Prof.Prof.WeberWeberWeberWeber (scores(scores(scores(scores 4.54.54.54.5 /6/6/6/6 andandandand 4/6)4/6)4/6)4/6)

July,July,July,July, EEEE graduatesgraduatesgraduatesgraduates fromfromfromfromETH;ETH;ETH;ETH; onononon finalfinalfinalfinal diplomadiplomadiplomadiploma exams,exams,exams,exams, ofofofof 5555 candidatescandidatescandidatescandidates inininin

mathmathmathmath &&&&physics,physics,physics,physics,EEEE scoresscoresscoresscores 4th4th4th4th (4.9/6);(4.9/6);(4.9/6);(4.9/6); MMMMscoresscoresscoresscores lastlastlastlast (4/6)(4/6)(4/6)(4/6) andandandand fails.fails.fails.fails.

Aug,Aug,Aug,Aug, EEEE onlyonlyonlyonly oneoneoneone ofofofof thethethethe 4444 passingpassingpassingpassing diplomadiplomadiplomadiploma candidatescandidatescandidatescandidates notnotnotnot appointedappointedappointedappointed asasasas anananan

assistantassistantassistantassistant atatatat ETHETHETHETH
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REFERENCEREFERENCEREFERENCEREFERENCE::::

https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...
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http://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBE

RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-

1896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%2

F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%

2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A

FQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSA
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PARTPARTPARTPART 6:6:6:6:

GraduateGraduateGraduateGraduate student:student:student:student: 1900-19051900-19051900-19051900-1905

[21][21][21][21] 1900190019001900 Oct,Oct,Oct,Oct, EEEE startsstartsstartsstarts onononon thermoelectricitythermoelectricitythermoelectricitythermoelectricity asasasas thesisthesisthesisthesis project,project,project,project, inininin Weber'sWeber'sWeber'sWeber's lab.lab.lab.lab.

Dec,Dec,Dec,Dec, submitssubmitssubmitssubmits firstfirstfirstfirst paperpaperpaperpaper (on(on(on(on capillarity)capillarity)capillarity)capillarity) totototo AnnalenAnnalenAnnalenAnnalen derderderder PhysikPhysikPhysikPhysik

[22][22][22][22] 1901190119011901 Feb,Feb,Feb,Feb, EEEE becomesbecomesbecomesbecomes SwissSwissSwissSwissCitizen,Citizen,Citizen,Citizen, completingcompletingcompletingcompleting processprocessprocessprocess begunbegunbegunbegun OctOctOctOct 99;99;99;99;

Mar,Mar,Mar,Mar, EEEE exemptedexemptedexemptedexempted fromfromfromfrommilitarymilitarymilitarymilitary service:service:service:service: "varicose"varicose"varicose"varicose veins,veins,veins,veins, flatflatflatflat andandandand sweatysweatysweatysweaty feet"feet"feet"feet"

MarMarMarMar&&&& Apr,Apr,Apr,Apr, EEEE seeksseeksseeksseeks assistantassistantassistantassistant jobsjobsjobsjobs inininin severalseveralseveralseveral countries,countries,countries,countries, inininin vain.vain.vain.vain.

Apr,Apr,Apr,Apr, EEEE criticizescriticizescriticizescriticizes Planck'sPlanck'sPlanck'sPlanck's radiationradiationradiationradiation theorytheorytheorytheory inininin letterletterletterletter totototoM.M.M.M.

13131313 AprAprAprApr getsgetsgetsgets letterletterletterletter fromfromfromfromGrossmannGrossmannGrossmannGrossmann aboutaboutaboutabout possiblepossiblepossiblepossible jobjobjobjob atatatat patentpatentpatentpatent office.office.office.office.

May,May,May,May, EEEE andandandandMMMMenjoyenjoyenjoyenjoy LakeLakeLakeLake Como;Como;Como;Como; learnlearnlearnlearnMMMM isisisis pregnant;pregnant;pregnant;pregnant;

15151515May-15May-15May-15May-15 July,July,July,July, EEEE aaaa substitutesubstitutesubstitutesubstitute teacherteacherteacherteacher ofofofof mathmathmathmath atatatatWinterthur;Winterthur;Winterthur;Winterthur;

EEEE excitedexcitedexcitedexcited aboutaboutaboutabout Lenard'sLenard'sLenard'sLenard's observationobservationobservationobservation ofofofof photoelectricphotoelectricphotoelectricphotoelectric effect.effect.effect.effect.

July,July,July,July, MMMMagainagainagainagain failsfailsfailsfails diplomadiplomadiplomadiploma exam.exam.exam.exam.

Sept,Sept,Sept,Sept, EEEE becomesbecomesbecomesbecomes privateprivateprivateprivate tutortutortutortutor atatatat Schaffhausen.Schaffhausen.Schaffhausen.Schaffhausen.

23232323 Nov,ENov,ENov,ENov,E submitssubmitssubmitssubmits proposedproposedproposedproposed thesisthesisthesisthesis onononon gasgasgasgas kineticskineticskineticskinetics theorytheorytheorytheory totototo Prof.Prof.Prof.Prof. Kleiner.Kleiner.Kleiner.Kleiner.

11111111 Dec,Dec,Dec,Dec, patentpatentpatentpatent officeofficeofficeoffice jobjobjobjob advertised;advertised;advertised;advertised; 18181818 Dec,Dec,Dec,Dec, EEEE appliesappliesappliesapplies

[23][23][23][23] 1902190219021902 Jan,Jan,Jan,Jan, daughterdaughterdaughterdaughter LieserlLieserlLieserlLieserl born;born;born;born; inininin response,response,response,response, EEEEwisheswisheswisheswishes totototo givegivegivegive birthbirthbirthbirth

himself.himself.himself.himself.

1111 Feb,Feb,Feb,Feb, EEEEwithdrawswithdrawswithdrawswithdraws thesis,thesis,thesis,thesis, movesmovesmovesmoves totototo Bern,Bern,Bern,Bern, advertisesadvertisesadvertisesadvertises privateprivateprivateprivate lessons.lessons.lessons.lessons.

Apr,Apr,Apr,Apr, formsformsformsforms "Olympia"Olympia"Olympia"Olympia AcademyAcademyAcademyAcademy”””” withwithwithwithMauriceMauriceMauriceMaurice SolovineSolovineSolovineSolovine &&&&ConradConradConradConrad Habicht.Habicht.Habicht.Habicht.

30303030 AprAprAprApr submitssubmitssubmitssubmits paperpaperpaperpaper 2222 (on(on(on(on electrochemistry)electrochemistry)electrochemistry)electrochemistry) totototo Annalen.Annalen.Annalen.Annalen.
May,May,May,May, interviewedinterviewedinterviewedinterviewed forforforfor patentpatentpatentpatent officeofficeofficeoffice job.job.job.job.

23232323 June,June,June,June, EEEE startsstartsstartsstarts provisionalprovisionalprovisionalprovisional jobjobjobjobatatatat patentpatentpatentpatent office:office:office:office: "Expert"Expert"Expert"Expert IIIIIIIIIIII Class."Class."Class."Class."

26262626 June,June,June,June, EEEE submitssubmitssubmitssubmits paperpaperpaperpaper 3333 (on(on(on(on statisticalstatisticalstatisticalstatistical thermodynamics).thermodynamics).thermodynamics).thermodynamics).

Oct,Oct,Oct,Oct, E'sE'sE'sE's fatherfatherfatherfather diesdiesdiesdies inininin Milan;Milan;Milan;Milan; EEEE shockedshockedshockedshocked andandandand desolatedesolatedesolatedesolate
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[24][24][24][24] 1903190319031903 Jan,Jan,Jan,Jan, EEEE andandandandMMMMmarried;married;married;married; HabichtHabichtHabichtHabicht &&&& SolovineSolovineSolovineSolovine onlyonlyonlyonly witnesses.witnesses.witnesses.witnesses.

EEEEwriteswriteswriteswrites BessoBessoBessoBesso he'llhe'llhe'llhe'll notnotnotnot pursuepursuepursuepursue PhD:PhD:PhD:PhD: "comedy.""comedy.""comedy.""comedy."

EEEE submitssubmitssubmitssubmits paperpaperpaperpaper 4444 (on(on(on(on foundationsfoundationsfoundationsfoundations ofofofof thermodynamics).thermodynamics).thermodynamics).thermodynamics).

Sept,Sept,Sept,Sept, LieserlLieserlLieserlLieserl survivessurvivessurvivessurvives scarletscarletscarletscarlet fever;fever;fever;fever; likelylikelylikelylikely givengivengivengiven upupupup forforforfor adoption.adoption.adoption.adoption.

Dec,Dec,Dec,Dec, EEEE talkstalkstalkstalks onononon electromagneticelectromagneticelectromagneticelectromagnetic waveswaveswaveswaves atatatatNaturforschendeNaturforschendeNaturforschendeNaturforschende GesellschaftGesellschaftGesellschaftGesellschaft

[25][25][25][25] 1904190419041904 29292929Mar,Mar,Mar,Mar, EEEE submitssubmitssubmitssubmits paperpaperpaperpaper 5555 (on(on(on(on fluctuations).fluctuations).fluctuations).fluctuations).

May,May,May,May, sonsonsonson HansHansHansHans AlbertAlbertAlbertAlbert born.born.born.born.

Summer,Summer,Summer,Summer, BessoBessoBessoBesso takestakestakestakes jobjobjobjobatatatat patentpatentpatentpatent office:office:office:office: "Expert"Expert"Expert"Expert IIIIIIII Class."Class."Class."Class."

Sept,Sept,Sept,Sept, EEEEmademademademade "definitive""definitive""definitive""definitive" inininin patentpatentpatentpatent office;office;office;office; stillstillstillstill "Expert"Expert"Expert"Expert IIIIIIIIIIII Class."Class."Class."Class."

LateLateLateLate Oct,Oct,Oct,Oct, HabichtHabichtHabichtHabicht leavesleavesleavesleavesBernBernBernBern forforforfor teachingteachingteachingteaching postpostpostpost inininin SchaffhausenSchaffhausenSchaffhausenSchaffhausen

[26][26][26][26] 1905190519051905Mar-Nov,Mar-Nov,Mar-Nov,Mar-Nov, EEEE publishespublishespublishespublishes 21212121 reviewsreviewsreviewsreviews inininin BeiblBeiblBeiblBeibläääättertterttertter zuzuzuzu dendendendenAnnalenAnnalenAnnalenAnnalen

Mar-June,Mar-June,Mar-June,Mar-June, EEEE completescompletescompletescompletes paperspaperspaperspapers 6,6,6,6, 7,7,7,7, 8,8,8,8, &&&&9.9.9.9.

20202020 July,July,July,July, EEEE submitssubmitssubmitssubmits paperpaperpaperpaper 7777 asasasas hishishishis Ph.D.Ph.D.Ph.D.Ph.D. thesis;thesis;thesis;thesis; acceptedacceptedacceptedaccepted 27272727 July.July.July.July.

Aug-Dec,Aug-Dec,Aug-Dec,Aug-Dec,EEEE submitssubmitssubmitssubmits slightlyslightlyslightlyslightly revisedrevisedrevisedrevised paperpaperpaperpaper 7777 andandandand paperspaperspaperspapers 10101010 &&&&11.11.11.11.

Nov,Nov,Nov,Nov, SolovineSolovineSolovineSolovine leavesleavesleavesleavesBernBernBernBern forforforforUniv.Univ.Univ.Univ. ofofofof LyonLyonLyonLyon

1906190619061906 15151515 Jan,Jan,Jan,Jan, allallallall formalitiesformalitiesformalitiesformalities completed,completed,completed,completed, EEEE becomesbecomesbecomesbecomes aaaa Ph.D.Ph.D.Ph.D.Ph.D.

REFERENCEREFERENCEREFERENCEREFERENCE::::

https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...https://www.chem.purdue.edu/.../Herschba...

OROROROR

http://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBEhttp://www.google.bs/url?sa=t&rct=j&q=%22CHRONOLOGY%22%22ALBE

RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-RT+EINSTEIN%22+%221879-

1896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%21896%22&source=web&cd=1&cad=rja&ved=0CBoQFjAA&url=https%3A%2

F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%F%2Fwww.chem.purdue.edu%2Fcourses%2Fchm374%2FArticles%2520etc%

2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A2FHerschbach_Einstein_2005.pdf&ei=iO9mULeNCeWm0QWy6oD4Dg&usg=A

FQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSAFQjCNGUZDGAhsKUTel_dBwwuUYPIgyqSA



29

PARTPARTPARTPART 7777::::

USEFULUSEFULUSEFULUSEFULDEFINITIONS:DEFINITIONS:DEFINITIONS:DEFINITIONS:

(1)(1)(1)(1)

THERETHERETHERETHERE ISISISIS NONONONO INFINITYINFINITYINFINITYINFINITY ,,,, BUTBUTBUTBUTALLAH,ALLAH,ALLAH,ALLAH, ALLAHALLAHALLAHALLAH HASHASHASHAS NONONONOSTARTSTARTSTARTSTARTANDANDANDAND NONONONO

END,END,END,END, ALLAHALLAHALLAHALLAH CANCANCANCANNOTNOTNOTNOTCONTAINED.CONTAINED.CONTAINED.CONTAINED.

(2)(2)(2)(2)GEOMETRYGEOMETRYGEOMETRYGEOMETRY ISISISIS PHYSICS:PHYSICS:PHYSICS:PHYSICS:

GEOMETRYGEOMETRYGEOMETRYGEOMETRY:::: ISISISIS AAAA BRANCHBRANCHBRANCHBRANCHOOOOFFFFMATHEMATICSMATHEMATICSMATHEMATICSMATHEMATICSWITHWITHWITHWITHQUESTIONSQUESTIONSQUESTIONSQUESTIONSOFOFOFOF

SHAPE,SHAPE,SHAPE,SHAPE, SIZE,SIZE,SIZE,SIZE, RELATIVERELATIVERELATIVERELATIVE POSITIONPOSITIONPOSITIONPOSITIONOFOFOFOFFIGURES,FIGURES,FIGURES,FIGURES, ANDANDANDANDTHETHETHETHE

PROPERTIESPROPERTIESPROPERTIESPROPERTIES OFOFOFOF SPACE.SPACE.SPACE.SPACE.

(3)(3)(3)(3)KINDSKINDSKINDSKINDSOFOFOFOFGEOMETRYGEOMETRYGEOMETRYGEOMETRY::::

(1)(1)(1)(1) THETHETHETHEEUCLIDEANEUCLIDEANEUCLIDEANEUCLIDEANGEOMETRYGEOMETRYGEOMETRYGEOMETRY :::: CONSISTESCONSISTESCONSISTESCONSISTESOFOFOFOF TWOTWOTWOTWODIMENSIONSDIMENSIONSDIMENSIONSDIMENSIONS

X,Y:X,Y:X,Y:X,Y: AAAA PLANEPLANEPLANEPLANE ,,,, SOSOSOSOTHETHETHETHE RADIUSRADIUSRADIUSRADIUS OFOFOFOFIT'SIT'SIT'SIT'S CARVETURECARVETURECARVETURECARVETURE ISISISIS ((((∞∞∞∞)))) SOSOSOSOIT'SIT'SIT'SIT'S

CARVETURECARVETURECARVETURECARVETURE :::: RRRR =1/r^2=1/=1/r^2=1/=1/r^2=1/=1/r^2=1/∞∞∞∞^2=0^2=0^2=0^2=0

EUCLIDEANEUCLIDEANEUCLIDEANEUCLIDEANGEOMETRYGEOMETRYGEOMETRYGEOMETRY

R=0R=0R=0R=0
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(2)(2)(2)(2) SPHEREICALSPHEREICALSPHEREICALSPHEREICALGEOMETRY:GEOMETRY:GEOMETRY:GEOMETRY:

IT'SIT'SIT'SIT'S CARVETURE=CARVETURE=CARVETURE=CARVETURE=++++ VALUE,VALUE,VALUE,VALUE, 3D3D3D3D

IT'SIT'SIT'SIT'S COORDINATES:COORDINATES:COORDINATES:COORDINATES: ϴϴϴϴ,,,,øøøø,r,r,r,r ,,,, WHICHWHICHWHICHWHICH rrrr ISISISIS THETHETHETHE RADIUSRADIUSRADIUSRADIUSOFOFOFOFTHETHETHETHE SPHERESPHERESPHERESPHERE

R=+R=+R=+R=+
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(3)(3)(3)(3)HYPERBOLICHYPERBOLICHYPERBOLICHYPERBOLICGEOMETRY:GEOMETRY:GEOMETRY:GEOMETRY:

IT'SIT'SIT'SIT'S CARVETURECARVETURECARVETURECARVETURE (((( RRRR )=)=)=)= ---- VALUE,VALUE,VALUE,VALUE,

R=-R=-R=-R=-

(4)(4)(4)(4) MATTERMATTERMATTERMATTER ISISISIS CONSEDREDCONSEDREDCONSEDREDCONSEDREDASASASAS ENERGYENERGYENERGYENERGYSINCESINCESINCESINCE M=E/C^2,M=E/C^2,M=E/C^2,M=E/C^2,WHEREWHEREWHEREWHERE (M)(M)(M)(M)

THETHETHETHEMASSMASSMASSMASS ANDANDANDAND (E)(E)(E)(E) ISISISIS THETHETHETHEEQUEVALENTEQUEVALENTEQUEVALENTEQUEVALENTENERGYENERGYENERGYENERGYOFOFOFOF ITITITIT ,,,, ANDANDANDAND (((( CCCC )))) ISISISIS

THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFLIGHTLIGHTLIGHTLIGHT ININININ VACUUM.VACUUM.VACUUM.VACUUM.

(5)(5)(5)(5) THETHETHETHE SINGULARITYSINGULARITYSINGULARITYSINGULARITY :::: ISISISIS AAAA LOCATIONLOCATIONLOCATIONLOCATIONWHEREWHEREWHEREWHERETHETHETHETHEQUANTITIESQUANTITIESQUANTITIESQUANTITIES

AREAREAREAREUSEDUSEDUSEDUSEDTOTOTOTOMEASUREMEASUREMEASUREMEASURETHETHETHETHEGRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELDFIELDFIELDFIELDBECOMEBECOMEBECOMEBECOME

INFINITEINFINITEINFINITEINFINITE ININININ AAAAWAYWAYWAYWAY THATTHATTHATTHAT DOESDOESDOESDOES NOTNOTNOTNOTDEPENDDEPENDDEPENDDEPENDONONONONTHETHETHETHECOORDINATECOORDINATECOORDINATECOORDINATE

SYSTEM.SYSTEM.SYSTEM.SYSTEM.

SO,SO,SO,SO,WHENWHENWHENWHEN SOLVINGSOLVINGSOLVINGSOLVINGORORORORANALYSINGANALYSINGANALYSINGANALYSINGEQUATIONS;EQUATIONS;EQUATIONS;EQUATIONS; PHYSICISTPHYSICISTPHYSICISTPHYSICISTMAKEMAKEMAKEMAKE

AAAAWAYWAYWAYWAYTOTOTOTOAVOIDSAVOIDSAVOIDSAVOIDS THETHETHETHE SINGULARITYSINGULARITYSINGULARITYSINGULARITYPOINTS.POINTS.POINTS.POINTS.

(6)(6)(6)(6) THETHETHETHEWORLDWORLDWORLDWORLDLINE:LINE:LINE:LINE:THETHETHETHEWORLDWORLDWORLDWORLD LINELINELINELINEOFOFOFOFANANANANOBJECTOBJECTOBJECTOBJECT ISISISIS THETHETHETHE

UNIQUEUNIQUEUNIQUEUNIQUE PATHPATHPATHPATHOFOFOFOF THATTHATTHATTHAT OBJECTOBJECTOBJECTOBJECTASASASAS ITITITIT TRAVELSTRAVELSTRAVELSTRAVELS THROUGHTHROUGHTHROUGHTHROUGH 4-4-4-4-
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DIMENSIONALDIMENSIONALDIMENSIONALDIMENSIONAL SPACE-TIME.SPACE-TIME.SPACE-TIME.SPACE-TIME.

NOTE:NOTE:NOTE:NOTE: THETHETHETHEWORLDWORLDWORLDWORLDLINELINELINELINE DIFFEREDIFFEREDIFFEREDIFFEREFROMFROMFROMFROM"ORBIT""ORBIT""ORBIT""ORBIT" OROROROR

"TRAJECTORY""TRAJECTORY""TRAJECTORY""TRAJECTORY" BYBYBYBYTIMETIMETIMETIMEDIMENSION,DIMENSION,DIMENSION,DIMENSION, ANDANDANDANDTYPICALLYTYPICALLYTYPICALLYTYPICALLY

ENCOMPASSESENCOMPASSESENCOMPASSESENCOMPASSES AAAA LARGELARGELARGELARGEAREAAREAAREAAREAOFOFOFOF((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME)) WHEREINWHEREINWHEREINWHEREIN

PERCEPTUALLYPERCEPTUALLYPERCEPTUALLYPERCEPTUALLY STRAIGHTSTRAIGHTSTRAIGHTSTRAIGHT PATHSPATHSPATHSPATHSAREAREAREARERECALCULATEDRECALCULATEDRECALCULATEDRECALCULATEDTOTOTOTOSHOWSHOWSHOWSHOW

THEIRTHEIRTHEIRTHEIR (RELATIVELY)(RELATIVELY)(RELATIVELY)(RELATIVELY)MOREMOREMOREMOREABSOLUTEABSOLUTEABSOLUTEABSOLUTE POSITIONPOSITIONPOSITIONPOSITION STATESSTATESSTATESSTATESTOTOTOTO

REVEALREVEALREVEALREVEALTHETHETHETHENATURENATURENATURENATUREOFOFOFOFTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYOROROROR

GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL INTERACTIONS.INTERACTIONS.INTERACTIONS.INTERACTIONS. THETHETHETHE IDEAIDEAIDEAIDEAOFOFOFOFWORLDWORLDWORLDWORLDLINELINELINELINE

ORIGINATESORIGINATESORIGINATESORIGINATES ININININ PHYSICSPHYSICSPHYSICSPHYSICS ANDANDANDANDWASWASWASWAS PIONEEREDPIONEEREDPIONEEREDPIONEEREDBYBYBYBYMINKOWSKI.MINKOWSKI.MINKOWSKI.MINKOWSKI.

(7)(7)(7)(7) THETHETHETHE GEODESICGEODESICGEODESICGEODESIC ::::

AAAA GEODESICGEODESICGEODESICGEODESICGENERALIZESGENERALIZESGENERALIZESGENERALIZES THETHETHETHE NOTIONNOTIONNOTIONNOTIONOFOFOFOFAAAA "STRAIGHT"STRAIGHT"STRAIGHT"STRAIGHTLINE"LINE"LINE"LINE" TOTOTOTO

CURVEDCURVEDCURVEDCURVED ((SPACE-TIME)).((SPACE-TIME)).((SPACE-TIME)).((SPACE-TIME)).

IMPORTANTLY,IMPORTANTLY,IMPORTANTLY,IMPORTANTLY, THETHETHETHEWORLDWORLDWORLDWORLDLINELINELINELINEOFOFOFOFAAAA PARTICLEPARTICLEPARTICLEPARTICLE FREEFREEFREEFREEFROMFROMFROMFROMALLALLALLALL

EXTERNAL,EXTERNAL,EXTERNAL,EXTERNAL, NON-GRAVITATIONALNON-GRAVITATIONALNON-GRAVITATIONALNON-GRAVITATIONAL FORCE,FORCE,FORCE,FORCE, ISISISIS AAAA PARTICULARPARTICULARPARTICULARPARTICULAR TYPETYPETYPETYPE

OFOFOFOFGEODESIC.GEODESIC.GEODESIC.GEODESIC.

ININININ OTHEROTHEROTHEROTHERWORDS,WORDS,WORDS,WORDS, AAAA FREELYFREELYFREELYFREELYMOVINGMOVINGMOVINGMOVINGORORORORFALLINGFALLINGFALLINGFALLINGPARTICLEPARTICLEPARTICLEPARTICLE

ALWAYSALWAYSALWAYSALWAYSMOVESMOVESMOVESMOVESALONGALONGALONGALONG AAAA GEODESIC.GEODESIC.GEODESIC.GEODESIC.

ININININGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITY ,,,, GRAVITYGRAVITYGRAVITYGRAVITY CANCANCANCANBEBEBEBEREGARDEDREGARDEDREGARDEDREGARDEDASASASAS NOTNOTNOTNOTAAAA

FORCEFORCEFORCEFORCEBUTBUTBUTBUTAAAA CONSEQUENCECONSEQUENCECONSEQUENCECONSEQUENCEOFOFOFOFAAAA CURVEDCURVEDCURVEDCURVED ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))

GEOMETRYGEOMETRYGEOMETRYGEOMETRYWHEREWHEREWHEREWHERETHETHETHETHE SOURCESOURCESOURCESOURCEOFOFOFOFCURVATURECURVATURECURVATURECURVATURE ISISISIS THETHETHETHE STRESS-STRESS-STRESS-STRESS-

ENERGYENERGYENERGYENERGYTENSORTENSORTENSORTENSOR (REPRESENTING(REPRESENTING(REPRESENTING(REPRESENTINGMATTER,MATTER,MATTER,MATTER, FORFORFORFOR INSTANCE).THUS,INSTANCE).THUS,INSTANCE).THUS,INSTANCE).THUS,

FORFORFORFOREXAMPLE,EXAMPLE,EXAMPLE,EXAMPLE, THETHETHETHE PATHPATHPATHPATHOFOFOFOFAAAA PLANETPLANETPLANETPLANETORBITINGORBITINGORBITINGORBITINGAROUNDAROUNDAROUNDAROUNDAAAA STARSTARSTARSTAR

ISISISIS THETHETHETHE PROJECTIONPROJECTIONPROJECTIONPROJECTIONOFOFOFOFAAAA GEODESICGEODESICGEODESICGEODESIC OFOFOFOFTHETHETHETHECURVEDCURVEDCURVEDCURVED 4-4-4-4-
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DIMENSIONALDIMENSIONALDIMENSIONALDIMENSIONAL ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))GEOMETRYGEOMETRYGEOMETRYGEOMETRYAROUNDAROUNDAROUNDAROUNDTHETHETHETHE STARSTARSTARSTAR

ONTOONTOONTOONTO3-DIMENSIONAL3-DIMENSIONAL3-DIMENSIONAL3-DIMENSIONAL SPACE.SPACE.SPACE.SPACE.

(9)(9)(9)(9) THETHETHETHE SETSETSETSET :::: AAAA SETSETSETSET ISISISIS AAAA COLLECTIONCOLLECTIONCOLLECTIONCOLLECTIONOFOFOFOFWELLWELLWELLWELLDEFINEDDEFINEDDEFINEDDEFINEDANDANDANDAND

DISTINCTDISTINCTDISTINCTDISTINCTOBJECTS,OBJECTS,OBJECTS,OBJECTS, CONSIDEREDCONSIDEREDCONSIDEREDCONSIDEREDASASASAS ANANANAN OBJECTOBJECTOBJECTOBJECT ININININ ITSITSITSITS OWNOWNOWNOWN

RIGHT.SETSRIGHT.SETSRIGHT.SETSRIGHT.SETSAREAREAREAREONEONEONEONEOFOFOFOF THETHETHETHEMOSTMOSTMOSTMOST FUNDAMENTALFUNDAMENTALFUNDAMENTALFUNDAMENTALCONCEPTSCONCEPTSCONCEPTSCONCEPTS ININININ

MATHEMATICS.MATHEMATICS.MATHEMATICS.MATHEMATICS.



34



35

(THE(THE(THE(THEABSOLUTEABSOLUTEABSOLUTEABSOLUTECOMPLEMENTCOMPLEMENTCOMPLEMENTCOMPLEMENTOFOFOFOFAAAA ININININ U)U)U)U) WHEREWHEREWHEREWHEREUUUU ISISISIS AAAA UNIVERSEUNIVERSEUNIVERSEUNIVERSE
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(10)(10)(10)(10) VENNVENNVENNVENNDIAGRAMSDIAGRAMSDIAGRAMSDIAGRAMS :::: VENNVENNVENNVENNDIAGRAMSDIAGRAMSDIAGRAMSDIAGRAMSORORORORSETSETSETSETDIAGRAMSDIAGRAMSDIAGRAMSDIAGRAMSTHATTHATTHATTHAT

SHOWSHOWSHOWSHOWALLALLALLALL POSSIBLEPOSSIBLEPOSSIBLEPOSSIBLE LOGICALLOGICALLOGICALLOGICALRELATIONSRELATIONSRELATIONSRELATIONS BETWEENBETWEENBETWEENBETWEENAAAA FINITEFINITEFINITEFINITE

COLLECTIONCOLLECTIONCOLLECTIONCOLLECTIONOFOFOFOF SETSSETSSETSSETS (AGGREGATION(AGGREGATION(AGGREGATION(AGGREGATIONOFOFOFOF THING).THING).THING).THING). VENNVENNVENNVENNDIAGRAMSDIAGRAMSDIAGRAMSDIAGRAMS

WEREWEREWEREWERECONCEIVEDCONCEIVEDCONCEIVEDCONCEIVEDAROUNDAROUNDAROUNDAROUND 1880188018801880 BYBYBYBYJOHNJOHNJOHNJOHN VENN.VENN.VENN.VENN.

(11)(11)(11)(11) THETHETHETHEMETRICMETRICMETRICMETRIC SPACE:SPACE:SPACE:SPACE: ININININ MATHEMATICS,MATHEMATICS,MATHEMATICS,MATHEMATICS, AAAA METRICMETRICMETRICMETRIC SPACESPACESPACESPACE ISISISIS AAAA

SETSETSETSETWHEREWHEREWHEREWHEREAAAA NOTIONNOTIONNOTIONNOTIONOFOFOFOFDISTANCEDISTANCEDISTANCEDISTANCE ((CALLED((CALLED((CALLED((CALLED AAAAMETRIC))METRIC))METRIC))METRIC))

BETWEENBETWEENBETWEENBETWEENELEMENTSELEMENTSELEMENTSELEMENTSOFOFOFOFTHETHETHETHE SETSETSETSETDEFINED.DEFINED.DEFINED.DEFINED.
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(12)(12)(12)(12) THETHETHETHE HYPERBOLOIDHYPERBOLOIDHYPERBOLOIDHYPERBOLOIDMODEL:MODEL:MODEL:MODEL:

ININININGEOMETRYGEOMETRYGEOMETRYGEOMETRY ,,,, ITITITIT ISISISIS AAAAMODELMODELMODELMODELOFOFOFOFN-DIMENSIONALN-DIMENSIONALN-DIMENSIONALN-DIMENSIONALHYPERBOLICHYPERBOLICHYPERBOLICHYPERBOLIC

GEOMETRYGEOMETRYGEOMETRYGEOMETRY ININININ WICHWICHWICHWICHPOINTSPOINTSPOINTSPOINTSAREAREAREAREREPRESENTEDREPRESENTEDREPRESENTEDREPRESENTEDBYBYBYBYTHETHETHETHE POINTSPOINTSPOINTSPOINTSONONONON

THETHETHETHE FORWARDFORWARDFORWARDFORWARDSHEETSHEETSHEETSHEET S+S+S+S+OFOFOFOFAAAA TWO-SHEETEDTWO-SHEETEDTWO-SHEETEDTWO-SHEETEDHYPERBOLOIDHYPERBOLOIDHYPERBOLOIDHYPERBOLOID ININININ

(N+1)(N+1)(N+1)(N+1) DIMENSIONALDIMENSIONALDIMENSIONALDIMENSIONAL PLANESPLANESPLANESPLANESININININ MINKOWSKIMINKOWSKIMINKOWSKIMINKOWSKI SPACESPACESPACESPACEWITHWITHWITHWITHS+.S+.S+.S+.

IT'SIT'SIT'SIT'S ALSOALSOALSOALSONAMEDNAMEDNAMEDNAMED((THEMINKOESKI((THEMINKOESKI((THEMINKOESKI((THEMINKOESKIMODEL))MODEL))MODEL))MODEL)) OROROROR((LORENTZ((LORENTZ((LORENTZ((LORENTZ

MODEL)).MODEL)).MODEL)).MODEL)).

(13)(13)(13)(13) THETHETHETHE POINCAREPOINCAREPOINCAREPOINCAREDISKDISKDISKDISKMODELMODELMODELMODEL::::

ININININGEOMETRYGEOMETRYGEOMETRYGEOMETRY ,,,, ITITITIT ISISISIS AAAAMODELMODELMODELMODELOFOFOFOFN-DIMENSIONALN-DIMENSIONALN-DIMENSIONALN-DIMENSIONALHYPERBOLICHYPERBOLICHYPERBOLICHYPERBOLIC
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GEOMETRYGEOMETRYGEOMETRYGEOMETRY ININININWHICHWHICHWHICHWHICHTHETHETHETHE POINTSPOINTSPOINTSPOINTSOFOFOFOF THETHETHETHEGEOMETRYGEOMETRYGEOMETRYGEOMETRYAREAREAREARE ININININANANANAN

N-DIMENSIONALN-DIMENSIONALN-DIMENSIONALN-DIMENSIONALDISK,DISK,DISK,DISK, ORORORORUNITUNITUNITUNIT BALL,BALL,BALL,BALL, ANDANDANDANDTHETHETHETHE STRAIGHTSTRAIGHTSTRAIGHTSTRAIGHT LINESLINESLINESLINESOFOFOFOF

THETHETHETHEHYPERBOLICHYPERBOLICHYPERBOLICHYPERBOLICGEOMETRYGEOMETRYGEOMETRYGEOMETRYAREAREAREARE SEGMENTSSEGMENTSSEGMENTSSEGMENTSOFOFOFOFCIRCLESCIRCLESCIRCLESCIRCLES

CONTAINEDCONTAINEDCONTAINEDCONTAINED ININININ THETHETHETHEDISKORTHOGONALDISKORTHOGONALDISKORTHOGONALDISKORTHOGONALTOTOTOTOTHETHETHETHEBOUNDARYBOUNDARYBOUNDARYBOUNDARYOFOFOFOFTHETHETHETHE

DISK,DISK,DISK,DISK, ORORORORELSEELSEELSEELSEDIAMETERSDIAMETERSDIAMETERSDIAMETERSOFOFOFOF THETHETHETHEDISK.DISK.DISK.DISK.

(14)(14)(14)(14) SETSETSETSET THEORYTHEORYTHEORYTHEORY :::: ITITITIT ISISISIS AAAA BRANCHBRANCHBRANCHBRANCHOFOFOFOFMATHEMATICSMATHEMATICSMATHEMATICSMATHEMATICS THATTHATTHATTHAT STUDIESSTUDIESSTUDIESSTUDIES

SETS,SETS,SETS,SETS,WICHWICHWICHWICHAREAREAREARE COLLECTIONSCOLLECTIONSCOLLECTIONSCOLLECTIONSOFOFOFOFOBJECTS.OBJECTS.OBJECTS.OBJECTS. ALTHOUGHALTHOUGHALTHOUGHALTHOUGH ANYANYANYANYTYPETYPETYPETYPE

OFOFOFOFOBJECTOBJECTOBJECTOBJECTCANCANCANCANBEBEBEBECOLLECTEDCOLLECTEDCOLLECTEDCOLLECTEDINTOINTOINTOINTOAAAA SET,SET,SET,SET, SETSETSETSET THEORYTHEORYTHEORYTHEORY ISISISIS

APPLIEDAPPLIEDAPPLIEDAPPLIEDMOSTMOSTMOSTMOSTOFTENOFTENOFTENOFTENTOTOTOTOOBJECTSOBJECTSOBJECTSOBJECTS THATTHATTHATTHATAREAREAREARERELEVANTRELEVANTRELEVANTRELEVANT TOTOTOTO

MATHEMATICS.MATHEMATICS.MATHEMATICS.MATHEMATICS.THETHETHETHE LANGUAGELANGUAGELANGUAGELANGUAGEOFOFOFOF SETSETSETSET THEORYTHEORYTHEORYTHEORYCANCANCANCANBEBEBEBEUSEDUSEDUSEDUSEDININININ

THETHETHETHEDEFINITIONSDEFINITIONSDEFINITIONSDEFINITIONSOFOFOFOFNEARLYNEARLYNEARLYNEARLYALLALLALLALL MATHEMATICALMATHEMATICALMATHEMATICALMATHEMATICAL OBJECTS.OBJECTS.OBJECTS.OBJECTS.

THETHETHETHEMODERNMODERNMODERNMODERN STUDYSTUDYSTUDYSTUDYOFOFOFOFSETSETSETSET THEORYTHEORYTHEORYTHEORYWASWASWASWAS INITIATEDINITIATEDINITIATEDINITIATEDBYBYBYBYGEORGGEORGGEORGGEORG

CANTORCANTORCANTORCANTORANDANDANDANDRICHARDRICHARDRICHARDRICHARDDEDEKINDDEDEKINDDEDEKINDDEDEKIND ININININ THETHETHETHE 1870S.1870S.1870S.1870S.
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GEORGGEORGGEORGGEORGCANTORCANTORCANTORCANTOR

(15)(15)(15)(15) KINDSKINDSKINDSKINDSOFOFOFOFNUMBERS:NUMBERS:NUMBERS:NUMBERS:

(1)(1)(1)(1)REALREALREALREAL NUMBERS:NUMBERS:NUMBERS:NUMBERS: 0,1,2,-1,-2,0,1,2,-1,-2,0,1,2,-1,-2,0,1,2,-1,-2, ETC.ETC.ETC.ETC.

(2)(2)(2)(2) COMPLEXCOMPLEXCOMPLEXCOMPLEXNUMBERSNUMBERSNUMBERSNUMBERS :::: WHICHWHICHWHICHWHICHCONTAINSCONTAINSCONTAINSCONTAINS (-1)^(1/2).(-1)^(1/2).(-1)^(1/2).(-1)^(1/2).

(-1)^(1/2)(-1)^(1/2)(-1)^(1/2)(-1)^(1/2) REPRESENTEDREPRESENTEDREPRESENTEDREPRESENTEDBYBYBYBY(i).(i).(i).(i).

(16)(16)(16)(16) RIEMANNRIEMANNRIEMANNRIEMANN SPHERE:SPHERE:SPHERE:SPHERE: ININININ MATHEMATICS,MATHEMATICS,MATHEMATICS,MATHEMATICS, THETHETHETHERIEMANNRIEMANNRIEMANNRIEMANN SPHERESPHERESPHERESPHERE

(OR(OR(OR(OREXTENDEDEXTENDEDEXTENDEDEXTENDEDCOMPLEXCOMPLEXCOMPLEXCOMPLEXPLANE)PLANE)PLANE)PLANE) ,,,, NAMEDNAMEDNAMEDNAMEDAFTERAFTERAFTERAFTERTHETHETHETHE 19191919THTHTHTH

CENTURYCENTURYCENTURYCENTURYMATHEMATICIANMATHEMATICIANMATHEMATICIANMATHEMATICIAN BERNHARDBERNHARDBERNHARDBERNHARDRIEMAN,RIEMAN,RIEMAN,RIEMAN, ISISISIS THETHETHETHE SPHERESPHERESPHERESPHERE

OBTAINEDOBTAINEDOBTAINEDOBTAINEDFROMFROMFROMFROMTHETHETHETHECOMPLEXCOMPLEXCOMPLEXCOMPLEXPLANEPLANEPLANEPLANEBYBYBYBYADDINGADDINGADDINGADDINGAAAA POINTPOINTPOINTPOINTATATATAT

INFINITYINFINITYINFINITYINFINITY.... THETHETHETHE SPHERESPHERESPHERESPHERE ISISISIS THETHETHETHEGEOMETRICGEOMETRICGEOMETRICGEOMETRICREPRESENTATIONREPRESENTATIONREPRESENTATIONREPRESENTATIONOFOFOFOF

THETHETHETHEEXTENDEDEXTENDEDEXTENDEDEXTENDEDCOMPLEXCOMPLEXCOMPLEXCOMPLEXNUMBERSNUMBERSNUMBERSNUMBERS :::: CCCCUUUU {{{{∞∞∞∞},},},}, WHICHWHICHWHICHWHICHCONSISTCONSISTCONSISTCONSISTOFOFOFOF

THETHETHETHECOMPLEXCOMPLEXCOMPLEXCOMPLEXNUMBERSNUMBERSNUMBERSNUMBERS (((( CCCC )))) TOGETHERTOGETHERTOGETHERTOGETHERWITHWITHWITHWITHAAAA SYMBOLSYMBOLSYMBOLSYMBOL (((( ∞∞∞∞ )))) TOTOTOTO

REPRESENTREPRESENTREPRESENTREPRESENT INFINITY.INFINITY.INFINITY.INFINITY.

THETHETHETHEEXTENDEDEXTENDEDEXTENDEDEXTENDEDCOMPLEXCOMPLEXCOMPLEXCOMPLEXNUMBERSNUMBERSNUMBERSNUMBERSAREAREAREAREUSEFULUSEFULUSEFULUSEFUL ININININ COMPLEXCOMPLEXCOMPLEXCOMPLEX

ANALYSISANALYSISANALYSISANALYSIS BECAUSEBECAUSEBECAUSEBECAUSE THEYTHEYTHEYTHEYALLOWALLOWALLOWALLOW FORFORFORFORDIVISIONDIVISIONDIVISIONDIVISIONBYBYBYBYZEROZEROZEROZERO ININININ SOMESOMESOMESOME

CIRCUMSTANCES,CIRCUMSTANCES,CIRCUMSTANCES,CIRCUMSTANCES, ININININ AAAAWAYWAYWAYWAYTHATTHATTHATTHAT MAKESMAKESMAKESMAKES EXPRESSIONSEXPRESSIONSEXPRESSIONSEXPRESSIONSSUCHSUCHSUCHSUCHASASASAS

(1/0)=(1/0)=(1/0)=(1/0)= ∞∞∞∞,,,, ANDANDANDAND (1/(1/(1/(1/∞∞∞∞)=0,)=0,)=0,)=0, WELL-BEHAVED.WELL-BEHAVED.WELL-BEHAVED.WELL-BEHAVED.
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(17)(17)(17)(17) THETHETHETHE "EVENT""EVENT""EVENT""EVENT" ::::

BYBYBYBYCOMBININGCOMBININGCOMBININGCOMBININGTHETHETHETHETIME-ORDERINGTIME-ORDERINGTIME-ORDERINGTIME-ORDERINGANDANDANDAND SPACE-ORDERINGSPACE-ORDERINGSPACE-ORDERINGSPACE-ORDERINGOFOFOFOF

THETHETHETHEEVENTSEVENTSEVENTSEVENTSOFOFOFOFNATURENATURENATURENATURE INTOINTOINTOINTOAAAA SINGLESINGLESINGLESINGLEORDERORDERORDERORDER OFOFOFOFFOURFOURFOURFOUR

DIMENSIONS,DIMENSIONS,DIMENSIONS,DIMENSIONS,WEWEWEWESHALLSHALLSHALLSHALL NOTNOTNOTNOTONLYONLYONLYONLY OBTAINOBTAINOBTAINOBTAINGREATERGREATERGREATERGREATER SIMPLICITYSIMPLICITYSIMPLICITYSIMPLICITY

FORFORFORFORTHETHETHETHE PHENOMENAPHENOMENAPHENOMENAPHENOMENA ININININ WHICHWHICHWHICHWHICHTHETHETHETHE SEPARATIONSEPARATIONSEPARATIONSEPARATIONOFOFOFOF TIMETIMETIMETIMEANDANDANDAND

SPACESPACESPACESPACE ISISISIS IRRELEVANT,IRRELEVANT,IRRELEVANT,IRRELEVANT, BUTBUTBUTBUTWEWEWEWESHALLSHALLSHALLSHALL UNDERSTANDUNDERSTANDUNDERSTANDUNDERSTANDBETTERBETTERBETTERBETTERTHETHETHETHE

NATURENATURENATURENATUREOFOFOFOFTHETHETHETHE DIFFERENTIATIONDIFFERENTIATIONDIFFERENTIATIONDIFFERENTIATIONWHENWHENWHENWHEN ITITITIT ISISISIS

RELEVANT.RELEVANT.RELEVANT.RELEVANT.
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AAAA POINTPOINTPOINTPOINT ININININ THISTHISTHISTHIS SPACE-TIME,SPACE-TIME,SPACE-TIME,SPACE-TIME, THATTHATTHATTHAT ISISISIS TOTOTOTOSAYSAYSAYSAYAAAA GIVENGIVENGIVENGIVENINSTANTINSTANTINSTANTINSTANTATATATAT

AAAA GIVENGIVENGIVENGIVEN PLACE,PLACE,PLACE,PLACE, ISISISIS CALLEDCALLEDCALLEDCALLEDANANANAN "EVENT"."EVENT"."EVENT"."EVENT".

ANANANAN EVENTEVENTEVENTEVENT ININININ ITSITSITSITS CUSTOMARYCUSTOMARYCUSTOMARYCUSTOMARYMEANINGMEANINGMEANINGMEANINGWOULDWOULDWOULDWOULD BEBEBEBETHETHETHETHE PHYSICALPHYSICALPHYSICALPHYSICAL

HAPPENINGHAPPENINGHAPPENINGHAPPENINGWHICHWHICHWHICHWHICHOCCURSOCCURSOCCURSOCCURSATATATAT ANDANDANDAND IDENTIFIESIDENTIFIESIDENTIFIESIDENTIFIES AAAA PARTICULARPARTICULARPARTICULARPARTICULAR

PLACEPLACEPLACEPLACEANDANDANDANDTIME.TIME.TIME.TIME. HOWEVER,HOWEVER,HOWEVER,HOWEVER,WEWEWEWESHALLSHALLSHALLSHALL USEUSEUSEUSE THETHETHETHEWORDWORDWORDWORD ININININ BOTHBOTHBOTHBOTH

SENSES,SENSES,SENSES,SENSES, BECAUSEBECAUSEBECAUSEBECAUSE ITITITIT ISISISIS SCARCELYSCARCELYSCARCELYSCARCELYPOSSIBLEPOSSIBLEPOSSIBLEPOSSIBLE TOTOTOTOTHINKTHINKTHINKTHINKOFOFOFOFAAAA POINTPOINTPOINTPOINT

ININININ SPACE-TIMESPACE-TIMESPACE-TIMESPACE-TIMEWITHOUTWITHOUTWITHOUTWITHOUT IMAGININGIMAGININGIMAGININGIMAGINING SOMESOMESOMESOMEIDENTIFYINGIDENTIFYINGIDENTIFYINGIDENTIFYING

OCCURRENCE.OCCURRENCE.OCCURRENCE.OCCURRENCE.

THETHETHETHECOORDINATESCOORDINATESCOORDINATESCOORDINATESOFOFOFOF EVENTEVENTEVENTEVENT 1111 :::: (X1,Y1,Z1,t1)(X1,Y1,Z1,t1)(X1,Y1,Z1,t1)(X1,Y1,Z1,t1)

THETHETHETHECOORDINATESCOORDINATESCOORDINATESCOORDINATESOFOFOFOF EVENTEVENTEVENTEVENT 2222 :::: (X2,Y2,Z2,t2)(X2,Y2,Z2,t2)(X2,Y2,Z2,t2)(X2,Y2,Z2,t2)

(18)(18)(18)(18) THETHETHETHE "INTERVAL""INTERVAL""INTERVAL""INTERVAL" :::: THETHETHETHEEXTENSIONEXTENSIONEXTENSIONEXTENSIONININININ SPACESPACESPACESPACEANDANDANDANDTIMETIMETIMETIME

COMINEDCOMINEDCOMINEDCOMINED ISISISIS CALLEDCALLEDCALLEDCALLED THETHETHETHE "INTERVAL""INTERVAL""INTERVAL""INTERVAL" BETWEENBETWEENBETWEENBETWEEN 2THE2THE2THE2THETWOTWOTWOTWO

EVENTS;EVENTS;EVENTS;EVENTS; ITITITIT ISISISIS THETHETHETHE SAMESAMESAMESAMEFORFORFORFORALLALLALLALL OBSERVERS,OBSERVERS,OBSERVERS,OBSERVERS,HOWEVERHOWEVERHOWEVERHOWEVERTHEYTHEYTHEYTHEY

RESOLVERESOLVERESOLVERESOLVE ITITITIT INTOINTOINTOINTO SPACESPACESPACESPACEANDANDANDANDTIMETIMETIMETIMESEPARATLY.SEPARATLY.SEPARATLY.SEPARATLY.

(19)(19)(19)(19) THETHETHETHEDISTANCE:DISTANCE:DISTANCE:DISTANCE: ITITITIT ISISISIS GIVENGIVENGIVENGIVENBYBYBYBYFROMFROMFROMFROMGEOMETRYGEOMETRYGEOMETRYGEOMETRY ::::

S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2++++ (Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2 ++++ (Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2

WHEREWHEREWHEREWHERE (((( SSSS )))) ISISISIS THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEININININ 3D3D3D3D SPACE.SPACE.SPACE.SPACE.

(20)(20)(20)(20) THETHETHETHE GEOMETRYGEOMETRYGEOMETRYGEOMETRYOFOFOFOF SPACETIME:SPACETIME:SPACETIME:SPACETIME:

IT'SIT'SIT'SIT'S SEMI-EUCLIDEANSEMI-EUCLIDEANSEMI-EUCLIDEANSEMI-EUCLIDEAN OROROROR "HYPERBOLIC"."HYPERBOLIC"."HYPERBOLIC"."HYPERBOLIC".

THETHETHETHE TIMETIMETIMETIMEGEOMETRYGEOMETRYGEOMETRYGEOMETRY –––– THETHETHETHEEINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'STIMETIMETIMETIME :::: LIGHTLIGHTLIGHTLIGHTTIME-TIME-TIME-TIME- ISISISIS

HYPERBOLIC.HYPERBOLIC.HYPERBOLIC.HYPERBOLIC.
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(21)(21)(21)(21)ADDINGADDINGADDINGADDINGTHETHETHETHETIMETIMETIMETIMEASASASAS AAAA DIMENSIONDIMENSIONDIMENSIONDIMENSION ::::

THETHETHETHE SPACE-TIMESPACE-TIMESPACE-TIMESPACE-TIME ISISISIS NOTNOTNOTNOTEUCLIDEANEUCLIDEANEUCLIDEANEUCLIDEAN ;;;; ITITITIT DOESDOESDOESDOES ,,,, HOWEVER,HOWEVER,HOWEVER,HOWEVER,

CONFORMCONFORMCONFORMCONFORM (AT(AT(AT(AT LEASTLEASTLEASTLEASTAPPROXIMATELY)APPROXIMATELY)APPROXIMATELY)APPROXIMATELY) TOTOTOTOAAAA VERYVERYVERYVERYSIMPLESIMPLESIMPLESIMPLE

MODIFICATIONMODIFICATIONMODIFICATIONMODIFICATIONOFOFOFOFEUCLIDEANEUCLIDEANEUCLIDEANEUCLIDEANGEOMETRYGEOMETRYGEOMETRYGEOMETRY INDICATEDINDICATEDINDICATEDINDICATEDBYBYBYBYTHETHETHETHE

CORRECTEDCORRECTEDCORRECTEDCORRECTEDFORMULAFORMULAFORMULAFORMULA ::::

ININININ REALREALREALREALTIMETIMETIMETIME (t)(t)(t)(t) ::::

S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2 ++++ (Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2 ++++ (Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2 –––– (t2-t1)^2(t2-t1)^2(t2-t1)^2(t2-t1)^2

THETHETHETHE (((( SSSS )))) QUANTITY:QUANTITY:QUANTITY:QUANTITY: THETHETHETHE INTERVALINTERVALINTERVALINTERVAL BETWEENBETWEENBETWEENBETWEENTHETHETHETHETWOTWOTWOTWOEVENTS.EVENTS.EVENTS.EVENTS.

THETHETHETHEMINUSMINUSMINUSMINUS SIGNSIGNSIGNSIGN ISISISIS THETHETHETHE SECRETSECRETSECRETSECRETOFOFOFOFTHETHETHETHE DIFFERENCESDIFFERENCESDIFFERENCESDIFFERENCESOFOFOFOF THETHETHETHE

MANIFESTATIONSMANIFESTATIONSMANIFESTATIONSMANIFESTATIONSOFOFOFOF TIMETIMETIMETIMEANDANDANDAND SPACESPACESPACESPACE ININININ NATURE.NATURE.NATURE.NATURE.

(22)(22)(22)(22) REPRESENTATIONREPRESENTATIONREPRESENTATIONREPRESENTATIONOFOFOFOF TIME:TIME:TIME:TIME:

INSTEADINSTEADINSTEADINSTEADOFOFOFOFREALREALREALREAL TIMETIMETIMETIME tttt ;;;; CONSIDERCONSIDERCONSIDERCONSIDER IMAGINARYIMAGINARYIMAGINARYIMAGINARYTIMETIMETIMETIME ττττ;;;;

tttt ==== ττττ √√√√-1-1-1-1 ,,,, ττττ=ct/=ct/=ct/=ct/√√√√-1-1-1-1 (c=SPEED(c=SPEED(c=SPEED(c=SPEEDOFOFOFOFLIGHT)LIGHT)LIGHT)LIGHT)

(t2-t1)^2(t2-t1)^2(t2-t1)^2(t2-t1)^2 ==== -(-(-(-( ττττ2-2-2-2- ττττ1)^21)^21)^21)^2

SO;SO;SO;SO;

S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2S^2=(X2-X1)^2++++ (Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2(Y2-Y1)^2 ++++ (Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2(Z2-Z1)^2 ++++ ((((ττττ2-2-2-2- ττττ1)^21)^21)^21)^2
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EVERYTHINGEVERYTHINGEVERYTHINGEVERYTHING ISISISIS NOWNOWNOWNOWSYMMETRICALSYMMETRICALSYMMETRICALSYMMETRICALANDANDANDANDTHERETHERETHERETHERE ISISISIS NONONONO

DISTINCTIONDISTINCTIONDISTINCTIONDISTINCTIONBETWEENBETWEENBETWEENBETWEEN ττττ ANDANDANDAND THETHETHETHEOTHEROTHEROTHEROTHERVARIABLES.VARIABLES.VARIABLES.VARIABLES. THETHETHETHE

CONTINUUMCONTINUUMCONTINUUMCONTINUUM FORMEDFORMEDFORMEDFORMEDOFOFOFOFSPACESPACESPACESPACEANDANDANDAND IMAGINARYIMAGINARYIMAGINARYIMAGINARYTIMETIMETIMETIME ISISISIS

COMPLETELYCOMPLETELYCOMPLETELYCOMPLETELY ISOTROPICISOTROPICISOTROPICISOTROPIC FORFORFORFORALLALLALLALL MEASUREMENT;MEASUREMENT;MEASUREMENT;MEASUREMENT;NONONONODIRECTIONDIRECTIONDIRECTIONDIRECTION

CANCANCANCANBEBEBEBE PICKEDPICKEDPICKEDPICKEDOUTOUTOUTOUT ININININ ITITITIT ASASASAS FUNDAMENTALLYFUNDAMENTALLYFUNDAMENTALLYFUNDAMENTALLYDISTINCTDISTINCTDISTINCTDISTINCT FROMFROMFROMFROM

ANYANYANYANYOTHER.OTHER.OTHER.OTHER.

THETHETHETHEOBSERVER'SOBSERVER'SOBSERVER'SOBSERVER'S SEPARATIONSEPARATIONSEPARATIONSEPARATIONOFOFOFOF THISTHISTHISTHIS CONTINUUMCONTINUUMCONTINUUMCONTINUUM INTOINTOINTOINTO SPACESPACESPACESPACE

ANDANDANDANDTIMETIMETIMETIMECONSISTSCONSISTSCONSISTSCONSISTS ININININ SLICSLICSLICSLICTTTTINGINGINGING ITITITIT ININININ SOMESOMESOMESOMEDIRECTION,DIRECTION,DIRECTION,DIRECTION, VIZ.VIZ.VIZ.VIZ. THATTHATTHATTHAT

PERPENDICULARPERPENDICULARPERPENDICULARPERPENDICULARTOTOTOTOTHETHETHETHE PATHPATHPATHPATHALONGALONGALONGALONGWHICHWHICHWHICHWHICHHEHEHEHE ISISISIS HIMSELFHIMSELFHIMSELFHIMSELF

TRAVELLING.TRAVELLING.TRAVELLING.TRAVELLING. THETHETHETHE SECTIONSECTIONSECTIONSECTIONGIVESGIVESGIVESGIVES THREE-DIMENSIONALTHREE-DIMENSIONALTHREE-DIMENSIONALTHREE-DIMENSIONAL SPACESPACESPACESPACEATATATAT

SOMESOMESOMESOMEMOMENT,MOMENT,MOMENT,MOMENT,ANDANDANDANDTHETHETHETHE PERPENDICULARPERPENDICULARPERPENDICULARPERPENDICULAR DIMENSIONDIMENSIONDIMENSIONDIMENSION ISISISIS

((IMAGINARY))((IMAGINARY))((IMAGINARY))((IMAGINARY)) TIME.TIME.TIME.TIME.



44

SPACETIMESPACETIMESPACETIMESPACETIME ISISISIS THUSTHUSTHUSTHUS DIVIDEDDIVIDEDDIVIDEDDIVIDEDINTOINTOINTOINTOTHREETHREETHREETHREEZONESZONESZONESZONESWITHWITHWITHWITHRESPECTRESPECTRESPECTRESPECT

TOTOTOTOTHETHETHETHEEVENTEVENTEVENTEVENT (((( OOOO ).).).). U'OV'U'OV'U'OV'U'OV' BELONGSBELONGSBELONGSBELONGSTOTOTOTOTHETHETHETHE INDUBITABLEINDUBITABLEINDUBITABLEINDUBITABLE PAST.PAST.PAST.PAST. UUUU

OOOOVVVV ISISISIS THETHETHETHE INDUBITABLEINDUBITABLEINDUBITABLEINDUBITABLE FUTURE.FUTURE.FUTURE.FUTURE.

UOV'UOV'UOV'UOV' ANDANDANDAND VOU'VOU'VOU'VOU' AREAREAREARE ((ABSOLUTELY))((ABSOLUTELY))((ABSOLUTELY))((ABSOLUTELY)) NEITHERNEITHERNEITHERNEITHERPASTPASTPASTPASTNORNORNORNORFUTURE,FUTURE,FUTURE,FUTURE,

BUTBUTBUTBUT SIMPLYSIMPLYSIMPLYSIMPLY "ELSEWHERE"."ELSEWHERE"."ELSEWHERE"."ELSEWHERE".

(((( OOOO )))) ––––THETHETHETHEORIGION-ORIGION-ORIGION-ORIGION- REPRESENT'SREPRESENT'SREPRESENT'SREPRESENT'S THETHETHETHEEVENTEVENTEVENTEVENT ,,,, OBSERVER,OBSERVER,OBSERVER,OBSERVER, ANDANDANDAND

PRESENT.PRESENT.PRESENT.PRESENT.
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THETHETHETHE LIGHTLIGHTLIGHTLIGHT CONECONECONECONE ::::

lightlightlightlight coneconeconecone isisisis thethethethe pathpathpathpath thatthatthatthat aaaa flashflashflashflash ofofofof light,light,light,light, emanatingemanatingemanatingemanating fromfromfromfrom aaaa singlesinglesinglesingle eventeventeventevent

(localized(localized(localized(localized totototo aaaa singlesinglesinglesingle pointpointpointpoint inininin spacespacespacespace andandandand aaaa singlesinglesinglesingle momentmomentmomentmoment inininin time)time)time)time) andandandand travelingtravelingtravelingtraveling inininin

allallallall directions,directions,directions,directions, wouldwouldwouldwould taketaketaketake throughthroughthroughthrough spacetimespacetimespacetimespacetime.... IfIfIfIf wewewewe imagineimagineimagineimagine thethethethe lightlightlightlight confinedconfinedconfinedconfined totototo

aaaa two-dimensionaltwo-dimensionaltwo-dimensionaltwo-dimensional plane,plane,plane,plane, thethethethe lightlightlightlight fromfromfromfrom thethethethe flashflashflashflash spreadsspreadsspreadsspreads outoutoutout inininin aaaa circlecirclecirclecircle afterafterafterafter thethethethe

eventeventeventevent EEEE occurs,occurs,occurs,occurs, andandandand ifififif wewewewe graphgraphgraphgraph thethethethe growinggrowinggrowinggrowing circlecirclecirclecirclewithwithwithwith thethethethe verticalverticalverticalvertical axisaxisaxisaxis ofofofof thethethethe

graphgraphgraphgraph representingrepresentingrepresentingrepresenting time,time,time,time, thethethethe resultresultresultresult isisisis aaaa coneconeconecone,,,, knownknownknownknown asasasas thethethethe futurefuturefuturefuture lightlightlightlight cone.cone.cone.cone. TheTheTheThe

pastpastpastpast lightlightlightlight coneconeconecone behavesbehavesbehavesbehaves likelikelikelike thethethethe futurefuturefuturefuture lightlightlightlight coneconeconecone inininin reverse,reverse,reverse,reverse, aaaa circlecirclecirclecircle whichwhichwhichwhich

contractscontractscontractscontracts inininin radiusradiusradiusradius atatatat thethethethe speedspeedspeedspeed ofofofof lightlightlightlight untiluntiluntiluntil itititit convergesconvergesconvergesconverges totototo aaaa pointpointpointpoint atatatat thethethethe exactexactexactexact

positionpositionpositionposition andandandand timetimetimetime ofofofof thethethethe eventeventeventevent (((( OOOO ).).).). InInInIn reality,reality,reality,reality, theretheretherethere areareareare threethreethreethree spacespacespacespace dimensionsdimensionsdimensionsdimensions,,,,

sosososo thethethethe lightlightlightlight wouldwouldwouldwould actuallyactuallyactuallyactually formformformform anananan expandingexpandingexpandingexpanding orororor contractingcontractingcontractingcontracting spherespherespheresphere inininin 3D3D3D3Dspacespacespacespace

ratherratherratherrather thanthanthanthan aaaa circlecirclecirclecircle inininin 2D,2D,2D,2D, andandandand thethethethe lightlightlightlight coneconeconecone wouldwouldwouldwould actuallyactuallyactuallyactually bebebebe aaaa four-four-four-four-

dimensionaldimensionaldimensionaldimensional versionversionversionversion ofofofof aaaa coneconeconecone whosewhosewhosewhoseCROSS-SECTIONSCROSS-SECTIONSCROSS-SECTIONSCROSS-SECTIONS formformformform 3D3D3D3D spheresspheresspheresspheres

(analogous(analogous(analogous(analogous totototo aaaa normalnormalnormalnormal three-dimensionalthree-dimensionalthree-dimensionalthree-dimensional coneconeconecone whosewhosewhosewhose cross-sectionscross-sectionscross-sectionscross-sections formformformform 2D2D2D2D

http://en.wikipedia.org/wiki/Event_(relativity)
http://en.wikipedia.org/wiki/Spacetime
http://en.wikipedia.org/wiki/Cone_(geometry)
http://en.wikipedia.org/wiki/Dimension_(vector_space)
http://en.wikipedia.org/wiki/Hypercone
http://en.wikipedia.org/wiki/Hypercone
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circles),circles),circles),circles), butbutbutbut thethethethe conceptconceptconceptconcept isisisis easiereasiereasiereasier totototo visualizevisualizevisualizevisualize withwithwithwith thethethethe numbernumbernumbernumber ofofofof spatialspatialspatialspatial

dimensionsdimensionsdimensionsdimensions reducedreducedreducedreduced fromfromfromfrom threethreethreethree totototo two.two.two.two.

BecauseBecauseBecauseBecause signalssignalssignalssignals andandandand otherotherotherother causalcausalcausalcausal influencesinfluencesinfluencesinfluences cannotcannotcannotcannot traveltraveltraveltravel fasterfasterfasterfaster thanthanthanthan light,light,light,light,

TheTheTheThe lightlightlightlight coneconeconecone playsplaysplaysplays anananan essentialessentialessentialessential rolerolerolerole inininin definingdefiningdefiningdefining thethethethe conceptconceptconceptconcept ofofofof causalitycausalitycausalitycausality forforforfor aaaa

givengivengivengiven eventeventeventevent (((( OOOO ),),),), thethethethe setsetsetset ofofofof eventseventseventsevents thatthatthatthat lielielielie onononon orororor insideinsideinsideinside thethethethe pastpastpastpast lightlightlightlight coneconeconecone ofofofof (((( OOOO ))))

wouldwouldwouldwould alsoalsoalsoalso bebebebe thethethethe setsetsetset ofofofof allallallall eventseventseventsevents thatthatthatthat couldcouldcouldcould sendsendsendsend aaaa signalsignalsignalsignal thatthatthatthat wouldwouldwouldwould havehavehavehave timetimetimetime

totototo reachreachreachreach (((( O)O)O)O) andandandand influenceinfluenceinfluenceinfluence itititit inininin somesomesomesome way.way.way.way. ForForForFor example,example,example,example, atatatat aaaa timetimetimetime tentententen yearsyearsyearsyears

beforebeforebeforebefore (((( OOOO )))) ,,,, ifififif wewewewe considerconsiderconsiderconsider thethethethe setsetsetset ofofofof allallallall eventseventseventsevents inininin thethethethe pastpastpastpast lightlightlightlight coneconeconecone ofofofof (((( OOOO ))))

whichwhichwhichwhich occuroccuroccuroccur atatatat thatthatthatthat time,time,time,time, thethethethe resultresultresultresult wouldwouldwouldwould bebebebe aaaa spherespherespheresphere (2D:(2D:(2D:(2D: disk)disk)disk)disk)withwithwithwith aaaa radiusradiusradiusradius ofofofof

tentententen light-yearslight-yearslight-yearslight-years centeredcenteredcenteredcentered onononon thethethethe futurefuturefuturefuture positionpositionpositionposition (((( OOOO )))) willwillwillwill occur.occur.occur.occur. So,So,So,So, anyanyanyany pointpointpointpoint onononon

orororor insideinsideinsideinside thethethethe spherespherespheresphere couldcouldcouldcould sendsendsendsend aaaa signalsignalsignalsignalmovingmovingmovingmoving atatatat thethethethe speedspeedspeedspeed ofofofof lightlightlightlight orororor slowerslowerslowerslower

thatthatthatthatwouldwouldwouldwould havehavehavehave timetimetimetime totototo influenceinfluenceinfluenceinfluence thethethethe eventeventeventevent (((( OOOO ),),),), whilewhilewhilewhile pointspointspointspoints outsideoutsideoutsideoutside thethethethe spherespherespheresphere

atatatat thatthatthatthat momentmomentmomentmoment wouldwouldwouldwould notnotnotnot bebebebe ableableableable totototo havehavehavehave anyanyanyany causalcausalcausalcausal influenceinfluenceinfluenceinfluence onononon (((( OOOO ).).).).

Likewise,Likewise,Likewise,Likewise, thethethethe setsetsetset ofofofof eventseventseventsevents thatthatthatthat lielielielie ononononorororor insideinsideinsideinside thethethethe futurefuturefuturefuture lightlightlightlight coneconeconecone ofofofof (((( OOOO ))))

wouldwouldwouldwould alsoalsoalsoalso bebebebe thethethethe setsetsetset ofofofof eventseventseventsevents thatthatthatthat couldcouldcouldcould receivereceivereceivereceive aaaa signalsignalsignalsignal sentsentsentsent outoutoutout fromfromfromfrom thethethethe

positionpositionpositionposition andandandand timetimetimetime ofofofof (((( OOOO ),),),), sosososo thethethethe futurefuturefuturefuture lightlightlightlight coneconeconecone containscontainscontainscontains allallallall thethethethe eventseventseventsevents thatthatthatthat

couldcouldcouldcould potentiallypotentiallypotentiallypotentially bebebebe causallycausallycausallycausally influencedinfluencedinfluencedinfluencedbybybyby (((( OOOO ).).).). EventsEventsEventsEvents whichwhichwhichwhich lielielielie neitherneitherneitherneither inininin thethethethe

pastpastpastpast orororor futurefuturefuturefuture lightlightlightlight coneconeconecone ofofofof (((( OOOO )))) cannotcannotcannotcannot influenceinfluenceinfluenceinfluence orororor bebebebe influencedinfluencedinfluencedinfluenced bybybyby (((( OOOO )))) inininin

relativity.relativity.relativity.relativity.

THETHETHETHECAUSALITY:CAUSALITY:CAUSALITY:CAUSALITY:

2Causality2Causality2Causality2Causality ––––causation- isisisis thethethethe relationshiprelationshiprelationshiprelationship betweenbetweenbetweenbetween anananan eventeventeventevent (the(the(the(the causecausecausecause)))) andandandand aaaa

secondsecondsecondsecond eventeventeventevent (the(the(the(the effecteffecteffecteffect),),),), wherewherewherewhere thethethethe secondsecondsecondsecond eventeventeventevent isisisis understoodunderstoodunderstoodunderstood asasasas aaaa consequenceconsequenceconsequenceconsequence

ofofofof thethethethe first.first.first.first.

http://en.wikipedia.org/wiki/Causality
http://en.wikipedia.org/wiki/Event_(philosophy)
http://en.wikipedia.org/wiki/Result
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THETHETHETHEEVENTSEVENTSEVENTSEVENTS (((( OOOO )))) ANDANDANDAND (((( P')P')P')P') CANCANCANCAN NOTNOTNOTNOTHAPPENHAPPENHAPPENHAPPENTOTOTOTOTHETHETHETHE SAMESAMESAMESAME

PARTICLE;PARTICLE;PARTICLE;PARTICLE;ANDANDANDANDNONONONOOBSERVEROBSERVEROBSERVEROBSERVER COULDCOULDCOULDCOULD REGARDREGARDREGARDREGARDTHEMTHEMTHEMTHEMASASASAS

HAPPENINGHAPPENINGHAPPENINGHAPPENINGATATATAT THETHETHETHE SAMESAMESAMESAMEPLACE.PLACE.PLACE.PLACE. NOTENOTENOTENOTETHATTHATTHATTHATTHETHETHETHETIMETIMETIMETIMEAXISAXISAXISAXIS IT'SIT'SIT'SIT'S

FORFORFORFORTIMETIMETIMETIMENOTNOTNOTNOTTIMETIMETIMETIME SQUARED.SQUARED.SQUARED.SQUARED.

ININININ THETHETHETHEEINSTIEN'SEINSTIEN'SEINSTIEN'SEINSTIEN'S TIMETIMETIMETIME (:(:(:(: LIGHTLIGHTLIGHTLIGHT TIME:TIME:TIME:TIME: ININININ ITITITIT THETHETHETHETIMETIMETIMETIMEMEASUREDMEASUREDMEASUREDMEASURED

BYBYBYBYLIGHTLIGHTLIGHTLIGHT ASASASAS ININININ THETHETHETHEABOVEABOVEABOVEABOVEDIAGRAMS)DIAGRAMS)DIAGRAMS)DIAGRAMS) ::::

SIMULTANEITYSIMULTANEITYSIMULTANEITYSIMULTANEITYOFOFOFOF EVENTSEVENTSEVENTSEVENTSATATATAT DIFFERENTDIFFERENTDIFFERENTDIFFERENT PLACESPLACESPLACESPLACESHASHASHASHAS NONONONO

ABSOLUTEABSOLUTEABSOLUTEABSOLUTEMEANING.MEANING.MEANING.MEANING.
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THETHETHETHEDENIALDENIALDENIALDENIALOFOFOFOFABSOLUTEABSOLUTEABSOLUTEABSOLUTE SIMULTANEITYSIMULTANEITYSIMULTANEITYSIMULTANEITY ISISISIS AAAA NATURALNATURALNATURALNATURAL

COMPLEMENTCOMPLEMENTCOMPLEMENTCOMPLEMENTTOTOTOTOTHETHETHETHEDENAILDENAILDENAILDENAILOFOFOFOFABSOLUTEABSOLUTEABSOLUTEABSOLUTEMOTION.MOTION.MOTION.MOTION. THETHETHETHE

LATTERLATTERLATTERLATTERASSETSASSETSASSETSASSETSTHATTHATTHATTHATWEWEWEWECANCANCANCANNOTNOTNOTNOT FINDFINDFINDFINDOUTOUTOUTOUTWHATWHATWHATWHAT ISISISIS THETHETHETHE SAMESAMESAMESAME

PLACEPLACEPLACEPLACEATATATAT TWOTWOTWOTWODIFFERENTDIFFERENTDIFFERENTDIFFERENTTIMES-ACCORDINGTIMES-ACCORDINGTIMES-ACCORDINGTIMES-ACCORDINGTOTOTOTOTHETHETHETHE

LIGHT(LIGHT(LIGHT(LIGHT( BECAUSEBECAUSEBECAUSEBECAUSEWEWEWEWESTUDYSTUDYSTUDYSTUDYNOWNOWNOWNOWTHETHETHETHE TIMETIMETIMETIMEASASASAS ITITITIT THETHETHETHETIMETIMETIMETIMEOFOFOFOF

EINSTEIN:THEEINSTEIN:THEEINSTEIN:THEEINSTEIN:THETIMETIMETIMETIMEOFOFOFOFLIGHT)-;LIGHT)-;LIGHT)-;LIGHT)-; THETHETHETHE FORMERFORMERFORMERFORMER THATTHATTHATTHATWEWEWEWECANNOTCANNOTCANNOTCANNOT

FINDFINDFINDFINDOUTOUTOUTOUTWHATWHATWHATWHAT ISISISIS THETHETHETHE SAMESAMESAMESAMETIMETIMETIMETIMEATATATAT TWOTWOTWOTWODIFFERENTDIFFERENTDIFFERENTDIFFERENT PLACES-PLACES-PLACES-PLACES-

ACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHELIGHT-.LIGHT-.LIGHT-.LIGHT-.

ττττ̂ 2=-C^2^2=-C^2^2=-C^2^2=-C^2 (t)^2(t)^2(t)^2(t)^2 ,,,, ANDANDANDAND

ττττ=C=C=C=C (t)(t)(t)(t) √√√√(-1)(-1)(-1)(-1) ....
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FORFORFORFOR THETHETHETHEABOVEABOVEABOVEABOVE FIGUREFIGUREFIGUREFIGURE ::::

CONSIDERCONSIDERCONSIDERCONSIDERNOWNOWNOWNOWALLALLALLALL THETHETHETHEEVENTSEVENTSEVENTSEVENTSWHICHWHICHWHICHWHICHAREAREAREAREATATATATANANANAN INTERVALINTERVALINTERVALINTERVALOFOFOFOF

ONEONEONEONEUNITUNITUNITUNIT FROMFROMFROMFROM (((( OOOO ),),),), ACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHEDEFINITIONDEFINITIONDEFINITIONDEFINITIONOFOFOFOFTHETHETHETHE

INTERVALINTERVALINTERVALINTERVAL (((( SSSS ))))

S^2=S^2=S^2=S^2= -(X2-X1)^2-(Y2-Y1)^2-(Z2-Z1)^2+(t2-t1)^2-(X2-X1)^2-(Y2-Y1)^2-(Z2-Z1)^2+(t2-t1)^2-(X2-X1)^2-(Y2-Y1)^2-(Z2-Z1)^2+(t2-t1)^2-(X2-X1)^2-(Y2-Y1)^2-(Z2-Z1)^2+(t2-t1)^2

WEWEWEWE HAVEHAVEHAVEHAVE CHANGEDCHANGEDCHANGEDCHANGEDTHETHETHETHE SIGNSIGNSIGNSIGNOFOFOFOF S^2,S^2,S^2,S^2, BECAUSEBECAUSEBECAUSEBECAUSEUSUALLYUSUALLYUSUALLYUSUALLY (THOUGH(THOUGH(THOUGH(THOUGH

NOTNOTNOTNOTALWAYS)ALWAYS)ALWAYS)ALWAYS) THETHETHETHE ORIGINALORIGINALORIGINALORIGINAL (((( S^2S^2S^2S^2 )))) WOULDWOULDWOULDWOULD HAVEHAVEHAVEHAVE COMECOMECOMECOMETOTOTOTO

NEGATIVE.NEGATIVE.NEGATIVE.NEGATIVE. ININININ EUCLIDEANEUCLIDEANEUCLIDEANEUCLIDEAN SPACESPACESPACESPACEPOINTPOINTPOINTPOINTDISTANTDISTANTDISTANTDISTANTAAAA UNITUNITUNITUNIT INTERVALINTERVALINTERVALINTERVAL

LIELIELIELIEONONONONAAAA CIRCLE;CIRCLE;CIRCLE;CIRCLE; BUT,BUT,BUT,BUT,OWINGOWINGOWINGOWING TOTOTOTOTHETHETHETHECHANGECHANGECHANGECHANGE ININININGEOMETRYGEOMETRYGEOMETRYGEOMETRYDUEDUEDUEDUE

TOTOTOTOTHETHETHETHEALTEREDALTEREDALTEREDALTERED SIGNSIGNSIGNSIGNOFOFOFOF(t2-t1)^2,(t2-t1)^2,(t2-t1)^2,(t2-t1)^2, THEYTHEYTHEYTHEYNOWNOWNOWNOWLIELIELIELIE ONONONONAAAA

RECTANGULARRECTANGULARRECTANGULARRECTANGULARHYPERBOLAHYPERBOLAHYPERBOLAHYPERBOLAWITHWITHWITHWITHTWOTWOTWOTWOBRANCHESBRANCHESBRANCHESBRANCHES KLM,KLM,KLM,KLM, K'L'M'K'L'M'K'L'M'K'L'M'....
SINCESINCESINCESINCETHETHETHETHE INTERVALINTERVALINTERVALINTERVAL ISISISIS ANANANAN ABSOLUTEABSOLUTEABSOLUTEABSOLUTEQUANTITY,QUANTITY,QUANTITY,QUANTITY, ALLALLALLALL OBSERVERSOBSERVERSOBSERVERSOBSERVERS
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WILLWILLWILLWILLAGREEAGREEAGREEAGREETHATTHATTHATTHAT THESETHESETHESETHESE POINTSPOINTSPOINTSPOINTS AREAREAREAREATATATATUNITUNITUNITUNIT INTERVALINTERVALINTERVALINTERVAL FROMFROMFROMFROM

(O(O(O(O ).).).).

NOWNOWNOWNOWMAKEMAKEMAKEMAKE THETHETHETHE FOLLOWINGFOLLOWINGFOLLOWINGFOLLOWINGCONSTRUCTION:-CONSTRUCTION:-CONSTRUCTION:-CONSTRUCTION:- DRAWDRAWDRAWDRAW AAAA STRAIGHTSTRAIGHTSTRAIGHTSTRAIGHT

LINELINELINELINE OFT1OFT1OFT1OFT1 ,,,, TOTOTOTOMEETMEETMEETMEETTHETHETHETHEHYPERBOLAHYPERBOLAHYPERBOLAHYPERBOLA ININININ FFFF ;;;; DRAWDRAWDRAWDRAW THETHETHETHETANGENTTANGENTTANGENTTANGENT

FGFGFGFG ATATATATFFFF,,,, MEETINGMEETINGMEETINGMEETINGTHETHETHETHELIGHT-LINELIGHT-LINELIGHT-LINELIGHT-LINE U'OUU'OUU'OUU'OU ININININ GGGG;;;; COPLETECOPLETECOPLETECOPLETETHETHETHETHE

PARALLELOGRAMPARALLELOGRAMPARALLELOGRAMPARALLELOGRAM OFGHOFGHOFGHOFGH;;;; PRODUCEPRODUCEPRODUCEPRODUCE OHOHOHOH TOTOTOTOX1X1X1X1.... WEWEWEWENOWNOWNOWNOWASSERTASSERTASSERTASSERT

THATTHATTHATTHATANANANAN OBSERVEROBSERVEROBSERVEROBSERVER S1S1S1S1 WHOWHOWHOWHOCHOOSESCHOOSESCHOOSESCHOOSES OT1OT1OT1OT1 FORFORFORFORTHISTHISTHISTHIS TIME-TIME-TIME-TIME-

DIRECTIONDIRECTIONDIRECTIONDIRECTIONWILLWILLWILLWILL REGARDREGARDREGARDREGARDOX1OX1OX1OX1 ASASASASHISHISHISHIS SPACESPACESPACESPACEDIRECTIONDIRECTIONDIRECTIONDIRECTIONANDANDANDANDWILLWILLWILLWILL

CONSIDERCONSIDERCONSIDERCONSIDER OFOFOFOF ANDANDANDAND OHOHOHOH TOTOTOTOBEBEBEBETHETHETHETHEUNITSUNITSUNITSUNITSOFOFOFOF TIMETIMETIMETIMEANDANDANDAND SPACE.SPACE.SPACE.SPACE.

(23)(23)(23)(23) ISISISIS THERETHERETHERETHERENONONONOTIME:TIME:TIME:TIME:

THETHETHETHE FACTFACTFACTFACTTHATTHATTHATTHAT EVENTSEVENTSEVENTSEVENTSTAKETAKETAKETAKE PLACEPLACEPLACEPLACE "IN"IN"IN"INNONONONOTIME"TIME"TIME"TIME" ISISISIS USUALLYUSUALLYUSUALLYUSUALLY

EXPLAINEDEXPLAINEDEXPLAINEDEXPLAINEDBYBYBYBY SAYINGSAYINGSAYINGSAYINGTHATTHATTHATTHAT THETHETHETHE INERTIAINERTIAINERTIAINERTIAOFOFOFOFANYANYANYANYPARTICLEPARTICLEPARTICLEPARTICLE

MOVINGMOVINGMOVINGMOVINGWITHWITHWITHWITHTHETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITYOFOFOFOF LIGHTLIGHTLIGHTLIGHTBECOMESBECOMESBECOMESBECOMES INFINITEINFINITEINFINITEINFINITE

ACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTO

M=MO/M=MO/M=MO/M=MO/ (1-V^2/C^2)^(1/2)(1-V^2/C^2)^(1/2)(1-V^2/C^2)^(1/2)(1-V^2/C^2)^(1/2) SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF

EINSTEINEINSTEINEINSTEINEINSTEINOFOFOFOFMASSMASSMASSMASS

SOSOSOSOTHATTHATTHATTHAT ALLALLALLALL MOLECULARMOLECULARMOLECULARMOLECULAR PROCESSESPROCESSESPROCESSESPROCESSES ININININ THETHETHETHEOBSERVEROBSERVEROBSERVEROBSERVERMUSTMUSTMUSTMUST

STOP.STOP.STOP.STOP.

(24)(24)(24)(24) THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHT:LIGHT:LIGHT:LIGHT:

THETHETHETHECHIEFCHIEFCHIEFCHIEFIMPORTANCEIMPORTANCEIMPORTANCEIMPORTANCEOFOFOFOFTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHTLIGHTLIGHTLIGHT ININININVACUUMVACUUMVACUUMVACUUM ISISISIS

THATTHATTHATTHATNONONONOMATERIALMATERIALMATERIALMATERIAL BODYBODYBODYBODYCANCANCANCANEXCEEDEXCEEDEXCEEDEXCEEDTHISTHISTHISTHIS SPEED.SPEED.SPEED.SPEED.
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C=299792458C=299792458C=299792458C=299792458METERS/SECOND.METERS/SECOND.METERS/SECOND.METERS/SECOND.

(25)(25)(25)(25) THETHETHETHE FACTORFACTORFACTORFACTOR γ ====(1-(V^2/C^2))^(1/2):(1-(V^2/C^2))^(1/2):(1-(V^2/C^2))^(1/2):(1-(V^2/C^2))^(1/2):

WHEREWHEREWHEREWHEREV=V=V=V= THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFAAAAMATERIALMATERIALMATERIALMATERIAL BODYBODYBODYBODY

C=THEC=THEC=THEC=THE SPEEDSPEEDSPEEDSPEEDOFOFOFOFLIGHTLIGHTLIGHTLIGHT ININININVACUUM,VACUUM,VACUUM,VACUUM,

M=MO/M=MO/M=MO/M=MO/ γ ,,,,

T=TOT=TOT=TOT=TO γ ,

L=LOL=LOL=LOL=LO γ .

THETHETHETHEABOVEABOVEABOVEABOVETHREETHREETHREETHREEEQUATIONSEQUATIONSEQUATIONSEQUATIONSAREAREAREARETHETHETHETHE SPECIALSPECIALSPECIALSPECIALRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF

EINSTEINEINSTEINEINSTEINEINSTEINEQUATIONS,EQUATIONS,EQUATIONS,EQUATIONS,

MO=RESTMO=RESTMO=RESTMO=RESTMASSMASSMASSMASS ,,,, M=M(V),M=M(V),M=M(V),M=M(V),

TO=TO=TO=TO=RESTRESTRESTRESTTIMETIMETIMETIME ,,,, TIMETIMETIMETIMEACCORDENCEACCORDENCEACCORDENCEACCORDENCEWITHWITHWITHWITHV=0,V=0,V=0,V=0,

T=T(V),T=T(V),T=T(V),T=T(V),

LO=THELO=THELO=THELO=THERESTRESTRESTREST LENGTHLENGTHLENGTHLENGTH,,,, L=L(V),L=L(V),L=L(V),L=L(V),

ASASASAS (V)(V)(V)(V) INCREASESINCREASESINCREASESINCREASES ,,,, GAMMAGAMMAGAMMAGAMMADECREASES,DECREASES,DECREASES,DECREASES,MMMM INCREASES,INCREASES,INCREASES,INCREASES, TTTT

DECREASES,DECREASES,DECREASES,DECREASES, ANDANDANDANDLENGTHLENGTHLENGTHLENGTH LLLL DECREASESDECREASESDECREASESDECREASES

WEWEWEWESEESEESEESEEABOVEABOVEABOVEABOVETHATTHATTHATTHAT THETHETHETHE FACTORFACTORFACTORFACTORGIVINGGIVINGGIVINGGIVING THETHETHETHE INCREASEINCREASEINCREASEINCREASEOFOFOFOFMASSMASSMASSMASS

WITHWITHWITHWITH IT'SIT'SIT'SIT'S SPEEDSPEEDSPEEDSPEED ISISISIS THETHETHETHE SAMESAMESAMESAMEASASASAS THATTHATTHATTHAT THATTHATTHATTHAT AFFECTSAFFECTSAFFECTSAFFECTSLENGTHLENGTHLENGTHLENGTH

ANDANDANDANDTIME.TIME.TIME.TIME.

THUSTHUSTHUSTHUS IFIFIFIF AAAA RODRODRODRODMOVESMOVESMOVESMOVES ATATATAT SUCHSUCHSUCHSUCHAAAA SPEEDSPEEDSPEEDSPEEDTHATTHATTHATTHAT IT'SIT'SIT'SIT'S LENGTHLENGTHLENGTHLENGTH ISISISIS

HALVED,HALVED,HALVED,HALVED, IT'SIT'SIT'SIT'SMASSMASSMASSMASSWILLWILLWILLWILL BEBEBEBEDOUBLED.DOUBLED.DOUBLED.DOUBLED. IT'SIT'SIT'SIT'S DENSITYDENSITYDENSITYDENSITYWILLWILLWILLWILLBEBEBEBE

INCREASEDINCREASEDINCREASEDINCREASEDFOUR-FOLD,FOUR-FOLD,FOUR-FOLD,FOUR-FOLD, SINCESINCESINCESINCE ITITITIT ISISISIS BOTHBOTHBOTHBOTHHEAVIERHEAVIERHEAVIERHEAVIERANDANDANDANDLESSLESSLESSLESS ININININ

VOLUME.VOLUME.VOLUME.VOLUME.
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(26)(26)(26)(26) ISISISIS RELATIVITYRELATIVITYRELATIVITYRELATIVITY BELONGBELONGBELONGBELONGTOTOTOTOLIGHTLIGHTLIGHTLIGHT ONLY:ONLY:ONLY:ONLY:

NO,NO,NO,NO, RELATIVITYRELATIVITYRELATIVITYRELATIVITYCANCANCANCANBEBEBEBECONSIDEREDCONSIDEREDCONSIDEREDCONSIDERED BELONGINGBELONGINGBELONGINGBELONGINGTOTOTOTOANYANYANYANYTHINGTHINGTHINGTHING

THATTHATTHATTHATUSEDUSEDUSEDUSEDTOTOTOTOTRANFORMEDTRANFORMEDTRANFORMEDTRANFORMED INFORMATION,INFORMATION,INFORMATION,INFORMATION,

LIKE:LIKE:LIKE:LIKE:

(1)(1)(1)(1)LIGHTLIGHTLIGHTLIGHT SOSOSOSOTHETHETHETHE γγγγ =(1-(V^2/C^2))^(.5)=(1-(V^2/C^2))^(.5)=(1-(V^2/C^2))^(.5)=(1-(V^2/C^2))^(.5)

(2)(2)(2)(2)SOUNDSOUNDSOUNDSOUND ,,,, SOSOSOSO

γγγγ ==== (V^2/(SPEED(V^2/(SPEED(V^2/(SPEED(V^2/(SPEEDOFOFOFOF SOUND)^2)^(1/2)SOUND)^2)^(1/2)SOUND)^2)^(1/2)SOUND)^2)^(1/2)

(3)(3)(3)(3)AAAA SWIMMERSWIMMERSWIMMERSWIMMER ,,,,

γγγγ ==== (CURRENT(CURRENT(CURRENT(CURRENT SPEED)^2/(SWIMMERSPEED)^2/(SWIMMERSPEED)^2/(SWIMMERSPEED)^2/(SWIMMER SPEED)^2)^(1/2)SPEED)^2)^(1/2)SPEED)^2)^(1/2)SPEED)^2)^(1/2)

((((27)27)27)27) THETHETHETHE FITZGERALDFITZGERALDFITZGERALDFITZGERALD CONTRACTIONCONTRACTIONCONTRACTIONCONTRACTION

WILLWILLWILLWILL ITITITIT TAKETAKETAKETAKE LONGERLONGERLONGERLONGERTOTOTOTOSWIMSWIMSWIMSWIMTOTOTOTOAAAA POINTPOINTPOINTPOINT100100100100 YARDSYARDSYARDSYARDSUP-STREAMUP-STREAMUP-STREAMUP-STREAM

ANDANDANDANDBACK,BACK,BACK,BACK, ORORORORTOTOTOTOAAAA POINTPOINTPOINTPOINT 100100100100 YARDSYARDSYARDSYARDSACROSS-STREAMACROSS-STREAMACROSS-STREAMACROSS-STREAMANDANDANDANDBACK.BACK.BACK.BACK.

ININININ THETHETHETHE FIRSTFIRSTFIRSTFIRSTCASECASECASECASETHERETHERETHERETHERE ISISISIS AAAA LONGLONGLONGLONGTOILTOILTOILTOIL UPUPUPUPAGAINSTAGAINSTAGAINSTAGAINST THETHETHETHE

CURRENT,CURRENT,CURRENT,CURRENT, ANDANDANDANDTHENTHENTHENTHENAAAA QUECKQUECKQUECKQUECKRETURNRETURNRETURNRETURNHELPEDHELPEDHELPEDHELPEDBYBYBYBYTHETHETHETHECURRENT,CURRENT,CURRENT,CURRENT,

WHICHWHICHWHICHWHICH ISISISIS ALLALLALLALL TOOTOOTOOTOOSHORTSHORTSHORTSHORTTOTOTOTOCOMPENSATE.COMPENSATE.COMPENSATE.COMPENSATE.

ININININ THETHETHETHE SECONDSECONDSECONDSECONDCASECASECASECASE THETHETHETHECURRENTCURRENTCURRENTCURRENT ALSOALSOALSOALSOHINDERS,HINDERS,HINDERS,HINDERS, BECAUSEBECAUSEBECAUSEBECAUSE

PARTPARTPARTPARTOFOFOFOF THETHETHETHEEFFORTEFFORTEFFORTEFFORT ISISISIS DEVOTEDDEVOTEDDEVOTEDDEVOTEDTOTOTOTOOVERCOMINGOVERCOMINGOVERCOMINGOVERCOMINGTHETHETHETHE DRIFTDRIFTDRIFTDRIFT
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DOWN-STREAM.DOWN-STREAM.DOWN-STREAM.DOWN-STREAM. BUTBUTBUTBUTNONONONOSWIMMERSWIMMERSWIMMERSWIMMERWILLWILLWILLWILLHESITATEHESITATEHESITATEHESITATE TOTOTOTOSAYSAYSAYSAYTHATTHATTHATTHAT

THETHETHETHEHINDRANCEHINDRANCEHINDRANCEHINDRANCEISISISIS THETHETHETHEGREATERGREATERGREATERGREATER ININININ THETHETHETHE FIRSTFIRSTFIRSTFIRSTCASE.CASE.CASE.CASE.

LETLETLETLETUSUSUSUS TAKETAKETAKETAKE AAAA NUMERICALNUMERICALNUMERICALNUMERICALEXAMPLE.EXAMPLE.EXAMPLE.EXAMPLE. SUPPOSESUPPOSESUPPOSESUPPOSE THETHETHETHE SWIMMER'SSWIMMER'SSWIMMER'SSWIMMER'S

SPEEDSPEEDSPEEDSPEEDISISISIS 50505050YARDSYARDSYARDSYARDS AAAAMINUTEMINUTEMINUTEMINUTE ININININ STILLSTILLSTILLSTILL WATER,WATER,WATER,WATER, ANDANDANDANDTHETHETHETHECURRENTCURRENTCURRENTCURRENT

ISISISIS 30303030YARDSYARDSYARDSYARDS AAAAMINUTE.MINUTE.MINUTE.MINUTE. THUSTHUSTHUSTHUS THETHETHETHE SPEEDSPEEDSPEEDSPEEDAGAINSTAGAINSTAGAINSTAGAINST THETHETHETHE CURRENTCURRENTCURRENTCURRENT ISISISIS

20,20,20,20, ANDANDANDANDWITHWITHWITHWITHTHETHETHETHECURRENTCURRENTCURRENTCURRENT 80808080 YARDSYARDSYARDSYARDS AAAAMINUTE.MINUTE.MINUTE.MINUTE. THETHETHETHEUPUPUPUP JOURNYJOURNYJOURNYJOURNY

THENTHENTHENTHENTAKESTAKESTAKESTAKES 5555MINUTESMINUTESMINUTESMINUTES ANDANDANDANDTHETHETHETHEDOWNDOWNDOWNDOWNJOURNYJOURNYJOURNYJOURNY1(1/4)1(1/4)1(1/4)1(1/4) MINUTES.MINUTES.MINUTES.MINUTES.

TOTALTOTALTOTALTOTALTIME,TIME,TIME,TIME, 6(1/4)6(1/4)6(1/4)6(1/4)MINUTES.MINUTES.MINUTES.MINUTES.

GOINGGOINGGOINGGOINGCROSS-STREAMCROSS-STREAMCROSS-STREAMCROSS-STREAM THETHETHETHE SWIMMERSWIMMERSWIMMERSWIMMERMUSTMUSTMUSTMUSTAIMAIMAIMAIM ATATATAT AAAA POINTPOINTPOINTPOINT (E)(E)(E)(E)

ABOVEABOVEABOVEABOVETHETHETHETHE POINTPOINTPOINTPOINT (((( B)B)B)B)WHEREWHEREWHEREWHEREHEHEHEHEWISHESWISHESWISHESWISHES TOTOTOTOARRIVE,SOARRIVE,SOARRIVE,SOARRIVE,SOTHETHETHETHE (OE)(OE)(OE)(OE)

REPRESENTSREPRESENTSREPRESENTSREPRESENTSHISHISHISHIS DISTANCEDISTANCEDISTANCEDISTANCETRAVELLEDTRAVELLEDTRAVELLEDTRAVELLED ININININ STILLSTILLSTILLSTILL WATER,WATER,WATER,WATER,ANDANDANDAND (EB)(EB)(EB)(EB)

THETHETHETHEAMOUNTAMOUNTAMOUNTAMOUNTHEHEHEHE HASHASHASHASDRIFTEDDRIFTEDDRIFTEDDRIFTEDDOWN.DOWN.DOWN.DOWN. THESETHESETHESETHESEMUSTMUSTMUSTMUSTBEBEBEBEININININ THETHETHETHE

RATIORATIORATIORATIO50505050 TOTOTOTO30,30,30,30, ANDANDANDANDWEWEWEWETHENTHENTHENTHENKNOWKNOWKNOWKNOWFROMFROMFROMFROMTHETHETHETHERIGHT-ANGLEDRIGHT-ANGLEDRIGHT-ANGLEDRIGHT-ANGLED

TRIANGLETRIANGLETRIANGLETRIANGLE (OBE)(OBE)(OBE)(OBE) THATTHATTHATTHAT (OB)(OB)(OB)(OB) WILLWILLWILLWILL CORRESPONDCORRESPONDCORRESPONDCORRESPONDTOTOTOTO 40.40.40.40. SINCESINCESINCESINCE (OB)(OB)(OB)(OB)

ISISISIS 100100100100 YARDS,YARDS,YARDS,YARDS, (OE)(OE)(OE)(OE) ISISISIS 125125125125YARDS,YARDS,YARDS,YARDS, ANDANDANDANDTHETHETHETHETIMETIMETIMETIMETAKENTAKENTAKENTAKEN ISISISIS 2(1/2)2(1/2)2(1/2)2(1/2)

MINUTES.MINUTES.MINUTES.MINUTES. ANOTHERANOTHERANOTHERANOTHER 2(1/2)2(1/2)2(1/2)2(1/2)MINUTESMINUTESMINUTESMINUTESWILLWILLWILLWILL BEBEBEBENEEDEDNEEDEDNEEDEDNEEDEDFORFORFORFORTHETHETHETHE

RETURNRETURNRETURNRETURN JOURNY.JOURNY.JOURNY.JOURNY. TOTALTOTALTOTALTOTALTIME,TIME,TIME,TIME, 5555MINUTES.MINUTES.MINUTES.MINUTES.
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ININININ STILLSTILLSTILLSTILL WATERWATERWATERWATERTHETHETHETHETIMETIMETIMETIMEWOULDWOULDWOULDWOULD HAVEHAVEHAVEHAVEBEENBEENBEENBEEN 4444MINUTES.MINUTES.MINUTES.MINUTES. THETHETHETHEUP-UP-UP-UP-

AND-AND-AND-AND-DOWNDOWNDOWNDOWNSWIMSWIMSWIMSWIM ISISISIS THUSTHUSTHUSTHUS LONGERLONGERLONGERLONGERTHANTHANTHANTHANTHETHETHETHETRANSVERSETRANSVERSETRANSVERSETRANSVERSE SWIMSWIMSWIMSWIM

ININININ THETHETHETHERATIORATIORATIORATIO

6(1/4)6(1/4)6(1/4)6(1/4)MINUTES:MINUTES:MINUTES:MINUTES: 5555MINUTESMINUTESMINUTESMINUTES =1.25=1.25=1.25=1.25

ORORORORWEWEWEWEMAYMAYMAYMAYWRITEWRITEWRITEWRITE THETHETHETHERATIORATIORATIORATIO

1/[1-(30/50)^2]^(1/2)1/[1-(30/50)^2]^(1/2)1/[1-(30/50)^2]^(1/2)1/[1-(30/50)^2]^(1/2) =1.25=1.25=1.25=1.25

WHICHWHICHWHICHWHICH SHOWSSHOWSSHOWSSHOWSHOWHOWHOWHOWTHETHETHETHERESULTRESULTRESULTRESULT DEPENDSDEPENDSDEPENDSDEPENDSONONONONTHETHETHETHERATIORATIORATIORATIOOFOFOFOF THETHETHETHE

SPEEDSPEEDSPEEDSPEEDOFOFOFOF THETHETHETHECURRENTCURRENTCURRENTCURRENTTOTOTOTOTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHETHETHETHE SWIMMERSWIMMERSWIMMERSWIMMER ,,,, VIZ.VIZ.VIZ.VIZ.

30/50.30/50.30/50.30/50.

(28)(28)(28)(28) THETHETHETHETHEORETICALTHEORETICALTHEORETICALTHEORETICAL INCREASEINCREASEINCREASEINCREASEOFOFOFOFTHETHETHETHE MASSMASSMASSMASSOFOFOFOFANANANANELECTRONELECTRONELECTRONELECTRON

WITHWITHWITHWITH SPEEDSPEEDSPEEDSPEEDHASHASHASHAS BEENBEENBEENBEENCONFIRMEDCONFIRMEDCONFIRMEDCONFIRMEDEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLY ,,,, THETHETHETHE

AGREEMENTAGREEMENTAGREEMENTAGREEMENTWITHWITHWITHWITHCALCULATIONCALCULATIONCALCULATIONCALCULATIONBEINGBEINGBEINGBEINGPERFECTPERFECTPERFECTPERFECTIFIFIFIF THETHETHETHE

ELECTRONELECTRONELECTRONELECTRONUNDERGOESUNDERGOESUNDERGOESUNDERGOES THETHETHETHE FITZGERALDFITZGERALDFITZGERALDFITZGERALDCONTRACTIONCONTRACTIONCONTRACTIONCONTRACTIONBYBYBYBYIT'SIT'SIT'SIT'S

MOTION.MOTION.MOTION.MOTION.
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(29(29(29(29 )))) FLATLANDFLATLANDFLATLANDFLATLAND :::: IT'SIT'SIT'SIT'S AAAA BOOKBOOKBOOKBOOK ININININ THETHETHETHE FOURTHFOURTHFOURTHFOURTHDIMENSION.DIMENSION.DIMENSION.DIMENSION.

(30(30(30(30 )))) THETHETHETHE FOUR-DIMENSIONALFOUR-DIMENSIONALFOUR-DIMENSIONALFOUR-DIMENSIONALWORLDWORLDWORLDWORLD OFOFOFOFSPACETIME:SPACETIME:SPACETIME:SPACETIME:

(1)(1)(1)(1)ASASASAS AAAA FOUR-DIMENSIONALFOUR-DIMENSIONALFOUR-DIMENSIONALFOUR-DIMENSIONAL BODYBODYBODYBODY MOVES,MOVES,MOVES,MOVES, IT'SIT'SIT'SIT'S SECTIONSECTIONSECTIONSECTION BYBYBYBY THETHETHETHE

THREE-DIMENSIONALTHREE-DIMENSIONALTHREE-DIMENSIONALTHREE-DIMENSIONALWORLDWORLDWORLDWORLDMAYMAYMAYMAY VARY;VARY;VARY;VARY; THUSTHUSTHUSTHUS AAAA RIGIDRIGIDRIGIDRIGID BODYBODYBODYBODYCANCANCANCAN

ALTERALTERALTERALTER SIZESIZESIZESIZE ANDANDANDAND SHAPE.SHAPE.SHAPE.SHAPE.

(2)(2)(2)(2) ITITITIT SHOULDSHOULDSHOULDSHOULD BEBEBEBE POSSIBLEPOSSIBLEPOSSIBLEPOSSIBLE FORFORFORFOR AAAA BODYBODYBODYBODYTOTOTOTOENTERENTERENTERENTER AAAA COMPLETELYCOMPLETELYCOMPLETELYCOMPLETELY

CLOSEDCLOSEDCLOSEDCLOSEDROOM,ROOM,ROOM,ROOM, BYBYBYBYTRAVELLINGTRAVELLINGTRAVELLINGTRAVELLING INTOINTOINTOINTO ITITITIT ININININ THETHETHETHE DIRECTIONDIRECTIONDIRECTIONDIRECTIONOFOFOFOF THETHETHETHE

FOURTHFOURTHFOURTHFOURTH DIMENSION,DIMENSION,DIMENSION,DIMENSION, JUSTJUSTJUSTJUST ASASASAS WEWEWEWE CANCANCANCAN BRINGBRINGBRINGBRING OUROUROUROUR PENCILPENCILPENCILPENCIL DOWNDOWNDOWNDOWN

ONONONON TOTOTOTO ANYANYANYANY POIN8TPOIN8TPOIN8TPOIN8T WITHINWITHINWITHINWITHIN AAAA SQUARESQUARESQUARESQUARE WITHOUTWITHOUTWITHOUTWITHOUT CROSSINGCROSSINGCROSSINGCROSSING IT'SIT'SIT'SIT'S

SIDES.SIDES.SIDES.SIDES.

(3)(3)(3)(3) ITITITIT SHOULDSHOULDSHOULDSHOULD BEBEBEBE POSSIBLEPOSSIBLEPOSSIBLEPOSSIBLE TOTOTOTOSEESEESEESEE THETHETHETHE INSIDEINSIDEINSIDEINSIDEOFOFOFOF AAAA SOLID,SOLID,SOLID,SOLID, JUSTJUSTJUSTJUSTASASASAS

WEWEWEWE CANCANCANCAN SEESEESEESEE THETHETHETHE INSIDEINSIDEINSIDEINSIDE OFOFOFOF AAAA SQUARESQUARESQUARESQUARE BYBYBYBY VIEWINGVIEWINGVIEWINGVIEWING ITITITIT FROMFROMFROMFROM AAAA

POINTPOINTPOINTPOINTOUTSIDEOUTSIDEOUTSIDEOUTSIDE IT'SIT'SIT'SIT'S PLANE.PLANE.PLANE.PLANE.

((((31313131)))) KINDSKINDSKINDSKINDSOFOFOFOFDISCOVEREDDISCOVEREDDISCOVEREDDISCOVERED FORCES:FORCES:FORCES:FORCES:

(1)(1)(1)(1)ELECTRICELECTRICELECTRICELECTRIC FORCE,FORCE,FORCE,FORCE,

(2)(2)(2)(2)MAGNETICMAGNETICMAGNETICMAGNETIC FORCE,FORCE,FORCE,FORCE,

(3)(3)(3)(3)WEAKWEAKWEAKWEAKNUCLEARNUCLEARNUCLEARNUCLEARFORCEFORCEFORCEFORCE (REPONSIBLE(REPONSIBLE(REPONSIBLE(REPONSIBLE FORFORFORFORDISDISDISDISIIIINTEGRATION)NTEGRATION)NTEGRATION)NTEGRATION)

(4)(4)(4)(4)STRONGSTRONGSTRONGSTRONGNUCLEARNUCLEARNUCLEARNUCLEARFORCEFORCEFORCEFORCE (BINDING(BINDING(BINDING(BINDINGFORCEFORCEFORCEFORCEBETWEEBETWEEBETWEEBETWEE ,,,, AMONGAMONGAMONGAMONG

PROTONSPROTONSPROTONSPROTONSANDANDANDAND NUETRONSNUETRONSNUETRONSNUETRONS ININININ THETHETHETHENUCLEOUSNUCLEOUSNUCLEOUSNUCLEOUS OFOFOFOFTHETHETHETHE ATOM,ATOM,ATOM,ATOM,



56

AND,AND,AND,AND,

(5)(5)(5)(5)GRAVITY.GRAVITY.GRAVITY.GRAVITY.

(32)(32)(32)(32) TENSORTENSORTENSORTENSOR:::: TENSORSTENSORSTENSORSTENSORS AREAREAREAREGEOMETRICGEOMETRICGEOMETRICGEOMETRICOBJECTSOBJECTSOBJECTSOBJECTS THATTHATTHATTHATDESCRIBEDESCRIBEDESCRIBEDESCRIBE

THETHETHETHELINEARLINEARLINEARLINEARRELATIONSRELATIONSRELATIONSRELATIONS BETWEENBETWEENBETWEENBETWEENVECOTORS,VECOTORS,VECOTORS,VECOTORS, SCALARS,SCALARS,SCALARS,SCALARS, ANDANDANDAND

OTHEROTHEROTHEROTHERTENSORS.TENSORS.TENSORS.TENSORS.

(33)(33)(33)(33)

((((33333333)))) STRESS-ENERGYSTRESS-ENERGYSTRESS-ENERGYSTRESS-ENERGYTENSORTENSORTENSORTENSOR ::::

TheTheTheThe stressstressstressstress––––energyenergyenergyenergy tensortensortensortensor (sometimes(sometimes(sometimes(sometimes stressstressstressstress––––energyenergyenergyenergy––––momentummomentummomentummomentum tensor)tensor)tensor)tensor) isisisis aaaa

andandandand energyenergyenergyenergy ofofofof fluxfluxfluxflux andandandand densitydensitydensitydensity thatthatthatthat describesdescribesdescribesdescribes thethethethe physicsphysicsphysicsphysics quantityquantityquantityquantity inininin tensortensortensortensor

http://en.wikipedia.org/wiki/Tensor
http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Flux
http://en.wikipedia.org/wiki/Energy
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ofofofofNewtonianNewtonianNewtonianNewtonian physics.physics.physics.physics. ItItItIt stressstressstressstress tensortensortensortensor,,,, generalizinggeneralizinggeneralizinggeneralizing thethethethe spacetimespacetimespacetimespacetime inininin momentummomentummomentummomentum

.... TheTheTheThe forceforceforceforce fieldsfieldsfieldsfields,,,, andandandand non-gravitationalnon-gravitationalnon-gravitationalnon-gravitational radiationradiationradiationradiation,,,, mattermattermattermatterisisisis anananan attributeattributeattributeattribute ofofofof

EinsteinEinsteinEinsteinEinstein fieldfieldfieldfield inininin thethethethe gravitationalgravitationalgravitationalgravitational fieldfieldfieldfieldstress-energystress-energystress-energystress-energy tensortensortensortensor isisisis thethethethe sourcesourcesourcesource ofofofof thethethethe

,,,, justjustjustjust asasasas massmassmassmass densitydensitydensitydensity isisisis thethethethe sourcesourcesourcesource ofofofof suchsuchsuchsuch aaaa fieldfieldfieldfield generalgeneralgeneralgeneral relativityrelativityrelativityrelativity ofofofof equationsequationsequationsequations

NewtonianNewtonianNewtonianNewtonian gravitygravitygravitygravityinininin

SSSSTRESS-ENERGYTRESS-ENERGYTRESS-ENERGYTRESS-ENERGYTENSORTENSORTENSORTENSORCOMPONENTSCOMPONENTSCOMPONENTSCOMPONENTS

T00=T00=T00=T00=ENERGYENERGYENERGYENERGYDENSITY=DENSITY=DENSITY=DENSITY=ρρρρ,,,,

T10,T20,T30T10,T20,T30T10,T20,T30T10,T20,T30 :::: AREAREAREARETHETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUMDENSITY,DENSITY,DENSITY,DENSITY,

T01,T02,T03T01,T02,T03T01,T02,T03T01,T02,T03 :::: ENERGYENERGYENERGYENERGYFLUX,FLUX,FLUX,FLUX,

T11,T22,T33T11,T22,T33T11,T22,T33T11,T22,T33 :::: PRESSURE,PRESSURE,PRESSURE,PRESSURE,

T12,T13,T23,T21,T32,T31:T12,T13,T23,T21,T32,T31:T12,T13,T23,T21,T32,T31:T12,T13,T23,T21,T32,T31: SHEARSHEARSHEARSHEAR STRESSSTRESSSTRESSSTRESS COMPONENTSCOMPONENTSCOMPONENTSCOMPONENTS

(34)(34)(34)(34) THETHETHETHETIMETIMETIMETIMEOFOFOFOFEVENTEVENTEVENTEVENT :::: THETHETHETHETIMETIMETIMETIMEOFOFOFOFEVENTEVENTEVENTEVENTTAKINGTAKINGTAKINGTAKING PLACEPLACEPLACEPLACEATATATAT

AAAA POINTPOINTPOINTPOINT P(X,Y,Z)P(X,Y,Z)P(X,Y,Z)P(X,Y,Z) ---- MEASUREDMEASUREDMEASUREDMEASUREDBYBYBYBYAAAA CLOCKCLOCKCLOCKCLOCKWHICHWHICHWHICHWHICH ISISISIS CONSIDEREDCONSIDEREDCONSIDEREDCONSIDERED

ATATATATRESTRESTRESTRESTATATATATONEONEONEONE POINTPOINTPOINTPOINTOFOFOFOF THETHETHETHECOORDINATECOORDINATECOORDINATECOORDINATESYSTEM,SYSTEM,SYSTEM,SYSTEM, E.G.,E.G.,E.G.,E.G., ATATATAT THETHETHETHE

COORDINATECOORDINATECOORDINATECOORDINATEORIGIONORIGIONORIGIONORIGION (X=Y=Z=0)(X=Y=Z=0)(X=Y=Z=0)(X=Y=Z=0) ---- DEFINEDDEFINEDDEFINEDDEFINEDASASASAS THETHETHETHETIMETIMETIMETIME SHOWNSHOWNSHOWNSHOWN

ONONONONTHETHETHETHECLOCKCLOCKCLOCKCLOCKSIMULTANEOUSLYSIMULTANEOUSLYSIMULTANEOUSLYSIMULTANEOUSLYWITHWITHWITHWITHTHETHETHETHEEVENT.EVENT.EVENT.EVENT.

(35)(35)(35)(35) THETHETHETHETHREETHREETHREETHREECONCEPTS:CONCEPTS:CONCEPTS:CONCEPTS:

THEYTHEYTHEYTHEYAREAREAREARE :::: MOTION,MOTION,MOTION,MOTION, SPACESPACESPACESPACE ,,,, TIME.TIME.TIME.TIME.

PHYSICSPHYSICSPHYSICSPHYSICS DEALSDEALSDEALSDEALS WITHWITHWITHWITH"EVENTS""EVENTS""EVENTS""EVENTS" ININININ SPACESPACESPACESPACEANDANDANDANDTIME.TIME.TIME.TIME.

http://en.wikipedia.org/wiki/Momentum
http://en.wikipedia.org/wiki/Spacetime
http://en.wikipedia.org/wiki/Stress_(physics)
http://en.wikipedia.org/wiki/Matter
http://en.wikipedia.org/wiki/Radiation
http://en.wikipedia.org/wiki/Force_field_(physics)
http://en.wikipedia.org/wiki/Gravitational_field
http://en.wikipedia.org/wiki/Einstein_field_equations
http://en.wikipedia.org/wiki/Einstein_field_equations
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/Newtonian_gravity
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THETHETHETHETHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY ISISISIS THETHETHETHE PHYSICALPHYSICALPHYSICALPHYSICALTHEORYTHEORYTHEORYTHEORYWHICHWHICHWHICHWHICH ISISISIS

BASEDBASEDBASEDBASEDONONONONAAAA CONSISTENTCONSISTENTCONSISTENTCONSISTENT PHYSICALPHYSICALPHYSICALPHYSICAL ITERPRETATIONITERPRETATIONITERPRETATIONITERPRETATIONOFOFOFOF THESETHESETHESETHESE

THREETHREETHREETHREECONCEPTS.CONCEPTS.CONCEPTS.CONCEPTS.

(36)(36)(36)(36) MOTIONMOTIONMOTIONMOTION ::::

MOTIONMOTIONMOTIONMOTIONISISISIS NEVERNEVERNEVERNEVEROBSERVABLEOBSERVABLEOBSERVABLEOBSERVABLE ASASASAS "MOTION"MOTION"MOTION"MOTIONWITHWITHWITHWITHRERSPECTRERSPECTRERSPECTRERSPECTTOTOTOTO

SPACE"SPACE"SPACE"SPACE"OR,OR,OR,OR, ASASASAS ITITITITHASHASHASHAS BEENBEENBEENBEENEXPRESSED,EXPRESSED,EXPRESSED,EXPRESSED, ASASASAS "ABSOLUTE"ABSOLUTE"ABSOLUTE"ABSOLUTEMTION.",MTION.",MTION.",MTION.",

THETHETHETHE PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE """" ININININ IT'SIT'SIT'SIT'SWIDESTWIDESTWIDESTWIDEST SENSESENSESENSESENSE ISISISIS CONTAINEDCONTAINEDCONTAINEDCONTAINED ININININ THETHETHETHE

STATEMENTSTATEMENTSTATEMENTSTATEMENT :::: THETHETHETHE TOTALITYTOTALITYTOTALITYTOTALITYOFOFOFOFTHETHETHETHE PHYSICALPHYSICALPHYSICALPHYSICAL PHENOMENAPHENOMENAPHENOMENAPHENOMENA ISISISIS OFOFOFOF

SUCHSUCHSUCHSUCHAAAA CHARACTERCHARACTERCHARACTERCHARACTERTHATTHATTHATTHAT ITITITIT GIVESGIVESGIVESGIVES NONONONOBASISBASISBASISBASIS FORFORFORFORTHETHETHETHE

INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONOFOFOFOF THETHETHETHE CONCEPTCONCEPTCONCEPTCONCEPTOFOFOFOF"""" ABDSOLUTEABDSOLUTEABDSOLUTEABDSOLUTEMOTION";MOTION";MOTION";MOTION";OROROROR

SHORTERSHORTERSHORTERSHORTERBUTBUTBUTBUTLESSLESSLESSLESSPRECISE:PRECISE:PRECISE:PRECISE: THERETHERETHERETHERE ISISISIS NONONONOABSOLUTEABSOLUTEABSOLUTEABSOLUTEMOTION.MOTION.MOTION.MOTION.

(37)(37)(37)(37) USINGUSINGUSINGUSINGTHETHETHETHE LIGHTLIGHTLIGHTLIGHT TOTOTOTODEFINEDEFINEDEFINEDEFINETHETHETHETHE SIMULTANEITYSIMULTANEITYSIMULTANEITYSIMULTANEITY ::::

THETHETHETHE SPCIALSPCIALSPCIALSPCIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYDEFINEDEFINEDEFINEDEFINESIMULTANNEITYSIMULTANNEITYSIMULTANNEITYSIMULTANNEITY

PHYSICALLYPHYSICALLYPHYSICALLYPHYSICALLYWITHWITHWITHWITHTHETHETHETHEUSEUSEUSEUSEOFOFOFOFLIGHTLIGHTLIGHTLIGHT SIGNALS.SIGNALS.SIGNALS.SIGNALS.

(38)(38)(38)(38) INERTIALINERTIALINERTIALINERTIAL SYSTEMSSYSTEMSSYSTEMSSYSTEMS ::::

CLASSICALCLASSICALCLASSICALCLASSICALMECHANICSMECHANICSMECHANICSMECHANICS ISISISIS BASEDBASEDBASEDBASEDONONONONGALILEO'SGALILEO'SGALILEO'SGALILEO'SPRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE :::: AAAA

BODYBODYBODYBODY ISISISIS ININININRECTILINEARRECTILINEARRECTILINEARRECTILINEAR ANDANDANDANDUNIFORMUNIFORMUNIFORMUNIFORMMOTIONMOTIONMOTIONMOTIONASASASAS LONGLONGLONGLONGASASASAS

OTHEROTHEROTHEROTHERBODIESBODIESBODIESBODIES DODODODONOTNOTNOTNOTACTACTACTACTONONONONIT.IT.IT.IT.

THISTHISTHISTHIS STATEMENTSTATEMENTSTATEMENTSTATEMENTCANCANCANCANNOTNOTNOTNOTBEBEBEBEVALIDVALIDVALIDVALID FORFORFORFORARBITRARYARBITRARYARBITRARYARBITRARYMOVINGMOVINGMOVINGMOVING

SYSTEMSSYSTEMSSYSTEMSSYSTEMSOFOFOFOFCOORDINATES.COORDINATES.COORDINATES.COORDINATES. ITITITIT CANCANCANCANCLAIMCLAIMCLAIMCLAIM VALIDITYVALIDITYVALIDITYVALIDITYONLYONLYONLYONLY FORFORFORFOR SOSOSOSO

---- CALLEDCALLEDCALLEDCALLED "INERTIAL"INERTIAL"INERTIAL"INERTIAL SYSTEMS".SYSTEMS".SYSTEMS".SYSTEMS".

INERTIALINERTIALINERTIALINERTIAL SYSTEMSSYSTEMSSYSTEMSSYSTEMSAREAREAREARE ININININRECTILINEARRECTILINEARRECTILINEARRECTILINEAR ANDANDANDANDUNIFORMUNIFORMUNIFORMUNIFORMMOTIONMOTIONMOTIONMOTION

WITHWITHWITHWITHRESPECTRESPECTRESPECTRESPECTTOTOTOTOEACHEACHEACHEACHOTHER.OTHER.OTHER.OTHER.
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ININININCLASSICALCLASSICALCLASSICALCLASSICAL PHYSICSPHYSICSPHYSICSPHYSICS LAWSLAWSLAWSLAWSCLAIMCLAIMCLAIMCLAIM VALIDITYVALIDITYVALIDITYVALIDITYONLYONLYONLYONLYWITHWITHWITHWITH

RESPECTRESPECTRESPECTRESPECTTOTOTOTOALLALLALLALL INERTIALINERTIALINERTIALINERTIAL SYSTEMSSYSTEMSSYSTEMSSYSTEMS (((( SPECIALSPECIALSPECIALSPECIAL PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOF

RELATIVITY).RELATIVITY).RELATIVITY).RELATIVITY).

(39)(39)(39)(39) FROMFROMFROMFROMWHEREWHEREWHEREWHERETHETHETHETHENAMENAMENAMENAME """" LORENTZLORENTZLORENTZLORENTZTRANSFORMATIONS"TRANSFORMATIONS"TRANSFORMATIONS"TRANSFORMATIONS"HADHADHADHAD

COMECOMECOMECOMETOTOTOTOTHETHETHETHE DERIVATIONDERIVATIONDERIVATIONDERIVATIONOFOFOFOFTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOF

RELATIVITY.RELATIVITY.RELATIVITY.RELATIVITY.

THETHETHETHEANSWER:ANSWER:ANSWER:ANSWER:

ITITITIT ISISISIS NOWNOWNOWNOWEASYEASYEASYEASYTOTOTOTOUNDERSTANDUNDERSTANDUNDERSTANDUNDERSTANDTHETHETHETHE DILEMMADILEMMADILEMMADILEMMAWHICHWHICHWHICHWHICHHASHASHASHAS LEDLEDLEDLED

TOTOTOTOTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITY.RELATIVITY.RELATIVITY.RELATIVITY.

EXPERIENCEEXPERIENCEEXPERIENCEEXPERIENCEANDANDANDANDTHEORYTHEORYTHEORYTHEORYHAVEHAVEHAVEHAVE GRADUALLYGRADUALLYGRADUALLYGRADUALLY LEDLEDLEDLEDTOTOTOTOTHETHETHETHE

CONVICTIONCONVICTIONCONVICTIONCONVICTIONTHATTHATTHATTHAT LIGHTLIGHTLIGHTLIGHT ININININ EMPTYEMPTYEMPTYEMPTY SPACESPACESPACESPACEALWAYSALWAYSALWAYSALWAYS TRAVELSTRAVELSTRAVELSTRAVELS

WITHWITHWITHWITHTHETHETHETHE SAMESAMESAMESAME SPEEDSPEEDSPEEDSPEED (((( cccc )))) INDEPENDENTINDEPENDENTINDEPENDENTINDEPENDENTOFOFOFOF IT'SIT'SIT'SIT'S COLORCOLORCOLORCOLORANDANDANDANDTHETHETHETHE

STATESTATESTATESTATEOFOFOFOFMOTIONMOTIONMOTIONMOTIONOFOFOFOFTHETHETHETHE SOURCESOURCESOURCESOURCEOFOFOFOF LIGHTLIGHTLIGHTLIGHT (((( PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE OFOFOFOFTHETHETHETHE

CONSTANCYCONSTANCYCONSTANCYCONSTANCYOFOFOFOF THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHTLIGHTLIGHTLIGHT ---- ININININ THETHETHETHE FOLLOWINGFOLLOWINGFOLLOWINGFOLLOWING

REFERREDREFERREDREFERREDREFERREDTOTOTOTOASASASAS "L-PRINCIPLE"-)."L-PRINCIPLE"-)."L-PRINCIPLE"-)."L-PRINCIPLE"-).

THETHETHETHEL-PRINCIPLEL-PRINCIPLEL-PRINCIPLEL-PRINCIPLEHOLDSHOLDSHOLDSHOLDS FORFORFORFORALLALLALLALL INERTIALINERTIALINERTIALINERTIAL SYSTEMSSYSTEMSSYSTEMSSYSTEMS

(((( APPLICATIONAPPLICATIONAPPLICATIONAPPLICATIONOFOFOFOF THETHETHETHE SPECIALSPECIALSPECIALSPECIAL PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE OFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYTOTOTOTOTHETHETHETHE

L-PRINCIPLE)L-PRINCIPLE)L-PRINCIPLE)L-PRINCIPLE)TOTOTOTOSOLVESOLVESOLVESOLVE THETHETHETHE PROBLEMPROBLEMPROBLEMPROBLEMOFOFOFOFCOORDINATECOORDINATECOORDINATECOORDINATE

TRANSFORMATION.TRANSFORMATION.TRANSFORMATION.TRANSFORMATION.

REFERENCESREFERENCESREFERENCESREFERENCES ::::

(1)(1)(1)(1)

http://en.wikipedia.org/wiki/http://en.wikipedia.org/wiki/http://en.wikipedia.org/wiki/http://en.wikipedia.org/wiki/

(2)(2)(2)(2) "SPACE"SPACE"SPACE"SPACETIMETIMETIMETIMEANDANDANDANDGRAVITATION",GRAVITATION",GRAVITATION",GRAVITATION", BYBYBYBYA.S.A.S.A.S.A.S. EDDINGTON,EDDINGTON,EDDINGTON,EDDINGTON,

CAMBRIDGECAMBRIDGECAMBRIDGECAMBRIDGEUNIVERSITYUNIVERSITYUNIVERSITYUNIVERSITY PREES,PREES,PREES,PREES, 1920.1920.1920.1920.

(3)(3)(3)(3) "OUT"OUT"OUT"OUT OFOFOFOFMYMYMYMYLATERLATERLATERLATERYEARS",YEARS",YEARS",YEARS", ALBERTALBERTALBERTALBERTEINSTEIN,EINSTEIN,EINSTEIN,EINSTEIN, COPYRIGHTCOPYRIGHTCOPYRIGHTCOPYRIGHT 1950195019501950

BYBYBYBY THETHETHETHE PHILOSOPHICALPHILOSOPHICALPHILOSOPHICALPHILOSOPHICAL LIBRARY,LIBRARY,LIBRARY,LIBRARY, INC.INC.INC.INC.

http://en.wikipedia.org/wiki/
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PARTPARTPARTPART 8:8:8:8:

SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOFLIGHTLIGHTLIGHTLIGHT

LORENTZLORENTZLORENTZLORENTZTRANSFORMATIONS:TRANSFORMATIONS:TRANSFORMATIONS:TRANSFORMATIONS:

SIMPLESIMPLESIMPLESIMPLEDERIVATIONDERIVATIONDERIVATIONDERIVATIONOFOFOFOF THETHETHETHELORENTZLORENTZLORENTZLORENTZTRANSFORMATIONTRANSFORMATIONTRANSFORMATIONTRANSFORMATION

FORFORFORFORTHETHETHETHERELATIVERELATIVERELATIVERELATIVE ORIENTATIONORIENTATIONORIENTATIONORIENTATIONOFOFOFOFTHETHETHETHECO-ORDINATECO-ORDINATECO-ORDINATECO-ORDINATE SYSTEMSYSTEMSYSTEMSYSTEM

INDICATEDINDICATEDINDICATEDINDICATEDININININ THETHETHETHENEXTNEXTNEXTNEXT FIGURE,FIGURE,FIGURE,FIGURE,

THETHETHETHEX-AXESX-AXESX-AXESX-AXESOFOFOFOF BOTHBOTHBOTHBOTHSYSTEMSSYSTEMSSYSTEMSSYSTEMS PERMANENTLYPERMANENTLYPERMANENTLYPERMANENTLYCOINCIDE.COINCIDE.COINCIDE.COINCIDE. ININININ THETHETHETHE

PRESENTPRESENTPRESENTPRESENTCASECASECASECASEWEWEWEWECANCANCANCANDIVIDEDIVIDEDIVIDEDIVIDE THETHETHETHE PROBLEMPROBLEMPROBLEMPROBLEM INTOINTOINTOINTOPARTSPARTSPARTSPARTS BYBYBYBY

CONSIDERINGCONSIDERINGCONSIDERINGCONSIDERINGFIRSTFIRSTFIRSTFIRSTONLYONLYONLYONLYEVENTSEVENTSEVENTSEVENTSWHICHWHICHWHICHWHICHAREAREAREARELOCALISEDLOCALISEDLOCALISEDLOCALISEDONONONONTHETHETHETHE

X-AXIS.X-AXIS.X-AXIS.X-AXIS. ANYANYANYANY SUCHSUCHSUCHSUCHEVENTEVENTEVENTEVENT ISISISIS REPRESENTEDREPRESENTEDREPRESENTEDREPRESENTEDWITHWITHWITHWITHRESPECTRESPECTRESPECTRESPECTTOTOTOTOTHETHETHETHE

COORDINATECOORDINATECOORDINATECOORDINATESYSTEMSYSTEMSYSTEMSYSTEM KKKK BYBYBYBYTHETHETHETHEABSCISSAABSCISSAABSCISSAABSCISSA XXXX ANDANDANDANDTHETHETHETHE TIMETIMETIMETIME t,t,t,t,

ANDANDANDANDWITHWITHWITHWITHRESPECTRESPECTRESPECTRESPECTTOTOTOTOTHETHETHETHE SYSTEMSYSTEMSYSTEMSYSTEM K'K'K'K' BYBYBYBY THETHETHETHEABSCISSAABSCISSAABSCISSAABSCISSA X'X'X'X' ANDANDANDAND

THETHETHETHETIMETIMETIMETIME t'.t'.t'.t'. WEWEWEWEREQUIREREQUIREREQUIREREQUIRETOTOTOTOFINDFINDFINDFIND X'X'X'X' ANDANDANDAND t't't't' WHENWHENWHENWHEN XXXX ANDANDANDAND tttt AREAREAREARE

GIVEN.GIVEN.GIVEN.GIVEN.

AAAA LIGHT-SIGNAL,LIGHT-SIGNAL,LIGHT-SIGNAL,LIGHT-SIGNAL, WHICHWHICHWHICHWHICH ISISISIS PROCEEDINGPROCEEDINGPROCEEDINGPROCEEDINGALONGALONGALONGALONGTHETHETHETHE POSITIVEPOSITIVEPOSITIVEPOSITIVE

AXISAXISAXISAXIS OFOFOFOF X,X,X,X, ISISISIS TRANSMITTEDTRANSMITTEDTRANSMITTEDTRANSMITTEDACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHEEQUATIONEQUATIONEQUATIONEQUATION ::::
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X=ctX=ctX=ctX=ct

OROROROR

X-ct=0X-ct=0X-ct=0X-ct=0 ......................(1).......................(1).......................(1).......................(1).

SINCESINCESINCESINCE THETHETHETHE SAMESAMESAMESAMELIGHT-SIGNALLIGHT-SIGNALLIGHT-SIGNALLIGHT-SIGNAL HASHASHASHAS TOTOTOTOBEBEBEBETRANSMITTEDTRANSMITTEDTRANSMITTEDTRANSMITTED

RELATIVERELATIVERELATIVERELATIVE TOTOTOTO K'K'K'K' WITHWITHWITHWITHTHETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITY(=(=(=(= SPEED)SPEED)SPEED)SPEED) cccc ,,,, THETHETHETHE

PROPAGATIONRELATIVEPROPAGATIONRELATIVEPROPAGATIONRELATIVEPROPAGATIONRELATIVE TOTOTOTOTHETHETHETHE SYSTEMSYSTEMSYSTEMSYSTEM K'K'K'K' WILLWILLWILLWILL BEBEBEBE

REPRESENTEDREPRESENTEDREPRESENTEDREPRESENTEDBYBYBYBYTHETHETHETHEANALOGOUSANALOGOUSANALOGOUSANALOGOUS FORMULAFORMULAFORMULAFORMULA ::::

X'-ct'=0X'-ct'=0X'-ct'=0X'-ct'=0 .................... .....................(2)......................(2)......................(2)......................(2).

THOSETHOSETHOSETHOSE SPACETIMESPACETIMESPACETIMESPACETIMEPOINTSPOINTSPOINTSPOINTS (EVENTS)(EVENTS)(EVENTS)(EVENTS)WHICHWHICHWHICHWHICH SATISFYSATISFYSATISFYSATISFYEQ.(1)EQ.(1)EQ.(1)EQ.(1)MUSTMUSTMUSTMUST

SATISFYSATISFYSATISFYSATISFYEQ.(2).EQ.(2).EQ.(2).EQ.(2). OBVIOUSLYOBVIOUSLYOBVIOUSLYOBVIOUSLY THISTHISTHISTHISWILLWILLWILLWILL BEBEBEBETHETHETHETHE

CASECASECASECASEWHENWHENWHENWHENTHETHETHETHERELATIONRELATIONRELATIONRELATION ::::

(X'-ct')=(X'-ct')=(X'-ct')=(X'-ct')=λ (X-ct)(X-ct)(X-ct)(X-ct) .......................(3).......................(3).......................(3).......................(3)

ISISISIS FULFILLEDFULFILLEDFULFILLEDFULFILLED ININININGENERAL,GENERAL,GENERAL,GENERAL, WHEREWHEREWHEREWHERE λ INDICATESINDICATESINDICATESINDICATESAAAA CONSTANT;CONSTANT;CONSTANT;CONSTANT; FOR,FOR,FOR,FOR,

ACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOEQ.(3),EQ.(3),EQ.(3),EQ.(3), THETHETHETHEDISAPPEARANCEDISAPPEARANCEDISAPPEARANCEDISAPPEARANCEOFOFOFOF(X-ct)(X-ct)(X-ct)(X-ct) INVOLVESINVOLVESINVOLVESINVOLVES

THETHETHETHEDISAPPEARANCEDISAPPEARANCEDISAPPEARANCEDISAPPEARANCEOFOFOFOF (X'-ct').(X'-ct').(X'-ct').(X'-ct').

IFIFIFIFWEWEWEWEAPPLYAPPLYAPPLYAPPLYQUITEQUITEQUITEQUITE SIMILARSIMILARSIMILARSIMILARCONSIDERATIONSCONSIDERATIONSCONSIDERATIONSCONSIDERATIONS TOTOTOTOLIGHTLIGHTLIGHTLIGHT RAYSRAYSRAYSRAYS

WHICHWHICHWHICHWHICHAREAREAREAREBEINGBEINGBEINGBEINGTRANSMITTEDTRANSMITTEDTRANSMITTEDTRANSMITTEDALONGALONGALONGALONGTHETHETHETHENEGATIVENEGATIVENEGATIVENEGATIVEX-AXIS,X-AXIS,X-AXIS,X-AXIS,

WEWEWEWEOBTAINOBTAINOBTAINOBTAIN THETHETHETHECONDITIONCONDITIONCONDITIONCONDITION ::::

(X'+ct')=(X'+ct')=(X'+ct')=(X'+ct')= µ (X+ct)(X+ct)(X+ct)(X+ct) .......................EQ.(4).......................EQ.(4).......................EQ.(4).......................EQ.(4)

BYBYBYBYADDINGADDINGADDINGADDING(OR(OR(OR(OR SUBSTRACTING)SUBSTRACTING)SUBSTRACTING)SUBSTRACTING)EQUATIONSEQUATIONSEQUATIONSEQUATIONS (3)(3)(3)(3)ANDANDANDAND (4),(4),(4),(4), ANDANDANDAND

INTRODUCINGINTRODUCINGINTRODUCINGINTRODUCINGFORFORFORFORCONVENIENCECONVENIENCECONVENIENCECONVENIENCE THETHETHETHECONSTANTSCONSTANTSCONSTANTSCONSTANTS (A)(A)(A)(A) ANDANDANDAND (B)(B)(B)(B) ININININ

PLACEPLACEPLACEPLACEOFOFOFOFTHETHETHETHECONSTANTSCONSTANTSCONSTANTSCONSTANTS λ ANDANDANDAND µ WHEREWHEREWHEREWHERE
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A=A=A=A= (((( λ++++µ )/2)/2)/2)/2 ,,,, ANDANDANDAND B=(B=(B=(B=(λ ----µ )/2)/2)/2)/2

WEWEWEWEOBTAINOBTAINOBTAINOBTAINTHETHETHETHE EQUATIONSEQUATIONSEQUATIONSEQUATIONS ::::

X'=AX-Bct,X'=AX-Bct,X'=AX-Bct,X'=AX-Bct, ct'=Act-BXct'=Act-BXct'=Act-BXct'=Act-BX .....................(5)......................(5)......................(5)......................(5).

WEWEWEWESHOULDSHOULDSHOULDSHOULDTHUSTHUSTHUSTHUS HAVEHAVEHAVEHAVETHETHETHETHE SOLUTIONSOLUTIONSOLUTIONSOLUTION OFOFOFOFOUROUROUROURPROBLEM,PROBLEM,PROBLEM,PROBLEM, IFIFIFIF THETHETHETHE

CONSTANTSCONSTANTSCONSTANTSCONSTANTS (A)(A)(A)(A) ANDANDANDAND (B)(B)(B)(B) WEREWEREWEREWEREKNOWN.KNOWN.KNOWN.KNOWN. THESETHESETHESETHESERESLTURESLTURESLTURESLTU FROMFROMFROMFROMTHETHETHETHE

FOLLOWINGFOLLOWINGFOLLOWINGFOLLOWINGDISCUSSION.DISCUSSION.DISCUSSION.DISCUSSION.

FORFORFORFORTHETHETHETHEORIGIONORIGIONORIGIONORIGIONOFOFOFOF K'K'K'K' WEWEWEWEHAVEHAVEHAVEHAVE PERMANENTLYPERMANENTLYPERMANENTLYPERMANENTLY X'=0,X'=0,X'=0,X'=0, I.E.I.E.I.E.I.E. BYBYBYBY

CONSIDERINGCONSIDERINGCONSIDERINGCONSIDERINGTHETHETHETHEOBJECTOBJECTOBJECTOBJECTWHICHWHICHWHICHWHICH ISISISIS ININININ THETHETHETHEK'K'K'K' ISISISIS ININININ IT'SIT'SIT'SIT'S ORIGION,ORIGION,ORIGION,ORIGION,

ANDANDANDANDHENCEHENCEHENCEHENCEACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHE FIRSTFIRSTFIRSTFIRSTOFOFOFOF EQ.(5)EQ.(5)EQ.(5)EQ.(5) -[-[-[-[ X'=AX-BctX'=AX-BctX'=AX-BctX'=AX-Bct ]-]-]-]- ,,,, =>=>=>=>

AX=BctAX=BctAX=BctAX=Bct =>=>=>=>

X=(Bc/A)X=(Bc/A)X=(Bc/A)X=(Bc/A) **** t.t.t.t.

ANDANDANDAND SINCESINCESINCESINCE SPEED=DISTANCE/TIME;SPEED=DISTANCE/TIME;SPEED=DISTANCE/TIME;SPEED=DISTANCE/TIME; SOSOSOSO :::: (X/t)(X/t)(X/t)(X/t) =V=V=V=V ,,,,

IFIFIFIFWEWEWEWECALLCALLCALLCALL (v)(v)(v)(v) THETHETHETHE SPEEDSPEEDSPEEDSPEEDWITHWITHWITHWITHWHICHWHICHWHICHWHICHTHETHETHETHE ORIGIONORIGIONORIGIONORIGIONOFOFOFOF

K'K'K'K' ISISISISMOVINGMOVINGMOVINGMOVINGRELATIVERELATIVERELATIVERELATIVE TOTOTOTO K,K,K,K,

X/t=Bc/AX/t=Bc/AX/t=Bc/AX/t=Bc/A ,,,,

WEWEWEWETHENTHENTHENTHENHAVEHAVEHAVEHAVE

V=Bc/AV=Bc/AV=Bc/AV=Bc/A ................................EQ.(6)................................EQ.(6)................................EQ.(6)................................EQ.(6)

WEWEWEWECANCANCANCAN SAYSAYSAYSAYTHATTHATTHATTHATTHETHETHETHE (V)(V)(V)(V) ISISISIS THETHETHETHE RELATIVERELATIVERELATIVERELATIVE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHETHETHETHETWOTWOTWOTWO

SYSTEMS.SYSTEMS.SYSTEMS.SYSTEMS.
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ININININORDERORDERORDERORDERTOTOTOTOSEESEESEESEEHOWHOWHOWHOWTHETHETHETHE POINTSPOINTSPOINTSPOINTSOFOFOFOFTHETHETHETHEX'-AXISX'-AXISX'-AXISX'-AXIS APPEARAPPEARAPPEARAPPEARASASASAS

VIEWEDVIEWEDVIEWEDVIEWEDFROMFROMFROMFROM KKKK ,,,, WEWEWEWEONLYONLYONLYONLY REQUIREREQUIREREQUIREREQUIRETOTOTOTOTAKETAKETAKETAKE AAAA "SNAPSHOT""SNAPSHOT""SNAPSHOT""SNAPSHOT"OFOFOFOF

K'K'K'K' FROMFROMFROMFROM KKKK ;;;; THISTHISTHISTHISMEANSMEANSMEANSMEANSTHATTHATTHATTHATWEWEWEWEHAVEHAVEHAVEHAVE TOTOTOTO INSERTINSERTINSERTINSERTAAAA

PARTICULARPARTICULARPARTICULARPARTICULAR VALUEVALUEVALUEVALUE OFOFOFOF tttt (TIME(TIME(TIME(TIMEOFOFOFOF KKKK )))) ,,,, E.G.E.G.E.G.E.G. tttt =0.=0.=0.=0. FORFORFORFORTHISTHISTHISTHIS VALUEVALUEVALUEVALUE

OFOFOFOF tttt WEWEWEWETHENTHENTHENTHENOBTAINOBTAINOBTAINOBTAIN FROMFROMFROMFROMTHETHETHETHE FIRSTFIRSTFIRSTFIRSTOFOFOFOF THETHETHETHEEQUATIUONSEQUATIUONSEQUATIUONSEQUATIUONS (5)(5)(5)(5) ----

[[[[ X'=AX-Bct]-:X'=AX-Bct]-:X'=AX-Bct]-:X'=AX-Bct]-:

tttt =0,=0,=0,=0,

X'=AX.X'=AX.X'=AX.X'=AX.

BYBYBYBYTAKETAKETAKETAKE THETHETHETHEDIFFERENCEDIFFERENCEDIFFERENCEDIFFERENCE FORFORFORFORTHETHETHETHEABOVEABOVEABOVEABOVEEQUATIONEQUATIONEQUATIONEQUATION YIELDS:YIELDS:YIELDS:YIELDS:

∆X'=AX'=AX'=AX'=A ∆XXXX

TWOTWOTWOTWOPOINTSPOINTSPOINTSPOINTSOFOFOFOFTHETHETHETHEX'-AXISX'-AXISX'-AXISX'-AXISWHICHWHICHWHICHWHICHAREAREAREARE SEPARATEDSEPARATEDSEPARATEDSEPARATEDBYBYBYBYTHETHETHETHE

DISTANCEDISTANCEDISTANCEDISTANCE

∆X'=1X'=1X'=1X'=1

THENTHENTHENTHENMEASUREDMEASUREDMEASUREDMEASURED ININININ THETHETHETHE K'K'K'K' SYSTEMSYSTEMSYSTEMSYSTEMAREAREAREARETHUSTHUSTHUSTHUS SEPARATEDSEPARATEDSEPARATEDSEPARATEDININININ OUROUROUROUR

INSTANTANEOUSINSTANTANEOUSINSTANTANEOUSINSTANTANEOUS PHOTOGRAPHPHOTOGRAPHPHOTOGRAPHPHOTOGRAPHBYBYBYBYTHETHETHETHEDISTANCE:DISTANCE:DISTANCE:DISTANCE:

1111=A=A=A=A ∆XXXX YEILDSYEILDSYEILDSYEILDS ::::

∆X=1/AX=1/AX=1/AX=1/A .........................EQ.(7).........................EQ.(7).........................EQ.(7).........................EQ.(7)

BUTBUTBUTBUT IFIFIFIF THETHETHETHE SNAPSHOTSNAPSHOTSNAPSHOTSNAPSHOTBEBEBEBETAKENTAKENTAKENTAKENFROMFROMFROMFROMK'K'K'K' (t'=0(t'=0(t'=0(t'=0

),),),), ANDANDANDAND IFIFIFIFWEWEWEWEELIMINATEELIMINATEELIMINATEELIMINATE tttt FROMFROMFROMFROMTHETHETHETHEEQUATIONSEQUATIONSEQUATIONSEQUATIONS (5),(5),(5),(5),

TAKINGTAKINGTAKINGTAKING INTOINTOINTOINTOACCOUNTACCOUNTACCOUNTACCOUNTTHETHETHETHEEXPRESSIONEXPRESSIONEXPRESSIONEXPRESSIONEQ.(6),EQ.(6),EQ.(6),EQ.(6),WEWEWEWEOBTAIN:OBTAIN:OBTAIN:OBTAIN:
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X'=X'=X'=X'= AAAA (1-(1-(1-(1- (V^2/c^2)(V^2/c^2)(V^2/c^2)(V^2/c^2) )))) X.X.X.X.

FROMFROMFROMFROMTHISTHISTHISTHISWEWEWEWECONCLUDECONCLUDECONCLUDECONCLUDETHATTHATTHATTHAT TWOTWOTWOTWOPOINTPOINTPOINTPOINTONONONONTHETHETHETHEX-AXISX-AXISX-AXISX-AXIS ANDANDANDAND

SEPARATEDSEPARATEDSEPARATEDSEPARATEDBYBYBYBYTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCE (1)(1)(1)(1) (RELATIVE(RELATIVE(RELATIVE(RELATIVE TOTOTOTO K)K)K)K) WILLWILLWILLWILL BEBEBEBE

REPRESENTEDREPRESENTEDREPRESENTEDREPRESENTEDONONONONOUROUROUROUR SNAPSHOTSNAPSHOTSNAPSHOTSNAPSHOTBYBYBYBYTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCE ::::

∆X'=AX'=AX'=AX'=A (1-(V^2/c^2))(1-(V^2/c^2))(1-(V^2/c^2))(1-(V^2/c^2)) .........................EQ.(8).........................EQ.(8).........................EQ.(8).........................EQ.(8)

BUTBUTBUTBUT FROMFROMFROMFROMWHATWHATWHATWHAT HASHASHASHAS BEENBEENBEENBEEN SAID,SAID,SAID,SAID, THETHETHETHETWOTWOTWOTWOSNAPSHOTSSNAPSHOTSSNAPSHOTSSNAPSHOTSMUSTMUSTMUSTMUSTBEBEBEBE

IDENTICAL;IDENTICAL;IDENTICAL;IDENTICAL; HENCEHENCEHENCEHENCE
∆XXXX ININININ EQUATIONEQUATIONEQUATIONEQUATION ININININ EQ.(7)EQ.(7)EQ.(7)EQ.(7)MUSTMUSTMUSTMUSTBEBEBEBEEQUALEQUALEQUALEQUAL TOTOTOTO ∆X'X'X'X' ININININ EQ.(8)EQ.(8)EQ.(8)EQ.(8) ,,,, SOSOSOSO

THATTHATTHATTHATWEWEWEWEOBTAINOBTAINOBTAINOBTAIN ::::

A^2=1/(1-(V^2/c^2))A^2=1/(1-(V^2/c^2))A^2=1/(1-(V^2/c^2))A^2=1/(1-(V^2/c^2)) .........................EQ.(9).........................EQ.(9).........................EQ.(9).........................EQ.(9)

THETHETHETHEEQUATIONSEQUATIONSEQUATIONSEQUATIONS (6)(6)(6)(6)ANDANDANDANDEQ.(9)EQ.(9)EQ.(9)EQ.(9)DETERMINEDETERMINEDETERMINEDETERMINETHETHETHETHECONSTANTSCONSTANTSCONSTANTSCONSTANTS (A)(A)(A)(A)

ANDANDANDAND (B).(B).(B).(B). BYBYBYBY INSERTINGINSERTINGINSERTINGINSERTINGTHETHETHETHEVALUESVALUESVALUESVALUESOFOFOFOF THESETHESETHESETHESECONSTANTSCONSTANTSCONSTANTSCONSTANTS ININININ

EQ.(5),EQ.(5),EQ.(5),EQ.(5),WEWEWEWEOBTAINOBTAINOBTAINOBTAIN ::::

X'=(X-Vt)/[1-(V^2/c^2)]^(1/2)X'=(X-Vt)/[1-(V^2/c^2)]^(1/2)X'=(X-Vt)/[1-(V^2/c^2)]^(1/2)X'=(X-Vt)/[1-(V^2/c^2)]^(1/2) ..........EQ.(10)..........EQ.(10)..........EQ.(10)..........EQ.(10)

t't't't' =(t-=(t-=(t-=(t- (VX/c^2))/[1-(V^2/c^2)]^(1/2)(VX/c^2))/[1-(V^2/c^2)]^(1/2)(VX/c^2))/[1-(V^2/c^2)]^(1/2)(VX/c^2))/[1-(V^2/c^2)]^(1/2) ....................EQ.(11)....................EQ.(11)....................EQ.(11)....................EQ.(11)

SINCESINCESINCESINCEVVVV ISISISIS THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHETHETHETHE SYSTEMSYSTEMSYSTEMSYSTEMK'K'K'K' RELATIVERELATIVERELATIVERELATIVE TOTOTOTOSYSTEMSYSTEMSYSTEMSYSTEM K':K':K':K':

SO:SO:SO:SO:

X'=XOX'=XOX'=XOX'=XO =REST=REST=REST=REST LENGTHLENGTHLENGTHLENGTH ,,,,

T'T'T'T' =to=to=to=to ====RESTRESTRESTREST TIMETIMETIMETIME ,,,, ANDANDANDAND

M'=MOM'=MOM'=MOM'=MO==== RESTRESTRESTRESTMASS.MASS.MASS.MASS.
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PUTTINGPUTTINGPUTTINGPUTTING γ ==== [1-(V^2/c^2)]^(1/2)[1-(V^2/c^2)]^(1/2)[1-(V^2/c^2)]^(1/2)[1-(V^2/c^2)]^(1/2)

ININININ EQ.(10)EQ.(10)EQ.(10)EQ.(10) ,,,, tttt =0=0=0=0 LEADSLEADSLEADSLEADS TO:TO:TO:TO:

X=XO*X=XO*X=XO*X=XO* γ ; L=LO γ

ANDANDANDAND ININININ EQ.(11)EQ.(11)EQ.(11)EQ.(11) ,,,, X=0X=0X=0X=0 ,,,, THENTHENTHENTHENEQ.(11)EQ.(11)EQ.(11)EQ.(11) BECOME:BECOME:BECOME:BECOME:

tttt ==== t't't't' γ ,,,, MEANSMEANSMEANSMEANS :::: tttt ==== totototo γ

ANDANDANDANDFORFORFORFORMASSMASSMASSMASS ::::

THETHETHETHE FRAMEFRAMEFRAMEFRAME -SYSTEM--SYSTEM--SYSTEM--SYSTEM- KKKK SEESEESEESEE THETHETHETHEMASSMASSMASSMASS ININININ THETHETHETHE FRAMEFRAMEFRAMEFRAME -SYSTEM--SYSTEM--SYSTEM--SYSTEM- K'K'K'K'

ASASASAS (M)(M)(M)(M)NOTNOTNOTNOT (MO),(MO),(MO),(MO),M=M(V).M=M(V).M=M(V).M=M(V).

P=P=P=P= THETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUMOFOFOFOFMASSMASSMASSMASS (M),(M),(M),(M),

PO=PO=PO=PO=THETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUMOFOFOFOFMASSMASSMASSMASS (MO),(MO),(MO),(MO),

PV=PV=PV=PV=THETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUM OFOFOFOFTHETHETHETHE MASSMASSMASSMASSDUTDUTDUTDUTTOTOTOTOTHETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITY (V)(V)(V)(V) OFOFOFOF

THETHETHETHE FRAMEFRAMEFRAMEFRAMEK'K'K'K' REPECTREPECTREPECTREPECTTOTOTOTOTHETHETHETHE FRAMEFRAMEFRAMEFRAMEK,K,K,K,

SOSOSOSO :::: THETHETHETHE DIFFERENCEDIFFERENCEDIFFERENCEDIFFERENCE ININININMOMENTUMEMOMENTUMEMOMENTUMEMOMENTUMEDUEDUEDUEDUETOTOTOTOTHETHETHETHEMOTIONMOTIONMOTIONMOTION (V)(V)(V)(V) ::::

THETHETHETHE MOMENTUMMOMENTUMMOMENTUMMOMENTUM DUTDUTDUTDUTTOTOTOTOACUIREINGACUIREINGACUIREINGACUIREINGTOTOTOTO(V)(V)(V)(V)

∆P^2P^2P^2P^2=PO^2+(PV)^2=PO^2+(PV)^2=PO^2+(PV)^2=PO^2+(PV)^2 ..............(1)..............(1)..............(1)..............(1)

P=MCP=MCP=MCP=MC ,,,, PO=MOPO=MOPO=MOPO=MOCCCC ,,,, PV=MVPV=MVPV=MVPV=MV ...............(2)...............(2)...............(2)...............(2)

PUTTINGPUTTINGPUTTINGPUTTINGEQ.(2)EQ.(2)EQ.(2)EQ.(2) ININININ EQ.(1)EQ.(1)EQ.(1)EQ.(1)YIELDS:YIELDS:YIELDS:YIELDS:

M^2M^2M^2M^2 C^2=C^2=C^2=C^2=MO^2MO^2MO^2MO^2 C^2C^2C^2C^2 +(M*V)^2+(M*V)^2+(M*V)^2+(M*V)^2 ;;;;

M/MO=M/MO=M/MO=M/MO= ± [1-(V^2/C^2)]^[1-(V^2/C^2)]^[1-(V^2/C^2)]^[1-(V^2/C^2)]^ (1/2)(1/2)(1/2)(1/2) ==== ± γ
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SOSOSOSO :::: M=M=M=M= ±MOMOMOMO γ WHICHWHICHWHICHWHICHREPRESENTSREPRESENTSREPRESENTSREPRESENTSTHETHETHETHERELATIVISTICRELATIVISTICRELATIVISTICRELATIVISTICMASSMASSMASSMASS

EQUATION.EQUATION.EQUATION.EQUATION.

NOTE:NOTE:NOTE:NOTE: ININININABOVEABOVEABOVEABOVEEQUATIONEQUATIONEQUATIONEQUATIONANANANAN INDICATIONINDICATIONINDICATIONINDICATION -PROOF--PROOF--PROOF--PROOF-OFOFOFOF EXISTENCEEXISTENCEEXISTENCEEXISTENCE

OFOFOFOF THETHETHETHE NEGATIVENEGATIVENEGATIVENEGATIVE MASS.MASS.MASS.MASS.

WITHWITHWITHWITHTHETHETHETHE HELPHELPHELPHELP OFOFOFOFTHETHETHETHELORENTZLORENTZLORENTZLORENTZTRANSFORMATIONTRANSFORMATIONTRANSFORMATIONTRANSFORMATIONTHESPECIALTHESPECIALTHESPECIALTHESPECIAL

THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYCANCANCANCANBEBEBEBEEXPRESSEDEXPRESSEDEXPRESSEDEXPRESSEDTHUSTHUSTHUSTHUS :::: THETHETHETHELAWSLAWSLAWSLAWSOFOFOFOF

NATURENATURENATURENATUREAREAREAREARE INVARIANTINVARIANTINVARIANTINVARIANTWITHWITHWITHWITHTHETHETHETHERESPECTRESPECTRESPECTRESPECTTOTOTOTOLORENTZ-LORENTZ-LORENTZ-LORENTZ-

TRANSFORMATIONSTRANSFORMATIONSTRANSFORMATIONSTRANSFORMATIONS (I.E.,(I.E.,(I.E.,(I.E., AAAA LAWLAWLAWLAWOFOFOFOFNATURENATURENATURENATUREDOESDOESDOESDOES NOTNOTNOTNOTCHANGECHANGECHANGECHANGE

IT'SIT'SIT'SIT'S FORMFORMFORMFORMIFIFIFIF ONEONEONEONE INTRODUEESINTRODUEESINTRODUEESINTRODUEES INTOINTOINTOINTOIFIFIFIF AAAA NEWNEWNEWNEWINERTIALINERTIALINERTIALINERTIAL SYSTEMSYSTEMSYSTEMSYSTEM

WITHWITHWITHWITHTHETHETHETHEHELPHELPHELPHELPOFOFOFOFAAAA LORENTZ-TRANSFORMATIONLORENTZ-TRANSFORMATIONLORENTZ-TRANSFORMATIONLORENTZ-TRANSFORMATIONONONONONX,YX,YX,YX,Y ,Z,,Z,,Z,,Z, t).t).t).t).

THETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYHASHASHASHAS LEDLEDLEDLEDTOTOTOTOAAAA CLEARCLEARCLEARCLEAR

UNDERSTANDINGUNDERSTANDINGUNDERSTANDINGUNDERSTANDINGOFOFOFOFTHETHETHETHE PHYSICALPHYSICALPHYSICALPHYSICAL CONCEPTSCONCEPTSCONCEPTSCONCEPTSOFOFOFOFSPACESPACESPACESPACEANDANDANDAND

TIMETIMETIMETIMEANDANDANDAND ININININ CONNECTIONCONNECTIONCONNECTIONCONNECTIONWITHWITHWITHWITH THISTHISTHISTHIS TOTOTOTOAAAA RECOGNITIONRECOGNITIONRECOGNITIONRECOGNITIONOFOFOFOFTHETHETHETHE

BEHAVIORBEHAVIORBEHAVIORBEHAVIOR OFOFOFOFMOVINGMOVINGMOVINGMOVINGMEASURINGMEASURINGMEASURINGMEASURINGRODSRODSRODSRODSANDANDANDANDCLOCKS.CLOCKS.CLOCKS.CLOCKS.

ITITITITHASHASHASHAS ININININ PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEREMOVEDREMOVEDREMOVEDREMOVEDTHETHETHETHECONCEPTCONCEPTCONCEPTCONCEPTOFOFOFOFABSOLUTEABSOLUTEABSOLUTEABSOLUTE

SIMULTANEITYSIMULTANEITYSIMULTANEITYSIMULTANEITY -ACCORDING-ACCORDING-ACCORDING-ACCORDINGTOTOTOTOLIGHT-LIGHT-LIGHT-LIGHT- ANDANDANDANDTHEREBYTHEREBYTHEREBYTHEREBYALSOALSOALSOALSOTHATTHATTHATTHAT

ONONONON INSTANTANEOUSINSTANTANEOUSINSTANTANEOUSINSTANTANEOUSACTIONACTIONACTIONACTIONATATATAT AAAA DISTANCEDISTANCEDISTANCEDISTANCEININININ THETHETHETHE SENSESENSESENSESENSEOFOFOFOF

NEWTON.NEWTON.NEWTON.NEWTON.

ITITITITHASHASHASHASUNIFIEDUNIFIEDUNIFIEDUNIFIEDTHETHETHETHELAWSLAWSLAWSLAWS OFOFOFOFCONSERVATIONCONSERVATIONCONSERVATIONCONSERVATIONOFOFOFOFMOMENTUMMOMENTUMMOMENTUMMOMENTUMANDANDANDAND

OFOFOFOF ENERGYENERGYENERGYENERGY INTOINTOINTOINTOAAAA ONEONEONEONE SINGLESINGLESINGLESINGLELAWLAWLAWLAWHASHASHASHASDEMONSTRATEDDEMONSTRATEDDEMONSTRATEDDEMONSTRATEDTHETHETHETHE

EQUIVALENCEEQUIVALENCEEQUIVALENCEEQUIVALENCEOFOFOFOFMASSMASSMASSMASSANDANDANDAND ENEREGY.ENEREGY.ENEREGY.ENEREGY.

ITITITITHASHASHASHAS SHOWNSHOWNSHOWNSHOWNGENERALLYGENERALLYGENERALLYGENERALLYTHETHETHETHE ROLEROLEROLEROLEWHICHWHICHWHICHWHICHTHETHETHETHEUNIVERSALUNIVERSALUNIVERSALUNIVERSAL
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CONSTANTCONSTANTCONSTANTCONSTANT (C=2.99792458(C=2.99792458(C=2.99792458(C=2.99792458 *10^8*10^8*10^8*10^8M/S)M/S)M/S)M/S) PLAYSPLAYSPLAYSPLAYS ININININ THETHETHETHELAWSLAWSLAWSLAWSOFOFOFOFNATURENATURENATURENATURE

ANDANDANDANDHASHASHASHASDEMONSTRATEDDEMONSTRATEDDEMONSTRATEDDEMONSTRATED :::: THATTHATTHATTHAT THERETHERETHERETHEREEXISTSEXISTSEXISTSEXISTSAAAA CLOSECLOSECLOSECLOSE

CONNECTIONCONNECTIONCONNECTIONCONNECTIONBETWEENBETWEENBETWEENBETWEENTHETHETHETHE FORMFORMFORMFORMININININWHICHWHICHWHICHWHICH TIMETIMETIMETIMEONONONONTHETHETHETHEONEONEONEONE

HANDHANDHANDHAND ANDANDANDANDTHETHETHETHETHETHETHETHE SPATIALSPATIALSPATIALSPATIALCOORDINATESCOORDINATESCOORDINATESCOORDINATESONONONONTHETHETHETHEOTHEROTHEROTHEROTHERHANDHANDHANDHAND

ENTERENTERENTERENTER INTOINTOINTOINTOTHETHETHETHELAWSLAWSLAWSLAWS OFOFOFOFNATURE.NATURE.NATURE.NATURE.

REFERENCE:REFERENCE:REFERENCE:REFERENCE: "RELATIVITY"RELATIVITY"RELATIVITY"RELATIVITY :::: THETHETHETHE SPECIALSPECIALSPECIALSPECIAL ANDANDANDANDGENERALGENERALGENERALGENERALTHEORY",THEORY",THEORY",THEORY",

BYBYBYBY :::: DR.DR.DR.DR. ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN PHD,PHD,PHD,PHD, NEWNEWNEWNEWYORK,YORK,YORK,YORK, HENRYHENRYHENRYHENRYHOLTHOLTHOLTHOLTANDANDANDAND

COMPANYCOMPANYCOMPANYCOMPANY 1920.1920.1920.1920.
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PARTPARTPARTPART 9:9:9:9:

E=MC^2E=MC^2E=MC^2E=MC^2

SIMPLESIMPLESIMPLESIMPLE DREIVATIONDREIVATIONDREIVATIONDREIVATIONOFOFOFOF RELATIONRELATIONRELATIONRELATION E=Mc^2E=Mc^2E=Mc^2E=Mc^2

THETHETHETHE KINETICKINETICKINETICKINETIC ENERGYENERGYENERGYENERGY E=(1/2)E=(1/2)E=(1/2)E=(1/2)MMMMV^2V^2V^2V^2 .............EQ.(1).............EQ.(1).............EQ.(1).............EQ.(1)

SUPPOSESUPPOSESUPPOSESUPPOSE TWOTWOTWOTWOPHOTONSPHOTONSPHOTONSPHOTONSOFOFOFOF EQUALEQUALEQUALEQUAL MASSMASSMASSMASSCOMINGCOMINGCOMINGCOMING ININININOPOSITEOPOSITEOPOSITEOPOSITE

DIRECTIONDIRECTIONDIRECTIONDIRECTIONTOTOTOTOAAAA BODYBODYBODYBODY (B)(B)(B)(B) ANDANDANDANDABSORBEDABSORBEDABSORBEDABSORBEDBYBYBYBY IT.IT.IT.IT.

E=E=E=E= (1/2)(1/2)(1/2)(1/2) m1m1m1m1 V1^2V1^2V1^2V1^2 ++++ (1/2)(1/2)(1/2)(1/2)m2m2m2m2 V2^2V2^2V2^2V2^2 ............................................................ (2)(2)(2)(2)

ANDANDANDAND SINCESINCESINCESINCEm1=m2=M,m1=m2=M,m1=m2=M,m1=m2=M, V1=V2=CV1=V2=CV1=V2=CV1=V2=C .................EQ.(3).................EQ.(3).................EQ.(3).................EQ.(3)

THETHETHETHETWOTWOTWOTWOPHOTONSPHOTONSPHOTONSPHOTONSCOMECOMECOMECOME INTOINTOINTOINTOTHETHETHETHEBODYBODYBODYBODY (B)(B)(B)(B) ININININOPPOSITIEOPPOSITIEOPPOSITIEOPPOSITIE

DIRECTIONDIRECTIONDIRECTIONDIRECTIONTOTOTOTOSURESURESURESURETHATTHATTHATTHAT ALLALLALLALL THETHETHETHE PHOTONSPHOTONSPHOTONSPHOTONSMASSESMASSESMASSESMASSES (ENERGIES)(ENERGIES)(ENERGIES)(ENERGIES)

WILLWILLWILLWILL TRANSFORMTRANSFORMTRANSFORMTRANSFORMTOTOTOTOENERGYENERGYENERGYENERGY ININININ THETHETHETHEBODYBODYBODYBODYNOTNOTNOTNOTASASASASKINETICKINETICKINETICKINETIC

ENERGYENERGYENERGYENERGYTOTOTOTOMOVEMOVEMOVEMOVE IT.IT.IT.IT.

THETHETHETHETWOTWOTWOTWOPHOTONSPHOTONSPHOTONSPHOTONSAREAREAREAREEQUALEQUALEQUALEQUAL ININININMASSMASSMASSMASS (ENERGY).(ENERGY).(ENERGY).(ENERGY).
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PUTTINGPUTTINGPUTTINGPUTTINGEQ.(3)EQ.(3)EQ.(3)EQ.(3) ININININ EQ.(2)EQ.(2)EQ.(2)EQ.(2)YEILDSYEILDSYEILDSYEILDS THATTHATTHATTHAT THETHETHETHEABSORBEDABSORBEDABSORBEDABSORBED

ENERGYENERGYENERGYENERGYBYBYBYBYBODYBODYBODYBODY (B)(B)(B)(B) ISISISIS ::::

E=(1/2)MC^2+(1/2)E=(1/2)MC^2+(1/2)E=(1/2)MC^2+(1/2)E=(1/2)MC^2+(1/2)MC^2MC^2MC^2MC^2

=Mc^2=Mc^2=Mc^2=Mc^2 WHICHWHICHWHICHWHICH ISISISIS THETHETHETHEABSORBEDABSORBEDABSORBEDABSORBEDENERGYENERGYENERGYENERGYWHICHWHICHWHICHWHICHMADEMADEMADEMADE

THETHETHETHEBODYBODYBODYBODY (B)(B)(B)(B)HEAVERHEAVERHEAVERHEAVER BYBYBYBY(M).(M).(M).(M).
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PARTPARTPARTPART10:10:10:10:

GENERALGENERALGENERALGENERAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY ::::

PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOF EQUIVALENCE:EQUIVALENCE:EQUIVALENCE:EQUIVALENCE: ABODYABODYABODYABODYHASHASHASHAS ANANANAN INERTIALINERTIALINERTIALINERTIALMASSMASSMASSMASS

(RESISTANCE(RESISTANCE(RESISTANCE(RESISTANCETOTOTOTOACCELERATION)ACCELERATION)ACCELERATION)ACCELERATION)ANDANDANDANDAAAA HEAVYHEAVYHEAVYHEAVYMASSMASSMASSMASS (((( WHICHWHICHWHICHWHICH

DETERMINESDETERMINESDETERMINESDETERMINESTHETHETHETHEWEIGHTWEIGHTWEIGHTWEIGHT OFOFOFOF THETHETHETHE BODYBODYBODYBODYININININ AAAA GIVENGIVENGIVENGIVEN

GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELD,FIELD,FIELD,FIELD, EG.EG.EG.EG. ,,,, THATTHATTHATTHAT ATATATAT THETHETHETHE SURFACESURFACESURFACESURFACEOFOFOFOFTHETHETHETHE

EARTH).EARTH).EARTH).EARTH). THESETHESETHESETHESE TWOTWOTWOTWOQUANTITIES,QUANTITIES,QUANTITIES,QUANTITIES, SOSOSOSODIFFERENTDIFFERENTDIFFERENTDIFFERENTACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTO

THEIRTHEIRTHEIRTHEIRDEFINITION,DEFINITION,DEFINITION,DEFINITION, AREAREAREAREACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOEXPERIENCEEXPERIENCEEXPERIENCEEXPERIENCEMEASUREDMEASUREDMEASUREDMEASURED

BYBYBYBYONEONEONEONE ANDANDANDANDTHETHETHETHE SAMESAMESAMESAMENUMBER.NUMBER.NUMBER.NUMBER.

ININININ AAAA GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELDFIELDFIELDFIELD ;;;; DIFFERENTDIFFERENTDIFFERENTDIFFERENTMASSESMASSESMASSESMASSESRECEIVERECEIVERECEIVERECEIVE THETHETHETHE

SAMESAMESAMESAMEACCELERATION.ACCELERATION.ACCELERATION.ACCELERATION.

BODIESBODIESBODIESBODIES ININININ AAAA GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELDFIELDFIELDFIELDBEHAVEBEHAVEBEHAVEBEHAVEASASASAS ININININ THETHETHETHEABSENCEABSENCEABSENCEABSENCE

OFOFOFOFAAAA GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELDFIELDFIELDFIELD IF,IF,IF,IF, ININININ THETHETHETHELATTERLATTERLATTERLATTERCASE,CASE,CASE,CASE, THETHETHETHE SYSTEMSYSTEMSYSTEMSYSTEM

OFOFOFOFREFERENCEREFERENCEREFERENCEREFERENCEUSEDUSEDUSEDUSEDISISISIS AAAA UNIFORMLYUNIFORMLYUNIFORMLYUNIFORMLY ACCELERATEDACCELERATEDACCELERATEDACCELERATED

COORDINATECOORDINATECOORDINATECOORDINATESYSTEMSYSTEMSYSTEMSYSTEM (INSTEAD(INSTEAD(INSTEAD(INSTEADOFOFOFOFANANANAN INERTIALINERTIALINERTIALINERTIAL SYSTEM).SYSTEM).SYSTEM).SYSTEM).

THETHETHETHEGENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY :::: ALLALLALLALL CONTINUOUSCONTINUOUSCONTINUOUSCONTINUOUS

COORDINATECOORDINATECOORDINATECOORDINATETRANSFORMATIONSTRANSFORMATIONSTRANSFORMATIONSTRANSFORMATIONS (WHICH(WHICH(WHICH(WHICHFORMFORMFORMFORMAAAA GROUP)GROUP)GROUP)GROUP) ....

THETHETHETHEGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITYEQUATIONSEQUATIONSEQUATIONSEQUATIONS ::::

IT'SIT'SIT'SIT'S NAMEDNAMEDNAMEDNAMED ((GENERAL))((GENERAL))((GENERAL))((GENERAL)) BECAUSEBECAUSEBECAUSEBECAUSE ITITITIT DEALSDEALSDEALSDEALS WITHWITHWITHWITHAAAA PRESENCEPRESENCEPRESENCEPRESENCEOFOFOFOF

AAAA GRAVITATIONALGRAVITATIONALGRAVITATIONALGRAVITATIONAL FIELDFIELDFIELDFIELD –––– AAAA PRESENCEPRESENCEPRESENCEPRESENCEOFOFOFOFMASS-.MASS-.MASS-.MASS-.
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R=(1/r^2)R=(1/r^2)R=(1/r^2)R=(1/r^2)

R=R=R=R=THETHETHETHECARVETURECARVETURECARVETURECARVETUREOFOFOFOF ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))

rrrr ==== THETHETHETHERADIUSRADIUSRADIUSRADIUSOFOFOFOF THETHETHETHECARVETURECARVETURECARVETURECARVETURE

THETHETHETHEEINSTEINEINSTEINEINSTEINEINSTEINRELATIONRELATIONRELATIONRELATION OFOFOFOFTHETHETHETHEGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITY ISISISIS ::::

RRRRµνµνµνµν -(1/2)-(1/2)-(1/2)-(1/2) ggggµνµνµνµνRRRR =(-8=(-8=(-8=(-8 ππππ G/C^2)G/C^2)G/C^2)G/C^2) **** TTTTµνµνµνµν

WHEREWHEREWHEREWHERE µµµµANDANDANDAND νννν TAKESTAKESTAKESTAKES THETHETHETHEVALUESVALUESVALUESVALUES FROMFROMFROMFROM 1111 TOTOTOTO 4444

gggg isisisis METRICMETRICMETRICMETRICRERESENTSRERESENTSRERESENTSRERESENTS 16161616VALUESVALUESVALUESVALUES
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RICCIRICCIRICCIRICCI TENSORTENSORTENSORTENSOR==== RRRRµνµνµνµν

RICCIRICCIRICCIRICCISCALARSCALARSCALARSCALAR ====RRRR

TTTTµνµνµνµν ISISISIS THETHETHETHE STRESS-ENERGYSTRESS-ENERGYSTRESS-ENERGYSTRESS-ENERGYTENSORTENSORTENSORTENSORANDANDANDAND ITITITIT CONTAINS:CONTAINS:CONTAINS:CONTAINS:

ρρρρ ==== ENERGYENERGYENERGYENERGYDENSITYDENSITYDENSITYDENSITY

P=PRESSUREP=PRESSUREP=PRESSUREP=PRESSURE

RRRRµνµνµνµν -(1/2)-(1/2)-(1/2)-(1/2) ggggµνµνµνµν RRRR ==== (-8(-8(-8(-8 ππππ G/C^2)G/C^2)G/C^2)G/C^2) **** TTTTµνµνµνµν ==== GGGGµνµνµνµν

WHEREWHEREWHEREWHEREGGGGµνµνµνµν ISISISIS THETHETHETHEEINSTEINEINSTEINEINSTEINEINSTEIN TENSORTENSORTENSORTENSOR

ANDANDANDAND SINCESINCESINCESINCE µµµµ,,,,νννν =1,2,3,4=1,2,3,4=1,2,3,4=1,2,3,4 ,,,, SOSOSOSOTHETHETHETHEGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITYEQUATIONEQUATIONEQUATIONEQUATION

CONSISTECONSISTECONSISTECONSISTEOFOFOFOF16161616 EQUATIONS.EQUATIONS.EQUATIONS.EQUATIONS.

AFTERAFTERAFTERAFTER 3333MONTHSMONTHSMONTHSMONTHSOFOFOFOFAPPEARINGAPPEARINGAPPEARINGAPPEARINGTHETHETHETHEGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITY

EQUATIONEQUATIONEQUATIONEQUATION ,,,, SCHWARZSCHILDSCHWARZSCHILDSCHWARZSCHILDSCHWARZSCHILD PUTTEDPUTTEDPUTTEDPUTTEDAAAA SOLUTIONSOLUTIONSOLUTIONSOLUTION FORFORFORFOR ITITITIT ININININ THETHETHETHE

SPHEREICALSPHEREICALSPHEREICALSPHEREICALCOORDINATESCOORDINATESCOORDINATESCOORDINATES ::::

dS^2=-dS^2=-dS^2=-dS^2=- [1/[1-(2m/r)]]dr^2[1/[1-(2m/r)]]dr^2[1/[1-(2m/r)]]dr^2[1/[1-(2m/r)]]dr^2 –––– r^2r^2r^2r^2 [d[d[d[dϴϴϴϴ^2+sin^2^2+sin^2^2+sin^2^2+sin^2 ((((ϴϴϴϴ)))) ddddøøøø^2]+^2]+^2]+^2]+ [1-[1-[1-[1- (2m/r)(2m/r)(2m/r)(2m/r) ]dt^2]dt^2]dt^2]dt^2

r>2m,r>2m,r>2m,r>2m, ϴϴϴϴ=0=0=0=0TOTOTOTOππππ ,,,, øøøø==== 0000 TOTOTOTO 2222ππππ

THETHETHETHEVALUESVALUESVALUESVALUES OFOFOFOFTHETHETHETHEMETRICMETRICMETRICMETRIC TENSORTENSORTENSORTENSOR :::: FROM,FROM,FROM,FROM, THETHETHETHETENSORTENSORTENSORTENSOR (g)(g)(g)(g)

MENSTIONEDMENSTIONEDMENSTIONEDMENSTIONEDABOVEABOVEABOVEABOVE ,,,, IT'SIT'SIT'SIT'S CLEARLLYCLEARLLYCLEARLLYCLEARLLYTHATTHATTHATTHAT ::::
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g11=1,g11=1,g11=1,g11=1, g22g22g22g22 ==== g33g33g33g33 ==== g44g44g44g44 =-1,=-1,=-1,=-1,

g12=g13=g14=g21=g23=g24=g31=g32=g41=g42=g43=0.g12=g13=g14=g21=g23=g24=g31=g32=g41=g42=g43=0.g12=g13=g14=g21=g23=g24=g31=g32=g41=g42=g43=0.g12=g13=g14=g21=g23=g24=g31=g32=g41=g42=g43=0.

THETHETHETHEVALUESVALUESVALUESVALUESOFOFOFOF THETHETHETHERICCIRICCIRICCIRICCITENSORTENSORTENSORTENSOR ::::

R11-(1/2)R11-(1/2)R11-(1/2)R11-(1/2)R=-(8R=-(8R=-(8R=-(8 ππππ GGGG /C^2)/C^2)/C^2)/C^2) ρρρρ,,,,

R12=0,R13=0,R14=0,R12=0,R13=0,R14=0,R12=0,R13=0,R14=0,R12=0,R13=0,R14=0, R21=0,R21=0,R21=0,R21=0,

R22+(1/2)R=-(8R22+(1/2)R=-(8R22+(1/2)R=-(8R22+(1/2)R=-(8 ππππ GGGG //// C^2)C^2)C^2)C^2) P,P,P,P,

R23=0,R23=0,R23=0,R23=0, R24=0,R24=0,R24=0,R24=0, R31=0,R31=0,R31=0,R31=0, R32=0,R32=0,R32=0,R32=0,

R33+(1/2)R33+(1/2)R33+(1/2)R33+(1/2) RRRR ==== -(8-(8-(8-(8 ππππ GGGG //// C^2)C^2)C^2)C^2) PPPP ,,,,

R41=0,R41=0,R41=0,R41=0, R42=0,R42=0,R42=0,R42=0, R43=0,R43=0,R43=0,R43=0,

R44+(1/2)R44+(1/2)R44+(1/2)R44+(1/2) RRRR ==== -(8-(8-(8-(8 ππππ GGGG //// C^2)C^2)C^2)C^2) PPPP ,,,,

SO,SO,SO,SO,

R11=(-8R11=(-8R11=(-8R11=(-8 ππππ GGGG /C^2)/C^2)/C^2)/C^2) ((((ρρρρ)))) ++++ (1/2)(1/2)(1/2)(1/2)RRRR
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R11=(-8R11=(-8R11=(-8R11=(-8 ππππ GGGG /C^2)/C^2)/C^2)/C^2) ((((ρρρρ)))) ++++ (1/2r^2)(1/2r^2)(1/2r^2)(1/2r^2) …………....

R22=-R22=-R22=-R22=- [(8[(8[(8[(8 ππππ GGGGP)/C^2P)/C^2P)/C^2P)/C^2++++ (1/2r^2)](1/2r^2)](1/2r^2)](1/2r^2)] …………........

=R33=R33=R33=R33 ====R44R44R44R44

SOSOSOSO:::: R11R11R11R11 RELATEDRELATEDRELATEDRELATEDWITHWITHWITHWITHR22R22R22R22 (R33,(R33,(R33,(R33, R44)R44)R44)R44)ASASASAS ::::

R11=R11=R11=R11= (-8(-8(-8(-8 ππππ GGGG ((((ρρρρ)))) /C^2/C^2/C^2/C^2 )))) –––– (R22+(8(R22+(8(R22+(8(R22+(8 ππππGGGG (P)/C^2)(P)/C^2)(P)/C^2)(P)/C^2)

R11=R11=R11=R11= (-8(-8(-8(-8 ππππ GGGG ((((ρρρρ)))) /C^2/C^2/C^2/C^2 )))) –––– (R33+(8(R33+(8(R33+(8(R33+(8 ππππGGGG (P)/C^2)(P)/C^2)(P)/C^2)(P)/C^2)

R11=R11=R11=R11= (-8(-8(-8(-8 ππππ GGGG ((((ρρρρ)))) /C^2/C^2/C^2/C^2 )))) –––– (R44+(8(R44+(8(R44+(8(R44+(8 ππππGGGG (P)/C^2)(P)/C^2)(P)/C^2)(P)/C^2)

THETHETHETHEEXPANSIONEXPANSIONEXPANSIONEXPANSIONOFOFOFOF THETHETHETHEUNIVERSE:UNIVERSE:UNIVERSE:UNIVERSE:

MAYMAYMAYMAYBEBEBEBE SOMEBODYSOMEBODYSOMEBODYSOMEBODYASK:ASK:ASK:ASK: HOWHOWHOWHOWSOMESOMESOMESOME ––––FAR-FAR-FAR-FAR-CELESTIALCELESTIALCELESTIALCELESTIAL OBJECTSOBJECTSOBJECTSOBJECTS

IT'SIT'SIT'SIT'S SPEEDSPEEDSPEEDSPEEDOFOFOFOFRESEEDINGRESEEDINGRESEEDINGRESEEDINGEXCEEDEXCEEDEXCEEDEXCEEDTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHTLIGHTLIGHTLIGHT ;;;; HOWHOWHOWHOW

THATTHATTHATTHAT ::::

THETHETHETHEANSWER:ANSWER:ANSWER:ANSWER: ISISISIS THATTHATTHATTHAT THETHETHETHE PARTPARTPARTPARTOFOFOFOF THISTHISTHISTHIS SPEEDSPEEDSPEEDSPEEDTHATTHATTHATTHATMAKEMAKEMAKEMAKE IT'SIT'SIT'SIT'S

SPEEDSPEEDSPEEDSPEEDEXCEED'SEXCEED'SEXCEED'SEXCEED'S THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFLIGHTLIGHTLIGHTLIGHT ININININ VACUUMVACUUMVACUUMVACUUM ISISISIS NOTNOTNOTNOTAAAA

LOCALLYLOCALLYLOCALLYLOCALLY SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHETHETHETHEOBJECT,OBJECT,OBJECT,OBJECT, BUTBUTBUTBUT ITITITIT ISISISIS DUEDUEDUEDUETOTOTOTOTHETHETHETHEEXPANSIONEXPANSIONEXPANSIONEXPANSION

OFOFOFOF THETHETHETHEUNIVERSE.UNIVERSE.UNIVERSE.UNIVERSE.
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R=(1/r^2),R=(1/r^2),R=(1/r^2),R=(1/r^2),WHEREWHEREWHEREWHERE

(((((((( rrrr )))))))) ISISISIS THETHETHETHE RADIUSRADIUSRADIUSRADIUS OFOFOFOFTHETHETHETHECARVETURECARVETURECARVETURECARVETUREOFOFOFOF THETHETHETHE ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))

THETHETHETHECARVETURECARVETURECARVETURECARVETURE (((((((( R=1/r^2R=1/r^2R=1/r^2R=1/r^2 )))))))) OFOFOFOF THETHETHETHE ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME)) ISISISIS MESUREDMESUREDMESUREDMESUREDASASASAS

FOLLOWS:FOLLOWS:FOLLOWS:FOLLOWS:
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THETHETHETHE PRESENCEPRESENCEPRESENCEPRESENCEOFOFOFOFAAAAMASSMASSMASSMASS DESTORTEDESTORTEDESTORTEDESTORTETHETHETHETHE ((SPACE-TIME))((SPACE-TIME))((SPACE-TIME))((SPACE-TIME)) GRIDGRIDGRIDGRID
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THETHETHETHETIMETIMETIMETIMEAXISAXISAXISAXIS ISISISIS ANANANAN IMAGINARYIMAGINARYIMAGINARYIMAGINARYAXISAXISAXISAXIS

THETHETHETHEEINSTEIN-MINKOWSKYEINSTEIN-MINKOWSKYEINSTEIN-MINKOWSKYEINSTEIN-MINKOWSKY SPACE-TIME:SPACE-TIME:SPACE-TIME:SPACE-TIME:

THETHETHETHEUPPERUPPERUPPERUPPERCONE:CONE:CONE:CONE: THETHETHETHE FUTURE,FUTURE,FUTURE,FUTURE,

THETHETHETHELOWERLOWERLOWERLOWERCONE:THECONE:THECONE:THECONE:THE PAST,PAST,PAST,PAST,

ATATATAT THETHETHETHECENTERCENTERCENTERCENTER :::: THETHETHETHE PRESENTPRESENTPRESENTPRESENT

NOTE:NOTE:NOTE:NOTE: IFIFIFIF YOUYOUYOUYOUWANTWANTWANTWANTTOTOTOTOUNDERSTANDUNDERSTANDUNDERSTANDUNDERSTAND((TIME))((TIME))((TIME))((TIME)) WELLWELLWELLWELLREADREADREADREAD

CHAPTERCHAPTERCHAPTERCHAPTER 3333 OFOFOFOF BOOKBOOKBOOKBOOK:SPACE:SPACE:SPACE:SPACETIMETIMETIMETIMEANDANDANDANDGRAVITATIONGRAVITATIONGRAVITATIONGRAVITATION ,,,, BYBYBYBYA.S.A.S.A.S.A.S.
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PARTPARTPARTPART 12:12:12:12:

EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S DOCTORALDOCTORALDOCTORALDOCTORALCERTIFICATECERTIFICATECERTIFICATECERTIFICATE::::

UNTER DER OBERHOHEIT DER BEHÖRDEN UND DES VOLKES DES KANTONS
UND IM NAMEN DER

UNIVERSITUNIVERSITUNIVERSITUNIVERSITÄÄÄÄTTTT ZZZZÜÜÜÜRICHRICHRICHRICH
HAT DIE

MATHEMATISCH-NATURWISSENSCHAFTLICHE SEKTION
DER

PHILOSOPHISCHEN FAKULTÄT
IN IHRER SITZUNG VOM 27. JULI 1905

DEMHERRN

ALBERTALBERTALBERTALBERT EINSTEINEINSTEINEINSTEINEINSTEIN
VON ZÜRICH

AUF GRUND SEINER DISSERTATION, BETITELT:

„„„„EINEEINEEINEEINE NEUENEUENEUENEUE BESTIMMUNGBESTIMMUNGBESTIMMUNGBESTIMMUNGDERDERDERDERMOLEKMOLEKMOLEKMOLEKÜÜÜÜLDIMENSIONENLDIMENSIONENLDIMENSIONENLDIMENSIONEN““““
UND DER VORSCHRIFTSMÄSSIGEN PRÜFUNGSAUSWEISE

DIE RECHTE UND WÜRDEN
EINES

DOCTORDOCTORDOCTORDOCTORDERDERDERDER PHILOSOPHIEPHILOSOPHIEPHILOSOPHIEPHILOSOPHIE
VERLIEHEN

UND STELLT ZUM ZEUGNIS DESSENDIESE MIT DEMUNIVERSITÄTSSTEMPEL VERSEHENE URKUNDE AUS

GEGEBEN IN ZÜRICH
15. JANUAR 1906.

FÜR DEN AKADEMISCHENSENAT

DER REKTOR:

_________________________________

FÜR DIE II. SEKTION DER
PHILOSOPHISCHENFAKULTÄT

DER DEKAN:

_________________________________
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PARTPARTPARTPART 13:13:13:13:

ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEIN FIRSTFIRSTFIRSTFIRST PAPERPAPERPAPERPAPER

InInInIn 1894189418941894 orororor 1895,1895,1895,1895, thethethethe youngyoungyoungyoung AlbertAlbertAlbertAlbert EinsteinEinsteinEinsteinEinstein wrotewrotewrotewrote anananan essayessayessayessay onononon `The`The`The`The InvestigationInvestigationInvestigationInvestigation

ofofofof thethethethe StateStateStateState ofofofof AetherAetherAetherAether inininin MagneticMagneticMagneticMagnetic Fields.'Fields.'Fields.'Fields.' HeHeHeHe sentsentsentsent thethethethe essay,essay,essay,essay, mostmostmostmost probablyprobablyprobablyprobably hishishishis

FirstFirstFirstFirst scientiscientiscientiscienticccc work,work,work,work, withwithwithwith aaaa letterletterletterletter totototo hishishishis uncleuncleuncleuncle CCCC¨̈̈̈asarasarasarasar Koch.Koch.Koch.Koch.

TheTheTheThe introductionintroductionintroductionintroduction totototo Einstein'sEinstein'sEinstein'sEinstein's essayessayessayessay onononon `The`The`The`The InvestigationInvestigationInvestigationInvestigation ofofofof thethethethe StateStateStateState ofofofofAetherAetherAetherAether

inininin MagneticMagneticMagneticMagnetic Fields,'Fields,'Fields,'Fields,' whichwhichwhichwhich hehehehe wrotewrotewrotewrote atatatat thethethethe ageageageage ofofofof 15151515 orororor 16161616 andandandand sentsentsentsent totototo hishishishis uncleuncleuncleuncle

CCCC¨̈̈̈asarasarasarasarKochKochKochKoch withwithwithwith aaaa coveringcoveringcoveringcovering letter.letter.letter.letter.
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LetterLetterLetterLetter totototo CCCC¨̈̈̈asarasarasarasar KochKochKochKoch

1894189418941894 orororor 1895.1895.1895.1895. A.A.A.A. Einstein.Einstein.Einstein.Einstein. (Date(Date(Date(Date recalledrecalledrecalledrecalled inininin 1950.)1950.)1950.)1950.)

MyMyMyMy deardeardeardear Uncle:Uncle:Uncle:Uncle:

IIII amamamam reallyreallyreallyreally veryveryveryvery happyhappyhappyhappy thatthatthatthat youyouyouyouareareareare stillstillstillstill interestedinterestedinterestedinterested inininin thethethethe littlelittlelittlelittle thingsthingsthingsthings IIII amamamamdoingdoingdoingdoing

andandandand workingworkingworkingworking on,on,on,on, eveneveneveneven thoughthoughthoughthough wewewewe couldcouldcouldcould notnotnotnot seeseeseesee eacheacheacheach otherotherotherother forforforfor aaaa longlonglonglong timetimetimetime andandandand IIII

amamamamsuchsuchsuchsuch aaaa terriblyterriblyterriblyterribly lazylazylazylazy correspondent.correspondent.correspondent.correspondent. IIII alwaysalwaysalwaysalways hesitatedhesitatedhesitatedhesitated totototo sendsendsendsend youyouyouyou thisthisthisthis

[attached][attached][attached][attached] note;note;note;note; becausebecausebecausebecause itititit dealsdealsdealsdeals withwithwithwith aaaa veryveryveryvery specialspecialspecialspecial topic,topic,topic,topic, andandandand besidesbesidesbesidesbesides itititit isisisis stillstillstillstill

ratherratherratherrather naivenaivenaivenaive andandandand imperfect,imperfect,imperfect,imperfect, asasasas isisisis totototo bebebebe expectedexpectedexpectedexpected fromfromfromfrom aaaa youngyoungyoungyoung fellowfellowfellowfellow likelikelikelike myself.myself.myself.myself.

IIII shallshallshallshall notnotnotnot bebebebe oooo endedendedendedended atatatat allallallall ifififif youyouyouyoudon'tdon'tdon'tdon't readreadreadread thethethethe stustustustuffffffff;;;; butbutbutbut youyouyouyoumustmustmustmust recognizerecognizerecognizerecognize itititit

atatatat leastleastleastleast asasasas aaaa modestmodestmodestmodest atatatatttttemptemptemptempt totototo overcomeovercomeovercomeovercome thethethethe lazinesslazinesslazinesslaziness inininin writingwritingwritingwriting whichwhichwhichwhich IIII havehavehavehave

inheritedinheritedinheritedinherited fromfromfromfrom bothbothbothboth ofofofofmymymymy deardeardeardear parentsparentsparentsparents:::: :::: :::: ::::

AsAsAsAs youyouyouyouprobablyprobablyprobablyprobably alreadyalreadyalreadyalready know,know,know,know, IIII amamamamnownownownow expectedexpectedexpectedexpected totototo gogogogo totototo thethethethe PolytechnicPolytechnicPolytechnicPolytechnic inininin

Zurich.Zurich.Zurich.Zurich. However,However,However,However, itititit presentspresentspresentspresents seriousseriousseriousserious didididiffiffiffifficultiescultiescultiesculties becausebecausebecausebecause IIII oughtoughtoughtought totototo bebebebe atatatat leastleastleastleast

twotwotwotwo yearsyearsyearsyears olderolderolderolder forforforfor that.that.that.that. WeWeWeWe shallshallshallshall writewritewritewrite totototo youyouyouyou inininin thethethethe nextnextnextnext letterletterletterletterwhatwhatwhatwhat happenshappenshappenshappens inininin

thisthisthisthis mmmmatter.atter.atter.atter.WarmWarmWarmWarm greetingsgreetingsgreetingsgreetings totototo deardeardeardear auntauntauntaunt andandandand youryouryouryour lovelylovelylovelylovely children,children,children,children,

fromfromfromfrom youryouryouryour

AlbertAlbertAlbertAlbert
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ConcerningConcerningConcerningConcerning thethethethe InvestigationInvestigationInvestigationInvestigation ofofofof thethethethe StateStateStateState ofofofofAetherAetherAetherAether inininin MagneticMagneticMagneticMagnetic FieldsFieldsFieldsFields

TheTheTheThe followingfollowingfollowingfollowing lineslineslineslines areareareare thethethethe fifififirstrstrstrst modestmodestmodestmodest expressionexpressionexpressionexpression ofofofof somesomesomesome simplesimplesimplesimple thoughtsthoughtsthoughtsthoughts onononon

thisthisthisthis didididiffiffiffifficultcultcultcult subject.subject.subject.subject.WithWithWithWith muchmuchmuchmuch hesitationhesitationhesitationhesitation IIII amamamam compressingcompressingcompressingcompressing themthemthemthem intointointointo anananan essayessayessayessay

whichwhichwhichwhich lookslookslookslooksmoremoremoremore likelikelikelike aaaa programprogramprogramprogram thanthanthanthan aaaa paper.paper.paper.paper. SinceSinceSinceSince IIII completelycompletelycompletelycompletely lackedlackedlackedlacked thethethethe

materialsmaterialsmaterialsmaterials totototo penetratepenetratepenetratepenetrate thethethethe subjectsubjectsubjectsubject moremoremoremore deeplydeeplydeeplydeeply thanthanthanthan waswaswaswas permittedpermittedpermittedpermitted bybybyby reflectionreflectionreflectionreflection

alone,alone,alone,alone, IIII askaskaskask thatthatthatthat thisthisthisthis circumstancecircumstancecircumstancecircumstance shouldshouldshouldshould notnotnotnot bebebebe ascribedascribedascribedascribed totototo memememe asasasas supersupersupersuperfififificiality.ciality.ciality.ciality.

IIII hopehopehopehope thethethethe indulgenceindulgenceindulgenceindulgence ofofofof thethethethe interestedinterestedinterestedinterested readerreaderreaderreader willwillwillwill correspondcorrespondcorrespondcorrespond totototo thethethethe humblehumblehumblehumble

feelingsfeelingsfeelingsfeelings withwithwithwith whichwhichwhichwhich IIII oooofffffffferererer himhimhimhim thesethesethesethese lines.lines.lines.lines.

WhenWhenWhenWhen thethethethe electricelectricelectricelectric currentcurrentcurrentcurrent comescomescomescomes intointointointo being,being,being,being, itititit immediatelyimmediatelyimmediatelyimmediately setssetssetssets thethethethe surroundingsurroundingsurroundingsurrounding

aetheraetheraetheraether inininin somesomesomesome kindkindkindkind ofofofof instantaneousinstantaneousinstantaneousinstantaneous motion,motion,motion,motion, thethethethe naturenaturenaturenature ofofofof whichwhichwhichwhichhashashashas stillstillstillstill notnotnotnot

beenbeenbeenbeen exactlyexactlyexactlyexactly determined.determined.determined.determined. InInInIn spitespitespitespite ofofofof thethethethe continuationcontinuationcontinuationcontinuation ofofofof thethethethe causecausecausecause ofofofof thisthisthisthis motion,motion,motion,motion,

namelynamelynamelynamely thethethethe electricelectricelectricelectric current,current,current,current, thethethethe motionmotionmotionmotion ceases,ceases,ceases,ceases, butbutbutbut thethethethe aetheraetheraetheraether remainsremainsremainsremains inininin aaaa

potentialpotentialpotentialpotential statestatestatestate andandandand producesproducesproducesproduces aaaa magneticmagneticmagneticmagnetic fifififield.eld.eld.eld. ThatThatThatThat thethethethe magneticmagneticmagneticmagnetic fifififieldeldeldeld isisisis aaaa

potentialpotentialpotentialpotential statestatestatestate [of[of[of[of thethethethe aether]aether]aether]aether] isisisis shownshownshownshownbybybyby thethethethe [existence[existence[existence[existence ofofofof a]a]a]a] permanentpermanentpermanentpermanent magnet,magnet,magnet,magnet,

sincesincesincesince thethethethe principleprincipleprincipleprinciple ofofofof conservationconservationconservationconservation ofofofof energyenergyenergyenergy excludesexcludesexcludesexcludes thethethethe possibilitypossibilitypossibilitypossibility ofofofof aaaa statestatestatestate ofofofof

motionmotionmotionmotion inininin thisthisthisthis case.case.case.case.

TheTheTheThemotionmotionmotionmotion ofofofof thethethethe aether,aether,aether,aether, whichwhichwhichwhich isisisis causedcausedcausedcausedbybybyby anananan electricelectricelectricelectric current,current,current,current, willwillwillwill continuecontinuecontinuecontinue

untiluntiluntiluntil thethethethe actingactingactingacting [electro-][electro-][electro-][electro-]motivemotivemotivemotive forcesforcesforcesforces areareareare compensatedcompensatedcompensatedcompensated bybybyby thethethethe equivalentequivalentequivalentequivalent

passivepassivepassivepassive forcesforcesforcesforceswhichwhichwhichwhich arisearisearisearise fromfromfromfrom thethethethe deformationdeformationdeformationdeformation causedcausedcausedcaused bybybyby thethethethe motionmotionmotionmotion ofofofof thethethethe

aetheraetheraetheraether itself.itself.itself.itself. TheTheTheThe marvellousmarvellousmarvellousmarvellous experimentsexperimentsexperimentsexperiments ofofofof HertzHertzHertzHertz havehavehavehave mostmostmostmost ingeniouslyingeniouslyingeniouslyingeniously

illuminatedilluminatedilluminatedilluminated thethethethe dynamicdynamicdynamicdynamic naturenaturenaturenature ofofofof thesethesethesethese phenomenaphenomenaphenomenaphenomena ---- thethethethe propagationpropagationpropagationpropagation inininin space,space,space,space,

asasasas wellwellwellwell asasasas thethethethe qualitativequalitativequalitativequalitative identityidentityidentityidentity ofofofof thesethesethesethesemotionsmotionsmotionsmotions withwithwithwith lightlightlightlight andandandand heat.heat.heat.heat. IIII believebelievebelievebelieve

thatthatthatthat forforforfor thethethethe understandingunderstandingunderstandingunderstanding ofofofof electromagneticelectromagneticelectromagneticelectromagnetic phenomenaphenomenaphenomenaphenomena itititit isisisis importantimportantimportantimportant alsoalsoalsoalso totototo

undertakeundertakeundertakeundertake aaaa comprehensivecomprehensivecomprehensivecomprehensive experimentalexperimentalexperimentalexperimental investigationinvestigationinvestigationinvestigation ofofofof thethethethe potentialpotentialpotentialpotential statesstatesstatesstates ofofofof

thethethethe aetheraetheraetheraether inininin magneticmagneticmagneticmagnetic fifififieldseldseldselds ofofofof allallallall kindskindskindskinds ---- or,or,or,or, inininin otherotherotherother words,words,words,words, totototo measuremeasuremeasuremeasure thethethethe

elasticelasticelasticelastic deformationsdeformationsdeformationsdeformations andandandand thethethethe actingactingactingacting deformingdeformingdeformingdeforming forces.forces.forces.forces.

EveryEveryEveryEvery elasticelasticelasticelastic changechangechangechange ofofofof thethethethe aetheraetheraetheraether atatatat anyanyanyany (free)(free)(free)(free) pointpointpointpoint inininin aaaa givengivengivengivendirectiondirectiondirectiondirection shouldshouldshouldshould
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bebebebe determinabledeterminabledeterminabledeterminable fromfromfromfrom thethethethe changechangechangechangewhichwhichwhichwhich thethethethe velocityvelocityvelocityvelocity ofofofof anananan aetheraetheraetheraetherwavewavewavewave

undergoesundergoesundergoesundergoes atatatat thisthisthisthis pointpointpointpoint inininin thatthatthatthat direction.direction.direction.direction. TheTheTheThe velocityvelocityvelocityvelocity ofofofof aaaa wavewavewavewave isisisis proportionalproportionalproportionalproportional

totototo thethethethe squaresquaresquaresquare rootrootrootroot ofofofof thethethethe elasticelasticelasticelastic forcesforcesforcesforces whichwhichwhichwhich causecausecausecause [its][its][its][its] propagation,propagation,propagation,propagation, andandandand

inverselyinverselyinverselyinversely proportionalproportionalproportionalproportional totototo thethethethe massmassmassmass ofofofof thethethethe aetheraetheraetheraether movedmovedmovedmovedbybybyby thesethesethesethese forces.forces.forces.forces. However,However,However,However,

sincesincesincesince thethethethe changeschangeschangeschanges ofofofof densitydensitydensitydensity causedcausedcausedcaused bybybyby thethethethe elasticelasticelasticelastic deformationsdeformationsdeformationsdeformations areareareare generallygenerallygenerallygenerally

insigniinsigniinsigniinsignifififificant,cant,cant,cant, theytheytheythey maymaymaymay probablyprobablyprobablyprobably bebebebe neglectedneglectedneglectedneglected inininin thisthisthisthis casecasecasecase also.also.also.also. ItItItIt couldcouldcouldcould thereforethereforethereforetherefore

bebebebe saidsaidsaidsaid withwithwithwith goodgoodgoodgood approximation:approximation:approximation:approximation:

TheTheTheThe squaresquaresquaresquare rootrootrootroot ofofofof thethethethe ratioratioratioratio ofofofof thethethethe changechangechangechange ofofofof velocityvelocityvelocityvelocity ofofofof propagationpropagationpropagationpropagation

(wavelength)(wavelength)(wavelength)(wavelength) isisisis equalequalequalequal totototo thethethethe ratioratioratioratio ofofofof thethethethe changechangechangechange ofofofof thethethethe elasticelasticelasticelastic force.force.force.force.

IIII daredaredaredare notnotnotnot decidedecidedecidedecide asasasas totototo whichwhichwhichwhich typetypetypetype ofofofof aetheraetheraetheraether waves,waves,waves,waves, whetherwhetherwhetherwhether lightlightlightlight orororor

electrodynamic,electrodynamic,electrodynamic,electrodynamic, andandandand whichwhichwhichwhich methodmethodmethodmethod ofofofof measuringmeasuringmeasuringmeasuring thethethethe wavelengthwavelengthwavelengthwavelength isisisis mostmostmostmost

appropriateappropriateappropriateappropriate forforforfor studyingstudyingstudyingstudying thethethethe magneticmagneticmagneticmagnetic eld;eld;eld;eld; inininin principle,principle,principle,principle, afterafterafterafter all,all,all,all, thisthisthisthis makesmakesmakesmakes nononono

didididifffffffference.erence.erence.erence. IfIfIfIf aaaa changechangechangechange ofofofofwavelengthwavelengthwavelengthwavelength inininin thethethethe magneticmagneticmagneticmagnetic fifififieldeldeldeld cancancancan bebebebe detecteddetecteddetecteddetected atatatat allallallall

inininin anyanyanyany givengivengivengiven direction,direction,direction,direction, thenthenthenthen thethethethe questionquestionquestionquestion cancancancan bebebebe experimentallyexperimentallyexperimentallyexperimentally decideddecideddecideddecided whetherwhetherwhetherwhether

onlyonlyonlyonly thethethethe componentcomponentcomponentcomponent ofofofof thethethethe elasticelasticelasticelastic statestatestatestate inininin thethethethe directiondirectiondirectiondirection ofofofof thethethethe propagationpropagationpropagationpropagation ofofofof thethethethe

wavewavewavewave influencesinfluencesinfluencesinfluences thethethethe velocityvelocityvelocityvelocity ofofofof propagation,propagation,propagation,propagation, orororor thethethethe componentscomponentscomponentscomponents perpendicularperpendicularperpendicularperpendicular totototo

itititit alsoalsoalsoalso do;do;do;do; sincesincesincesince itititit isisisis knownknownknownknown aaaa prioriprioriprioripriori thatthatthatthat inininin aaaa uniformuniformuniformuniformmagneticmagneticmagneticmagnetic fifififield,eld,eld,eld, whetherwhetherwhetherwhether itititit

isisisis cylindricalcylindricalcylindricalcylindrical orororor pyramidalpyramidalpyramidalpyramidal inininin form,form,form,form, thethethethe elasticelasticelasticelastic statesstatesstatesstates atatatat aaaa pointpointpointpoint perpendicularperpendicularperpendicularperpendicular totototo

thethethethe directiondirectiondirectiondirection ofofofof thethethethe lineslineslineslines ofofofof forceforceforceforce areareareare completelycompletelycompletelycompletely homogeneous,homogeneous,homogeneous,homogeneous, butbutbutbut didididifferentfferentfferentfferent inininin

thethethethe directiondirectiondirectiondirection ofofofof thethethethe lineslineslineslines ofofofof force.force.force.force.ThereforeThereforeThereforeTherefore ifififif oneoneoneone letsletsletsletswaveswaveswaveswaves propagatepropagatepropagatepropagate thatthatthatthat areareareare

polarizedpolarizedpolarizedpolarized perpendicularlyperpendicularlyperpendicularlyperpendicularly totototo thethethethe directiondirectiondirectiondirection ofofofof thethethethe lineslineslineslines ofofofof force,force,force,force, thenthenthenthen thethethethe directiondirectiondirectiondirection

ofofofof thethethethe planeplaneplaneplane ofofofof oscillationoscillationoscillationoscillation wouldwouldwouldwould bebebebe importantimportantimportantimportant forforforfor thethethethe velocityvelocityvelocityvelocity ofofofof propagationpropagationpropagationpropagation ----

thatthatthatthat isisisis ifififif thethethethe componentcomponentcomponentcomponent ofofofof thethethethe elasticelasticelasticelastic forceforceforceforce perpendicularperpendicularperpendicularperpendicular totototo thethethethe propagationpropagationpropagationpropagation ofofofof aaaa

wavewavewavewave atatatat allallallall influencesinfluencesinfluencesinfluences thethethethe velocityvelocityvelocityvelocity ofofofof propagation.propagation.propagation.propagation. However,However,However,However, thisthisthisthis probablyprobablyprobablyprobably mightmightmightmight

notnotnotnot bebebebe thethethethe case,case,case,case, althoughalthoughalthoughalthough thethethethe phenomenonphenomenonphenomenonphenomenon ofofofof doubledoubledoubledouble didididiffffffffractionractionractionraction seemsseemsseemsseems totototo indicateindicateindicateindicate

this.this.this.this.

ThusThusThusThus afterafterafterafter thethethethe questionquestionquestionquestion hashashashas beenbeenbeenbeen answeredansweredansweredanswered asasasas totototo howhowhowhow thethethethe threethreethreethree componentscomponentscomponentscomponents ofofofof

elasticityelasticityelasticityelasticity aaaaffeffeffeffectctctct thethethethe velocityvelocityvelocityvelocity ofofofof ananananaetheraetheraetheraether wave,wave,wave,wave, oneoneoneone cancancancan proceedproceedproceedproceed totototo thethethethe studystudystudystudy ofofofof
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thethethethe magneticmagneticmagneticmagnetic fifififield.eld.eld.eld. InInInIn orderorderorderorder totototo understandunderstandunderstandunderstand properlyproperlyproperlyproperly thethethethe statestatestatestate ofofofof thethethethe aetheraetheraetheraether inininin itititit

[the[the[the[the magneticmagneticmagneticmagnetic fifififield],eld],eld],eld], threethreethreethree casescasescasescases oughtoughtoughtought totototo bebebebe distinguished:distinguished:distinguished:distinguished:

1.1.1.1. TheTheTheThe lineslineslineslines ofofofof forceforceforceforce comecomecomecome togethertogethertogethertogether atatatat thethethethe NorthNorthNorthNorth polepolepolepole inininin thethethethe shapeshapeshapeshape ofofofof aaaa pyramid.pyramid.pyramid.pyramid.

2.2.2.2. TheTheTheThe lineslineslineslines ofofofof forceforceforceforce comecomecomecome togethertogethertogethertogether atatatat thethethethe SouthSouthSouthSouth polepolepolepole inininin thethethethe shapeshapeshapeshape ofofofof aaaa pyramid.pyramid.pyramid.pyramid.

3.3.3.3. TheTheTheThe lineslineslineslines ofofofof forceforceforceforce areareareare parallel.parallel.parallel.parallel.

InInInIn thesethesethesethese casescasescasescases thethethethe velocityvelocityvelocityvelocity ofofofof propagationpropagationpropagationpropagation ofofofof aaaa wavewavewavewave inininin thethethethe directiondirectiondirectiondirection ofofofof thethethethe lineslineslineslines ofofofof

forceforceforceforce andandandand perpendicularperpendicularperpendicularperpendicular totototo themthemthemthem hashashashas totototo bebebebe examined.examined.examined.examined. ThereThereThereThere isisisis nononono doubtdoubtdoubtdoubt thatthatthatthat thethethethe

elasticelasticelasticelastic deformationsdeformationsdeformationsdeformations asasasas wellwellwellwell asasasas thethethethe causecausecausecause ofofofof theirtheirtheirtheir originoriginoriginorigin willwillwillwill bebebebe determineddetermineddetermineddetermined [by[by[by[by

thesethesethesethese experiments],experiments],experiments],experiments], providedprovidedprovidedprovided susususuffiffiffifficientlycientlycientlyciently accurateaccurateaccurateaccurate instrumentsinstrumentsinstrumentsinstruments totototo measuremeasuremeasuremeasure thethethethe

wavelengthwavelengthwavelengthwavelength cancancancanbebebebe constructed.constructed.constructed.constructed.

TheTheTheThemostmostmostmost interesting,interesting,interesting,interesting, butbutbutbut alsoalsoalsoalso thethethethe mostmostmostmost didididiffiffiffifficult,cult,cult,cult, tasktasktasktask wouldwouldwouldwould bebebebe thethethethe directdirectdirectdirect

experimentalexperimentalexperimentalexperimental studystudystudystudy ofofofof thethethethe magneticmagneticmagneticmagnetic fifififieldeldeldeld whichwhichwhichwhich arisesarisesarisesarises aroundaroundaroundaround anananan electricelectricelectricelectric current,current,current,current,

becausebecausebecausebecause thethethethe investigationinvestigationinvestigationinvestigation ofofofof thethethethe elasticelasticelasticelastic statestatestatestate ofofofof thethethethe aetheraetheraetheraether inininin thisthisthisthis casecasecasecasewouldwouldwouldwould allowallowallowallow

usususus totototo obtainobtainobtainobtain aaaa glimpseglimpseglimpseglimpse ofofofof thethethethe mysteriousmysteriousmysteriousmysterious naturenaturenaturenature ofofofof thethethethe electricelectricelectricelectric current.current.current.current. ThisThisThisThis

analogyanalogyanalogyanalogy alsoalsoalsoalso permitspermitspermitspermits usususus totototo drawdrawdrawdraw dedededefifififinitenitenitenite conclusionsconclusionsconclusionsconclusions concerningconcerningconcerningconcerning thethethethe statestatestatestate ofofofof thethethethe

aetheraetheraetheraether inininin thethethethe magneticmagneticmagneticmagnetic fifififieldeldeldeld whichwhichwhichwhich surroundssurroundssurroundssurrounds thethethethe electricelectricelectricelectric current,current,current,current, providedprovidedprovidedprovided ofofofof

coursecoursecoursecourse thethethethe experimentsexperimentsexperimentsexperiments mentionedmentionedmentionedmentioned aboveaboveaboveabove yieldyieldyieldyield anyanyanyany result.result.result.result.

IIII believebelievebelievebelieve thatthatthatthat thethethethe quantitativequantitativequantitativequantitative researchesresearchesresearchesresearches onononon thethethethe absoluteabsoluteabsoluteabsolute magnitudesmagnitudesmagnitudesmagnitudes ofofofof thethethethe

densitydensitydensitydensity andandandand thethethethe elasticelasticelasticelastic forceforceforceforce ofofofof thethethethe aetheraetheraetheraether cancancancan onlyonlyonlyonly beginbeginbeginbegin ifififif qualitativequalitativequalitativequalitative resultsresultsresultsresults

existexistexistexist thatthatthatthat areareareare connectedconnectedconnectedconnected withwithwithwith establishedestablishedestablishedestablished ideas.ideas.ideas.ideas. LetLetLetLet memememe addaddaddadd oneoneoneone moremoremoremore thing.thing.thing.thing. IfIfIfIf

thethethethe wavelengthwavelengthwavelengthwavelength doesdoesdoesdoes notnotnotnot turnturnturnturn outoutoutout totototo bebebebe proportionalproportionalproportionalproportional totototo ((((AAAA ++++ kkkk)^(1/2))^(1/2))^(1/2))^(1/2) [[[[sicsicsicsic],],],], thenthenthenthen

thethethethe reasonreasonreasonreason (for(for(for(for that)that)that)that) hashashashas totototo bebebebe lookedlookedlookedlooked forforforfor inininin thethethethe changechangechangechange ofofofof densitydensitydensitydensity ofofofof thethethethe movingmovingmovingmoving

aetheraetheraetheraether causedcausedcausedcaused bybybyby thethethethe elasticelasticelasticelastic deformations;deformations;deformations;deformations; herehereherehere AAAA isisisis thethethethe elasticelasticelasticelastic aetheraetheraetheraether force,force,force,force, aaaa

prioriprioriprioripriori aaaa constantconstantconstantconstant whichwhichwhichwhich wewewewehavehavehavehave totototo determinedeterminedeterminedetermine empirically,empirically,empirically,empirically, andandandand kkkk thethethethe (variable)(variable)(variable)(variable)

strengthstrengthstrengthstrength ofofofof thethethethe magneticmagneticmagneticmagnetic fifififieldeldeldeld which,which,which,which, ofofofof course,course,course,course, isisisis proportionalproportionalproportionalproportional totototo thethethethe elasticelasticelasticelastic

forcesforcesforcesforces inininin questionquestionquestionquestion thatthatthatthat areareareare produced.produced.produced.produced.
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AboveAboveAboveAbove allallallall itititit mustmustmustmust bebebebe demonstrateddemonstrateddemonstrateddemonstrated thatthatthatthat theretheretherethere existsexistsexistsexists aaaa passivepassivepassivepassive resistanceresistanceresistanceresistance totototo thethethethe

electricelectricelectricelectric currentcurrentcurrentcurrent forforforfor thethethethe productionproductionproductionproduction ofofofof thethethethe magneticmagneticmagneticmagnetic fifififield,eld,eld,eld, thatthatthatthat isisisis proportionalproportionalproportionalproportional totototo

thethethethe lengthlengthlengthlength ofofofof thethethethe pathpathpathpath ofofofof thethethethe currentcurrentcurrentcurrent andandandand independentindependentindependentindependent ofofofof thethethethe crosscrosscrosscross sectionsectionsectionsection andandandand thethethethe

materialmaterialmaterialmaterial ofofofof thethethethe conductor.conductor.conductor.conductor.

THETHETHETHE ORIGINALORIGINALORIGINALORIGINALMESSAGEMESSAGEMESSAGEMESSAGE ININININDEUTCHDEUTCHDEUTCHDEUTCH ::::

1894189418941894 oderoderoderoder 95.95.95.95. A.A.A.A. Einstein.Einstein.Einstein.Einstein. (Datum(Datum(Datum(Datum 1950195019501950 nachgeholt.)nachgeholt.)nachgeholt.)nachgeholt.)

MeinMeinMeinMein lieberlieberlieberlieberOnkel!Onkel!Onkel!Onkel!

EsEsEsEs freutfreutfreutfreut michmichmichmich wirklichwirklichwirklichwirklich sehr,sehr,sehr,sehr, dassdassdassdass DuDuDuDu DichDichDichDich ffff¨̈̈̈urururur meinmeinmeinmein bischenbischenbischenbischenThunThunThunThun undundundund TreibenTreibenTreibenTreiben

nochnochnochnoch interessierst,interessierst,interessierst,interessierst, trotzdemtrotzdemtrotzdemtrotzdemwirwirwirwir unsunsunsuns sosososo langelangelangelange nichtnichtnichtnicht sehensehensehensehen durftendurftendurftendurftenundundundund ichichichich sosososo

grgrgrgr¨̈̈̈asslichasslichasslichasslich faulerfaulerfaulerfaulerBriefschreiberBriefschreiberBriefschreiberBriefschreiber bin.bin.bin.bin. UndUndUndUnd dochdochdochdoch zzzz¨̈̈̈ogerteogerteogerteogerte ichichichich immer,immer,immer,immer, DirDirDirDir diesesdiesesdiesesdieses

SchreibenSchreibenSchreibenSchreiben hierhierhierhier zuzuzuzu schicken.schicken.schicken.schicken. DennDennDennDenn eseseses behandeltbehandeltbehandeltbehandelt eineineinein eineineinein [sic][sic][sic][sic] sehrsehrsehrsehr spezialesspezialesspezialesspeziales Thema,Thema,Thema,Thema,

undundundund istististist ausserdem,ausserdem,ausserdem,ausserdem, wiewiewiewie eseseses sichsichsichsich ffff¨̈̈̈urururur sosososo eineneineneineneinen jungenjungenjungenjungenKerlKerlKerlKerl wiewiewiewie michmichmichmich vonvonvonvon selbstselbstselbstselbst

versteht,versteht,versteht,versteht, nochnochnochnoch ziemlichziemlichziemlichziemlich naivnaivnaivnaiv undundundund unvollkommen.unvollkommen.unvollkommen.unvollkommen. WennWennWennWenn DuDuDuDu dasdasdasdasZeugZeugZeugZeug gargargargar nichtnichtnichtnicht

liest,liest,liest,liest, nehmenehmenehmenehme ichichichichDirsDirsDirsDirs durchausdurchausdurchausdurchaus nichtnichtnichtnicht ¨̈̈̈ubel;ubel;ubel;ubel; DuDuDuDumusstmusstmusstmusst eseseses aberaberaberaber dochdochdochdoch zumzumzumzum

mindestenmindestenmindestenmindesten alsalsalsals eineneineneineneinen schschschsch¨̈̈̈uchternenuchternenuchternenuchternenVersuchVersuchVersuchVersuch anerkennen,anerkennen,anerkennen,anerkennen, diediediedie vonvonvonvonmeinenmeinenmeinenmeinen beidenbeidenbeidenbeiden

liebenliebenliebenlieben ElternElternElternEltern geerbtegeerbtegeerbtegeerbte SchreibfaulheitSchreibfaulheitSchreibfaulheitSchreibfaulheit zuzuzuzu bekbekbekbek¨̈̈̈amfenamfenamfenamfen ---- ---- ----

WieWieWieWieDuDuDuDu schonschonschonschonwissenwissenwissenwissen wirstwirstwirstwirst sollsollsollsoll ichichichich jetztjetztjetztjetzt aufaufaufauf dasdasdasdas PolytechnikumPolytechnikumPolytechnikumPolytechnikum nachnachnachnach ZZZZ¨̈̈̈urichurichurichurich

kommen.kommen.kommen.kommen. DieDieDieDie SacheSacheSacheSache stststst¨̈̈̈osstosstosstosst aberaberaberaber aufaufaufauf bedeutendebedeutendebedeutendebedeutende Schwierigkeiten,Schwierigkeiten,Schwierigkeiten,Schwierigkeiten, dadadada ichichichichdazudazudazudazu

eigentlicheigentlicheigentlicheigentlich zweizweizweizwei JahreJahreJahreJahre mindestensmindestensmindestensmindestens ¨̈̈̈alteralteralteralter seinseinseinsein sollte.sollte.sollte.sollte. ImImImIm nnnn¨̈̈̈achstenachstenachstenachstenBriefBriefBriefBrief schreibenschreibenschreibenschreiben

wirwirwirwirDir,Dir,Dir,Dir, waswaswaswas ausausausaus derderderder SacheSacheSacheSache wird.wird.wird.wird.

InnigeInnigeInnigeInnige GrGrGrGr¨̈̈̈usseusseusseusse derderderder liebenliebenliebenlieben TanteTanteTanteTante undundundund DeinenDeinenDeinenDeinen herzigenherzigenherzigenherzigen KinderchenKinderchenKinderchenKinderchen

vonvonvonvon DeinemDeinemDeinemDeinem

AlbertAlbertAlbertAlbert
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UberUberUberUber diediediedie UntersuchungUntersuchungUntersuchungUntersuchung desdesdesdes AetherzustandesAetherzustandesAetherzustandesAetherzustandes imimimim magnetischenmagnetischenmagnetischenmagnetischenFeldeFeldeFeldeFelde

NachfolgendeNachfolgendeNachfolgendeNachfolgende ZeilenZeilenZeilenZeilen sindsindsindsind derderderder ersteersteersteerste bescheidenebescheidenebescheidenebescheidene AusdruckAusdruckAusdruckAusdruck einigereinigereinigereiniger einfachereinfachereinfachereinfacher

GedankenGedankenGedankenGedanken ¨̈̈̈uberuberuberuber diesdiesdiesdies schwierigeschwierigeschwierigeschwierige Thema.Thema.Thema.Thema.MitMitMitMit schweremschweremschweremschweremHerzenHerzenHerzenHerzendrdrdrdr¨̈̈̈angeangeangeange ichichichich

dieselbendieselbendieselbendieselben inininin eineneineneineneinenAufsatzAufsatzAufsatzAufsatz zusammen,zusammen,zusammen,zusammen, derderderder ehereherehereher wiewiewiewie eineineineinProgrammProgrammProgrammProgramm alsalsalsalswiewiewiewie eineeineeineeine

AbhandlungAbhandlungAbhandlungAbhandlung aussieht.aussieht.aussieht.aussieht. WeilWeilWeilWeil eseseses mirmirmirmir aberaberaberaber vollstvollstvollstvollst¨̈̈̈andigandigandigandig ananananMaterialMaterialMaterialMaterial fehlte,fehlte,fehlte,fehlte, umumumum tiefertiefertiefertiefer

inininin diediediedie SacheSacheSacheSache eindringeneindringeneindringeneindringen zuzuzuzu kkkk¨̈̈̈onnen,onnen,onnen,onnen, alsalsalsals eseseses dasdasdasdas blosseblosseblosseblosseNachdenkenNachdenkenNachdenkenNachdenkengestattete,gestattete,gestattete,gestattete, sosososo

bittebittebittebitte ich,ich,ich,ich, mirmirmirmir diesendiesendiesendiesen UmstandUmstandUmstandUmstand nichtnichtnichtnicht alsalsalsalsOberflOberflOberflOberfl̈̈¨̈achlichkeitachlichkeitachlichkeitachlichkeit auszulegen.auszulegen.auszulegen.auszulegen. MMMM¨̈̈̈ogeogeogeoge diediediedie

NachsichtNachsichtNachsichtNachsicht desdesdesdes geneigtengeneigtengeneigtengeneigten LesersLesersLesersLesers dendendenden bescheidnenbescheidnenbescheidnenbescheidnen GefGefGefGef¨̈̈̈uhlenuhlenuhlenuhlen entsprechen,entsprechen,entsprechen,entsprechen, mitmitmitmit

denendenendenendenen ichichichich ihmihmihmihm diesediesediesedieseZeilenZeilenZeilenZeilen ¨̈̈̈ubergebe.ubergebe.ubergebe.ubergebe. DerDerDerDer elektrischeelektrischeelektrischeelektrische StromStromStromStrom setztsetztsetztsetzt beibeibeibei seinemseinemseinemseinem

EntstehenEntstehenEntstehenEntstehendendendenden umliegendenumliegendenumliegendenumliegenden ¨̈̈̈AtherAtherAtherAther inininin irgendirgendirgendirgend eine,eine,eine,eine, bisherbisherbisherbisher ihremihremihremihremWesenWesenWesenWesennachnachnachnach

nochnochnochnoch nichtnichtnichtnicht sichersichersichersicher bestimmte,bestimmte,bestimmte,bestimmte, momentanemomentanemomentanemomentane Bewegung.Bewegung.Bewegung.Bewegung. TrotzTrotzTrotzTrotz FortdauerFortdauerFortdauerFortdauer derderderder

UrsacheUrsacheUrsacheUrsache dieserdieserdieserdieser Bewegung,Bewegung,Bewegung,Bewegung, nnnn¨̈̈̈amlichamlichamlichamlichdesdesdesdes elektrischenelektrischenelektrischenelektrischen Stroms,Stroms,Stroms,Stroms, hhhh¨̈̈̈ortortortort diediediedie BewegungBewegungBewegungBewegung

auf,auf,auf,auf, derderderder ¨̈̈̈AtherAtherAtherAther verbleibtverbleibtverbleibtverbleibt inininin einemeinemeinemeinem potentiellenpotentiellenpotentiellenpotentiellen ZustandeZustandeZustandeZustande undundundund bildetbildetbildetbildet eineineinein

magnetischesmagnetischesmagnetischesmagnetisches Feld.Feld.Feld.Feld. DassDassDassDass dasdasdasdasmagnetischemagnetischemagnetischemagnetische FeldFeldFeldFeld eineineinein potentiellerpotentiellerpotentiellerpotentieller ZustandZustandZustandZustand

sei,sei,sei,sei, beweisstbeweisstbeweisstbeweisst derderderder permanentepermanentepermanentepermanente Magnet,Magnet,Magnet,Magnet, dadadada dasdasdasdas GesetzGesetzGesetzGesetz vonvonvonvonderderderder ErhaltungErhaltungErhaltungErhaltung derderderder

EnergieEnergieEnergieEnergie hierhierhierhier diediediedie MMMM¨̈̈̈oglichkeitoglichkeitoglichkeitoglichkeit eineseineseineseinesBewegungszustandesBewegungszustandesBewegungszustandesBewegungszustandes ausschliesst.ausschliesst.ausschliesst.ausschliesst. DieDieDieDie

BewegungBewegungBewegungBewegung desdesdesdes ¨̈̈̈Athers,Athers,Athers,Athers, welchewelchewelchewelche durchdurchdurchdurch eineneineneineneinen elektrischenelektrischenelektrischenelektrischen StromStromStromStrom bewirktbewirktbewirktbewirkt wird,wird,wird,wird,

wirdwirdwirdwird sosososo langelangelangelange dauern,dauern,dauern,dauern, bisbisbisbis diediediedie wirkendenwirkendenwirkendenwirkenden motorischenmotorischenmotorischenmotorischenKrKrKrKr¨̈̈̈afteafteafteafte durchdurchdurchdurch ¨̈̈̈aquivalenteaquivalenteaquivalenteaquivalente

passivepassivepassivepassive KrKrKrKr¨̈̈̈afteafteafteafte kompensiertkompensiertkompensiertkompensiertwerden,werden,werden,werden, welchewelchewelchewelche vonvonvonvon derderderder durchdurchdurchdurch diediediedie BewegungBewegungBewegungBewegung desdesdesdes ¨̈̈̈

AthersAthersAthersAthers selbstselbstselbstselbst erzeugtenerzeugtenerzeugtenerzeugten DeformationenDeformationenDeformationenDeformationen herrherrherrherr¨̈̈̈uhren.uhren.uhren.uhren.

DieDieDieDiewunderbarenwunderbarenwunderbarenwunderbaren VersucheVersucheVersucheVersuche vonvonvonvon HertzHertzHertzHertz habenhabenhabenhaben diediediedie dynamischedynamischedynamischedynamische NaturNaturNaturNatur dieserdieserdieserdieser

Erscheinungen,Erscheinungen,Erscheinungen,Erscheinungen, diediediedie FortpflanzungFortpflanzungFortpflanzungFortpflanzung imimimim Raume,Raume,Raume,Raume, sowiesowiesowiesowie diediediedie qualitativequalitativequalitativequalitative IdentitIdentitIdentitIdentit¨̈̈̈atatatat

dieserdieserdieserdieserBewegungenBewegungenBewegungenBewegungenmitmitmitmit LichtLichtLichtLicht undundundund WWWW¨̈̈̈armearmearmearme aufsaufsaufsaufs genialstegenialstegenialstegenialste beleuchtet.beleuchtet.beleuchtet.beleuchtet. IchIchIchIch glaubeglaubeglaubeglaube

nun,nun,nun,nun, dassdassdassdass eseseses ffff¨̈̈̈urururur diediediedie ErkenntnisErkenntnisErkenntnisErkenntnis derderderder elektromagnetischenelektromagnetischenelektromagnetischenelektromagnetischenErscheinungenErscheinungenErscheinungenErscheinungen vonvonvonvon

WichtigkeitWichtigkeitWichtigkeitWichtigkeit wwww¨̈̈̈are,are,are,are, auchauchauchauch diediediedie potentiellenpotentiellenpotentiellenpotentiellen ZustZustZustZust¨̈̈̈andeandeandeande desdesdesdes ¨̈̈̈ AthersAthersAthersAthers inininin magnetischenmagnetischenmagnetischenmagnetischen

FeldernFeldernFeldernFeldern alleralleralleraller ArtArtArtArt einereinereinereiner umfassendenumfassendenumfassendenumfassenden experimentellenexperimentellenexperimentellenexperimentellen BetrachtungBetrachtungBetrachtungBetrachtung zuzuzuzu

unterziehen,unterziehen,unterziehen,unterziehen, oderoderoderoder mitmitmitmit anderenanderenanderenanderenWorten,Worten,Worten,Worten, diediediedie elastischenelastischenelastischenelastischen DeformationenDeformationenDeformationenDeformationen undundundund diediediedie

wirkendenwirkendenwirkendenwirkenden deformierendendeformierendendeformierendendeformierendenKrKrKrKr¨̈̈̈afteafteafteafte zuzuzuzu messen.messen.messen.messen.
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JedeJedeJedeJede elastischeelastischeelastischeelastische VerVerVerVer¨̈̈̈anderunganderunganderunganderung desdesdesdes ¨̈̈̈AthersAthersAthersAthers anananan irgendirgendirgendirgend einemeinemeinemeinem(freien)(freien)(freien)(freien) PunktePunktePunktePunkte inininin

einereinereinereinerRichtungRichtungRichtungRichtung mussmussmussmuss sichsichsichsich konstatierenkonstatierenkonstatierenkonstatieren lassenlassenlassenlassen ausausausaus derderderder VerVerVerVer¨̈̈̈anderung,anderung,anderung,anderung, welchewelchewelchewelche diediediedie

GeschwindigkeitGeschwindigkeitGeschwindigkeitGeschwindigkeit einereinereinereiner ¨̈̈̈ AtherwelleAtherwelleAtherwelleAtherwelle anananan diesemdiesemdiesemdiesem PunktePunktePunktePunkte inininin dieserdieserdieserdieserRichtungRichtungRichtungRichtung

erleidet.erleidet.erleidet.erleidet. DieDieDieDie GeschwindigkeitGeschwindigkeitGeschwindigkeitGeschwindigkeit einereinereinereinerWelleWelleWelleWelle istististist proportionalproportionalproportionalproportional derderderder QuadratwurzelQuadratwurzelQuadratwurzelQuadratwurzel

derderderder elastischenelastischenelastischenelastischen KrKrKrKr¨̈̈̈afte,afte,afte,afte, welchewelchewelchewelche zurzurzurzur FortpflanzungFortpflanzungFortpflanzungFortpflanzung dienen,dienen,dienen,dienen, undundundund umgekehrtumgekehrtumgekehrtumgekehrt

proportionalproportionalproportionalproportional derderderder vonvonvonvondiesendiesendiesendiesen KrKrKrKr¨̈̈̈aftenaftenaftenaften zuzuzuzu bewegendenbewegendenbewegendenbewegenden ¨̈̈̈ Athermassen.Athermassen.Athermassen.Athermassen. DaDaDaDa jedochjedochjedochjedoch

diediediedie durchdurchdurchdurch diediediedie elastischenelastischenelastischenelastischen DeformationenDeformationenDeformationenDeformationen hervorgerufenenhervorgerufenenhervorgerufenenhervorgerufenenVerVerVerVer¨̈̈̈anderungenanderungenanderungenanderungen derderderder

DichteDichteDichteDichte meistmeistmeistmeist nurnurnurnur unbedeutendunbedeutendunbedeutendunbedeutend sind,sind,sind,sind, sosososowirdwirdwirdwird manmanmanman siesiesiesie auchauchauchauch inininin diesemdiesemdiesemdiesemFalleFalleFalleFalle

wahrscheinlichwahrscheinlichwahrscheinlichwahrscheinlich vernachlvernachlvernachlvernachl̈̈¨̈assigenassigenassigenassigen dddd¨̈̈̈urfen.urfen.urfen.urfen. ManManManMan wirdwirdwirdwird alsoalsoalsoalsomitmitmitmit grossergrossergrossergrosser

AnnAnnAnnAnn¨̈̈̈aherungaherungaherungaherung sagensagensagensagen kkkk¨̈̈̈onnen:onnen:onnen:onnen: DieDieDieDie QuadratwurzelQuadratwurzelQuadratwurzelQuadratwurzel ausausausaus demdemdemdemVerhVerhVerhVerh¨̈̈̈altnisaltnisaltnisaltnis

derderderderVerVerVerVer¨̈̈̈anderunganderunganderunganderung derderderderFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeit (Wellenl(Wellenl(Wellenl(Wellenl̈̈¨̈ange)ange)ange)ange) istististist gleichgleichgleichgleich

demdemdemdemVerhVerhVerhVerh¨̈̈̈altnisaltnisaltnisaltnis derderderder VerVerVerVer¨̈̈̈anderunganderunganderunganderung derderderder elastischenelastischenelastischenelastischen Kraft.Kraft.Kraft.Kraft.

WasWasWasWas ffff¨̈̈̈urururur eineeineeineeine ArtArtArtArt vonvonvonvon ¨̈̈̈Atherwellen,Atherwellen,Atherwellen,Atherwellen, obobobob LichtLichtLichtLicht oderoderoderoder elektrodynamische,elektrodynamische,elektrodynamische,elektrodynamische, undundundund waswaswaswas

ffff¨̈̈̈urururur eineeineeineeine MethodeMethodeMethodeMethode derderderderMessungMessungMessungMessung derWellenlderWellenlderWellenlderWellenl̈̈¨̈aangeaangeaangeaange ffff¨̈̈̈urururur diediediedie UntersuchungUntersuchungUntersuchungUntersuchung desdesdesdes

magnetischenmagnetischenmagnetischenmagnetischenFeldesFeldesFeldesFeldes amamamam geeignetstengeeignetstengeeignetstengeeignetsten sei,sei,sei,sei, wagewagewagewage ichichichichnichtnichtnichtnicht zuzuzuzu entscheiden;entscheiden;entscheiden;entscheiden; imimimim

PrinzipPrinzipPrinzipPrinzip istististist eseseses jajajaja schliesslichschliesslichschliesslichschliesslich gleich.gleich.gleich.gleich.

ZunZunZunZun¨̈̈̈achstachstachstachst kann,kann,kann,kann, wennwennwennwenn ¨̈̈̈uberhauptuberhauptuberhauptuberhaupt eineeineeineeine VerVerVerVer¨̈̈̈anderunganderunganderunganderung derWellenlderWellenlderWellenlderWellenl̈̈¨̈angeangeangeange imimimim

magnetischenmagnetischenmagnetischenmagnetischenFeldFeldFeldFeld inininin irgendeinerirgendeinerirgendeinerirgendeiner RichtungRichtungRichtungRichtung sichsichsichsichkonstatierenkonstatierenkonstatierenkonstatieren llll¨̈̈̈asst,asst,asst,asst,

experimentellexperimentellexperimentellexperimentell diediediedie FrageFrageFrageFrage gelgelgelgel̈̈¨̈ostostostostwerden,werden,werden,werden, obobobobnurnurnurnur diediediedie KomponenteKomponenteKomponenteKomponente desdesdesdes elastischenelastischenelastischenelastischen

ZustandesZustandesZustandesZustandes inininin derderderderRichtungRichtungRichtungRichtung derderderderFortpflanzungFortpflanzungFortpflanzungFortpflanzung derderderderWelleWelleWelleWelle oderoderoderoder auchauchauchauch diediediedie dazudazudazudazu

senkrechtensenkrechtensenkrechtensenkrechten KomponentenKomponentenKomponentenKomponenten eineeineeineeineWirkungWirkungWirkungWirkung aufaufaufauf diediediedie FortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeit

ausausausaus¨̈̈̈uben,uben,uben,uben, dadadada aaaa prioriprioriprioripriori klarklarklarklar ist,ist,ist,ist, dassdassdassdass inininin einemeinemeinemeinem regelmregelmregelmregelm¨̈̈̈assigenassigenassigenassigenmagnetischenmagnetischenmagnetischenmagnetischen Feld,Feld,Feld,Feld,

seiseiseisei eseseses zylinder-zylinder-zylinder-zylinder- oderoderoderoder pyramidenfpyramidenfpyramidenfpyramidenf¨̈̈̈ormig,ormig,ormig,ormig, diediediedie elastischenelastischenelastischenelastischen ZustZustZustZust¨̈̈̈andeandeandeande anananan einemeinemeinemeinem

PunktPunktPunktPunkt senkrechtsenkrechtsenkrechtsenkrecht zurzurzurzur RichtungRichtungRichtungRichtung derderderder KraftlinienKraftlinienKraftlinienKraftlinien vollstvollstvollstvollsẗ̈̈̈ andigandigandigandig homogenhomogenhomogenhomogen sindsindsindsind undundundund

andersandersandersanders inininin derderderderRichtungRichtungRichtungRichtung derderderder Kraftlinien.Kraftlinien.Kraftlinien.Kraftlinien. LLLL¨̈̈̈asstasstasstasst manmanmanman daherdaherdaherdaher senkrechtsenkrechtsenkrechtsenkrecht zurzurzurzur

RichtungRichtungRichtungRichtung derderderderKraftlinienKraftlinienKraftlinienKraftlinien polarisiertepolarisiertepolarisiertepolarisierteWellenWellenWellenWellen durchdringen,durchdringen,durchdringen,durchdringen, sosososowwww¨̈̈̈areareareare ffff¨̈̈̈urururur diediediedie

FortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeit diediediedie RichtungRichtungRichtungRichtung derderderder SchwingungsebeneSchwingungsebeneSchwingungsebeneSchwingungsebene vonvonvonvon

BedeutungBedeutungBedeutungBedeutung |||| wennwennwennwenn diediediedie zurzurzurzur FortpflanzungFortpflanzungFortpflanzungFortpflanzung einereinereinereinerWelleWelleWelleWelle senkrechtesenkrechtesenkrechtesenkrechte KomponenteKomponenteKomponenteKomponente
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derderderder elastischenelastischenelastischenelastischen KraftKraftKraftKraft wirklichwirklichwirklichwirklich aufaufaufauf diediediedie GeschwindigkeitGeschwindigkeitGeschwindigkeitGeschwindigkeit derderderderFortpflanzungFortpflanzungFortpflanzungFortpflanzung eineneineneineneinen

EinflussEinflussEinflussEinfluss ausausausaus¨̈̈̈ubt.ubt.ubt.ubt. DiesDiesDiesDies dddd¨̈̈̈urfteurfteurfteurfte jedochjedochjedochjedoch wahrscheinlichwahrscheinlichwahrscheinlichwahrscheinlich nichtnichtnichtnicht derderderder FallFallFallFall sein,sein,sein,sein,

trotzdemtrotzdemtrotzdemtrotzdem dasdasdasdas PhPhPhPḧ̈̈¨anomenanomenanomenanomen derderderderDoppelbrechungDoppelbrechungDoppelbrechungDoppelbrechung daraufdaraufdaraufdarauf hinzuweisenhinzuweisenhinzuweisenhinzuweisen scheint.scheint.scheint.scheint.

NachdemNachdemNachdemNachdemsosososo diediediedie FrageFrageFrageFrage entschiedenentschiedenentschiedenentschieden wwww¨̈̈̈are,are,are,are, wiewiewiewie diediediedie dreidreidreidrei KomponentenKomponentenKomponentenKomponenten derderderder

ElastizitElastizitElastizitElastizit ¨̈̈̈atatatat aufaufaufauf diediediedie GeschwindigkeitGeschwindigkeitGeschwindigkeitGeschwindigkeit einereinereinereiner ¨̈̈̈ AtherwelleAtherwelleAtherwelleAtherwelle einwirken,einwirken,einwirken,einwirken, kannkannkannkann zurzurzurzur

UntersuchungUntersuchungUntersuchungUntersuchung desdesdesdes magnetischenmagnetischenmagnetischenmagnetischenFeldesFeldesFeldesFeldes geschrittengeschrittengeschrittengeschritten werden.werden.werden.werden. UmUmUmUm dendendenden ZustandZustandZustandZustand

desdesdesdes ¨̈̈̈AthersAthersAthersAthers inininin demselbendemselbendemselbendemselben rechtrechtrechtrecht begreifenbegreifenbegreifenbegreifen zuzuzuzu kkkk¨̈̈̈onnenonnenonnenonnen dddd¨̈̈̈urftenurftenurftenurften dreidreidreidrei FFFF¨̈̈̈allealleallealle

unterschiedenunterschiedenunterschiedenunterschieden werden:werden:werden:werden:

1.1.1.1. Kraftlinien,Kraftlinien,Kraftlinien,Kraftlinien, diediediedie sichsichsichsich pyramidenartigpyramidenartigpyramidenartigpyramidenartig amamamam NordpolNordpolNordpolNordpol vereinigen.vereinigen.vereinigen.vereinigen.

2.2.2.2. Kraftlinien,Kraftlinien,Kraftlinien,Kraftlinien, diediediedie sichsichsichsichpyramidenartigpyramidenartigpyramidenartigpyramidenartig amamamam SSSS¨̈̈̈udpoludpoludpoludpol vereinigen.vereinigen.vereinigen.vereinigen.

3.3.3.3. ParalleleParalleleParalleleParallele Kraftlinien.Kraftlinien.Kraftlinien.Kraftlinien.

InInInIn diesendiesendiesendiesenFFFF¨̈̈̈allenallenallenallen istististist diediediedie FortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeitFortpflanzungsgeschwindigkeit einereinereinereinerWelleWelleWelleWelle inininin derderderder

RichtungRichtungRichtungRichtung derderderderKraftlinienKraftlinienKraftlinienKraftlinien undundundund senkrechtsenkrechtsenkrechtsenkrecht dazudazudazudazu zuzuzuzu untersuchen.untersuchen.untersuchen.untersuchen. UnzweifelhaftUnzweifelhaftUnzweifelhaftUnzweifelhaft

mmmm¨̈̈̈ussenussenussenussen sichsichsichsich sosososo diediediedie elastischenelastischenelastischenelastischen DeformationenDeformationenDeformationenDeformationen samtsamtsamtsamt ihrerihrerihrerihrer EntstehungsursacheEntstehungsursacheEntstehungsursacheEntstehungsursache

ergeben,ergeben,ergeben,ergeben, wennwennwennwenn eseseses nurnurnurnur gelingt,gelingt,gelingt,gelingt, gengengengen¨̈̈̈ugendugendugendugend ganaueganaueganaueganaue InstrumenteInstrumenteInstrumenteInstrumente zurzurzurzur MessungMessungMessungMessung derderderder

WellenlWellenlWellenlWellenl̈̈¨̈angeangeangeange zuzuzuzu bauen.bauen.bauen.bauen.

DerDerDerDer interessanteste,interessanteste,interessanteste,interessanteste, aberaberaberaber auchauchauchauch subtilstesubtilstesubtilstesubtilste FallFallFallFall wwww¨̈̈̈areareareare diediediedie direktedirektedirektedirekte experimentelleexperimentelleexperimentelleexperimentelle

UntersuchungUntersuchungUntersuchungUntersuchung desdesdesdes magnetischenmagnetischenmagnetischenmagnetischenFeldes,Feldes,Feldes,Feldes, welcheswelcheswelcheswelches umumumum eineneineneineneinen elektrischenelektrischenelektrischenelektrischenStromStromStromStrom

herumherumherumherum entsteht,entsteht,entsteht,entsteht, denndenndenndenn diediediedie ErforschungErforschungErforschungErforschung desdesdesdes elastischenelastischenelastischenelastischen ZustandesZustandesZustandesZustandes desdesdesdes ¨̈̈̈ AthersAthersAthersAthers inininin

diesemdiesemdiesemdiesem FalleFalleFalleFalle erlaubtenerlaubtenerlaubtenerlaubten [sic][sic][sic][sic] uns,uns,uns,uns, eineneineneineneinen BlickBlickBlickBlick zuzuzuzu werfenwerfenwerfenwerfen inininin dasdasdasdas geheimnisvollegeheimnisvollegeheimnisvollegeheimnisvolle

WesenWesenWesenWesendesdesdesdes elektrischenelektrischenelektrischenelektrischen Stromes.Stromes.Stromes.Stromes.DieDieDieDie AnalogieAnalogieAnalogieAnalogie erlaubterlaubterlaubterlaubt unsunsunsuns aberaberaberaber auchauchauchauch sicheresicheresicheresichere

SchlSchlSchlSchl¨̈̈̈usseusseusseusse ¨̈̈̈uberuberuberuber dendendenden ¨̈̈̈ AtherzustandAtherzustandAtherzustandAtherzustand imimimim magnetischenmagnetischenmagnetischenmagnetischen Felde,Felde,Felde,Felde, dasdasdasdas dendendenden elektrischenelektrischenelektrischenelektrischen

StromStromStromStromumgibt,umgibt,umgibt,umgibt, wennwennwennwenn nurnurnurnur diediediedie vorhervorhervorhervorher angefangefangefangef¨̈̈̈uhrtenuhrtenuhrtenuhrten UntersuchungenUntersuchungenUntersuchungenUntersuchungen zuzuzuzu einemeinemeinemeinem

ZieleZieleZieleZiele ffff¨̈̈̈uhren.uhren.uhren.uhren.

DieDieDieDie quantitativenquantitativenquantitativenquantitativen ForschungenForschungenForschungenForschungen ¨̈̈̈uberuberuberuber diediediedie absolutenabsolutenabsolutenabsolutenGrGrGrGr¨̈̈̈ossenossenossenossenderderderder DichteDichteDichteDichte undundundund

elastischenelastischenelastischenelastischenKraftKraftKraftKraft desdesdesdes ¨̈̈̈AthersAthersAthersAthers kkkk¨̈̈̈onnen,onnen,onnen,onnen, wiewiewiewie ichichichich glaube,glaube,glaube,glaube, ersterstersterst beginnen,beginnen,beginnen,beginnen, wennwennwennwenn

qualitativequalitativequalitativequalitative ResultateResultateResultateResultate existieren,existieren,existieren,existieren, diediediedie mitmitmitmit sicherensicherensicherensicheren VorstellungenVorstellungenVorstellungenVorstellungenverbundenverbundenverbundenverbunden sind;sind;sind;sind;
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nurnurnurnur einseinseinseins glaubeglaubeglaubeglaube ichichichich nochnochnochnoch sagensagensagensagen zuzuzuzu mmmm¨̈̈̈ussen.ussen.ussen.ussen. SollteSollteSollteSollte sichsichsichsichdiediediedie WellenlWellenlWellenlWellenl̈̈¨̈ pppp angeangeangeange nichtnichtnichtnicht

proportionalproportionalproportionalproportional erweisenerweisenerweisenerweisen ((((AAAA ++++ kkkk)^(1/2))^(1/2))^(1/2))^(1/2) ,,,, wobeiwobeiwobeiwobei AAAA diediediedie elastischenelastischenelastischenelastischen ¨̈̈̈ AtherkrAtherkrAtherkrAtherkr¨̈̈̈afteafteafteafte aaaa

priori,priori,priori,priori, alsoalsoalsoalso ffff¨̈̈̈urururur unsunsunsuns eineeineeineeine empirischempirischempirischempirisch zuzuzuzu ndendendendendendendende Konstante,Konstante,Konstante,Konstante, kkkk diediediedie (variable)(variable)(variable)(variable)

StStStSt¨̈̈̈arkearkearkearke desdesdesdes magnetischenmagnetischenmagnetischenmagnetischen FeldesFeldesFeldesFeldes bedeutet,bedeutet,bedeutet,bedeutet, diediediedie natnatnatnat¨̈̈̈urlichurlichurlichurlich dendendenden erzeugtenerzeugtenerzeugtenerzeugten inininin

BetrachtBetrachtBetrachtBetracht kommendenkommendenkommendenkommenden elastischenelastischenelastischenelastischen KrKrKrKr¨̈̈̈aftenaftenaftenaften proportionalproportionalproportionalproportional ist,ist,ist,ist, sosososowwww¨̈̈̈areareareare derderderderGrundGrundGrundGrund

hierfhierfhierfhierf¨̈̈̈urururur inininin derderderder durchdurchdurchdurch diediediedie elastischeelastischeelastischeelastische DeformationenDeformationenDeformationenDeformationen erzeugtenerzeugtenerzeugtenerzeugten VerVerVerVer¨̈̈̈anderunganderunganderunganderung derderderder

DichteDichteDichteDichte desdesdesdes bewegtenbewegtenbewegtenbewegten ¨̈̈̈ AthersAthersAthersAthers zuzuzuzu suchen.suchen.suchen.suchen.

VorVorVorVor allemallemallemallem aberaberaberabermussmussmussmuss sichsichsichsich zeigenzeigenzeigenzeigen lassen,lassen,lassen,lassen, dassdassdassdass eseseses ffff¨̈̈̈urururur dendendenden elektrischenelektrischenelektrischenelektrischen StromStromStromStrom

zurzurzurzur BildungBildungBildungBildung desdesdesdes magnetischenmagnetischenmagnetischenmagnetischenFeldesFeldesFeldesFeldes eineneineneineneinen passivenpassivenpassivenpassivenWiderstandWiderstandWiderstandWiderstand gibt,gibt,gibt,gibt, derderderder

proportionalproportionalproportionalproportional istististist derderderder LLLL¨̈̈̈angeangeangeange derderderder StrombahnStrombahnStrombahnStrombahn undundundund unabhunabhunabhunabh¨̈̈̈angigangigangigangig vomvomvomvomQuerschnittQuerschnittQuerschnittQuerschnitt

undundundund MaterialMaterialMaterialMaterial desdesdesdesLeiters.Leiters.Leiters.Leiters.

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

Efiko.orgEfiko.orgEfiko.orgEfiko.org

OR:OR:OR:OR:

http://www.google.bs/url?sa=t&rct=j&q=first+paper+albert+einstein%22pdf%http://www.google.bs/url?sa=t&rct=j&q=first+paper+albert+einstein%22pdf%http://www.google.bs/url?sa=t&rct=j&q=first+paper+albert+einstein%22pdf%http://www.google.bs/url?sa=t&rct=j&q=first+paper+albert+einstein%22pdf%

22&source=web&cd=7&cad=rja&ved=0CFMQFjAG&url=http%3A%2F%2F22&source=web&cd=7&cad=rja&ved=0CFMQFjAG&url=http%3A%2F%2F22&source=web&cd=7&cad=rja&ved=0CFMQFjAG&url=http%3A%2F%2F22&source=web&cd=7&cad=rja&ved=0CFMQFjAG&url=http%3A%2F%2F

www.efiko.org%2Fmaterial%2FAlbert%2520Einstein%255C's%2520First%25www.efiko.org%2Fmaterial%2FAlbert%2520Einstein%255C's%2520First%25www.efiko.org%2Fmaterial%2FAlbert%2520Einstein%255C's%2520First%25www.efiko.org%2Fmaterial%2FAlbert%2520Einstein%255C's%2520First%25

20Paper%2520by%2520Anonymous.pdf&ei=yPZmUMqHF8as0QW8sIDwAw20Paper%2520by%2520Anonymous.pdf&ei=yPZmUMqHF8as0QW8sIDwAw20Paper%2520by%2520Anonymous.pdf&ei=yPZmUMqHF8as0QW8sIDwAw20Paper%2520by%2520Anonymous.pdf&ei=yPZmUMqHF8as0QW8sIDwAw

&usg=AFQjCNFXwC57N96aZXbdXoaV5FBLsMC1qw&usg=AFQjCNFXwC57N96aZXbdXoaV5FBLsMC1qw&usg=AFQjCNFXwC57N96aZXbdXoaV5FBLsMC1qw&usg=AFQjCNFXwC57N96aZXbdXoaV5FBLsMC1qw
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PARTPARTPARTPART 14:14:14:14:

STAYSTAYSTAYSTAYWITHWITHWITHWITHPROBLEMSPROBLEMSPROBLEMSPROBLEMS LONGERLONGERLONGERLONGER

SCIENTICSCIENTICSCIENTICSCIENTICMETHODMETHODMETHODMETHODWORDWORDWORDWORD

OFOFOFOF

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN ::::

((IT'S((IT'S((IT'S((IT'S NOTNOTNOTNOTTHATTHATTHATTHAT IAMIAMIAMIAM SOSOSOSOSMART;SMART;SMART;SMART; ITITITIT ISISISIS JUSTJUSTJUSTJUST THATTHATTHATTHAT IIII STAYSTAYSTAYSTAYWITHWITHWITHWITH

PROBLEMSPROBLEMSPROBLEMSPROBLEMSLONGER)).LONGER)).LONGER)).LONGER)).

EXAMPLE:EXAMPLE:EXAMPLE:EXAMPLE:

SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY :::: 10101010 YEARSYEARSYEARSYEARS
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PARTPARTPARTPART 15:15:15:15:

EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'SWORDS:WORDS:WORDS:WORDS:

1-1-1-1-ABOUTABOUTABOUTABOUTMARRIAGE:MARRIAGE:MARRIAGE:MARRIAGE:

((WOMEN((WOMEN((WOMEN((WOMENMARRYMARRYMARRYMARRYMENMENMENMENHOPINGHOPINGHOPINGHOPINGTHEYTHEYTHEYTHEYWILLWILLWILLWILLCHANGE.CHANGE.CHANGE.CHANGE.MENMENMENMENMARRYMARRYMARRYMARRY

WOMENWOMENWOMENWOMENHOPINGHOPINGHOPINGHOPINGTHEYTHEYTHEYTHEYWILLWILLWILLWILL NOT.NOT.NOT.NOT. SOSOSOSOEACHEACHEACHEACH ISISISIS INEVITABLYINEVITABLYINEVITABLYINEVITABLY

DISAPPOINTED)).DISAPPOINTED)).DISAPPOINTED)).DISAPPOINTED)).

2-2-2-2-ABOUTABOUTABOUTABOUT SUCCESS:SUCCESS:SUCCESS:SUCCESS:

((ONCE((ONCE((ONCE((ONCEWEWEWEWEACCEPTACCEPTACCEPTACCEPTOUROUROUROURLIMITS,LIMITS,LIMITS,LIMITS,WEWEWEWEGOGOGOGOBEYONDBEYONDBEYONDBEYONDTHEM))THEM))THEM))THEM))

((LIVE((LIVE((LIVE((LIVE ASASASAS IFIFIFIF YOUYOUYOUYOUWEREWEREWEREWERETOTOTOTODIEDIEDIEDIE TOMORROW,TOMORROW,TOMORROW,TOMORROW,LEARNLEARNLEARNLEARNASASASAS IFIFIFIF YOUYOUYOUYOU

WEREWEREWEREWERETOTOTOTOLIVELIVELIVELIVE FOREVER))FOREVER))FOREVER))FOREVER))



94

PARTPARTPARTPART 16:16:16:16:

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINWITHWITHWITHWITHOTHERSOTHERSOTHERSOTHERS

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINDURINGDURINGDURINGDURINGHISHISHISHIS VISITVISITVISITVISIT TOTOTOTOTHETHETHETHEUNITEDUNITEDUNITEDUNITED STATESSTATESSTATESSTATES

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINANDANDANDANDNIELSNIELSNIELSNIELS BOHRBOHRBOHRBOHR ,,,, 1925.1925.1925.1925.
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THETHETHETHE 1927192719271927 SOLVAYSOLVAYSOLVAYSOLVAY CONFERENCECONFERENCECONFERENCECONFERENCEININININ BRUSSELS,BRUSSELS,BRUSSELS,BRUSSELS,AAAA GATHERINGGATHERINGGATHERINGGATHERINGOFOFOFOF

THETHETHETHEWORLD'SWORLD'SWORLD'SWORLD'S TOPTOPTOPTOP PHYSICISTS.PHYSICISTS.PHYSICISTS.PHYSICISTS.

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN ININININ THETHETHETHE CENTER.CENTER.CENTER.CENTER.
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ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN ININININ HISHISHISHIS OFFICEOFFICEOFFICEOFFICEATATATATTHETHETHETHEUNIVERSITYUNIVERSITYUNIVERSITYUNIVERSITYOFOFOFOF BERLIN.BERLIN.BERLIN.BERLIN.

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINACCEPTINGACCEPTINGACCEPTINGACCEPTINGTHETHETHETHEUSUSUSUS CITIZENSHIP,CITIZENSHIP,CITIZENSHIP,CITIZENSHIP, 1940.1940.1940.1940.
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ALBERTALBERTALBERTALBERT 'S'S'S'S EINSTEINEINSTEINEINSTEINEINSTEINOFFICIALOFFICIALOFFICIALOFFICIAL 1921192119211921 PORTRAITPORTRAITPORTRAITPORTRAITAFTERAFTERAFTERAFTERRECEIVINGRECEIVINGRECEIVINGRECEIVING

NOBELNOBELNOBELNOBEL PRIZEPRIZEPRIZEPRIZE ININININ PHYSICS.PHYSICS.PHYSICS.PHYSICS.

REFERENCE:REFERENCE:REFERENCE:REFERENCE: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 17:17:17:17:

THETHETHETHE 1905190519051905 PAPERS:PAPERS:PAPERS:PAPERS:

1905190519051905 ---- AnnusAnnusAnnusAnnusMirabilisMirabilisMirabilisMirabilis paperspaperspaperspapers

1-1-1-1- TITLETITLETITLETITLE :::: OnOnOnOn aaaa HeuristicHeuristicHeuristicHeuristic ViewpointViewpointViewpointViewpoint ConcerningConcerningConcerningConcerning thethethethe ProductionProductionProductionProduction andandandand
TransformationTransformationTransformationTransformation ofofofof LightLightLightLight

AREA:AREA:AREA:AREA: PHOTOELECTRICPHOTOELECTRICPHOTOELECTRICPHOTOELECTRIC EFFETCEFFETCEFFETCEFFETC

RESOLVEDRESOLVEDRESOLVEDRESOLVEDANANANAN UNSOLVEDUNSOLVEDUNSOLVEDUNSOLVEDPUZZLEPUZZLEPUZZLEPUZZLE BYBYBYBYSUGGESTINGSUGGESTINGSUGGESTINGSUGGESTINGTHATTHATTHATTHAT ENERGYENERGYENERGYENERGY

ISISISIS EXCHANGEDEXCHANGEDEXCHANGEDEXCHANGEDONLYONLYONLYONLY ININININ DISCRETEDISCRETEDISCRETEDISCRETEAMOUNTAMOUNTAMOUNTAMOUNTQUANTA.QUANTA.QUANTA.QUANTA.

THISTHISTHISTHIS IDEAIDEAIDEAIDEAWASWASWASWAS PIVOTALPIVOTALPIVOTALPIVOTAL TOTOTOTOTHETHETHETHEEARLYEARLYEARLYEARLYDEVELOPMENTDEVELOPMENTDEVELOPMENTDEVELOPMENTOFOFOFOF

QUANTUMQUANTUMQUANTUMQUANTUMTHEORY.THEORY.THEORY.THEORY.

2-2-2-2- TITLETITLETITLETITLE :::: OnOnOnOn thethethetheMotionMotionMotionMotion ofofofof SmallSmallSmallSmall ParticlesParticlesParticlesParticles SuspendedSuspendedSuspendedSuspended inininin aaaa StationaryStationaryStationaryStationary Liquid,Liquid,Liquid,Liquid,

asasasas RequiredRequiredRequiredRequired bybybyby thethethethe MolecularMolecularMolecularMolecularKineticKineticKineticKinetic TheoryTheoryTheoryTheory ofofofofHeatHeatHeatHeat

AREA:AREA:AREA:AREA: BROWNIANBROWNIANBROWNIANBROWNIANMOTION.MOTION.MOTION.MOTION.

EXPLAINEXPLAINEXPLAINEXPLAIN EMPIRICALEMPIRICALEMPIRICALEMPIRICALEVIDENCEEVIDENCEEVIDENCEEVIDENCE FORFORFORFORTHETHETHETHEATOMICATOMICATOMICATOMICTHEORY,THEORY,THEORY,THEORY,

SUPPORTINGSUPPORTINGSUPPORTINGSUPPORTINGTHETHETHETHEAPPLICATIONAPPLICATIONAPPLICATIONAPPLICATIONFORFORFORFORTHETHETHETHE STATISTICALSTATISTICALSTATISTICALSTATISTICAL PHYSICS.PHYSICS.PHYSICS.PHYSICS.

3-3-3-3- TITLE:TITLE:TITLE:TITLE:OnOnOnOn thethethethe ElectrodynamicsElectrodynamicsElectrodynamicsElectrodynamics ofofofofMovingMovingMovingMoving BodiesBodiesBodiesBodies

AREAAREAAREAAREA :::: SPECIALSPECIALSPECIALSPECIAL RELATIVITYRELATIVITYRELATIVITYRELATIVITY (OF(OF(OF(OFLIGHT)LIGHT)LIGHT)LIGHT)
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:::: ReconciledReconciledReconciledReconciledMaxwell'sMaxwell'sMaxwell'sMaxwell's equationsequationsequationsequations forforforfor electricityelectricityelectricityelectricity andandandandmagnetismmagnetismmagnetismmagnetismwithwithwithwith thethethethe lawslawslawslaws ofofofof

mechanicsmechanicsmechanicsmechanics bybybyby introducingintroducingintroducingintroducing majormajormajormajor changeschangeschangeschanges totototo mechanicsmechanicsmechanicsmechanics closeclosecloseclose totototo thethethethe speedspeedspeedspeed ofofofof light,light,light,light,

resultingresultingresultingresulting fromfromfromfrom analysisanalysisanalysisanalysis basedbasedbasedbased onononon empiricalempiricalempiricalempirical evidenceevidenceevidenceevidence thatthatthatthat thethethethe speedspeedspeedspeedofofofof lightlightlightlight isisisis

independentindependentindependentindependent ofofofof thethethethe motionmotionmotionmotion ofofofof thethethethe observerobserverobserverobserver.... DiscreditedDiscreditedDiscreditedDiscredited thethethethe conceptconceptconceptconcept ofofofof aaaa

"LUMINIFEROUS"LUMINIFEROUS"LUMINIFEROUS"LUMINIFEROUS ETHER".ETHER".ETHER".ETHER".

BY:BY:BY:BY: ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN ,,,, JUNEJUNEJUNEJUNE 30,30,30,30, 1905.1905.1905.1905.

ININININ THETHETHETHE LATELATELATELATE 19191919THTHTHTH CENTURY,CENTURY,CENTURY,CENTURY, LUMINIFEROUSLUMINIFEROUSLUMINIFEROUSLUMINIFEROUSAETHER,AETHER,AETHER,AETHER, æææætherthertherther orororor

ETHERETHERETHERETHER,,,, MEANINGMEANINGMEANINGMEANINGLIGHT-BEARINGLIGHT-BEARINGLIGHT-BEARINGLIGHT-BEARINGAETHER,AETHER,AETHER,AETHER,WASWASWASWAS THETHETHETHE POSTULATEDPOSTULATEDPOSTULATEDPOSTULATED

MEDIUMMEDIUMMEDIUMMEDIUMFORFORFORFORTHETHETHETHE PROPAGATIONPROPAGATIONPROPAGATIONPROPAGATIONOFOFOFOFLIGHT.LIGHT.LIGHT.LIGHT.

FOLLOWINGFOLLOWINGFOLLOWINGFOLLOWINGTHETHETHETHENEGATIVENEGATIVENEGATIVENEGATIVEOUTCOMEOUTCOMEOUTCOMEOUTCOMEOFOFOFOFAETHER-DRIFTAETHER-DRIFTAETHER-DRIFTAETHER-DRIFT

EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT ,,,, LIKELIKELIKELIKE THETHETHETHEMICHELSON-MORLYMICHELSON-MORLYMICHELSON-MORLYMICHELSON-MORLYEXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT ,,,, THETHETHETHE

CONCEPTCONCEPTCONCEPTCONCEPTOFOFOFOFAETHERAETHERAETHERAETHERASASASAS AAAAMECHANICALMECHANICALMECHANICALMECHANICALMEDIUMMEDIUMMEDIUMMEDIUM HAVINGHAVINGHAVINGHAVINGAAAA STATESTATESTATESTATE

OFOFOFOFMOTIONMOTIONMOTIONMOTION ADHERENTS.ADHERENTS.ADHERENTS.ADHERENTS. ITITITIT HASHASHASHAS REPLACEDREPLACEDREPLACEDREPLACED ININININMODERNMODERNMODERNMODERNPHYSICSPHYSICSPHYSICSPHYSICS

BYBYBYBYTHETHETHETHETHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYANDANDANDANDQUANTUMQUANTUMQUANTUMQUANTUMTHEORY.THEORY.THEORY.THEORY.

4-4-4-4- TITLETITLETITLETITLE ::::

DoesDoesDoesDoes thethethethe InertiaInertiaInertiaInertia ofofofof aaaa BodyBodyBodyBody DependDependDependDepend UponUponUponUpon ItsItsItsIts EnergyEnergyEnergyEnergy Content?Content?Content?Content?

BY:BY:BY:BY: ALBERTALBERTALBERTALBERTEINSTEIN,EINSTEIN,EINSTEIN,EINSTEIN,SEPTEMBERSEPTEMBERSEPTEMBERSEPTEMBER 27,27,27,27, 1905.1905.1905.1905.

THETHETHETHEANSWERANSWERANSWERANSWER ISISISIS YES.YES.YES.YES.

AREA:AREA:AREA:AREA:MATTER-ENERGYMATTER-ENERGYMATTER-ENERGYMATTER-ENERGYEQUIVALENCEEQUIVALENCEEQUIVALENCEEQUIVALENCE
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E=Mc^2E=Mc^2E=Mc^2E=Mc^2

EquivalenceEquivalenceEquivalenceEquivalence ofofofofmattermattermattermatter andandandand energy,energy,energy,energy, EEEE ====mcmcmcmc2222

(and(and(and(and bybybyby implication,implication,implication,implication, thethethethe abilityabilityabilityability ofofofof gravitygravitygravitygravity totototo "bend""bend""bend""bend" light),light),light),light),

ANDANDANDANDTHETHETHETHEEXISTENCEEXISTENCEEXISTENCEEXISTENCEOFOFOFOF "REST"REST"REST"REST ENERGY"ENERGY"ENERGY"ENERGY"

andandandand thethethethe basisbasisbasisbasis ofofofof nuclearnuclearnuclearnuclear energy.energy.energy.energy.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

ANDANDANDANDTWOTWOTWOTWOPAPERSPAPERSPAPERSPAPERSOFOFOFOFALBERTALBERTALBERTALBERTEINSTEIN,EINSTEIN,EINSTEIN,EINSTEIN,

NOTE:NOTE:NOTE:NOTE:THERETHERETHERETHERE ISISISIS AAAA PAPERPAPERPAPERPAPER IT'SIT'SIT'SIT'S TITLETITLETITLETITLE :INVESTIGATIONS:INVESTIGATIONS:INVESTIGATIONS:INVESTIGATIONSONONONONTHETHETHETHE

THEORYTHEORYTHEORYTHEORYOF,OF,OF,OF, THETHETHETHEBROWNIANBROWNIANBROWNIANBROWNIAN MOVEMENTMOVEMENTMOVEMENTMOVEMENTBYBYBYBYDR.DR.DR.DR. ALBERTALBERTALBERTALBERT

EINSTEIN,BERNE,EINSTEIN,BERNE,EINSTEIN,BERNE,EINSTEIN,BERNE,MAYMAYMAYMAY ,,,, 1905.1905.1905.1905.
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PARTPARTPARTPART 18:18:18:18:

ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEINACHIEVEMENTSACHIEVEMENTSACHIEVEMENTSACHIEVEMENTS

1-1-1-1-ThermodynamicThermodynamicThermodynamicThermodynamic fluctuationsfluctuationsfluctuationsfluctuations andandandand statisticalstatisticalstatisticalstatistical physicsphysicsphysicsphysics

TWOTWOTWOTWOPAPERSPAPERSPAPERSPAPERS PUBLISHEDPUBLISHEDPUBLISHEDPUBLISHED ININININ 1902-19031902-19031902-19031902-1903 (THERMODYNAMICS)(THERMODYNAMICS)(THERMODYNAMICS)(THERMODYNAMICS)

ATTEMPTEDATTEMPTEDATTEMPTEDATTEMPTEDTOTOTOTO INTERPRETINTERPRETINTERPRETINTERPRETATOMICATOMICATOMICATOMIC PHENOMENAPHENOMENAPHENOMENAPHENOMENAFROMFROMFROMFROMAAAA

STATISTICALSTATISTICALSTATISTICALSTATISTICAL POINTPOINTPOINTPOINTOFOFOFOFVIEW.VIEW.VIEW.VIEW. THESETHESETHESETHESE TWOTWOTWOTWOPAPERSPAPERSPAPERSPAPERSWEREWEREWEREWERETHETHETHETHE

FOUNDATIONFOUNDATIONFOUNDATIONFOUNDATIONFORFORFORFOR THETHETHETHE 1905190519051905 PAPERPAPERPAPERPAPERONONONONBROWNIANBROWNIANBROWNIANBROWNIAN MOTION,MOTION,MOTION,MOTION,WHICHWHICHWHICHWHICH

SHOWEDSHOWEDSHOWEDSHOWEDTHATTHATTHATTHATBROWNIANBROWNIANBROWNIANBROWNIAN MOVEMENTMOVEMENTMOVEMENTMOVEMENT CANCANCANCANBEBEBEBECONSTRUEDCONSTRUEDCONSTRUEDCONSTRUEDASASASAS

FIRMFIRMFIRMFIRMEVIDENCEEVIDENCEEVIDENCEEVIDENCETHATTHATTHATTHATMOLECULESMOLECULESMOLECULESMOLECULES EXIST.EXIST.EXIST.EXIST.HISHISHISHIS RESEARCHRESEARCHRESEARCHRESEARCH ININININ 1903190319031903

ANDANDANDAND 1904190419041904WASWASWASWAS MAINLYMAINLYMAINLYMAINLYCONCERNEDCONCERNEDCONCERNEDCONCERNEDWITHWITHWITHWITHTHETHETHETHE EFFECTEFFECTEFFECTEFFECTOFOFOFOF FINITEFINITEFINITEFINITE

ATOMICATOMICATOMICATOMIC SIZESIZESIZESIZEONONONONDIFFUSIONDIFFUSIONDIFFUSIONDIFFUSIONPHENOMENA.PHENOMENA.PHENOMENA.PHENOMENA.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

2-2-2-2-GeneralGeneralGeneralGeneral principlesprinciplesprinciplesprinciples :::: LIKELIKELIKELIKE THETHETHETHE PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOF EQUIVALENCEEQUIVALENCEEQUIVALENCEEQUIVALENCE

MENSIONEDMENSIONEDMENSIONEDMENSIONED ININININ THETHETHETHE PARTPARTPARTPART 7.7.7.7.

3-3-3-3-TheoryTheoryTheoryTheory ofofofof relativityrelativityrelativityrelativity andandandandEEEE ==== mcmcmcmc²²²²

4-4-4-4-PhotonsPhotonsPhotonsPhotons andandandand energyenergyenergyenergy quantaquantaquantaquanta

EINSTEINEINSTEINEINSTEINEINSTEIN POSTULATEDPOSTULATEDPOSTULATEDPOSTULATEDTHATTHATTHATTHATLIGHTLIGHTLIGHTLIGHT ITSELFITSELFITSELFITSELFCONSISTSCONSISTSCONSISTSCONSISTS OFOFOFOF

LOCALIZEDLOCALIZEDLOCALIZEDLOCALIZED PARTICLESPARTICLESPARTICLESPARTICLES (QUANTA).(QUANTA).(QUANTA).(QUANTA). ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEINLIGHTLIGHTLIGHTLIGHT

QUANTAQUANTAQUANTAQUANTANEARLYNEARLYNEARLYNEARLYUNIVERSALLYUNIVERSALLYUNIVERSALLYUNIVERSALLY REJECTEDREJECTEDREJECTEDREJECTEDBYBYBYBYALLALLALLALL PHYSICISTS,PHYSICISTS,PHYSICISTS,PHYSICISTS,

INCLUDINGINCLUDINGINCLUDINGINCLUDINGMAXMAXMAXMAXPLANCKPLANCKPLANCKPLANCKANDANDANDAND NIELSNIELSNIELSNIELS BOHR.BOHR.BOHR.BOHR. THISTHISTHISTHIS IDEAIDEAIDEAIDEAONLYONLYONLYONLY
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BECAMEBECAMEBECAMEBECAMEUNIVERSALLYUNIVERSALLYUNIVERSALLYUNIVERSALLYACCEPTEDACCEPTEDACCEPTEDACCEPTED ININININ 1919,1919,1919,1919,WITHWITHWITHWITHTHETHETHETHEROBERTROBERTROBERTROBERT

MILLIKAN'SMILLIKAN'SMILLIKAN'SMILLIKAN'S DETAILEDDETAILEDDETAILEDDETAILED EXPERIMENTSEXPERIMENTSEXPERIMENTSEXPERIMENTSONONONONTHETHETHETHE PHOTOELECTRICPHOTOELECTRICPHOTOELECTRICPHOTOELECTRIC

EFFECT,EFFECT,EFFECT,EFFECT, ANDANDANDANDWITHWITHWITHWITHTHETHETHETHEMEASUREMENTMEASUREMENTMEASUREMENTMEASUREMENTOFOFOFOFCOMPTONCOMPTONCOMPTONCOMPTON

SCATTERING.SCATTERING.SCATTERING.SCATTERING.

EINSTEINEINSTEINEINSTEINEINSTEINCONCLUDEDCONCLUDEDCONCLUDEDCONCLUDEDTHATTHATTHATTHAT EACHEACHEACHEACHWAVEWAVEWAVEWAVE OFOFOFOF FREQUENCYFREQUENCYFREQUENCYFREQUENCY (f)(f)(f)(f) ISISISIS

ASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITHAAAA COLLECTIONCOLLECTIONCOLLECTIONCOLLECTIONOFOFOFOFPHOTONSPHOTONSPHOTONSPHOTONSWITHWITHWITHWITHEANERGYEANERGYEANERGYEANERGY

(hf)(hf)(hf)(hf) EACH,EACH,EACH,EACH,WHEREWHEREWHEREWHERE(h)(h)(h)(h) ISISISIS PLANCK'SPLANCK'SPLANCK'SPLANCK'S CONSTANT.CONSTANT.CONSTANT.CONSTANT. HEHEHEHEDOESDOESDOESDOES NOTNOTNOTNOT SAYSAYSAYSAY

MUCHMUCHMUCHMUCHMORE,MORE,MORE,MORE, BECASUSEBECASUSEBECASUSEBECASUSEHEHEHEHE ISISISIS NOTNOTNOTNOT SURESURESURESUREHOWHOWHOWHOWTHETHETHETHE PARTICLESPARTICLESPARTICLESPARTICLES AREAREAREARE

RELATEDRELATEDRELATEDRELATEDTOTOTOTOTHETHETHETHEWAVEWAVEWAVEWAVE.... BUTBUTBUTBUT HEHEHEHEDOESDOESDOESDOES NOTNOTNOTNOT SUGGESTSUGGESTSUGGESTSUGGEST THATTHATTHATTHATTHISTHISTHISTHIS

IDEAIDEAIDEAIDEAWOULDWOULDWOULDWOULD EXPLAINEXPLAINEXPLAINEXPLAINCERTAINCERTAINCERTAINCERTAIN EXPERIMENTALEXPERIMENTALEXPERIMENTALEXPERIMENTALRESULTS,RESULTS,RESULTS,RESULTS,

NOTABLYNOTABLYNOTABLYNOTABLYTHETHETHETHE PHOTOELECTRICPHOTOELECTRICPHOTOELECTRICPHOTOELECTRIC EFFECT.EFFECT.EFFECT.EFFECT.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

5-5-5-5-QuantizedQuantizedQuantizedQuantized atomicatomicatomicatomic vibrationsvibrationsvibrationsvibrations

IIIInnnn 1907190719071907 EinsteinEinsteinEinsteinEinstein proposedproposedproposedproposed aaaa modelmodelmodelmodel ofofofofmattermattermattermatter wherewherewherewhere eacheacheacheach atomatomatomatom inininin aaaa latticelatticelatticelattice

structurestructurestructurestructure isisisis anananan independentindependentindependentindependent harmonicharmonicharmonicharmonic oscillator.oscillator.oscillator.oscillator. InInInIn thethethethe EinsteinEinsteinEinsteinEinstein model,model,model,model, eacheacheacheach

atomatomatomatom oscillatesoscillatesoscillatesoscillates independentlyindependentlyindependentlyindependently –––– aaaa seriesseriesseriesseries ofofofof equallyequallyequallyequally spacedspacedspacedspacedquantizedquantizedquantizedquantized statesstatesstatesstates forforforfor

eacheacheacheach oscillator.oscillator.oscillator.oscillator.

EINSTEINEINSTEINEINSTEINEINSTEINWASWASWASWASAWAREAWAREAWAREAWARETHATTHATTHATTHAT GETTINGGETTINGGETTINGGETTINGTHETHETHETHE FREQUENCYFREQUENCYFREQUENCYFREQUENCYOFOFOFOFTHETHETHETHE

ACTUALACTUALACTUALACTUAL OSCILLATIONSOSCILLATIONSOSCILLATIONSOSCILLATIONSWOULDWOULDWOULDWOULD BEBEBEBEDIFFERENT,DIFFERENT,DIFFERENT,DIFFERENT, BUTBUTBUTBUT HEHEHEHE

NEVERTHLESSNEVERTHLESSNEVERTHLESSNEVERTHLESS PROPOSEDPROPOSEDPROPOSEDPROPOSEDTHISTHISTHISTHIS THEORYTHEORYTHEORYTHEORYBECASUSEBECASUSEBECASUSEBECASUSE ITITITITWASWASWASWAS AAAA

PARTICULARLYPARTICULARLYPARTICULARLYPARTICULARLY CLEARCLEARCLEARCLEARDEMONSTRATIONDEMONSTRATIONDEMONSTRATIONDEMONSTRATIONTHATTHATTHATTHAT QUANTUMQUANTUMQUANTUMQUANTUM

MECHANICSMECHANICSMECHANICSMECHANICS COULDCOULDCOULDCOULD SOLVESOLVESOLVESOLVE THETHETHETHE SPECIFICSPECIFICSPECIFICSPECIFICHEATHEATHEATHEAT PROBLEMPROBLEMPROBLEMPROBLEM ININININ

CLASSICALCLASSICALCLASSICALCLASSICAL MECHANICS.MECHANICS.MECHANICS.MECHANICS. PETERPETERPETERPETERDEBYEDEBYEDEBYEDEBYEREFINEDREFINEDREFINEDREFINEDTHISTHISTHISTHIS MODEL.MODEL.MODEL.MODEL.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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6-6-6-6-AdiabaticAdiabaticAdiabaticAdiabatic principleprincipleprincipleprinciple andandandand action-angleaction-angleaction-angleaction-angle variablesvariablesvariablesvariables

ThroughoutThroughoutThroughoutThroughout thethethethe 1910s,1910s,1910s,1910s, quantumquantumquantumquantum mechanicsmechanicsmechanicsmechanics expandedexpandedexpandedexpanded inininin scopescopescopescope totototo covercovercovercover manymanymanymany

differentdifferentdifferentdifferent ssssystems.ystems.ystems.ystems. AfterAfterAfterAfter ErnestErnestErnestErnest RutherfordRutherfordRutherfordRutherford discovereddiscovereddiscovereddiscovered thethethethe nucleusnucleusnucleusnucleus andandandand proposedproposedproposedproposed

thatthatthatthat electronselectronselectronselectrons orbitorbitorbitorbit likelikelikelike planets,planets,planets,planets, NielsNielsNielsNiels BohrBohrBohrBohr waswaswaswas ableableableable totototo showshowshowshow thatthatthatthat thethethethe samesamesamesame

quantumquantumquantumquantum mechanicalmechanicalmechanicalmechanical postulatespostulatespostulatespostulates introducedintroducedintroducedintroduced bybybyby PlanckPlanckPlanckPlanck andandandand developeddevelopeddevelopeddevelopedbybybyby EinsteinEinsteinEinsteinEinstein

wouldwouldwouldwould explainexplainexplainexplain thethethethe discretediscretediscretediscrete motionmotionmotionmotion ofofofof electronselectronselectronselectrons inininin atoms,atoms,atoms,atoms, andandandand thethethethe periodicperiodicperiodicperiodic tabletabletabletable ofofofof

thethethethe elementselementselementselements....

EinsteinEinsteinEinsteinEinstein contributedcontributedcontributedcontributed totototo thesethesethesethese developmentsdevelopmentsdevelopmentsdevelopments bybybyby linkinglinkinglinkinglinking themthemthemthemwithwithwithwith thethethethe 1898189818981898

argumentsargumentsargumentsarguments WilhelmWilhelmWilhelmWilhelmWienWienWienWien hadhadhadhadmade.made.made.made.WienWienWienWien hadhadhadhad shownshownshownshown thatthatthatthat thethethethe hypothesishypothesishypothesishypothesis ofofofof

adiabaticadiabaticadiabaticadiabatic invarianceinvarianceinvarianceinvariance ofofofof aaaa thermalthermalthermalthermal equilibriumequilibriumequilibriumequilibrium statestatestatestate allowsallowsallowsallows allallallall thethethethe blackbodyblackbodyblackbodyblackbody

curvescurvescurvescurves atatatat differentdifferentdifferentdifferent temperaturetemperaturetemperaturetemperature totototo bebebebe derivedderivedderivedderived fromfromfromfrom oneoneoneone anotheranotheranotheranother bybybyby aaaa simplesimplesimplesimple

shiftingshiftingshiftingshifting processprocessprocessprocess.... EinsteinEinsteinEinsteinEinstein notednotednotednoted inininin 1911191119111911 thatthatthatthat thethethethe samesamesamesame adiabaticadiabaticadiabaticadiabatic principleprincipleprincipleprinciple showsshowsshowsshows

thatthatthatthat thethethethe quantityquantityquantityquantity whichwhichwhichwhich isisisis quantizedquantizedquantizedquantized inininin anyanyanyany mechanicalmechanicalmechanicalmechanicalmotionmotionmotionmotion mustmustmustmust bebebebe anananan

adiabaticadiabaticadiabaticadiabatic invariant.invariant.invariant.invariant. ArnoldArnoldArnoldArnold SommerfeldSommerfeldSommerfeldSommerfeld identifiedidentifiedidentifiedidentified thisthisthisthis adiabaticadiabaticadiabaticadiabatic invariantinvariantinvariantinvariant asasasas thethethethe

actionactionactionaction variablevariablevariablevariable ofofofof classicalclassicalclassicalclassicalmechanics.mechanics.mechanics.mechanics. TheTheTheThe lawlawlawlaw thatthatthatthat thethethethe actionactionactionaction variablevariablevariablevariable isisisis

quantizedquantizedquantizedquantizedwaswaswaswas aaaa basicbasicbasicbasic principleprincipleprincipleprinciple ofofofof thethethethe QUANTUMQUANTUMQUANTUMQUANTUMTHEORYTHEORYTHEORYTHEORYASASASAS ITITITITWASWASWASWAS

KNOWKNOWKNOWKNOWBETWEENBETWEENBETWEENBETWEEN 1900190019001900 ANDANDANDAND 1925.1925.1925.1925.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

7-7-7-7-WaveWaveWaveWave––––particleparticleparticleparticle dualitydualitydualityduality

AlthoughAlthoughAlthoughAlthough thethethethe patentpatentpatentpatent officeofficeofficeoffice promotedpromotedpromotedpromoted EinsteinEinsteinEinsteinEinstein totototo TechnicalTechnicalTechnicalTechnical ExaminerExaminerExaminerExaminer SecondSecondSecondSecond

ClassClassClassClass inininin 1906,1906,1906,1906, hehehehe hadhadhadhad notnotnotnot givengivengivengivenupupupup ononononacademia.academia.academia.academia. InInInIn 1908,1908,1908,1908, hehehehe becamebecamebecamebecame aaaa

privatdozentprivatdozentprivatdozentprivatdozent atatatat thethethethe UniversityUniversityUniversityUniversity ofofofof BernBernBernBern.... InInInIn """"üüüüberberberber diediediedie EntwicklungEntwicklungEntwicklungEntwicklung unsererunsererunsererunserer

AnschauungenAnschauungenAnschauungenAnschauungenüüüüberberberber dasdasdasdasWesenWesenWesenWesen undundundund diediediedie KonstitutionKonstitutionKonstitutionKonstitution derderderder Strahlung"Strahlung"Strahlung"Strahlung" ("("("("TheTheTheThe

DevelopmentDevelopmentDevelopmentDevelopment ofofofofOurOurOurOur ViewsViewsViewsViews onononon thethethethe CompositionCompositionCompositionComposition andandandand EssenceEssenceEssenceEssence ofofofof RadiationRadiationRadiationRadiation"),"),"),"), onononon

thethethethe quantizationquantizationquantizationquantization ofofofof light,light,light,light, andandandand inininin anananan earlierearlierearlierearlier 1909190919091909 paper,paper,paper,paper, EinsteinEinsteinEinsteinEinstein showedshowedshowedshowed thatthatthatthat MaxMaxMaxMax

Planck'sPlanck'sPlanck'sPlanck's energyenergyenergyenergy quantaquantaquantaquanta mustmustmustmust havehavehavehave well-definedwell-definedwell-definedwell-defined momentamomentamomentamomenta andandandand actactactact inininin somesomesomesome

respectsrespectsrespectsrespects asasasas independent,independent,independent,independent, point-likepoint-likepoint-likepoint-like particlesparticlesparticlesparticles.... ThisThisThisThis paperpaperpaperpaper introducedintroducedintroducedintroduced thethethethe photonphotonphotonphoton
conceptconceptconceptconcept (although(although(although(although thethethethe namenamenamename photonphotonphotonphotonwaswaswaswas introducedintroducedintroducedintroduced laterlaterlaterlater bybybyby GilbertGilbertGilbertGilbert N.N.N.N. LewisLewisLewisLewis inininin
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1926)1926)1926)1926) andandandand inspiredinspiredinspiredinspired thethethethe notionnotionnotionnotion ofofofofwavewavewavewave––––particleparticleparticleparticle dualitydualitydualityduality inininin QUANTUMQUANTUMQUANTUMQUANTUM

MECHANICS.MECHANICS.MECHANICS.MECHANICS.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

8-8-8-8-TheoryTheoryTheoryTheory ofofofof criticalcriticalcriticalcritical opalescenceopalescenceopalescenceopalescence

EinsteinEinsteinEinsteinEinstein returnedreturnedreturnedreturned totototo thethethethe problemproblemproblemproblem ofofofof thermodynamicthermodynamicthermodynamicthermodynamic fluctuations,fluctuations,fluctuations,fluctuations, givinggivinggivinggiving aaaa

treatmenttreatmenttreatmenttreatment ofofofof thethethethe densitydensitydensitydensity variationsvariationsvariationsvariations inininin aaaa fluidfluidfluidfluid atatatat itsitsitsits criticalcriticalcriticalcritical point.point.point.point. OrdinarilyOrdinarilyOrdinarilyOrdinarily thethethethe

densitydensitydensitydensity fluctuationsfluctuationsfluctuationsfluctuations areareareare controlledcontrolledcontrolledcontrolled bybybyby thethethethe secondsecondsecondsecond derivativederivativederivativederivative ofofofof thethethethe freefreefreefree energyenergyenergyenergy

withwithwithwith respectrespectrespectrespect totototo thethethethe density.density.density.density. AtAtAtAt thethethethe criticalcriticalcriticalcritical point,point,point,point, thisthisthisthis derivativederivativederivativederivative isisisis zero,zero,zero,zero, leadingleadingleadingleading totototo

largelargelargelarge fluctuations.fluctuations.fluctuations.fluctuations. TheTheTheThe effecteffecteffecteffect ofofofof densitydensitydensitydensity fluctuationsfluctuationsfluctuationsfluctuations isisisis thatthatthatthat lightlightlightlight ofofofof allallallall

wavelengthswavelengthswavelengthswavelengths isisisis scattered,scattered,scattered,scattered, makingmakingmakingmaking thethethethe fluidfluidfluidfluid looklooklooklook milkymilkymilkymilky whitewhitewhitewhite.... EinsteinEinsteinEinsteinEinstein relatesrelatesrelatesrelates thisthisthisthis

totototo RaRaRaRayyyyleighleighleighleigh scatteringscatteringscatteringscattering,,,, whichwhichwhichwhich isisisis whatwhatwhatwhat happenshappenshappenshappens whenwhenwhenwhen thethethethe fluctuationfluctuationfluctuationfluctuation sizesizesizesize isisisis muchmuchmuchmuch

smallersmallersmallersmaller thanthanthanthan thethethethe wavelength,wavelength,wavelength,wavelength, andandandand whichwhichwhichwhich explainsexplainsexplainsexplains whywhywhywhy thethethethe skyskyskysky isisisis blue.blue.blue.blue.

EinsteinEinsteinEinsteinEinstein quantitativelyquantitativelyquantitativelyquantitatively derivedderivedderivedderived criticalcriticalcriticalcritical opalescenceopalescenceopalescenceopalescence fromfromfromfrom aaaa treatmenttreatmenttreatmenttreatment ofofofof densitydensitydensitydensity

fluctuations,fluctuations,fluctuations,fluctuations, andandandand demonstrateddemonstrateddemonstrateddemonstrated howhowhowhow bothbothbothboth thethethethe effecteffecteffecteffect andandandand RayleighRayleighRayleighRayleigh scatteringscatteringscatteringscattering

originateoriginateoriginateoriginate fromfromfromfrom thethethethe atomisticatomisticatomisticatomistic constitutionconstitutionconstitutionconstitution ofofofof matter.matter.matter.matter.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

9-9-9-9-Zero-pointZero-pointZero-pointZero-point energyenergyenergyenergy

Einstein'sEinstein'sEinstein'sEinstein's physicalphysicalphysicalphysical intuitionintuitionintuitionintuition ledledledledhimhimhimhim totototo notenotenotenote thatthatthatthat Planck'sPlanck'sPlanck'sPlanck's oscillatoroscillatoroscillatoroscillator energiesenergiesenergiesenergies hadhadhadhad

anananan incorrectincorrectincorrectincorrect zerozerozerozero point.point.point.point. HeHeHeHe modifiedmodifiedmodifiedmodified Planck'sPlanck'sPlanck'sPlanck's hypothesishypothesishypothesishypothesis bybybyby statingstatingstatingstating thatthatthatthat thethethethe

lowestlowestlowestlowest energyenergyenergyenergy statestatestatestate ofofofof ananananoscillatoroscillatoroscillatoroscillator isisisis equalequalequalequal totototo 1111⁄⁄⁄⁄2222hfhfhfhf,,,, totototo halfhalfhalfhalf thethethethe energyenergyenergyenergy spacingspacingspacingspacing

betweenbetweenbetweenbetween levels.levels.levels.levels. ThisThisThisThis argument,argument,argument,argument, whichwhichwhichwhichwaswaswaswas mademademademade inininin 1913191319131913 inininin collaborationcollaborationcollaborationcollaboration withwithwithwith ,,,,

waswaswaswas basedbasedbasedbased onononon thethethethe thermodynamicsthermodynamicsthermodynamicsthermodynamics ofofofof aaaa diatomicdiatomicdiatomicdiatomic moleculemoleculemoleculemolecule whichwhichwhichwhich cancancancan splitsplitsplitsplit apartapartapartapart

intointointointo twotwotwotwo freefreefreefree atoms.atoms.atoms.atoms.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

10-10-10-10-GeneralGeneralGeneralGeneral relativityrelativityrelativityrelativity andandandand thethethethe EquivalenceEquivalenceEquivalenceEquivalence PrinciplePrinciplePrinciplePrinciple
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THEORYTHEORYTHEORYTHEORYOFOFOFOFGRAVITATIONGRAVITATIONGRAVITATIONGRAVITATIONGENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITY (G.R.)(G.R.)(G.R.)(G.R.) ISISISIS

DEVELOPEDDEVELOPEDDEVELOPEDDEVELOPEDBYBYBYBYALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN BETWEENBETWEENBETWEENBETWEEN 1907190719071907 ANDANDANDAND 1915.1915.1915.1915.

AccordingAccordingAccordingAccording totototo generalgeneralgeneralgeneral relativityrelativityrelativityrelativity,,,, thethethethe observedobservedobservedobserved gravitationalgravitationalgravitationalgravitational attractionattractionattractionattraction betweenbetweenbetweenbetween

massesmassesmassesmasses resultsresultsresultsresults fromfromfromfrom thethethethe warpingwarpingwarpingwarping ofofofof spacespacespacespace andandandand timetimetimetime bybybyby thosethosethosethosemasses.masses.masses.masses. GeneralGeneralGeneralGeneral

relativityrelativityrelativityrelativity hashashashas developeddevelopeddevelopeddeveloped intointointointo anananan essentialessentialessentialessential tooltooltooltool inininin modernmodernmodernmodern astrophysicsastrophysicsastrophysicsastrophysics.... ItItItIt providesprovidesprovidesprovides

thethethethe foundationfoundationfoundationfoundation forforforfor thethethethe currentcurrentcurrentcurrent understandingunderstandingunderstandingunderstanding ofofofof blackblackblackblackholesholesholesholes,,,, regionsregionsregionsregions ofofofof spacespacespacespace

wherewherewherewhere gravitationalgravitationalgravitationalgravitational attractionattractionattractionattraction isisisis sosososo strongstrongstrongstrong thatthatthatthat notnotnotnot eveneveneveneven lightlightlightlight cancancancan escape.escape.escape.escape.

AsAsAsAs AlbertAlbertAlbertAlbert EinsteinEinsteinEinsteinEinstein laterlaterlaterlater said,said,said,said, thethethethe reasonreasonreasonreason forforforfor thethethethe developmentdevelopmentdevelopmentdevelopment ofofofof generalgeneralgeneralgeneral

relativityrelativityrelativityrelativity waswaswaswas thatthatthatthat thethethethe preferencepreferencepreferencepreference ofofofof inertialinertialinertialinertial motionsmotionsmotionsmotionswithinwithinwithinwithin specialspecialspecialspecial relativityrelativityrelativityrelativity waswaswaswas

unsatisfactory,unsatisfactory,unsatisfactory,unsatisfactory, whilewhilewhilewhile aaaa theorytheorytheorytheory whichwhichwhichwhich fromfromfromfrom thethethethe outsetoutsetoutsetoutset prefersprefersprefersprefers nononono statestatestatestate ofofofof motionmotionmotionmotion

(even(even(even(even acceleratedacceleratedacceleratedaccelerated ones)ones)ones)ones) shouldshouldshouldshould appearappearappearappear moremoremoremore satisfactory.satisfactory.satisfactory.satisfactory. SoSoSoSo inininin 1908190819081908 hehehehe publishedpublishedpublishedpublished

ananananarticlearticlearticlearticle onononon accelerationaccelerationaccelerationacceleration underunderunderunder specialspecialspecialspecial relativityrelativityrelativityrelativity.... InInInIn thatthatthatthat article,article,article,article, hehehehe arguedarguedarguedargued thatthatthatthat

freefreefreefree fallfallfallfall isisisis reallyreallyreallyreally inertialinertialinertialinertial motion,motion,motion,motion, andandandand thatthatthatthat forforforfor aaaa freefallingfreefallingfreefallingfreefalling observerobserverobserverobserver thethethethe rulesrulesrulesrules ofofofof

specialspecialspecialspecial relativityrelativityrelativityrelativity mustmustmustmust apply.apply.apply.apply. ThisThisThisThis argumentargumentargumentargument isisisis calledcalledcalledcalled thethethethe EquivalenceEquivalenceEquivalenceEquivalence principleprincipleprincipleprinciple....

InInInIn thethethethe samesamesamesame article,article,article,article, EinsteinEinsteinEinsteinEinstein alsoalsoalsoalso predictedpredictedpredictedpredicted thethethethe phenomenonphenomenonphenomenonphenomenon ofofofof gravitationalgravitationalgravitationalgravitational

timetimetimetime dilationdilationdilationdilation.... InInInIn 1911,1911,1911,1911, EinsteinEinsteinEinsteinEinstein publishedpublishedpublishedpublished anotheranotheranotheranother articlearticlearticlearticle expandingexpandingexpandingexpanding onononon thethethethe

1907190719071907 article,article,article,article, inininin whichwhichwhichwhich additionaladditionaladditionaladditional effectseffectseffectseffects suchsuchsuchsuch asasasas thethethethe deflectiondeflectiondeflectiondeflection ofofofof lightlightlightlight bybybyby massivemassivemassivemassive

bodiesbodiesbodiesbodieswerewerewerewere predicted.predicted.predicted.predicted.
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11-11-11-11-HHHHoleoleoleole argumentargumentargumentargument andandandand EntwurfEntwurfEntwurfEntwurf theorytheorytheorytheory

WhileWhileWhileWhile developingdevelopingdevelopingdeveloping generalgeneralgeneralgeneral relativity,relativity,relativity,relativity, EinsteinEinsteinEinsteinEinstein becamebecamebecamebecame confusedconfusedconfusedconfused aboutaboutaboutabout thethethethe gaugegaugegaugegauge

invarianceinvarianceinvarianceinvariance inininin thethethethe theory.theory.theory.theory. HeHeHeHe formulatedformulatedformulatedformulated ananananargumentargumentargumentargument thatthatthatthat ledledledled himhimhimhim totototo concludeconcludeconcludeconclude

thatthatthatthat aaaa generalgeneralgeneralgeneral relativisticrelativisticrelativisticrelativistic fieldfieldfieldfield theorytheorytheorytheory isisisis impossible.impossible.impossible.impossible. HeHeHeHe gavegavegavegave upupupup lookinglookinglookinglooking forforforfor fullyfullyfullyfully

generallygenerallygenerallygenerally covariantcovariantcovariantcovariant tensortensortensortensor equations,equations,equations,equations, andandandand searchedsearchedsearchedsearched forforforfor equationsequationsequationsequations thatthatthatthat wouldwouldwouldwould bebebebe

invariantinvariantinvariantinvariant underunderunderunder generalgeneralgeneralgeneral linearlinearlinearlinear transformationstransformationstransformationstransformations only.only.only.only.

InInInIn June,June,June,June, 1913191319131913 thethethethe EntwurfEntwurfEntwurfEntwurf ("draft")("draft")("draft")("draft") theorytheorytheorytheory waswaswaswas thethethethe resultresultresultresult ofofofof thesethesethesethese investigations.investigations.investigations.investigations.
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AsAsAsAs itsitsitsits namenamenamename suggests,suggests,suggests,suggests, itititit waswaswaswas aaaa sketchsketchsketchsketch ofofofof aaaa theory,theory,theory,theory, withwithwithwith thethethethe equationsequationsequationsequations ofofofofmotionmotionmotionmotion

supplementedsupplementedsupplementedsupplemented bybybyby additionaladditionaladditionaladditional gaugegaugegaugegauge fixingfixingfixingfixing conditions.conditions.conditions.conditions. SimultaneouslySimultaneouslySimultaneouslySimultaneously lesslesslessless elegantelegantelegantelegant

andandandandmoremoremoremore difficultdifficultdifficultdifficult thanthanthanthan generalgeneralgeneralgeneral relativity,relativity,relativity,relativity, afterafterafteraftermoremoremoremore thanthanthanthan twotwotwotwo yearsyearsyearsyears ofofofof intensiveintensiveintensiveintensive

workworkworkwork EinsteinEinsteinEinsteinEinstein abandonedabandonedabandonedabandoned thethethethe theorytheorytheorytheory inininin November,November,November,November, 1915191519151915 afterafterafterafter realizingrealizingrealizingrealizing thatthatthatthat thethethethe

holeholeholehole argumentargumentargumentargument waswaswaswas mistakenmistakenmistakenmistaken....
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12-12-12-12-CosmologyCosmologyCosmologyCosmology

InInInIn 1917,1917,1917,1917, EinsteinEinsteinEinsteinEinstein appliedappliedappliedapplied thethethethe GeneralGeneralGeneralGeneral theorytheorytheorytheory ofofofof relativityrelativityrelativityrelativity totototo modelmodelmodelmodel thethethethe structurestructurestructurestructure

ofofofof thethethethe universeuniverseuniverseuniverse asasasas aaaa whole.whole.whole.whole. HeHeHeHe wantedwantedwantedwanted thethethethe universeuniverseuniverseuniverse totototo bebebebe eternaleternaleternaleternal andandandand unchanging,unchanging,unchanging,unchanging,

butbutbutbut thisthisthisthis typetypetypetype ofofofof universeuniverseuniverseuniverse isisisis notnotnotnot consistentconsistentconsistentconsistent withwithwithwith relativity.relativity.relativity.relativity. ToToToTo fixfixfixfix this,this,this,this, EinsteinEinsteinEinsteinEinstein

modifiedmodifiedmodifiedmodified thethethethe generalgeneralgeneralgeneral theorytheorytheorytheory bybybyby introducingintroducingintroducingintroducing aaaa newnewnewnewnotion,notion,notion,notion, thethethethe

COSMOLOGICALCOSMOLOGICALCOSMOLOGICALCOSMOLOGICALCONSTANT.CONSTANT.CONSTANT.CONSTANT.WithWithWithWith aaaa positivepositivepositivepositive cosmologicalcosmologicalcosmologicalcosmological constant,constant,constant,constant, thethethethe

universeuniverseuniverseuniverse couldcouldcouldcould bebebebe ananananETERNALETERNALETERNALETERNAL STATICSTATICSTATICSTATIC SPHERE.SPHERE.SPHERE.SPHERE.

EinsteinEinsteinEinsteinEinstein believedbelievedbelievedbelieved aaaa sphericalsphericalsphericalspherical staticstaticstaticstatic universeuniverseuniverseuniverse isisisis philosophicallyphilosophicallyphilosophicallyphilosophically preferred,preferred,preferred,preferred, becausebecausebecausebecause

itititit wouldwouldwouldwould obeyobeyobeyobeyMach'sMach'sMach'sMach's principleprincipleprincipleprinciple.... HeHeHeHe hadhadhadhad shownshownshownshown thatthatthatthat generalgeneralgeneralgeneral relativityrelativityrelativityrelativity

incorporatesincorporatesincorporatesincorporatesMach'sMach'sMach'sMach's principleprincipleprincipleprinciple totototo aaaa certaincertaincertaincertain extentextentextentextent inininin frameframeframeframe draggingdraggingdraggingdragging bybybyby

gravitomagneticgravitomagneticgravitomagneticgravitomagnetic fieldsfieldsfieldsfields,,,, butbutbutbut hehehehe knewknewknewknew thatthatthatthat Mach'sMach'sMach'sMach's ideaideaideaidea wouldwouldwouldwould notnotnotnot workworkworkwork ifififif spacespacespacespace

goesgoesgoesgoes onononon forever.forever.forever.forever. InInInIn aaaa closedclosedclosedclosed universe,universe,universe,universe, hehehehe believedbelievedbelievedbelieved thatthatthatthat Mach'sMach'sMach'sMach's principleprincipleprincipleprinciple wouldwouldwouldwould

hold.hold.hold.hold. Mach'sMach'sMach'sMach's principleprincipleprincipleprinciple hashashashas generatedgeneratedgeneratedgenerated muchmuchmuchmuch controversycontroversycontroversycontroversy overoveroverover thethethethe years.years.years.years.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

13-13-13-13-ModernModernModernModern quantumquantumquantumquantum theorytheorytheorytheory

EinsteinEinsteinEinsteinEinstein waswaswaswas displeaseddispleaseddispleaseddispleased withwithwithwith quantumquantumquantumquantum theorytheorytheorytheory andandandandmechanics,mechanics,mechanics,mechanics, despitedespitedespitedespite itsitsitsits

acceptanceacceptanceacceptanceacceptance bybybyby otherotherotherother physicists,physicists,physicists,physicists, statingstatingstatingstating "God"God"God"God doesn'tdoesn'tdoesn'tdoesn't playplayplayplay withwithwithwith dice."dice."dice."dice." AsAsAsAs EinsteinEinsteinEinsteinEinstein

passedpassedpassedpassed awayawayawayaway atatatat thethethethe ageageageage ofofofof 76767676 hehehehe stillstillstillstill wouldwouldwouldwould notnotnotnot acceptacceptacceptaccept quantumquantumquantumquantum theory.theory.theory.theory. InInInIn 1917,1917,1917,1917,

atatatat thethethethe heightheightheightheight ofofofof hishishishis workworkworkwork onononon relativity,relativity,relativity,relativity, EinsteinEinsteinEinsteinEinstein publishedpublishedpublishedpublished anananan articlearticlearticlearticle inininin

PhysikalischePhysikalischePhysikalischePhysikalische ZeitschriftZeitschriftZeitschriftZeitschrift thatthatthatthat proposedproposedproposedproposed thethethethe possibilitypossibilitypossibilitypossibility ofofofof stimulatedstimulatedstimulatedstimulated emissionemissionemissionemission,,,, thethethethe

physicalphysicalphysicalphysical processprocessprocessprocess thatthatthatthat makesmakesmakesmakes possiblepossiblepossiblepossible thethethethe masermasermasermaser andandandand thethethethe laserlaserlaserlaser.... ThisThisThisThis articlearticlearticlearticle
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showedshowedshowedshowed thatthatthatthat thethethethe statisticsstatisticsstatisticsstatistics ofofofof absorptionabsorptionabsorptionabsorption andandandand emissionemissionemissionemission ofofofof lightlightlightlight wouldwouldwouldwould onlyonlyonlyonly bebebebe

consistentconsistentconsistentconsistent withwithwithwith Planck'sPlanck'sPlanck'sPlanck's distributiondistributiondistributiondistribution lawlawlawlaw ifififif thethethethe emissionemissionemissionemission ofofofof lightlightlightlight intointointointo aaaa

modemodemodemode withwithwithwith nnnn photonsphotonsphotonsphotons wouldwouldwouldwould bebebebe enhancedenhancedenhancedenhanced statisticallystatisticallystatisticallystatistically comparedcomparedcomparedcompared totototo thethethethe emissionemissionemissionemission

ofofofof lightlightlightlight intointointointo anananan emptyemptyemptyempty mode.mode.mode.mode. ThisThisThisThis paperpaperpaperpaper waswaswaswas enormouslyenormouslyenormouslyenormously influentialinfluentialinfluentialinfluential inininin thethethethe laterlaterlaterlater

developmentdevelopmentdevelopmentdevelopment ofofofof quantumquantumquantumquantum mechanics,mechanics,mechanics,mechanics, becausebecausebecausebecause itititit waswaswaswas thethethethe firstfirstfirstfirst paperpaperpaperpaper totototo showshowshowshow thatthatthatthat

thethethethe statisticsstatisticsstatisticsstatistics ofofofof atomicatomicatomicatomic transitionstransitionstransitionstransitions hadhadhadhad simplesimplesimplesimple laws.laws.laws.laws. EinsteinEinsteinEinsteinEinstein discovereddiscovereddiscovereddiscovered LouisLouisLouisLouis dededede

BroglieBroglieBroglieBroglie 's's's's work,work,work,work, andandandand supportedsupportedsupportedsupportedhishishishis ideas,ideas,ideas,ideas, whichwhichwhichwhich werewerewerewere receivedreceivedreceivedreceived skepticallyskepticallyskepticallyskeptically atatatat first.first.first.first.

InInInIn anotheranotheranotheranother majormajormajormajor paperpaperpaperpaper fromfromfromfrom thisthisthisthis era,era,era,era, EEEEinsteininsteininsteininstein gavegavegavegave aaaa wavewavewavewave equationequationequationequation forforforfor dededede

BroglieBroglieBroglieBrogliewaveswaveswaveswaves,,,, whichwhichwhichwhich EinsteinEinsteinEinsteinEinstein suggestedsuggestedsuggestedsuggestedwaswaswaswas thethethethe HamiltonHamiltonHamiltonHamilton––––JacobiJacobiJacobiJacobi equationequationequationequation ofofofof

mechanics.mechanics.mechanics.mechanics. ThisThisThisThis paperpaperpaperpaper wouldwouldwouldwould inspireinspireinspireinspire SchrSchrSchrSchröööödinger'sdinger'sdinger'sdinger's workworkworkwork ofofofof 1926.1926.1926.1926.
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14-14-14-14-BoseBoseBoseBose––––EinsteinEinsteinEinsteinEinstein statisticsstatisticsstatisticsstatistics

InInInIn 1924,1924,1924,1924, EinsteinEinsteinEinsteinEinstein receivedreceivedreceivedreceived aaaa descriptiondescriptiondescriptiondescription ofofofof aaaa statisticalstatisticalstatisticalstatisticalmodelmodelmodelmodel fromfromfromfrom IndianIndianIndianIndian

physicistphysicistphysicistphysicist SatyendraSatyendraSatyendraSatyendra NathNathNathNath BoseBoseBoseBose,,,, basedbasedbasedbased onononon aaaa countingcountingcountingcounting methodmethodmethodmethod thatthatthatthat assumedassumedassumedassumed thatthatthatthat

lightlightlightlight couldcouldcouldcould bebebebe understoodunderstoodunderstoodunderstood asasasas aaaa gasgasgasgas ofofofof indistinguishableindistinguishableindistinguishableindistinguishable particles.particles.particles.particles. EinsteinEinsteinEinsteinEinstein notednotednotednoted

thatthatthatthat Bose'sBose'sBose'sBose's statisticsstatisticsstatisticsstatistics appliedappliedappliedapplied totototo somesomesomesome atomsatomsatomsatoms asasasas wellwellwellwell asasasas totototo thethethethe proposedproposedproposedproposed lightlightlightlight

particles,particles,particles,particles, andandandand submittedsubmittedsubmittedsubmitted hishishishis translationtranslationtranslationtranslation ofofofof Bose'sBose'sBose'sBose's paperpaperpaperpaper totototo thethethethe ZeitschriftZeitschriftZeitschriftZeitschrift ffffüüüürrrr
PhysikPhysikPhysikPhysik .... EinsteinEinsteinEinsteinEinstein alsoalsoalsoalso publishedpublishedpublishedpublishedhishishishis ownownownown articlesarticlesarticlesarticles describingdescribingdescribingdescribing thethethethe modelmodelmodelmodel andandandand itsitsitsits

implications,implications,implications,implications, amongamongamongamong themthemthemthem thethethethe BoseBoseBoseBose––––EinsteinEinsteinEinsteinEinstein condensatecondensatecondensatecondensate phenomenonphenomenonphenomenonphenomenon thatthatthatthat somesomesomesome

particulatesparticulatesparticulatesparticulates shouldshouldshouldshould appearappearappearappear atatatat veryveryveryvery lowlowlowlow temperatures.temperatures.temperatures.temperatures. ItItItIt waswaswaswas notnotnotnot untiluntiluntiluntil 1995199519951995 thatthatthatthat

thethethethe firstfirstfirstfirst suchsuchsuchsuch condensatecondensatecondensatecondensate waswaswaswas producedproducedproducedproduced experimentallyexperimentallyexperimentallyexperimentally bybybyby EricEricEricEric AllinAllinAllinAllin CornellCornellCornellCornell andandandand

CarlCarlCarlCarl WiemanWiemanWiemanWieman usingusingusingusing ultra-coolingultra-coolingultra-coolingultra-cooling equipmentequipmentequipmentequipment builtbuiltbuiltbuilt atatatat thethethethe NISTNISTNISTNIST––––JILAJILAJILAJILA laboratorylaboratorylaboratorylaboratory

atatatat thethethethe UniversityUniversityUniversityUniversity ofofofofColoradoColoradoColoradoColorado atatatat BoulderBoulderBoulderBoulder....

BoseBoseBoseBose––––EinsteinEinsteinEinsteinEinstein statisticsstatisticsstatisticsstatistics areareareare nownownownow usedusedusedused totototo describedescribedescribedescribe thethethethe behaviorsbehaviorsbehaviorsbehaviors ofofofof anyanyanyany assemblyassemblyassemblyassembly

ofofofof bosonsbosonsbosonsbosons.... Einstein'sEinstein'sEinstein'sEinstein's sketchessketchessketchessketches forforforfor thisthisthisthis projectprojectprojectprojectmaymaymaymay bebebebe seenseenseenseen inininin thethethethe EinsteinEinsteinEinsteinEinstein

ArchiveArchiveArchiveArchive inininin thethethethe librarylibrarylibrarylibrary ofofofof thethethethe LeidenLeidenLeidenLeidenUniversity.University.University.University.
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15-15-15-15-EnergyEnergyEnergyEnergymomentummomentummomentummomentum pseudotensorpseudotensorpseudotensorpseudotensor
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GeneralGeneralGeneralGeneral relativityrelativityrelativityrelativity includesincludesincludesincludes aaaa dynamicaldynamicaldynamicaldynamical spacetime,spacetime,spacetime,spacetime, sosososo itititit isisisis difficultdifficultdifficultdifficult totototo seeseeseesee howhowhowhowtotototo

identifyidentifyidentifyidentify thethethethe conservedconservedconservedconserved energyenergyenergyenergy andandandandmomentum.momentum.momentum.momentum. Noether'sNoether'sNoether'sNoether's theoremtheoremtheoremtheorem allowsallowsallowsallows thesethesethesethese

quantitiesquantitiesquantitiesquantities totototo bebebebe determineddetermineddetermineddetermined fromfromfromfrom aaaa LagrangianLagrangianLagrangianLagrangian withwithwithwith translationtranslationtranslationtranslation invarianceinvarianceinvarianceinvariance,,,, butbutbutbut

generalgeneralgeneralgeneral covariancecovariancecovariancecovariance makesmakesmakesmakes translationtranslationtranslationtranslation invarianceinvarianceinvarianceinvariance intointointointo somethingsomethingsomethingsomething ofofofof aaaa gaugegaugegaugegauge

symmetrysymmetrysymmetrysymmetry.... TheTheTheThe energyenergyenergyenergy andandandandmomentummomentummomentummomentum derivedderivedderivedderived withinwithinwithinwithin generalgeneralgeneralgeneral relativityrelativityrelativityrelativity bybybyby

Noether'sNoether'sNoether'sNoether's presecriptionspresecriptionspresecriptionspresecriptions dodododo notnotnotnot makemakemakemake aaaa realrealrealreal tensortensortensortensor forforforfor thisthisthisthis reason.reason.reason.reason.

EinsteinEinsteinEinsteinEinstein arguedarguedarguedargued thatthatthatthat thisthisthisthis isisisis truetruetruetrue forforforfor fundamentalfundamentalfundamentalfundamental reasons,reasons,reasons,reasons, becausebecausebecausebecause thethethethe

gravitationalgravitationalgravitationalgravitational fieldfieldfieldfield couldcouldcouldcould bebebebe mademademademade totototo vanishvanishvanishvanish bybybyby aaaa choicechoicechoicechoice ofofofof coordinates.coordinates.coordinates.coordinates.HeHeHeHe

maintainedmaintainedmaintainedmaintained thatthatthatthat thethethethe non-covariantnon-covariantnon-covariantnon-covariant energyenergyenergyenergymomentummomentummomentummomentum pseudotensorpseudotensorpseudotensorpseudotensor waswaswaswas inininin factfactfactfact

thethethethe bestbestbestbest descriptiondescriptiondescriptiondescription ofofofof thethethethe energyenergyenergyenergymomentummomentummomentummomentum distributiondistributiondistributiondistribution inininin aaaa gravitationalgravitationalgravitationalgravitational

field.field.field.field. ThisThisThisThis approachapproachapproachapproach hashashashas beenbeenbeenbeen echoedechoedechoedechoed bybybyby LevLevLevLev LandauLandauLandauLandau andandandand EvgenyEvgenyEvgenyEvgenyLifshitzLifshitzLifshitzLifshitz,,,, andandandand

others,others,others,others, andandandand hashashashas becomebecomebecomebecome standard.standard.standard.standard. hehehehe useuseuseuse ofofofof non-covariantnon-covariantnon-covariantnon-covariant objectsobjectsobjectsobjects likelikelikelike

pseudotensorspseudotensorspseudotensorspseudotensorswaswaswaswas heavilyheavilyheavilyheavily criticizedcriticizedcriticizedcriticized inininin 1917191719171917 bybybyby ErwinErwinErwinErwin SchrSchrSchrSchröööödingerdingerdingerdinger andandandand others.others.others.others.
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16-16-16-16-UnifiedUnifiedUnifiedUnified fieldfieldfieldfield theorytheorytheorytheory

FollowingFollowingFollowingFollowing hishishishis researchresearchresearchresearch onononon generalgeneralgeneralgeneral relativity,relativity,relativity,relativity, EinsteinEinsteinEinsteinEinstein enteredenteredenteredentered intointointointo aaaa seriesseriesseriesseries ofofofof

attemptsattemptsattemptsattempts totototo generalizegeneralizegeneralizegeneralize hishishishis geometricgeometricgeometricgeometric theorytheorytheorytheory ofofofof gravitationgravitationgravitationgravitation totototo includeincludeincludeinclude

electromagnetismelectromagnetismelectromagnetismelectromagnetismasasasas anotheranotheranotheranother aspectaspectaspectaspect ofofofof aaaa singlesinglesinglesingle entity.entity.entity.entity. InInInIn 1950,1950,1950,1950, hehehehe describeddescribeddescribeddescribed hishishishis

""""unifiedunifiedunifiedunified fieldfieldfieldfield theorytheorytheorytheory"""" inininin aaaa ScientificScientificScientificScientific AmericanAmericanAmericanAmerican articlearticlearticlearticle entitledentitledentitledentitled"On"On"On"On thethethethe

GeneralizedGeneralizedGeneralizedGeneralized TheoryTheoryTheoryTheory ofofofof Gravitation".Gravitation".Gravitation".Gravitation". AlthoughAlthoughAlthoughAlthough hehehehe continuedcontinuedcontinuedcontinued totototo bebebebe laudedlaudedlaudedlauded forforforfor hishishishis

work,work,work,work, EinsteinEinsteinEinsteinEinstein becamebecamebecamebecame increasinglyincreasinglyincreasinglyincreasingly isolatedisolatedisolatedisolated inininin hishishishis research,research,research,research, andandandand hishishishis effortseffortseffortsefforts werewerewerewere

ultimatelyultimatelyultimatelyultimately unsuccessful.unsuccessful.unsuccessful.unsuccessful. InInInIn hishishishis pursuitpursuitpursuitpursuit ofofofof aaaa unificationunificationunificationunification ofofofof thethethethe fundamentalfundamentalfundamentalfundamental forces,forces,forces,forces,

EinsteinEinsteinEinsteinEinstein ignoredignoredignoredignored somesomesomesome mainstreammainstreammainstreammainstream developmentsdevelopmentsdevelopmentsdevelopments inininin physics,physics,physics,physics, mostmostmostmost notablynotablynotablynotably thethethethe

strongstrongstrongstrong andandandand weakweakweakweaknuclearnuclearnuclearnuclear forcesforcesforcesforces,,,, whichwhichwhichwhichwerewerewerewere notnotnotnot wellwellwellwell understoodunderstoodunderstoodunderstood untiluntiluntiluntil manymanymanymany

yearsyearsyearsyears afterafterafterafter hishishishis death.death.death.death. MainstreamMainstreamMainstreamMainstream physics,physics,physics,physics, inininin turn,turn,turn,turn, largelylargelylargelylargely ignoredignoredignoredignored Einstein'sEinstein'sEinstein'sEinstein's

approachesapproachesapproachesapproaches totototo unification.unification.unification.unification. Einstein'sEinstein'sEinstein'sEinstein's dreamdreamdreamdream ofofofof unifyingunifyingunifyingunifying otherotherotherother lawslawslawslaws ofofofof physicsphysicsphysicsphysics

withwithwithwith gravitygravitygravitygravity motivatesmotivatesmotivatesmotivatesmodernmodernmodernmodern questsquestsquestsquests forforforfor aaaa theorytheorytheorytheory ofofofof everythingeverythingeverythingeverything andandandand inininin
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particularparticularparticularparticular stringstringstringstring theorytheorytheorytheory,,,, wherewherewherewhere geometricalgeometricalgeometricalgeometrical fieldsfieldsfieldsfields emergeemergeemergeemerge inininin aaaa unifiedunifiedunifiedunified quantum-quantum-quantum-quantum-

mechanicalmechanicalmechanicalmechanical setting.setting.setting.setting.
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17-17-17-17-WormholesWormholesWormholesWormholes

EinsteinEinsteinEinsteinEinstein collaboratedcollaboratedcollaboratedcollaboratedwithwithwithwith othersothersothersothers totototo produceproduceproduceproduce aaaa modelmodelmodelmodel ofofofof aaaa wormholewormholewormholewormhole.... HisHisHisHis

motivationmotivationmotivationmotivation waswaswaswas totototo modelmodelmodelmodel elementaryelementaryelementaryelementary particlesparticlesparticlesparticleswithwithwithwith chargechargechargecharge asasasas aaaa solutionsolutionsolutionsolution ofofofof

gravitationalgravitationalgravitationalgravitational fieldfieldfieldfield equations,equations,equations,equations, inininin linelinelineline withwithwithwith thethethethe programprogramprogramprogram outlinedoutlinedoutlinedoutlined inininin thethethethe paperpaperpaperpaper "Do"Do"Do"Do

GravitationalGravitationalGravitationalGravitational FieldsFieldsFieldsFields playplayplayplay anananan ImportantImportantImportantImportant RoleRoleRoleRole inininin thethethethe ConstitutionConstitutionConstitutionConstitution ofofofof thethethethe

ElementaryElementaryElementaryElementaryParticles?".Particles?".Particles?".Particles?". TheseTheseTheseThese solutionssolutionssolutionssolutions cutcutcutcut andandandand pastedpastedpastedpastedSchwarzschildSchwarzschildSchwarzschildSchwarzschild blackblackblackblack

holesholesholesholes totototo makemakemakemake aaaa bridgebridgebridgebridge betweenbetweenbetweenbetween twotwotwotwopatches.patches.patches.patches.

IfIfIfIf oneoneoneone endendendend ofofofof aaaa wormholewormholewormholewormhole waswaswaswas positivelypositivelypositivelypositively charged,charged,charged,charged, thethethethe otherotherotherother endendendendwouldwouldwouldwould bebebebe

negativelynegativelynegativelynegatively charged.charged.charged.charged. TheseTheseTheseThese propertiespropertiespropertiesproperties ledledledledEinsteinEinsteinEinsteinEinstein totototo believebelievebelievebelieve thatthatthatthat pairspairspairspairs ofofofof

particlesparticlesparticlesparticles andandandand antiparticlesantiparticlesantiparticlesantiparticles couldcouldcouldcould bebebebe describeddescribeddescribeddescribed inininin thisthisthisthis way.way.way.way.
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18-18-18-18-EinsteinEinsteinEinsteinEinstein––––CartanCartanCartanCartan theorytheorytheorytheory

19-19-19-19- EquationsEquationsEquationsEquations ofofofofmotionmotionmotionmotion

TheTheTheThe theorytheorytheorytheory ofofofof generalgeneralgeneralgeneral relativityrelativityrelativityrelativity hashashashas aaaa fundamentalfundamentalfundamentalfundamental lawlawlawlaw –––– thethethethe EinsteinEinsteinEinsteinEinstein equationsequationsequationsequations

whichwhichwhichwhich describedescribedescribedescribe howhowhowhow spacespacespacespace curves,curves,curves,curves, thethethethe geodesicgeodesicgeodesicgeodesic equationequationequationequation whichwhichwhichwhichdescribesdescribesdescribesdescribes howhowhowhow

particlesparticlesparticlesparticlesmovemovemovemove maymaymaymay bebebebe derivedderivedderivedderived fromfromfromfrom thethethethe EinsteinEinsteinEinsteinEinstein equations.equations.equations.equations.

SinceSinceSinceSince thethethethe equationsequationsequationsequations ofofofof generalgeneralgeneralgeneral relativityrelativityrelativityrelativity areareareare non-linear,non-linear,non-linear,non-linear, aaaa lumplumplumplump ofofofof energyenergyenergyenergymademademademade

outoutoutout ofofofof purepurepurepure gravitationalgravitationalgravitationalgravitational fields,fields,fields,fields, likelikelikelike aaaa blackblackblackblack hole,hole,hole,hole,wouldwouldwouldwould movemovemovemove ononononaaaa trajectorytrajectorytrajectorytrajectory

whichwhichwhichwhich isisisis determineddetermineddetermineddetermined bybybyby thethethethe EinsteinEinsteinEinsteinEinstein equationsequationsequationsequations themselves,themselves,themselves,themselves, notnotnotnot bybybyby aaaa newnewnewnew law.law.law.law. SoSoSoSo

EinsteinEinsteinEinsteinEinstein proposedproposedproposedproposed thatthatthatthat thethethethe pathpathpathpath ofofofof aaaa singularsingularsingularsingular solution,solution,solution,solution, likelikelikelike aaaa blackblackblackblack hole,hole,hole,hole,wouldwouldwouldwould

bebebebe determineddetermineddetermineddetermined totototo bebebebe aaaa geodesicgeodesicgeodesicgeodesic fromfromfromfrom generalgeneralgeneralgeneral relativityrelativityrelativityrelativity itselfitselfitselfitself....
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ThisThisThisThis waswaswaswas establishedestablishedestablishedestablished bybybyby Einstein,Einstein,Einstein,Einstein, Infeld,Infeld,Infeld,Infeld, andandandand HoffmannHoffmannHoffmannHoffmann forforforfor pointlikepointlikepointlikepointlike objectsobjectsobjectsobjects

withoutwithoutwithoutwithout angularangularangularangular momentummomentummomentummomentum....

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

20-20-20-20- OOOOtherthertherther investigationsinvestigationsinvestigationsinvestigations

EinsteinEinsteinEinsteinEinstein conductedconductedconductedconducted otherotherotherother investigationsinvestigationsinvestigationsinvestigations thatthatthatthat werewerewerewere unsuccessfulunsuccessfulunsuccessfulunsuccessful andandandand abandoned.abandoned.abandoned.abandoned.

TheseTheseTheseThese pertainpertainpertainpertain totototo forceforceforceforce,,,, superconductivitysuperconductivitysuperconductivitysuperconductivity,,,, gravitationalgravitationalgravitationalgravitational waveswaveswaveswaves,,,, andandandand otherotherotherother

research.research.research.research.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

21-21-21-21-EinsteinEinsteinEinsteinEinstein––––dededede HaasHaasHaasHaas experimentexperimentexperimentexperiment

EinsteinEinsteinEinsteinEinstein andandandand DeDeDeDeHaasHaasHaasHaas demonstrateddemonstrateddemonstrateddemonstrated thatthatthatthat magnetizationmagnetizationmagnetizationmagnetization isisisis duedueduedue totototo thethethethe motionmotionmotionmotion ofofofof

electrons,electrons,electrons,electrons, nowadaysnowadaysnowadaysnowadays knownknownknownknown totototo bebebebe thethethethe spin.spin.spin.spin. InInInIn orderorderorderorder totototo showshowshowshow this,this,this,this, theytheytheythey reversedreversedreversedreversed

thethethethe magnetizationmagnetizationmagnetizationmagnetization inininin anananan ironironironironbarbarbarbar suspendedsuspendedsuspendedsuspended ononononaaaa torsiontorsiontorsiontorsion pendulumpendulumpendulumpendulum.... TheyTheyTheyThey

confirmedconfirmedconfirmedconfirmed thatthatthatthat thisthisthisthis leadsleadsleadsleads thethethethe barbarbarbar totototo rotate,rotate,rotate,rotate, becausebecausebecausebecause thethethethe electron'selectron'selectron'selectron's angularangularangularangular

momentummomentummomentummomentum changeschangeschangeschanges asasasas thethethethe magnetizationmagnetizationmagnetizationmagnetization changes.changes.changes.changes.

ThisThisThisThis experimentexperimentexperimentexperiment neededneededneededneeded totototo bebebebe sensitive,sensitive,sensitive,sensitive, becausebecausebecausebecause thethethethe angularangularangularangular momentummomentummomentummomentum

associatedassociatedassociatedassociated withwithwithwith electronselectronselectronselectrons isisisis small,small,small,small, butbutbutbut itititit definitivelydefinitivelydefinitivelydefinitively establishedestablishedestablishedestablished thatthatthatthat electronelectronelectronelectron

motionmotionmotionmotion ofofofof somesomesomesome kindkindkindkind isisisis responsibleresponsibleresponsibleresponsible forforforfor magnetization.magnetization.magnetization.magnetization.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

22-22-22-22-SchrSchrSchrSchröööödingerdingerdingerdinger gasgasgasgas modelmodelmodelmodel

EinsteinEinsteinEinsteinEinstein suggestedsuggestedsuggestedsuggested totototo ErwinErwinErwinErwin SchrSchrSchrSchröööödingerdingerdingerdinger thatthatthatthat hehehehe mightmightmightmight bebebebe ableableableable totototo reproducereproducereproducereproduce thethethethe

statisticsstatisticsstatisticsstatistics ofofofof aaaa BoseBoseBoseBose––––EinsteinEinsteinEinsteinEinstein gasgasgasgas bybybyby consideringconsideringconsideringconsidering aaaa box.box.box.box. ThenThenThenThen totototo eacheacheacheach possiblepossiblepossiblepossible

quantumquantumquantumquantummotionmotionmotionmotion ofofofof aaaa particleparticleparticleparticle inininin aaaa boxboxboxbox associateassociateassociateassociate anananan independentindependentindependentindependent harmonicharmonicharmonicharmonic

oscillator.oscillator.oscillator.oscillator. QuantizingQuantizingQuantizingQuantizing thesethesethesethese oscillators,oscillators,oscillators,oscillators, eacheacheacheach levellevellevellevel willwillwillwill havehavehavehave anananan integerintegerintegerinteger occupationoccupationoccupationoccupation

number,number,number,number, whichwhichwhichwhichwillwillwillwill bebebebe thethethethe numbernumbernumbernumber ofofofof particlesparticlesparticlesparticles inininin it.it.it.it.

ThisThisThisThis formulationformulationformulationformulation isisisis aaaa formformformform ofofofof secondsecondsecondsecond quantizationquantizationquantizationquantization,,,, butbutbutbut itititit predatespredatespredatespredates modernmodernmodernmodern
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quantumquantumquantumquantum mechanics.mechanics.mechanics.mechanics. ErwinErwinErwinErwin SchrSchrSchrSchröööödingerdingerdingerdinger appliedappliedappliedapplied thisthisthisthis totototo derivederivederivederive thethethethe

thermodynamicthermodynamicthermodynamicthermodynamic propertiespropertiespropertiesproperties ofofofof aaaa semiclassicalsemiclassicalsemiclassicalsemiclassical idealidealidealideal gasgasgasgas.... SchrSchrSchrSchröööödingerdingerdingerdinger urgedurgedurgedurged

EinsteinEinsteinEinsteinEinstein totototo addaddaddadd hishishishis namenamenamename asasasas co-author,co-author,co-author,co-author, althoughalthoughalthoughalthough EinsteinEinsteinEinsteinEinstein declineddeclineddeclineddeclined thethethethe invitation.invitation.invitation.invitation.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

23-23-23-23-EinsteinEinsteinEinsteinEinstein refrigeratorrefrigeratorrefrigeratorrefrigerator

InInInIn 1926,1926,1926,1926, EinsteinEinsteinEinsteinEinstein andandandand hishishishis formerformerformerformer studentstudentstudentstudent LeLeLeLeóóóó SzilSzilSzilSziláááárdrdrdrd co-inventedco-inventedco-inventedco-invented (and(and(and(and inininin 1930,1930,1930,1930,

patented)patented)patented)patented) thethethethe EinsteinEinsteinEinsteinEinstein refrigeratorrefrigeratorrefrigeratorrefrigerator.... ThisThisThisThis absorptionabsorptionabsorptionabsorption refrigeratorrefrigeratorrefrigeratorrefrigeratorwaswaswaswas thenthenthenthen

revolutionaryrevolutionaryrevolutionaryrevolutionary forforforfor havinghavinghavinghaving nononono movingmovingmovingmoving partspartspartsparts andandandand usingusingusingusing onlyonlyonlyonly heatheatheatheat asasasas anananan input.input.input.input. OnOnOnOn 11111111

NovemberNovemberNovemberNovember 1930,1930,1930,1930, U.S.U.S.U.S.U.S.PatentPatentPatentPatent 1,781,5411,781,5411,781,5411,781,541waswaswaswas awardedawardedawardedawarded totototo AlbertAlbertAlbertAlbert EinsteinEinsteinEinsteinEinstein andandandand LeLeLeLeóóóó

SzilSzilSzilSziláááárdrdrdrd forforforfor thethethethe refrigerator.refrigerator.refrigerator.refrigerator. TheirTheirTheirTheir inventioninventioninventioninvention waswaswaswas notnotnotnot immediatelyimmediatelyimmediatelyimmediately putputputput intointointointo

commercialcommercialcommercialcommercial production,production,production,production, asasasas thethethethe mostmostmostmost promisingpromisingpromisingpromising ofofofof theirtheirtheirtheir patentspatentspatentspatents werewerewerewere quicklyquicklyquicklyquickly

boughtboughtboughtbought upupupup bybybyby thethethethe SwedishSwedishSwedishSwedish companycompanycompanycompany ElectroluxElectroluxElectroluxElectrolux totototo protectprotectprotectprotect itsitsitsits refrigerationrefrigerationrefrigerationrefrigeration

technologytechnologytechnologytechnology fromfromfromfrom competition.competition.competition.competition.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

24-24-24-24-BohrBohrBohrBohr versusversusversusversusEinsteinEinsteinEinsteinEinstein

TheTheTheThe BohrBohrBohrBohr––––EinsteinEinsteinEinsteinEinstein debatesdebatesdebatesdebates werewerewerewere aaaa seriesseriesseriesseries ofofofof publicpublicpublicpublic disputesdisputesdisputesdisputes aboutaboutaboutabout quantumquantumquantumquantum

mechanicsmechanicsmechanicsmechanics betweenbetweenbetweenbetween AlbertAlbertAlbertAlbert EinsteinEinsteinEinsteinEinstein andandandandNielsNielsNielsNiels BohrBohrBohrBohr whowhowhowho werewerewerewere twotwotwotwoofofofof itsitsitsits founders.founders.founders.founders.

TheirTheirTheirTheir debatesdebatesdebatesdebates areareareare rememberedrememberedrememberedremembered becausebecausebecausebecause ofofofof theirtheirtheirtheir importanceimportanceimportanceimportance totototo thethethethe philosophyphilosophyphilosophyphilosophy ofofofof

sciencesciencesciencescience....

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

25-25-25-25-EinsteinEinsteinEinsteinEinstein––––PodolskyPodolskyPodolskyPodolsky––––RosenRosenRosenRosen paradoxparadoxparadoxparadox

InInInIn 1935,1935,1935,1935, EinsteinEinsteinEinsteinEinstein returnedreturnedreturnedreturned totototo thethethethe questionquestionquestionquestion ofofofof quantumquantumquantumquantum mechanics.mechanics.mechanics.mechanics. HeHeHeHe consideredconsideredconsideredconsidered

howhowhowhow aaaa measurementmeasurementmeasurementmeasurement onononon oneoneoneone ofofofof twotwotwotwo entangledentangledentangledentangled particlesparticlesparticlesparticles wouldwouldwouldwould affectaffectaffectaffect thethethethe other.other.other.other. HeHeHeHe

noted,noted,noted,noted, alongalongalongalong withwithwithwith hishishishis collaborators,collaborators,collaborators,collaborators, thatthatthatthat bybybyby performingperformingperformingperforming differentdifferentdifferentdifferent measurementsmeasurementsmeasurementsmeasurements

onononon thethethethe distantdistantdistantdistant particle,particle,particle,particle, eithereithereithereither ofofofof positionpositionpositionposition orororor momentum,momentum,momentum,momentum, differentdifferentdifferentdifferent propertiespropertiespropertiesproperties ofofofof
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thethethethe entangledentangledentangledentangled partnerpartnerpartnerpartner couldcouldcouldcould bebebebe discovereddiscovereddiscovereddiscovered withoutwithoutwithoutwithout disturbingdisturbingdisturbingdisturbing itititit inininin anyanyanyany way.way.way.way.

HeHeHeHe thenthenthenthen usedusedusedused aaaa hypothesishypothesishypothesishypothesis ofofofof locallocallocallocal realismrealismrealismrealism totototo concludeconcludeconcludeconclude thatthatthatthat thethethethe otherotherotherother particleparticleparticleparticle hadhadhadhad

thesethesethesethese propertiespropertiespropertiesproperties alreadyalreadyalreadyalready determined.determined.determined.determined. TheTheTheThe principleprincipleprincipleprinciple hehehehe proposedproposedproposedproposed isisisis thatthatthatthat ifififif itititit isisisis

possiblepossiblepossiblepossible totototo determinedeterminedeterminedetermine whatwhatwhatwhat thethethethe answeransweransweranswer totototo aaaa positionpositionpositionposition orororormomentummomentummomentummomentum measurementmeasurementmeasurementmeasurement

wouldwouldwouldwould be,be,be,be, withoutwithoutwithoutwithout inininin anyanyanyany waywaywayway disturbingdisturbingdisturbingdisturbing thethethethe particle,particle,particle,particle, thenthenthenthen thethethethe particleparticleparticleparticle actuallyactuallyactuallyactually

hashashashas valuesvaluesvaluesvalues ofofofof positionpositionpositionposition orororormomentum.momentum.momentum.momentum.

ThisThisThisThis principleprincipleprincipleprinciple distilleddistilleddistilleddistilled thethethethe essenceessenceessenceessence ofofofof Einstein'sEinstein'sEinstein'sEinstein's objectionobjectionobjectionobjection totototo quantumquantumquantumquantum mechanics.mechanics.mechanics.mechanics.

AsAsAsAs aaaa physicalphysicalphysicalphysical principle,principle,principle,principle, itititit waswaswaswas shownshownshownshown totototo bebebebe incorrectincorrectincorrectincorrectwhenwhenwhenwhen thethethethe AspectAspectAspectAspect

experimentexperimentexperimentexperiment ofofofof 1982198219821982 confirmedconfirmedconfirmedconfirmedBell'sBell'sBell'sBell's theoremtheoremtheoremtheorem,,,, whichwhichwhichwhich hadhadhadhad beenbeenbeenbeen promulgatedpromulgatedpromulgatedpromulgated inininin

1964.1964.1964.1964.

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein

REFERENCE:REFERENCE:REFERENCE:REFERENCE: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 19:19:19:19:

THETHETHETHEManhattanManhattanManhattanManhattan ProjectProjectProjectProject

AAAA RESULTRESULTRESULTRESULTOFOFOFOF E=ME=ME=ME=Mc^2c^2c^2c^2

TheTheTheTheManhattanManhattanManhattanManhattan ProjectProjectProjectProjectwaswaswaswas aaaa researchresearchresearchresearch andandandand developmentdevelopmentdevelopmentdevelopment programprogramprogramprogram bybybyby thethethethe UnitedUnitedUnitedUnited

StatesStatesStatesStateswithwithwithwith thethethethe UnitedUnitedUnitedUnited KingdomKingdomKingdomKingdom andandandand CanadaCanadaCanadaCanada thatthatthatthat producedproducedproducedproduced thethethethe firstfirstfirstfirst ATOMICATOMICATOMICATOMIC

BOMBBOMBBOMBBOMBDURINGDURINGDURINGDURINGWORLDWORLDWORLDWORLDWARWARWARWAR 2.2.2.2. FROMFROMFROMFROM1942194219421942 TOTOTOTO 1946,1946,1946,1946, THETHETHETHE PROJECTPROJECTPROJECTPROJECT

WASWASWASWASUNDERUNDERUNDERUNDERTHETHETHETHEDIRECTIONDIRECTIONDIRECTIONDIRECTIONOFOFOFOFMAJORMAJORMAJORMAJOR GENERALGENERALGENERALGENERALLESLIELESLIELESLIELESLIE GROVESGROVESGROVESGROVES

OFOFOFOFTHETHETHETHEUSAUSAUSAUSAARMYARMYARMYARMYCORPSCORPSCORPSCORPSOFOFOFOF ENGINEERS.ENGINEERS.ENGINEERS.ENGINEERS.

TwoTwoTwoTwo typestypestypestypes ofofofof atomicatomicatomicatomic bombbombbombbomb werewerewerewere developeddevelopeddevelopeddevelopedduringduringduringduring thethethethe warwarwarwar....

AAAA RELATIVELYRELATIVELYRELATIVELYRELATIVELY SIMPLESIMPLESIMPLESIMPLE GUN-TYPEGUN-TYPEGUN-TYPEGUN-TYPE FISSIONFISSIONFISSIONFISSIONWEAPONWEAPONWEAPONWEAPONWASWASWASWASMADEMADEMADEMADE

USINGUSINGUSINGUSINGURANIUMURANIUMURANIUMURANIUM 235,235,235,235, ANANANAN ISOTOPEISOTOPEISOTOPEISOTOPETHATTHATTHATTHATMAKESMAKESMAKESMAKESUPUPUPUP ONLYONLYONLYONLY 0.70.70.70.7

PERCENTPERCENTPERCENTPERCENTOFOFOFOFNATURALNATURALNATURALNATURALURANIUM.URANIUM.URANIUM.URANIUM.

THETHETHETHEGUN-TYPEGUN-TYPEGUN-TYPEGUN-TYPEDESIGNDESIGNDESIGNDESIGN PROVEDPROVEDPROVEDPROVED IMPRACTICALIMPRACTICALIMPRACTICALIMPRACTICAL TOTOTOTOUSEUSEUSEUSEWITHWITHWITHWITH

PLUTONIUMPLUTONIUMPLUTONIUMPLUTONIUM SOSOSOSOAAAAMOREMOREMOREMORECOMPLEXCOMPLEXCOMPLEXCOMPLEX IMPLOSIONIMPLOSIONIMPLOSIONIMPLOSION -TYPE-TYPE-TYPE-TYPEWEAPONWEAPONWEAPONWEAPONWASWASWASWAS

DEVELOPEDDEVELOPEDDEVELOPEDDEVELOPED ININININ AAAA CONCERTEDCONCERTEDCONCERTEDCONCERTEDDESIGNDESIGNDESIGNDESIGNANDANDANDANDCONSTRUCTIONCONSTRUCTIONCONSTRUCTIONCONSTRUCTIONEFFORTEFFORTEFFORTEFFORT

ATATATAT THETHETHETHE PROJECT'SPROJECT'SPROJECT'SPROJECT'SWEAPONSWEAPONSWEAPONSWEAPONSRESEARCHRESEARCHRESEARCHRESEARCHANDANDANDANDDESIGNDESIGNDESIGNDESIGN

LABORATORYLABORATORYLABORATORYLABORATORY ININININ LOSLOSLOSLOSALAMOS,ALAMOS,ALAMOS,ALAMOS, NEWNEWNEWNEWMEXICO.MEXICO.MEXICO.MEXICO.

HIROSHIMAHIROSHIMAHIROSHIMAHIROSHIMABOMBBOMBBOMBBOMB====GUNGUNGUNGUNTYPETYPETYPETYPEAAAA BOMBBOMBBOMBBOMB
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NAGASAKINAGASAKINAGASAKINAGASAKI BOMB=BOMB=BOMB=BOMB= IMPLOSIONIMPLOSIONIMPLOSIONIMPLOSIONTYPETYPETYPETYPEAAAA BOMBBOMBBOMBBOMB

GUNGUNGUNGUNTYPETYPETYPETYPE

IMPLOSIONIMPLOSIONIMPLOSIONIMPLOSIONTYPETYPETYPETYPE
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HHHH BOMB:BOMB:BOMB:BOMB:

BYBYBYBYUSAUSAUSAUSA

THETHETHETHEHHHH BOMBBOMBBOMBBOMBCONTAINSCONTAINSCONTAINSCONTAINSOFOFOFOFAAAA NUCLEARNUCLEARNUCLEARNUCLEARBOMBBOMBBOMBBOMBWITHWITHWITHWITHAAAA FUSIONFUSIONFUSIONFUSION FUEL.FUEL.FUEL.FUEL.

THETHETHETHEENERGYENERGYENERGYENERGYRELEASEDRELEASEDRELEASEDRELEASEDBYBYBYBYTHETHETHETHEHHHH BOMBBOMBBOMBBOMBRESULTSRESULTSRESULTSRESULTSOFOFOFOF FUSIONFUSIONFUSIONFUSIONOFOFOFOF

ELEMENTSELEMENTSELEMENTSELEMENTSTOTOTOTOHEAVERHEAVERHEAVERHEAVER ELEMENTSELEMENTSELEMENTSELEMENTS ANDANDANDANDRELEASINGRELEASINGRELEASINGRELEASINGAAAA HIGHHIGHHIGHHIGH

ENERGY.ENERGY.ENERGY.ENERGY.

LIKE:LIKE:LIKE:LIKE:

HYDROGENHYDROGENHYDROGENHYDROGEN------>------>------>------> HEHEHEHE ++++ ENERGYENERGYENERGYENERGY

THETHETHETHEREACTIONREACTIONREACTIONREACTION ININININ THETHETHETHECORECORECORECOREOFOFOFOF STARSSTARSSTARSSTARS (LIKE(LIKE(LIKE(LIKE SUN)SUN)SUN)SUN) ISISISIS AAAA FUSIONFUSIONFUSIONFUSION

TYPE.TYPE.TYPE.TYPE.

REFERENCE:REFERENCE:REFERENCE:REFERENCE: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 20:20:20:20:

EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S SIGNATURESIGNATURESIGNATURESIGNATURE

FROMFROMFROMFROMTHETHETHETHE FAMILYFAMILYFAMILYFAMILY TREETREETREETREEWEWEWEWECANCANCANCAN SEESEESEESEE THATTHATTHATTHAT THETHETHETHE FULLFULLFULLFULLNAMENAMENAMENAMEOFOFOFOF

ALBERTALBERTALBERTALBERT ISISISIS ::::

ALBERTALBERTALBERTALBERT(HERMANN)(HERMANN)(HERMANN)(HERMANN) (ABRAHAM)(ABRAHAM)(ABRAHAM)(ABRAHAM) (RUPERT(RUPERT(RUPERT(RUPERTEINSTEIN)EINSTEIN)EINSTEIN)EINSTEIN)

SOSOSOSOTHETHETHETHE (EINSTEIN)(EINSTEIN)(EINSTEIN)(EINSTEIN) ISISISIS THETHETHETHETOTALTOTALTOTALTOTAL FAMILYFAMILYFAMILYFAMILYNAME.NAME.NAME.NAME.

................................................................................................................................................................................................................................................................................................

ALBERT'SALBERT'SALBERT'SALBERT'S SONSSONSSONSSONS

THEYTHEYTHEYTHEY AREAREAREARE ::::

1-1-1-1- HANSHANSHANSHANS ALBERTALBERTALBERTALBERT HERMANNHERMANNHERMANNHERMANNABRAHAMABRAHAMABRAHAMABRAHAM RUPERTRUPERTRUPERTRUPERTEINSTEIN,EINSTEIN,EINSTEIN,EINSTEIN,

2-2-2-2- EDUARDEDUARDEDUARDEDUARD ALBERTALBERTALBERTALBERT HERMANNHERMANNHERMANNHERMANNABRAHAMABRAHAMABRAHAMABRAHAM RUPERTRUPERTRUPERTRUPERT EINSTEINEINSTEINEINSTEINEINSTEIN ,,,,

ANDANDANDAND

3-3-3-3- LIESERLLIESERLLIESERLLIESERLALBERTALBERTALBERTALBERT HERMANNHERMANNHERMANNHERMANN ABRAHAMABRAHAMABRAHAMABRAHAM RUPERTRUPERTRUPERTRUPERT EINSTEIN.EINSTEIN.EINSTEIN.EINSTEIN.
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SONSSONSSONSSONSOFOFOFOF (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERTHERMANNHERMANNHERMANNHERMANNEINSTEIN):EINSTEIN):EINSTEIN):EINSTEIN):

1-EVELYN1-EVELYN1-EVELYN1-EVELYN (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT EINSTEIN),EINSTEIN),EINSTEIN),EINSTEIN),

2-2-2-2- KLAUSKLAUSKLAUSKLAUSMARTINMARTINMARTINMARTIN (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT EINSTEIN),EINSTEIN),EINSTEIN),EINSTEIN),

ANDANDANDAND

3-3-3-3- BERNHARDBERNHARDBERNHARDBERNHARD CAESARCAESARCAESARCAESAR (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT EINSTEIN).EINSTEIN).EINSTEIN).EINSTEIN).

............................................................................................................................................................................................................................................................................

SONSSONSSONSSONSOFOFOFOF BERNHARDBERNHARDBERNHARDBERNHARD CAESARCAESARCAESARCAESAR (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT )....)....)....).... (EINSTEIN)(EINSTEIN)(EINSTEIN)(EINSTEIN) ::::

1-1-1-1- THOMASTHOMASTHOMASTHOMAS (BERNHARD(BERNHARD(BERNHARD(BERNHARD CAESAR)CAESAR)CAESAR)CAESAR) (HANS)(HANS)(HANS)(HANS) (ALBERT)(ALBERT)(ALBERT)(ALBERT) (EINSTEIN),(EINSTEIN),(EINSTEIN),(EINSTEIN),

2-2-2-2- MYRAMYRAMYRAMYRA (BERNHARD(BERNHARD(BERNHARD(BERNHARD CAESAR)CAESAR)CAESAR)CAESAR) (HANS)(HANS)(HANS)(HANS) (ALBERT)(ALBERT)(ALBERT)(ALBERT) (EINSTEIN),(EINSTEIN),(EINSTEIN),(EINSTEIN),

3-3-3-3- CHARLESCHARLESCHARLESCHARLES (BERNHARD(BERNHARD(BERNHARD(BERNHARD CAESAR)CAESAR)CAESAR)CAESAR) (HANS)(HANS)(HANS)(HANS) (ALBERT)(ALBERT)(ALBERT)(ALBERT) (EINSTEIN),(EINSTEIN),(EINSTEIN),(EINSTEIN),

4-4-4-4- TEDDYTEDDYTEDDYTEDDY (BERNHARD(BERNHARD(BERNHARD(BERNHARDCAESAR)CAESAR)CAESAR)CAESAR) (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT )))) (EINSTEIN),(EINSTEIN),(EINSTEIN),(EINSTEIN),

ANDANDANDAND

5-5-5-5- PAULPAULPAULPAUL (BERNHARD(BERNHARD(BERNHARD(BERNHARD CAESAR)CAESAR)CAESAR)CAESAR) (HANS(HANS(HANS(HANS )))) (ALBERT)(ALBERT)(ALBERT)(ALBERT) (EINSTEIN).(EINSTEIN).(EINSTEIN).(EINSTEIN).
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HANSALBERT HERMANNEINSTEIN

BERNHARDBERNHARDBERNHARDBERNHARD CAESARCAESARCAESARCAESAR (HANS)(HANS)(HANS)(HANS) (ALBERT(ALBERT(ALBERT(ALBERT )....)....)....).... (EINSTEIN)(EINSTEIN)(EINSTEIN)(EINSTEIN)
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REFERENCE:REFERENCE:REFERENCE:REFERENCE: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 21:21:21:21:

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINAGAINSTAGAINSTAGAINSTAGAINST THETHETHETHEQUANTUMQUANTUMQUANTUMQUANTUMMECHANICSMECHANICSMECHANICSMECHANICS

(1)(1)(1)(1)

EINSTEINEINSTEINEINSTEINEINSTEINMEASUREDMEASUREDMEASUREDMEASUREDTHETHETHETHE MOMENTUMMOMENTUMMOMENTUMMOMENTUM ANDANDANDANDPOSITIONPOSITIONPOSITIONPOSITIONOFOFOFOFAAAA

PARTICLEPARTICLEPARTICLEPARTICLEBUTBUTBUTBUTNOTNOTNOTNOTATATATATTHETHETHETHE SAMESAMESAMESAMETIME.TIME.TIME.TIME.

REFERENCE:REFERENCE:REFERENCE:REFERENCE: "KNOWLEDGE"KNOWLEDGE"KNOWLEDGE"KNOWLEDGEOFOFOFOFPASTPASTPASTPASTANDANDANDANDFUTUREFUTUREFUTUREFUTUREININININ QUANTUMQUANTUMQUANTUMQUANTUM

MECHANICS",MECHANICS",MECHANICS",MECHANICS", ALBERTALBERTALBERTALBERTEINSTEIN,EINSTEIN,EINSTEIN,EINSTEIN, RICHARDRICHARDRICHARDRICHARDC.C.C.C.TOLMAN,TOLMAN,TOLMAN,TOLMAN, ANDANDANDANDBORISBORISBORISBORIS

PODOLSKY,PODOLSKY,PODOLSKY,PODOLSKY, CALIFORNIACALIFORNIACALIFORNIACALIFORNIA INSTITUTEINSTITUTEINSTITUTEINSTITUTEOFOFOFOF TECHNOLOGY,TECHNOLOGY,TECHNOLOGY,TECHNOLOGY, FEBRUARYFEBRUARYFEBRUARYFEBRUARY

26,26,26,26, 1931.1931.1931.1931.

(2)(2)(2)(2)

EinsteinEinsteinEinsteinEinstein––––PodolskyPodolskyPodolskyPodolsky––––RosenRosenRosenRosen paradoxparadoxparadoxparadox :::: EPREPREPREPR PARADOXPARADOXPARADOXPARADOX ::::

ININININ PHYSICS,PHYSICS,PHYSICS,PHYSICS, THETHETHETHE PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOFLOCALITYLOCALITYLOCALITYLOCALITY STATESSTATESSTATESSTATES THATTHATTHATTHAT ANANANANOBJECTOBJECTOBJECTOBJECT

ISISISIS INFLUENCEDINFLUENCEDINFLUENCEDINFLUENCED DIRECTLYDIRECTLYDIRECTLYDIRECTLYONLYONLYONLYONLYBYBYBYBY IT'SIT'SIT'SIT'S IMMEDIATEIMMEDIATEIMMEDIATEIMMEDIATE

SURROUNDINGS.SURROUNDINGS.SURROUNDINGS.SURROUNDINGS. EXPERIMENTSEXPERIMENTSEXPERIMENTSEXPERIMENTSHAVEHAVEHAVEHAVE SHOWNSHOWNSHOWNSHOWNTHATTHATTHATTHAT QUANTUMQUANTUMQUANTUMQUANTUM

MECHANICALLYMECHANICALLYMECHANICALLYMECHANICALLYENTANGLEDENTANGLEDENTANGLEDENTANGLEDPARTICLESPARTICLESPARTICLESPARTICLESMUSTMUSTMUSTMUSTVIOLATEVIOLATEVIOLATEVIOLATEEITHEREITHEREITHEREITHER

THETHETHETHE PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOF LOCALITYLOCALITYLOCALITYLOCALITYORORORORTHETHETHETHE FORMFORMFORMFORMOFOFOFOFPHILOSOPHICALPHILOSOPHICALPHILOSOPHICALPHILOSOPHICAL

REALISMREALISMREALISMREALISMKNOWNKNOWNKNOWNKNOWNASASASAS COUNTERFACTUALCOUNTERFACTUALCOUNTERFACTUALCOUNTERFACTUALDEFINITENESSDEFINITENESSDEFINITENESSDEFINITENESS....

LOCALLOCALLOCALLOCALREALISMREALISMREALISMREALISM ::::

LOCALLOCALLOCALLOCALREALISMREALISMREALISMREALISM ISISISIS THETHETHETHECOMBINATIONCOMBINATIONCOMBINATIONCOMBINATIONOFOFOFOFTHETHETHETHE PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEOFOFOFOF

LOCALITYLOCALITYLOCALITYLOCALITYWITHWITHWITHWITHTHETHETHETHE "REALISTIC""REALISTIC""REALISTIC""REALISTIC" ASSUMPTIONASSUMPTIONASSUMPTIONASSUMPTIONTHATTHATTHATTHAT ALLALLALLALL

OBJECTSOBJECTSOBJECTSOBJECTSMUSTMUSTMUSTMUSTOBJECTIVELYOBJECTIVELYOBJECTIVELYOBJECTIVELY HAVEHAVEHAVEHAVEAAAA PRE-EXISTINGPRE-EXISTINGPRE-EXISTINGPRE-EXISTINGVALUEVALUEVALUEVALUE FORFORFORFOR

ANYANYANYANYPOSSIBLEPOSSIBLEPOSSIBLEPOSSIBLEMEASUREMENTMEASUREMENTMEASUREMENTMEASUREMENTBEFOREBEFOREBEFOREBEFORETHETHETHETHE MEASUREMENTMEASUREMENTMEASUREMENTMEASUREMENT ISISISIS
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MADE.MADE.MADE.MADE. ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN SAIDSAIDSAIDSAID :"I:"I:"I:"I LIKELIKELIKELIKETOTOTOTOTHINKTHINKTHINKTHINKTHATTHATTHATTHAT THETHETHETHE MOONMOONMOONMOON

ISISISIS THERETHERETHERETHEREEVENEVENEVENEVEN IFIFIFIF IIII AMAMAMAMNOTNOTNOTNOTLOOKINGLOOKINGLOOKINGLOOKINGATATATAT IT".IT".IT".IT".

ALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEINARGUEDARGUEDARGUEDARGUEDTHATTHATTHATTHAT QUANTUMQUANTUMQUANTUMQUANTUMMECHANICSMECHANICSMECHANICSMECHANICSWASWASWASWASANANANAN

INCOMPLETEINCOMPLETEINCOMPLETEINCOMPLETE PHYSICALPHYSICALPHYSICALPHYSICALTHEORY.THEORY.THEORY.THEORY. USINGUSINGUSINGUSINGPRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE OFOFOFOFLOCALITY,LOCALITY,LOCALITY,LOCALITY,

ININININ AAAA FAMOUSFAMOUSFAMOUSFAMOUS PAPERPAPERPAPERPAPERHEHEHEHE ANDANDANDANDHISHISHISHIS CO-AUTHORSCO-AUTHORSCO-AUTHORSCO-AUTHORSARTICULATEDARTICULATEDARTICULATEDARTICULATEDTHETHETHETHE

EINSTEIN-PODOLSKY-ROSENEINSTEIN-PODOLSKY-ROSENEINSTEIN-PODOLSKY-ROSENEINSTEIN-PODOLSKY-ROSENPARADOXPARADOXPARADOXPARADOX WHICHWHICHWHICHWHICH SHOWEDSHOWEDSHOWEDSHOWEDTHATTHATTHATTHAT

POSITIONPOSITIONPOSITIONPOSITIONANDANDANDANDMOMENTUMMOMENTUMMOMENTUMMOMENTUMWEREWEREWEREWERE SIMULTANEOUSSIMULTANEOUSSIMULTANEOUSSIMULTANEOUS "REAL""REAL""REAL""REAL"

PHYSICALPHYSICALPHYSICALPHYSICAL PROPERTIESPROPERTIESPROPERTIESPROPERTIES OFOFOFOFAAAA PARTICLEPARTICLEPARTICLEPARTICLE.... HOWEVERHOWEVERHOWEVERHOWEVERQUANTUMQUANTUMQUANTUMQUANTUM

MECHANICSMECHANICSMECHANICSMECHANICSHASHASHASHAS NOTHINGNOTHINGNOTHINGNOTHINGTOTOTOTOSAYSAYSAYSAYABOUTABOUTABOUTABOUTTHESETHESETHESETHESE "ELEMENTS"ELEMENTS"ELEMENTS"ELEMENTSOFOFOFOF

REALITY".REALITY".REALITY".REALITY".

REFERENCE:REFERENCE:REFERENCE:REFERENCE: "CAN"CAN"CAN"CAN QUANTUM-MECHANICALQUANTUM-MECHANICALQUANTUM-MECHANICALQUANTUM-MECHANICALDESCRIPTIONDESCRIPTIONDESCRIPTIONDESCRIPTIONOFOFOFOF

PHYSICALPHYSICALPHYSICALPHYSICALREALITYREALITYREALITYREALITYBEBEBEBECONSIDEREDCONSIDEREDCONSIDEREDCONSIDERED COMPLETE?",COMPLETE?",COMPLETE?",COMPLETE?",ALBERTALBERTALBERTALBERT

EEEEINSTEIN,INSTEIN,INSTEIN,INSTEIN, BORISBORISBORISBORIS PPPPODOLSKYODOLSKYODOLSKYODOLSKY ANDANDANDANDNATHANNATHANNATHANNATHANRRRROSEN,OSEN,OSEN,OSEN, INSTITUTEINSTITUTEINSTITUTEINSTITUTEFORFORFORFOR

ADVANCEDADVANCEDADVANCEDADVANCED STUDY,STUDY,STUDY,STUDY, PRINCETON,PRINCETON,PRINCETON,PRINCETON, NEWNEWNEWNEWJERSEY,JERSEY,JERSEY,JERSEY, (RECEIVED(RECEIVED(RECEIVED(RECEIVEDMARCHMARCHMARCHMARCH

25,25,25,25, 1935),1935),1935),1935), PHYSICALPHYSICALPHYSICALPHYSICAL REVIEW,REVIEW,REVIEW,REVIEW, VOLUMEVOLUMEVOLUMEVOLUME 47,47,47,47, MAYMAYMAYMAY 15,15,15,15, pagespagespagespages 777-780,777-780,777-780,777-780, 1935.1935.1935.1935.
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PARTPARTPARTPART 22:22:22:22:

THERETHERETHERETHEREAREAREAREARE NONONONOQUANTUMQUANTUMQUANTUMQUANTUMMECHANICSMECHANICSMECHANICSMECHANICS

IIII EXPLAINEDEXPLAINEDEXPLAINEDEXPLAINEDININININ THISTHISTHISTHIS PAPERPAPERPAPERPAPERTHATTHATTHATTHATWEWEWEWECANCANCANCANMEASUREMEASUREMEASUREMEASURETHETHETHETHE POSITIONPOSITIONPOSITIONPOSITION

ANDANDANDANDTHETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUMOFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLEACCURATLLYACCURATLLYACCURATLLYACCURATLLY ANDANDANDAND ININININ

SAMESAMESAMESAMETIME.TIME.TIME.TIME. SOSOSOSOTHERETHERETHERETHERE ISISISIS NONONONOUNCERTAINTYUNCERTAINTYUNCERTAINTYUNCERTAINTY PRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLEANDANDANDANDTHERETHERETHERETHERE

AREAREAREARENONONONOQUANTUMQUANTUMQUANTUMQUANTUMMECHANICS.MECHANICS.MECHANICS.MECHANICS.

THETHETHETHERESEARCHRESEARCHRESEARCHRESEARCH::::

SUPPOSESUPPOSESUPPOSESUPPOSEAAAA BOXBOXBOXBOXCONTAININGCONTAININGCONTAININGCONTAINING IDENTICALIDENTICALIDENTICALIDENTICAL PARTICLESPARTICLESPARTICLESPARTICLES ANDANDANDANDHAVINGHAVINGHAVINGHAVING

THETHETHETHE SAMESAMESAMESAMETHERMALTHERMALTHERMALTHERMALAGITATIONAGITATIONAGITATIONAGITATION,,,, ANDANDANDAND SOSOSOSO SAMESAMESAMESAMEVELOCITY.VELOCITY.VELOCITY.VELOCITY.

THETHETHETHEBOXBOXBOXBOXHAVINGHAVINGHAVINGHAVINGTWOTWOTWOTWOSHUTTERSSHUTTERSSHUTTERSSHUTTERS ,,,, THETHETHETHE SHUTTERSSHUTTERSSHUTTERSSHUTTERS AREAREAREARECOVEREDCOVEREDCOVEREDCOVERED

BYBYBYBYTWOTWOTWOTWO COVERSCOVERSCOVERSCOVERS S2S2S2S2 ANDANDANDAND S1.S1.S1.S1. ASASASAS SHOWEDSHOWEDSHOWEDSHOWEDININININ FIGUREFIGUREFIGUREFIGURE (1).(1).(1).(1).

WEWEWEWEWILLWILLWILLWILLUSEUSEUSEUSE TWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLESTOTOTOTOAPPROVEAPPROVEAPPROVEAPPROVETHATTHATTHATTHATTHERETHERETHERETHERE ISISISIS NONONONO

UNCERTAINTYUNCERTAINTYUNCERTAINTYUNCERTAINTY PRINCIPLE.PRINCIPLE.PRINCIPLE.PRINCIPLE.

PARTICLEPARTICLEPARTICLEPARTICLE 1111 :::: GETGETGETGET OUTOUTOUTOUT FROMFROMFROMFROMTHETHETHETHE SHUTTERSHUTTERSHUTTERSHUTTER S1S1S1S1

PARTICLEPARTICLEPARTICLEPARTICLE 2222 :::: GETGETGETGET OUTOUTOUTOUT FROMFROMFROMFROMTHETHETHETHE SHUTTERSHUTTERSHUTTERSHUTTER S2S2S2S2

V1=V1=V1=V1= THETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITYOFOFOFOFTHETHETHETHE FIRSTFIRSTFIRSTFIRSTPARICLEPARICLEPARICLEPARICLE

V2=V2=V2=V2= THETHETHETHE VELOCITYVELOCITYVELOCITYVELOCITYOFOFOFOFTHETHETHETHE SECONDSECONDSECONDSECONDPARTICLEPARTICLEPARTICLEPARTICLE
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T1=T1=T1=T1= THETHETHETHETIMETIMETIMETIMEREQUIREDREQUIREDREQUIREDREQUIREDBYBYBYBYTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111 TOTOTOTOREACHREACHREACHREACHTHETHETHETHE

ORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O)

T2=T2=T2=T2= THETHETHETHETIMETIMETIMETIMEREQUIREDREQUIREDREQUIREDREQUIREDBYBYBYBYTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222 TOTOTOTOREACHREACHREACHREACHTHETHETHETHE

ORIGIONORIGIONORIGIONORIGION (O).(O).(O).(O).

D1=D1=D1=D1= THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCETRAVELEDTRAVELEDTRAVELEDTRAVELED BYBYBYBYTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111 FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOX

(B)(B)(B)(B) TOTOTOTOTHETHETHETHE ORIGIONORIGIONORIGIONORIGION(O)=(O)=(O)=(O)= THETHETHETHE LINELINELINELINE [BO].[BO].[BO].[BO].

D2=D2=D2=D2= THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCETRAVELEDTRAVELEDTRAVELEDTRAVELED BYBYBYBYTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222 FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOX

(B)(B)(B)(B) TOTOTOTOTHETHETHETHE ORIGIONORIGIONORIGIONORIGION(O)=(O)=(O)=(O)= THETHETHETHE PATHPATHPATHPATH [BR]+[RO][BR]+[RO][BR]+[RO][BR]+[RO]

WHERE:WHERE:WHERE:WHERE: (((( RRRR )))) ISISISIS

ANANANAN ELASTICELASTICELASTICELASTICREFLECTOR.REFLECTOR.REFLECTOR.REFLECTOR.

FIGUREFIGUREFIGUREFIGURE(1)(1)(1)(1)
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PAPAPAPARRRRTTTTONE:ONE:ONE:ONE: GETTINGGETTINGGETTINGGETTING ((MEASURING))((MEASURING))((MEASURING))((MEASURING)) THETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITYOFOFOFOF THETHETHETHE

PARTICLEPARTICLEPARTICLEPARTICLE

WEWEWEWECANCANCANCANDODODODOANANANAN EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENTANDANDANDAND ININININ ITITITIT WEWEWEWECANCANCANCAN OBTAINOBTAINOBTAINOBTAIN THETHETHETHE

POSITIONPOSITIONPOSITIONPOSITIONANDANDANDANDTHETHETHETHEMOMENTUMMOMENTUMMOMENTUMMOMENTUMOFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLEWITHOUTWITHOUTWITHOUTWITHOUT

MISTAKEMISTAKEMISTAKEMISTAKE ((EXACT)).((EXACT)).((EXACT)).((EXACT)).

THETHETHETHEVELOCITIESVELOCITIESVELOCITIESVELOCITIES OFOFOFOF THETHETHETHE TWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLESAREAREAREARE EQUALSEQUALSEQUALSEQUALS

V1=V2=VV1=V2=VV1=V2=VV1=V2=V…………………….EQ.(1).EQ.(1).EQ.(1).EQ.(1) BECAUSEBECAUSEBECAUSEBECAUSE THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES AREAREAREARE IDENTICALIDENTICALIDENTICALIDENTICAL

ANDANDANDAND HAVINGHAVINGHAVINGHAVING THETHETHETHE SAMESAMESAMESAMETHERMALTHERMALTHERMALTHERMALAGITATION.AGITATION.AGITATION.AGITATION.

IFIFIFIFWEWEWEWEROMOVEDROMOVEDROMOVEDROMOVEDTHETHETHETHE TWOTWOTWOTWOCOVERSCOVERSCOVERSCOVERS ((OPEN((OPEN((OPEN((OPEN SHUTTERS))SHUTTERS))SHUTTERS))SHUTTERS)) S1S1S1S1ANDANDANDAND S2S2S2S2

FORFORFORFORAAAA SHORTSHORTSHORTSHORTTIMETIMETIMETIMEININININ THETHETHETHE SAMESAMESAMESAMETIME.TIME.TIME.TIME.

THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLESWILLWILLWILLWILLGETGETGETGETOUTOUTOUTOUT FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOX ININININ THETHETHETHE SAMESAMESAMESAME

TIME.TIME.TIME.TIME.

THETHETHETHE FIRSTFIRSTFIRSTFIRSTPARTICLEPARTICLEPARTICLEPARTICLE WILLWILLWILLWILLGOGOGOGOALONGALONGALONGALONGLINELINELINELINE :::: B-OB-OB-OB-O :::: [BOX[BOX[BOX[BOX–––– ORIGION]ORIGION]ORIGION]ORIGION]

ASASASAS EXPLAINEDEXPLAINEDEXPLAINEDEXPLAINED ININININ THETHETHETHE FIGUREFIGUREFIGUREFIGURE (1)(1)(1)(1) .WE.WE.WE.WEMEASUREMEASUREMEASUREMEASURE IT'SIT'SIT'SIT'S LOCATIONLOCATIONLOCATIONLOCATION

EXACTLYEXACTLYEXACTLYEXACTLYBYBYBYBYAAAA PHOTON.PHOTON.PHOTON.PHOTON. SOSOSOSOREMAINSREMAINSREMAINSREMAINS IT'SIT'SIT'SIT'SMOMENTUMMOMENTUMMOMENTUMMOMENTUM

((VELOCITY((VELOCITY((VELOCITY((VELOCITY ,SPEED)),SPEED)),SPEED)),SPEED))

MOMENTUM=MASSMOMENTUM=MASSMOMENTUM=MASSMOMENTUM=MASS**** VELOCITY.VELOCITY.VELOCITY.VELOCITY.

ANDANDANDAND SICESICESICESICE THETHETHETHE PARTICLESPARTICLESPARTICLESPARTICLESAREAREAREARE IDENTICALIDENTICALIDENTICALIDENTICAL ::::
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����MOMENTUMMOMENTUMMOMENTUMMOMENTUM αααα VELOCITYVELOCITYVELOCITYVELOCITY

SOSOSOSOWEWEWEWEOBTAINEDOBTAINEDOBTAINEDOBTAINEDTHETHETHETHE 1-1-1-1- ((EXACT((EXACT((EXACT((EXACT POSITION))POSITION))POSITION))POSITION)) OFOFOFOFTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111 ININININ

THISTHISTHISTHIS EXPERIMENT.EXPERIMENT.EXPERIMENT.EXPERIMENT.

THETHETHETHE SECONDSECONDSECONDSECONDPARTICLEPARTICLEPARTICLEPARTICLEWENTWENTWENTWENTALONGALONGALONGALONGTHETHETHETHE LINELINELINELINE (S-R-O)(S-R-O)(S-R-O)(S-R-O) :::: (((( BOX-BOX-BOX-BOX-

ELASTICELASTICELASTICELASTICREFLECTIONREFLECTIONREFLECTIONREFLECTION SURFACE-SURFACE-SURFACE-SURFACE- THETHETHETHEORIGION)ORIGION)ORIGION)ORIGION) ,,,, WEWEWEWENOWNOWNOWNOWMESUREMESUREMESUREMESURE

IT'SIT'SIT'SIT'S VELOCITYVELOCITYVELOCITYVELOCITYANDANDANDANDHENCEHENCEHENCEHENCE IT'SIT'SIT'SIT'SMOMENTUMMOMENTUMMOMENTUMMOMENTUMSINCESINCESINCESINCE ::::

MOMENTUM=MASS*MOMENTUM=MASS*MOMENTUM=MASS*MOMENTUM=MASS* VELOCITY,ASVELOCITY,ASVELOCITY,ASVELOCITY,ASWEWEWEWESAIDSAIDSAIDSAIDABOVE.ABOVE.ABOVE.ABOVE.

ANDANDANDAND SINCESINCESINCESINCETHETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLESHAVINGHAVINGHAVINGHAVINGTHETHETHETHE SAMESAMESAMESAME SPEEDSPEEDSPEEDSPEED ((THE((THE((THE((THE

SAMESAMESAMESAMEVELOCITY))VELOCITY))VELOCITY))VELOCITY)) BECAUSEBECAUSEBECAUSEBECAUSE THEYTHEYTHEYTHEYAREAREAREAREHAVINGHAVINGHAVINGHAVINGTHETHETHETHE SAMESAMESAMESAME

THERMALTHERMALTHERMALTHERMALAGITATIONAGITATIONAGITATIONAGITATION ,,,, ANDANDANDANDBECAUSEBECAUSEBECAUSEBECAUSE THEYTHEYTHEYTHEYAREAREAREARE IDENTICALIDENTICALIDENTICALIDENTICAL

((HAVING((HAVING((HAVING((HAVINGTHETHETHETHE SAMESAMESAMESAMEMASS))MASS))MASS))MASS)) SOSOSOSOWEWEWEWEOBTAINEDOBTAINEDOBTAINEDOBTAINED2-THE2-THE2-THE2-THE EXACTEXACTEXACTEXACT

MOMENTUM((THEMOMENTUM((THEMOMENTUM((THEMOMENTUM((THEEXACTEXACTEXACTEXACT SPEED,SPEED,SPEED,SPEED, VELOCITYVELOCITYVELOCITYVELOCITY )))))))) OFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE ININININ

THISTHISTHISTHIS EXPERIMENT.EXPERIMENT.EXPERIMENT.EXPERIMENT.

WHATWHATWHATWHATWEWEWEWECANCANCANCANNOTNOTNOTNOTMESUREMESUREMESUREMESURE FORFORFORFORTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111WEWEWEWEKNEWKNEWKNEWKNEWITITITIT

FROMFROMFROMFROMTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222 :::: THISTHISTHISTHIS ISISISIS THETHETHETHE IDEAIDEAIDEAIDEAOFOFOFOFTHETHETHETHE PARTPARTPARTPARTONEONEONEONEOFOFOFOF

THETHETHETHEEXPERIMENT.EXPERIMENT.EXPERIMENT.EXPERIMENT.

PARTPARTPARTPARTTWO:TWO:TWO:TWO: ININININ THISTHISTHISTHIS PARTPARTPARTPARTWEWEWEWEWILLWILLWILLWILLREPEATREPEATREPEATREPEAT THETHETHETHEABOVEABOVEABOVEABOVE

EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT––––PARTPARTPARTPARTONE-ONE-ONE-ONE-BUTBUTBUTBUT ININININ THETHETHETHEEVIDENCEEVIDENCEEVIDENCEEVIDENCEOFOFOFOF ((SAME((SAME((SAME((SAMETIME))TIME))TIME))TIME)) ::::

ININININ THETHETHETHE PARTPARTPARTPART 2222 SIMPLYSIMPLYSIMPLYSIMPLYWEWEWEWEWILLWILLWILLWILL REMOVEREMOVEREMOVEREMOVETHETHETHETHETWOTWOTWOTWOCOVERSCOVERSCOVERSCOVERSININININ

TIMETIMETIMETIMERELATIONRELATIONRELATIONRELATION SOSOSOSOASASASAS THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES :::: (THE(THE(THE(THE PARTICLEPARTICLEPARTICLEPARTICLE 2222 ANDANDANDAND

THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1)1)1)1)WILLWILLWILLWILL REACHREACHREACHREACHTHETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O) ININININ THETHETHETHE SAMESAMESAMESAME

TIMETIMETIMETIME.... SOSOSOSOWEWEWEWEWILLWILLWILLWILL NOTNOTNOTNOTREMOVEREMOVEREMOVEREMOVETHETHETHETHETWOTWOTWOTWOCOVERSCOVERSCOVERSCOVERS ((WILL((WILL((WILL((WILL NOTNOTNOTNOT
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OPENOPENOPENOPENTHETHETHETHE SHUTTERSSHUTTERSSHUTTERSSHUTTERSS1S1S1S1 ANDANDANDAND S2))S2))S2))S2)) ININININ THETHETHETHE SAMESAMESAMESAMETIME.TIME.TIME.TIME. BUTBUTBUTBUT ININININ TIMETIMETIMETIME

DIFFERENCEDIFFERENCEDIFFERENCEDIFFERENCEEQUALEQUALEQUALEQUAL TOTOTOTO ΔΔΔΔTTTT SOSOSOSOASASASAS ENABLEENABLEENABLEENABLE THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES

((PARTICLE((PARTICLE((PARTICLE((PARTICLE 1111 ANDANDANDANDPARTICLEPARTICLEPARTICLEPARTICLE 2)2)2)2) TOTOTOTOREACHREACHREACHREACHTHETHETHETHEORIGIONORIGIONORIGIONORIGIONEXACTLYEXACTLYEXACTLYEXACTLY

ATATATAT THETHETHETHE SAMESAMESAMESAMETIME.TIME.TIME.TIME.

T1=D1/VT1=D1/VT1=D1/VT1=D1/V����

T1=[T1=[T1=[T1=[BO]/VBO]/VBO]/VBO]/V …………………………………………..EQ.(2)..EQ.(2)..EQ.(2)..EQ.(2)

T2=D2/VT2=D2/VT2=D2/VT2=D2/V ,SO,SO,SO,SO

T2=T2=T2=T2= [(BR)+[(BR)+[(BR)+[(BR)+ (RO)]/V(RO)]/V(RO)]/V(RO)]/V…………………………………………..EQ.(3)..EQ.(3)..EQ.(3)..EQ.(3)

ΔΔΔΔT=T2-T1T=T2-T1T=T2-T1T=T2-T1 …………………………………………EQ.(4)EQ.(4)EQ.(4)EQ.(4)

PUTTINGPUTTINGPUTTINGPUTTINGEQUATIONEQUATIONEQUATIONEQUATION (2)(2)(2)(2) ANDANDANDANDEQUATIONEQUATIONEQUATIONEQUATION (3)(3)(3)(3) ININININ EQ.(3)EQ.(3)EQ.(3)EQ.(3)YIELDS:YIELDS:YIELDS:YIELDS:

ΔΔΔΔT=[(BR)+(RO)]/VT=[(BR)+(RO)]/VT=[(BR)+(RO)]/VT=[(BR)+(RO)]/V ---- (BO)/V(BO)/V(BO)/V(BO)/V …………………………………………EQ.(4)EQ.(4)EQ.(4)EQ.(4)

WEWEWEWECANCANCANCANALSOALSOALSOALSO SINCESINCESINCESINCE(RO)=[(BR)^2+(RO)=[(BR)^2+(RO)=[(BR)^2+(RO)=[(BR)^2+ (BO)^2]^(1/2)(BO)^2]^(1/2)(BO)^2]^(1/2)(BO)^2]^(1/2) FROMFROMFROMFROMTHETHETHETHE

FIGUREFIGUREFIGUREFIGURE (1)(1)(1)(1) SOSOSOSO

ΔΔΔΔT=(BR)/V+[(BR)^2+(BO)^2)]^(1/2)/VT=(BR)/V+[(BR)^2+(BO)^2)]^(1/2)/VT=(BR)/V+[(BR)^2+(BO)^2)]^(1/2)/VT=(BR)/V+[(BR)^2+(BO)^2)]^(1/2)/V ---- (BO)/V(BO)/V(BO)/V(BO)/V …………………………………………EQ.(5)EQ.(5)EQ.(5)EQ.(5)

(BR)=(BR)=(BR)=(BR)=KNOWN,KNOWN,KNOWN,KNOWN, (BO)=KNOWN,(BO)=KNOWN,(BO)=KNOWN,(BO)=KNOWN, (RO)=KNOWN.(RO)=KNOWN.(RO)=KNOWN.(RO)=KNOWN.

BYBYBYBYCALCULATINGCALCULATINGCALCULATINGCALCULATINGΔΔΔΔTTTTBYBYBYBYEQUATIONEQUATIONEQUATIONEQUATION (4)(4)(4)(4) OROROROREQ.(5)EQ.(5)EQ.(5)EQ.(5) SOSOSOSOWEWEWEWECANCANCANCANKNOWKNOWKNOWKNOW

THETHETHETHEDIFFERENCEDIFFERENCEDIFFERENCEDIFFERENCEOFOFOFOF TIMETIMETIMETIMEREQUIREDREQUIREDREQUIREDREQUIREDOFOFOFOF THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES TOTOTOTO
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TRAVELTRAVELTRAVELTRAVEL FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOXBBBBTOTOTOTOTHETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O) ;;;; PARTICLEPARTICLEPARTICLEPARTICLE 1111 ANDANDANDAND

PARTICLEPARTICLEPARTICLEPARTICLE 2222

SOSOSOSOBYBYBYBYTHETHETHETHE FIRSTFIRSTFIRSTFIRST PARTPARTPARTPARTOFOFOFOFTHETHETHETHEEXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENTWEWEWEWEKNEWKNEWKNEWKNEWTHETHETHETHE

VELOCITYVELOCITYVELOCITYVELOCITYOFOFOFOF THETHETHETHE PARTICLESPARTICLESPARTICLESPARTICLES (V)(V)(V)(V) ,,,, SOSOSOSOWEWEWEWEKNOWKNOWKNOWKNOWTHETHETHETHE ΔΔΔΔTTTT SOSOSOSOWEWEWEWEWEWEWEWE

NOWNOWNOWNOWKNOWKNOWKNOWKNOWWHENWHENWHENWHENTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222WILLWILLWILLWILL REACHREACHREACHREACHTHETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O)

AFTERAFTERAFTERAFTERTHETHETHETHEREACHINGREACHINGREACHINGREACHINGOFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111 TOTOTOTOTHETHETHETHEORIGIONORIGIONORIGIONORIGION(O);(O);(O);(O);

BECAUSEBECAUSEBECAUSEBECAUSE THETHETHETHETWOTWOTWOTWOPATHSPATHSPATHSPATHSOFOFOFOF THETHETHETHETWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES AREAREAREARENOTNOTNOTNOT

IDENTICALIDENTICALIDENTICALIDENTICAL ((NOT((NOT((NOT((NOTHAVINGHAVINGHAVINGHAVINGTHETHETHETHE SAMESAMESAMESAMELENGTH))LENGTH))LENGTH))LENGTH)) WHILEWHILEWHILEWHILE THEYTHEYTHEYTHEY

HAVINGHAVINGHAVINGHAVINGTHETHETHETHE SAMESAMESAMESAME (VELOCITY).(VELOCITY).(VELOCITY).(VELOCITY).

SOSOSOSOTOTOTOTOMAKEMAKEMAKEMAKE THETHETHETHE ((SAME((SAME((SAME((SAMETIMETIMETIMETIMEEVIDENCE))EVIDENCE))EVIDENCE))EVIDENCE)) IFIFIFIFWEWEWEWESIPPOSESIPPOSESIPPOSESIPPOSE THATTHATTHATTHAT

THETHETHETHEMEASURINGMEASURINGMEASURINGMEASURINGPROCESSPROCESSPROCESSPROCESSOFOFOFOF POSITIONPOSITIONPOSITIONPOSITIONANDANDANDANDTHETHETHETHEVELOCITYVELOCITYVELOCITYVELOCITY(THE(THE(THE(THE

MOMENTUM)MOMENTUM)MOMENTUM)MOMENTUM)ATATATAT THETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O) ,,,, SOSOSOSONOWNOWNOWNOWININININ THISTHISTHISTHIS PARTPARTPARTPART :::: PARTPARTPARTPART

TWOTWOTWOTWOWHICHWHICHWHICHWHICH ISISISIS ANOTHERANOTHERANOTHERANOTHEREXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENTCAMECAMECAMECAMEAFTERAFTERAFTERAFTERTHETHETHETHE

EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT:::: PARTPARTPARTPARTONE,ONE,ONE,ONE,WEWEWEWEWILLWILLWILLWILL MAKEMAKEMAKEMAKE THETHETHETHE EVIDENCEEVIDENCEEVIDENCEEVIDENCEOFOFOFOF

((SAME((SAME((SAME((SAMETIME))TIME))TIME))TIME)) ININININ THETHETHETHEMESURINGMESURINGMESURINGMESURINGOFOFOFOFTHETHETHETHE POSITIONPOSITIONPOSITIONPOSITIONANDANDANDAND

MOMENTUMMOMENTUMMOMENTUMMOMENTUM (VELOCITY)(VELOCITY)(VELOCITY)(VELOCITY)OFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE ININININ THISTHISTHISTHIS EXPERIMENT.EXPERIMENT.EXPERIMENT.EXPERIMENT.

TOTOTOTODODODODO ITITITIT :::: WEWEWEWEWILLWILLWILLWILL DODODODOISISISIS FIRSTFIRSTFIRSTFIRSTMAKINGMAKINGMAKINGMAKING THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222 GETGETGETGETOUTOUTOUTOUT

FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOX [BY[BY[BY[BYREMOVINGREMOVINGREMOVINGREMOVING SHUTTERSHUTTERSHUTTERSHUTTER S2]S2]S2]S2] ININININ ADVANCEDADVANCEDADVANCEDADVANCEDTIMETIMETIMETIME

((BEFORE))((BEFORE))((BEFORE))((BEFORE))OFOFOFOFREMOVINGREMOVINGREMOVINGREMOVINGTHETHETHETHE [[[[ COVERCOVERCOVERCOVER S1]S1]S1]S1] TOTOTOTOLETLETLETLETTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2222

GETGETGETGETOUTOUTOUTOUT FROMFROMFROMFROMTHETHETHETHEBOXBOXBOXBOX ((((((((BEFOREBEFOREBEFOREBEFORE)))))))) THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1111 ((BY((BY((BY((BY ΔΔΔΔT)),T)),T)),T)), ANDANDANDAND

BECAUSEBECAUSEBECAUSEBECAUSE THEYTHEYTHEYTHEYHAVEHAVEHAVEHAVE THETHETHETHE SAMESAMESAMESAMEVELOCITYVELOCITYVELOCITYVELOCITY ((EQUATION((EQUATION((EQUATION((EQUATION (1)(1)(1)(1) )))))))) THEYTHEYTHEYTHEY

WILLWILLWILLWILLREACHREACHREACHREACHTHETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O) ATATATAT SAMESAMESAMESAMETIMETIMETIMETIMETOTOTOTOBEBEBEBEMESURED.MESURED.MESURED.MESURED.SOSOSOSO

WEWEWEWEWILLWILLWILLWILLMMESUREMMESUREMMESUREMMESURETHETHETHETHE POSITIONPOSITIONPOSITIONPOSITION ((OF((OF((OF((OF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 1))1))1))1)) ANDANDANDANDTHETHETHETHE

MOMENTUMMOMENTUMMOMENTUMMOMENTUM ((VELOCITY))((VELOCITY))((VELOCITY))((VELOCITY)) OFOFOFOF TWOTWOTWOTWOPARTICLESPARTICLESPARTICLESPARTICLES ((BECAUSE((BECAUSE((BECAUSE((BECAUSE THEYTHEYTHEYTHEY

AREAREAREARE IDENTICALIDENTICALIDENTICALIDENTICAL ASASASAS SUPPOSEDSUPPOSEDSUPPOSEDSUPPOSEDANDANDANDANDHASVINGHASVINGHASVINGHASVINGTHETHETHETHE SAMESAMESAMESAMETHERMALTHERMALTHERMALTHERMAL

AGITATIONAGITATIONAGITATIONAGITATIONANDANDANDAND HENCEHENCEHENCEHENCETHETHETHETHE SAMESAMESAMESAMEVELOCITY))VELOCITY))VELOCITY))VELOCITY)) BYBYBYBYTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE 2,2,2,2,

ANDANDANDANDASASASAS WEWEWEWETOLDTOLDTOLDTOLDWHATWHATWHATWHAT COINCIDECOINCIDECOINCIDECOINCIDEONONONONPARTICLEPARTICLEPARTICLEPARTICLE 2222 COINCIDESCOINCIDESCOINCIDESCOINCIDESONONONON
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PARTICLEPARTICLEPARTICLEPARTICLE 1111 ((WE((WE((WE((WEMEANSMEANSMEANSMEANSTHETHETHETHE SPEED,SPEED,SPEED,SPEED, VELOCITYVELOCITYVELOCITYVELOCITYANDANDANDANDHENCEHENCEHENCEHENCETHETHETHETHE

MOMENTUM))MOMENTUM))MOMENTUM))MOMENTUM))ANDANDANDANDBECAUSEBECAUSEBECAUSEBECAUSE THEYTHEYTHEYTHEYREACHEDREACHEDREACHEDREACHEDTHETHETHETHEORIGIONORIGIONORIGIONORIGION (O)(O)(O)(O)ATATATAT

THETHETHETHE SAMESAMESAMESAMETIMETIMETIMETIMEANDANDANDANDHENCEHENCEHENCEHENCETHETHETHETHE POSITIONPOSITIONPOSITIONPOSITIONANDANDANDANDMOMENTUMMOMENTUMMOMENTUMMOMENTUMOFOFOFOF

THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE ININININ THISTHISTHISTHIS EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENTMEASUREDMEASUREDMEASUREDMEASUREDININININ THETHETHETHE SAMESAMESAMESAMETIMETIMETIMETIME

BYBYBYBYTHETHETHETHEΔΔΔΔTTTTMETHODMETHODMETHODMETHODASASASAS ININININ THISTHISTHISTHIS PARTPARTPARTPART 2.2.2.2.

SOSOSOSOININININ THISTHISTHISTHIS EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT::::

WEWEWEWEOBTAINEDOBTAINEDOBTAINEDOBTAINED ::::

1-1-1-1- THETHETHETHEEXACTEXACTEXACTEXACT POSITIONPOSITIONPOSITIONPOSITIONOFOFOFOF THETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE ININININ THISTHISTHISTHIS EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT

2-2-2-2- THETHETHETHEEXACTEXACTEXACTEXACTMOMENTUMMOMENTUMMOMENTUMMOMENTUM ((THE((THE((THE((THE EXACTEXACTEXACTEXACT SPEED,SPEED,SPEED,SPEED, VELOCITY))VELOCITY))VELOCITY))VELOCITY)) OFOFOFOFTHETHETHETHE

PERITCLEPERITCLEPERITCLEPERITCLE ININININ THISTHISTHISTHIS EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT

3-3-3-3-ATATATAT SAMESAMESAMESAMETIMETIMETIMETIMEANDANDANDANDEXACT.EXACT.EXACT.EXACT.

SOSOSOSOTHERETHERETHERETHERE ISISISIS NONONONOUNCERTAINTYUNCERTAINTYUNCERTAINTYUNCERTAINTYPRINCIPLEPRINCIPLEPRINCIPLEPRINCIPLE SOSOSOSOTHERETHERETHERETHEREAREAREAREARENONONONO

QUANTUMQUANTUMQUANTUMQUANTUMMECHANICS.MECHANICS.MECHANICS.MECHANICS.

RESULTS:RESULTS:RESULTS:RESULTS:

WEWEWEWEMESUREDMESUREDMESUREDMESUREDTHETHETHETHEEXACTEXACTEXACTEXACT POSITIONPOSITIONPOSITIONPOSITIONANDANDANDANDTHETHETHETHEEXACTEXACTEXACTEXACTMOMENTUMMOMENTUMMOMENTUMMOMENTUM

OFOFOFOFTHETHETHETHE PARTICLEPARTICLEPARTICLEPARTICLE ININININ THISTHISTHISTHIS EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENTATATATAT SAMESAMESAMESAMETIME.TIME.TIME.TIME. SOSOSOSOTHERETHERETHERETHERE

ISISISIS NONONONOUNCERTAINTYUNCERTAINTYUNCERTAINTYUNCERTAINTY PRINCIPLE.SOPRINCIPLE.SOPRINCIPLE.SOPRINCIPLE.SOTHERETHERETHERETHEREAREAREAREARENONONONOQUANTUMQUANTUMQUANTUMQUANTUM

MECHANICS.MECHANICS.MECHANICS.MECHANICS.
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PARTPARTPARTPART 23:23:23:23:

THETHETHETHE FOURTHFOURTHFOURTHFOURTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

ITITITIT ISISISIS TIMETIMETIMETIME
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PARTPARTPARTPART 24:24:24:24:

THETHETHETHE FIFTHFIFTHFIFTHFIFTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

ININININ PHYSICS,PHYSICS,PHYSICS,PHYSICS, KLAUZA-KLEINKLAUZA-KLEINKLAUZA-KLEINKLAUZA-KLEIN THEORYTHEORYTHEORYTHEORY (KK(KK(KK(KK THEORY)THEORY)THEORY)THEORY) ISISISIS AAAAMODELMODELMODELMODEL

THATTHATTHATTHAT SEEKSSEEKSSEEKSSEEKS TOTOTOTOUNIFYUNIFYUNIFYUNIFYTHETHETHETHETWOTWOTWOTWOFUNDAMENTALFUNDAMENTALFUNDAMENTALFUNDAMENTAL FORCESFORCESFORCESFORCESOFOFOFOF

GRAVITATIONGRAVITATIONGRAVITATIONGRAVITATIONANDANDANDANDELECTROMAGNETISM.ELECTROMAGNETISM.ELECTROMAGNETISM.ELECTROMAGNETISM.

THETHETHETHETHEORYTHEORYTHEORYTHEORYWASWASWASWAS FIRSTFIRSTFIRSTFIRST PUBLISHEDPUBLISHEDPUBLISHEDPUBLISHED ININININ 1921.1921.1921.1921. ITITITIT WASWASWASWAS PROPPSEDPROPPSEDPROPPSEDPROPPSEDBYBYBYBY

THETHETHETHEMATHEMATICIANMATHEMATICIANMATHEMATICIANMATHEMATICIAN THEODORTHEODORTHEODORTHEODORKALUZAKALUZAKALUZAKALUZAWHOWHOWHOWHOEXTENDEDEXTENDEDEXTENDEDEXTENDED

GENERALGENERALGENERALGENERALRELATIVITYRELATIVITYRELATIVITYRELATIVITYTOTOTOTOAAAA FIVE-DIMENSIONALFIVE-DIMENSIONALFIVE-DIMENSIONALFIVE-DIMENSIONAL SPACE-TIME.SPACE-TIME.SPACE-TIME.SPACE-TIME. THETHETHETHE

RESULTINGRESULTINGRESULTINGRESULTINGEQUATIONSEQUATIONSEQUATIONSEQUATIONS CANCANCANCANBEBEBEBE SEPARATEDSEPARATEDSEPARATEDSEPARATED INTOINTOINTOINTOFURTHERFURTHERFURTHERFURTHER SETSSETSSETSSETS

OFOFOFOFEQUATIONS,EQUATIONS,EQUATIONS,EQUATIONS, ONEONEONEONEOFOFOFOFWHICHWHICHWHICHWHICH ISISISIS EQUIVALENTEQUIVALENTEQUIVALENTEQUIVALENTTOTOTOTOEINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S

FIELDFIELDFIELDFIELD EQUATIONS,EQUATIONS,EQUATIONS,EQUATIONS, ANOTHERANOTHERANOTHERANOTHER SETSETSETSET EQUIVALENTEQUIVALENTEQUIVALENTEQUIVALENTTOTOTOTOMAXWELL'SMAXWELL'SMAXWELL'SMAXWELL'S

EQUATIONSEQUATIONSEQUATIONSEQUATIONS FORFORFORFORTHETHETHETHEELECTROMAGNETICELECTROMAGNETICELECTROMAGNETICELECTROMAGNETICFIELDFIELDFIELDFIELDANDANDANDANDTHETHETHETHE FINALFINALFINALFINAL

PARTPARTPARTPARTANANANANEXTRAEXTRAEXTRAEXTRA SCALARSCALARSCALARSCALAR FIELDFIELDFIELDFIELD NOWNOWNOWNOWTERMEDTERMEDTERMEDTERMEDTHETHETHETHE "RADION"."RADION"."RADION"."RADION".

ITITITIT ISISISIS THETHETHETHEDIMENSIONDIMENSIONDIMENSIONDIMENSIONOFOFOFOF E=ME=ME=ME=Mc^2c^2c^2c^2 :::: THETHETHETHENUCLEARNUCLEARNUCLEARNUCLEARBOMBBOMBBOMBBOMB

REFERENCE:REFERENCE:REFERENCE:REFERENCE: http://http://http://http://en.wikipedia.org/en.wikipedia.org/en.wikipedia.org/en.wikipedia.org/
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PARTPARTPARTPART 25:25:25:25:

THETHETHETHE SIXTHSIXTHSIXTHSIXTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

SOMESOMESOMESOMENAMEDNAMEDNAMEDNAMED ITITITIT ASASASAS :::: THETHETHETHEUNIVERSALUNIVERSALUNIVERSALUNIVERSALMEMORYMEMORYMEMORYMEMORY

TheTheTheThe SixthSixthSixthSixth DimensionDimensionDimensionDimension orororor SixthSixthSixthSixth DimensionDimensionDimensionDimension maymaymaymay referreferreferrefer totototo oneoneoneone ofofofof severalseveralseveralseveral fictitiousfictitiousfictitiousfictitious

worlds.worlds.worlds.worlds.

ItItItIt cancancancan referreferreferrefer totototo thethethethe settingsettingsettingsetting ofofofof thethethethe underworldunderworldunderworldunderworld inininin thethethethe filmfilmfilmfilm::::

FORBIDDENFORBIDDENFORBIDDENFORBIDDENZONEZONEZONEZONE

THISTHISTHISTHIS DIMENSIONDIMENSIONDIMENSIONDIMENSIONREQWUIRESREQWUIRESREQWUIRESREQWUIRES LIFELIFELIFELIFEANDANDANDANDAFTERAFTERAFTERAFTERLIFE,LIFE,LIFE,LIFE, ITITITIT PREDICTSPREDICTSPREDICTSPREDICTS

BOTH.BOTH.BOTH.BOTH.

VERYVERYVERYVERYIMPORTANTIMPORTANTIMPORTANTIMPORTANTNOTE:NOTE:NOTE:NOTE: THETHETHETHEOBJECTOBJECTOBJECTOBJECTMUSTMUSTMUSTMUSTHAVEHAVEHAVEHAVE ONEONEONEONEDIMENSIONDIMENSIONDIMENSIONDIMENSION

LESSLESSLESSLESSTHANTHANTHANTHAN THETHETHETHEWORLDWORLDWORLDWORLDTOTOTOTOENTERENTERENTERENTERTOTOTOTOTHATTHATTHATTHAT OBJECTOBJECTOBJECTOBJECTWITHOUTWITHOUTWITHOUTWITHOUT

INTERSECTINTERSECTINTERSECTINTERSECTIT'SIT'SIT'SIT'S BODERS.BODERS.BODERS.BODERS.

TOTOTOTOENTERENTERENTERENTER INTOINTOINTOINTOAAAA SQUARESQUARESQUARESQUAREWEWEWEWECANCANCANCANBECAUSEBECAUSEBECAUSEBECAUSEOUROUROUROURWORLDWORLDWORLDWORLD ISISISIS 3-D3-D3-D3-DOROROROR

4-D4-D4-D4-D ,,,,

SO;SO;SO;SO; TOTOTOTOGETGETGETGET INTOINTOINTOINTOTHETHETHETHE 5555THTHTHTH DIMENSIONDIMENSIONDIMENSIONDIMENSIONOBJECTOBJECTOBJECTOBJECTWEWEWEWEMUSTMUSTMUSTMUSTBEBEBEBEFROMFROMFROMFROM

THETHETHETHEWORLDWORLDWORLDWORLDOFOFOFOFTHETHETHETHE 6666THTHTHTH DIMENSIONDIMENSIONDIMENSIONDIMENSION ,,,, ANDANDANDAND SOSOSOSOON.ON.ON.ON.

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://www.thetreacheries.com/thenightmaretreacheries_008.htmhttp://www.thetreacheries.com/thenightmaretreacheries_008.htmhttp://www.thetreacheries.com/thenightmaretreacheries_008.htmhttp://www.thetreacheries.com/thenightmaretreacheries_008.htm



132

PARTPARTPARTPART 26:26:26:26:

THETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

LIFELIFELIFELIFE

THETHETHETHE LIVINGLIVINGLIVINGLIVINGDIMENSIONDIMENSIONDIMENSIONDIMENSION

WeWeWeWe areareareare livinglivinglivingliving beings,beings,beings,beings, withwithwithwith alivealivealivealive minds.minds.minds.minds. TheTheTheThe livinglivinglivingliving dimensiondimensiondimensiondimension predicatedpredicatedpredicatedpredicated allallallall alivealivealivealive

dimensions.dimensions.dimensions.dimensions. FromFromFromFromthethethethe firstfirstfirstfirst conglomerationconglomerationconglomerationconglomeration ofofofof atomsatomsatomsatoms thatthatthatthat setsetsetset anananan independentindependentindependentindependent lifelifelifelife

inininin motion,motion,motion,motion, propellingpropellingpropellingpropelling itselfitselfitselfitself totototo sensesensesensesense thethethethe universe;universe;universe;universe; thethethethe livinglivinglivingliving dimensiondimensiondimensiondimensionwaswaswaswas

realized.realized.realized.realized. FromFromFromFrom thethethethe firstfirstfirstfirst feelingfeelingfeelingfeeling thingthingthingthing totototo thethethethe firstfirstfirstfirst seeingseeingseeingseeing being,being,being,being, thethethethe livinglivinglivingliving

dimensiondimensiondimensiondimension isisisis ofofofof hungerhungerhungerhunger andandandand survival.survival.survival.survival. TheTheTheThe livinglivinglivingliving dimensiondimensiondimensiondimension isisisis ofofofof evolutions.evolutions.evolutions.evolutions. AsAsAsAs

ourourourour veryveryveryvery bodiesbodiesbodiesbodies nevernevernevernever remainremainremainremain thethethethe samesamesamesame andandandandareareareare constantlyconstantlyconstantlyconstantly evolving,evolving,evolving,evolving, asasasas ourourourour

thoughtsthoughtsthoughtsthoughts constantlyconstantlyconstantlyconstantly changechangechangechange andandandand evolve,evolve,evolve,evolve, thethethethe livinglivinglivingliving dimensiondimensiondimensiondimension isisisis nevernevernevernever constant.constant.constant.constant.

AllAllAllAll livinglivinglivingliving thingsthingsthingsthings andandandand theirtheirtheirtheir categoriescategoriescategoriescategories areareareare changing,changing,changing,changing, adaptingadaptingadaptingadapting andandandand evolving.evolving.evolving.evolving. EveryEveryEveryEvery

daydaydayday andandandand everyeveryeveryevery minuteminuteminuteminute wewewewe evolveevolveevolveevolve inininin everyeveryeveryevery way.way.way.way.

LifeLifeLifeLife isisisis simplysimplysimplysimply this:this:this:this: TemporaryTemporaryTemporaryTemporary inininin sevensevensevensevendimensionsdimensionsdimensionsdimensions totototo thethethethe powerpowerpowerpower ofofofof asasasasmanymanymanymany asasasas

fivefivefivefive sensessensessensessenses .... FeelFeelFeelFeel youryouryouryour livinglivinglivingliving universe.universe.universe.universe.

THETHETHETHEREFERENCEREFERENCEREFERENCEREFERENCE ::::

http://www.thetreacheries.com/thenightmaretreacheries_009.htmhttp://www.thetreacheries.com/thenightmaretreacheries_009.htmhttp://www.thetreacheries.com/thenightmaretreacheries_009.htmhttp://www.thetreacheries.com/thenightmaretreacheries_009.htm
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PARTPARTPARTPART 27:27:27:27:

THETHETHETHEEIGHTHEIGHTHEIGHTHEIGHTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

IfIfIfIf thethethethe ““““sevensevensevenseven”””” definesdefinesdefinesdefines thethethethe naturalnaturalnaturalnatural reality,reality,reality,reality, ““““eighteighteighteight”””” representsrepresentsrepresentsrepresents thatthatthatthatwhichwhichwhichwhich isisisis higherhigherhigherhigher

thanthanthanthan nature,nature,nature,nature, thethethethe ““““circumferencecircumferencecircumferencecircumference”””” thatthatthatthat encompassesencompassesencompassesencompasses thethethethe circlecirclecirclecircle ofofofof creation.creation.creation.creation.

THETHETHETHEDIMENSIONDIMENSIONDIMENSIONDIMENSIONOFOFOFOFVISIONSVISIONSVISIONSVISIONS -LIKE-LIKE-LIKE-LIKE SEESEESEESEE THETHETHETHE FUTUREFUTUREFUTUREFUTUREDURINGDURINGDURINGDURING

SLEEPINGSLEEPINGSLEEPINGSLEEPINGORORORORAFTERRAFTERRAFTERRAFTERRTHETHETHETHE SLEEPING-SLEEPING-SLEEPING-SLEEPING-

OutOutOutOut ofofofof thethethethe livinglivinglivingliving dimensiondimensiondimensiondimensionwewewewe shallshallshallshall travel,travel,travel,travel, mymymymy deardeardeardear andandandand onlyonlyonlyonly friend.friend.friend.friend. OntoOntoOntoOnto thethethethe

momentmomentmomentmoment thethethethe lastlastlastlast atomatomatomatom isisisis setsetsetset inininin place...place...place...place... inininin thethethethe mindmindmindmind ofofofof thethethethe firstfirstfirstfirst alivealivealivealive being!being!being!being! TheTheTheThe

momentmomentmomentmoment inininin whichwhichwhichwhich thethethethe universe,universe,universe,universe, inininin thethethethe ultimateultimateultimateultimate formformformform ofofofof compliment,compliment,compliment,compliment, waswaswaswas

recreatedrecreatedrecreatedrecreated inininin aaaa livinglivinglivingliving bodybodybodybody producingproducingproducingproducing thethethethe alivealivealivealive mind!mind!mind!mind! TheTheTheThe alivealivealivealive dreamingdreamingdreamingdreaming being.being.being.being.

AndAndAndAnd sosososo itititit waswaswaswas asasasas itititit is,is,is,is, thethethethe universeuniverseuniverseuniverse isisisis recreatedrecreatedrecreatedrecreated inininin thethethethe mindmindmindmind ofofofof thethethethe alive.alive.alive.alive. Space,Space,Space,Space,

mattermattermattermatter andandandand thethethethe EnerlogueEnerlogueEnerlogueEnerlogue combinecombinecombinecombine inininin thethethethe livinglivinglivingliving tissuetissuetissuetissue ofofofof thethethethe alivealivealivealive mindmindmindmind totototo createcreatecreatecreate

thethethethe dreamingdreamingdreamingdreaming alivealivealivealive dimension.dimension.dimension.dimension.

WithWithWithWith everyeveryeveryevery dreamdreamdreamdreamyouryouryouryour mindmindmindmind interconnectsinterconnectsinterconnectsinterconnects withwithwithwith thethethethe fourthfourthfourthfourth dimension,dimension,dimension,dimension, andandandand thethethethe

memorymemorymemorymemory ofofofof thethethethe universeuniverseuniverseuniverse....

““““SevenSevenSevenSeven”””” includesincludesincludesincludes bothbothbothboth mattermattermattermatter andandandand spirit,spirit,spirit,spirit, bothbothbothboth mundanitymundanitymundanitymundanity andandandand holiness,holiness,holiness,holiness, bothbothbothboth

involvementinvolvementinvolvementinvolvement andandandand transcendence,transcendence,transcendence,transcendence, butbutbutbut asasasas separate,separate,separate,separate, distinctdistinctdistinctdistinct componentscomponentscomponentscomponents ofofofof thethethethe

cyclecyclecyclecycle ofofofof creation;creation;creation;creation; thethethethe ““““seventhseventhseventhseventh dimensiondimensiondimensiondimension”””” willwillwillwill exertexertexertexert itsitsitsits influenceinfluenceinfluenceinfluence onononon thethethethe otherotherotherother

six,six,six,six, butbutbutbut onlyonlyonlyonly inininin aaaa ““““transcendenttranscendenttranscendenttranscendent”””” waywaywayway————asasasas aaaa ““““spiritual,spiritual,spiritual,spiritual,”””” ““““other-worldlyother-worldlyother-worldlyother-worldly”””” realityrealityrealityreality

thatthatthatthatwillwillwillwill nevernevernevernever bebebebe trulytrulytrulytruly internalizedinternalizedinternalizedinternalized andandandand integratedintegratedintegratedintegratedwithinwithinwithinwithin thethethethe system.system.system.system. InInInIn

contrast,contrast,contrast,contrast, ““““eighteighteighteight”””” representsrepresentsrepresentsrepresents thethethethe introductionintroductionintroductionintroduction ofofofof aaaa realityrealityrealityreality thatthatthatthat isisisis beyondbeyondbeyondbeyond allallallall

naturenaturenaturenature andandandand definition,definition,definition,definition, includingincludingincludingincluding thethethethe definitiondefinitiondefinitiondefinition ““““transcendence.transcendence.transcendence.transcendence.”””” ThisThisThisThis ““““eightheightheightheighth

dimensiondimensiondimensiondimension”””” (if(if(if(if wewewewe cancancancan callcallcallcall itititit aaaa ““““dimensiondimensiondimensiondimension””””)))) hashashashas nononono limitationslimitationslimitationslimitations atatatat all:all:all:all: itititit
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transcendstranscendstranscendstranscends andandandand pervades,pervades,pervades,pervades, beingbeingbeingbeing beyondbeyondbeyondbeyond naturenaturenaturenature yetyetyetyet alsoalsoalsoalso fullyfullyfullyfully presentpresentpresentpresent withinwithinwithinwithin it,it,it,it,

beingbeingbeingbeing equallyequallyequallyequally beyondbeyondbeyondbeyondmattermattermattermatter andandandand spiritspiritspiritspirit andandandand equallyequallyequallyequally withinwithinwithinwithin them.them.them.them.

YourYourYourYour dreamsdreamsdreamsdreams areareareare youryouryouryour interactionsinteractionsinteractionsinteractions withwithwithwith everythingeverythingeverythingeverything alive.alive.alive.alive. TheyTheyTheyThey areareareare youryouryouryour

abstractionsabstractionsabstractionsabstractions ofofofof thethethethe interactions,interactions,interactions,interactions, notnotnotnot thethethethe interactionsinteractionsinteractionsinteractions themselvesthemselvesthemselvesthemselvesmindmindmindmind you.you.you.you.

SleepingSleepingSleepingSleeping isisisis thethethethe timetimetimetime wewewewe dream,dream,dream,dream, itititit isisisis thethethethe timetimetimetime wewewewe areareareare interconnectedinterconnectedinterconnectedinterconnected withwithwithwith thethethethe

EnerlogueEnerlogueEnerlogueEnerlogue andandandand thisthisthisthis isisisis thethethethe timetimetimetime itititit getsgetsgetsgets totototo useuseuseuse us.us.us.us. ButButButBut wewewewe cancancancan looklooklooklook insideinsideinsideinside thethethethe

creaturecreaturecreaturecreature andandandand whisperwhisperwhisperwhisper totototo it,it,it,it, andandandand totototo othersothersothersothers asasasaswellwellwellwell sosososo alivealivealivealive inininin thethethethe twelfthtwelfthtwelfthtwelfth

dimension.dimension.dimension.dimension. DreamsDreamsDreamsDreams areareareare ourourourour futuresfuturesfuturesfutures andandandand ourourourour fears,fears,fears,fears, ourourourour communicationscommunicationscommunicationscommunications withwithwithwith

eacheacheacheach otherotherotherother andandandand thethethethe universal...universal...universal...universal... andandandand theytheytheythey cancancancan bebebebe nightmaresnightmaresnightmaresnightmares too,too,too,too, leaveleaveleaveleave nononono doubt.doubt.doubt.doubt.

THETHETHETHEDREAMDREAMDREAMDREAMWHICHWHICHWHICHWHICH ISISISIS FROMFROMFROMFROMALLAHALLAHALLAHALLAH ISISISIS THETHETHETHEGOODGOODGOODGOODTHINGTHINGTHINGTHING ,,,, NOTNOTNOTNOTALLALLALLALL

DREAMSDREAMSDREAMSDREAMSAREAREAREAREGOOD.GOOD.GOOD.GOOD.

THETHETHETHEGOODGOODGOODGOODDREAMDREAMDREAMDREAMNAMEDNAMEDNAMEDNAMED :"VISION":"VISION":"VISION":"VISION"

REFERENCEREFERENCEREFERENCEREFERENCE ::::

http://www.thetreacheries.com/thenightmaretreacheries_010.htmhttp://www.thetreacheries.com/thenightmaretreacheries_010.htmhttp://www.thetreacheries.com/thenightmaretreacheries_010.htmhttp://www.thetreacheries.com/thenightmaretreacheries_010.htm
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PARTPARTPARTPART 28282828::::

THETHETHETHENINTHNINTHNINTHNINTHDIMENSOINDIMENSOINDIMENSOINDIMENSOIN

ABSTRACTABSTRACTABSTRACTABSTRACTTHOUGHTTHOUGHTTHOUGHTTHOUGHT

ORORORORWEREWEREWEREWEREYOUYOUYOUYOUALREADTALREADTALREADTALREADTTHINKINGTHINKINGTHINKINGTHINKINGTHATTHATTHATTHAT

WeWeWeWe cancancancan abstractabstractabstractabstract thethethethe world,world,world,world, wewewewe cancancancan inventinventinventinvent andandandand abstractabstractabstractabstract ourourourour sensessensessensessenses intointointointo thoughts.thoughts.thoughts.thoughts.

ThisThisThisThis isisisis thethethethe dimensiondimensiondimensiondimension ofofofof abstractabstractabstractabstract thought!thought!thought!thought! WeWeWeWe sensesensesensesense thethethethe universeuniverseuniverseuniverse andandandand rememberrememberrememberremember

itititit later.later.later.later.WeWeWeWemarrymarrymarrymarry sensessensessensessenses togethertogethertogethertogether andandandand abstractabstractabstractabstract it,it,it,it, andandandand seeseeseesee itititit laterlaterlaterlater betweenbetweenbetweenbetween ourourourour

ears.ears.ears.ears.

WeWeWeWedodododo thesethesethesethese thingsthingsthingsthings becausebecausebecausebecause ourourourour mindmindmindmind waswaswaswas bornbornbornborn inininin ananananalivealivealivealive abstractingabstractingabstractingabstracting

dimension.dimension.dimension.dimension.

RuleRuleRuleRule youryouryouryour mindmindmindmind withwithwithwith anananan ironironironiron fistfistfistfist andandandand dodododo notnotnotnot heedheedheedheed thethethethe whisperswhisperswhisperswhispers ofofofof ourourourour parasite,parasite,parasite,parasite,

andandandand heedheedheedheed youryouryouryour ninthninthninthninth sensesensesensesense ofofofof commonalitycommonalitycommonalitycommonality forforforforwewewewe allallallall thinkthinkthinkthink inininin commoncommoncommoncommon ways.ways.ways.ways.

THETHETHETHEREFERNCEREFERNCEREFERNCEREFERNCE ::::

http://www.thetreacheries.com/thenightmaretreacheries_011.htmhttp://www.thetreacheries.com/thenightmaretreacheries_011.htmhttp://www.thetreacheries.com/thenightmaretreacheries_011.htmhttp://www.thetreacheries.com/thenightmaretreacheries_011.htm
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PARTPARTPARTPART 29:29:29:29:

THETHETHETHE TENTHTENTHTENTHTENTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

MEMORYMEMORYMEMORYMEMORY

THETHETHETHE TENTHTENTHTENTHTENTHDIMENSIONDIMENSIONDIMENSIONDIMENSION ISISISIS THETHETHETHE MEMORY.MEMORY.MEMORY.MEMORY.

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://www.thetreacheries.com/thenightmaretreacheries_012.htmhttp://www.thetreacheries.com/thenightmaretreacheries_012.htmhttp://www.thetreacheries.com/thenightmaretreacheries_012.htmhttp://www.thetreacheries.com/thenightmaretreacheries_012.htm
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PARTPARTPARTPART 30:30:30:30:

THETHETHETHEELEVENTHELEVENTHELEVENTHELEVENTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

THETHETHETHE SPIRIT.SPIRIT.SPIRIT.SPIRIT.

THETHETHETHEREFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://www.thetreacheries.com/thenightmaretreacheries_013.htmhttp://www.thetreacheries.com/thenightmaretreacheries_013.htmhttp://www.thetreacheries.com/thenightmaretreacheries_013.htmhttp://www.thetreacheries.com/thenightmaretreacheries_013.htm
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PARTPARTPARTPART 31:31:31:31:

THETHETHETHETWELFTHTWELFTHTWELFTHTWELFTHDIMENSIONDIMENSIONDIMENSIONDIMENSION

ITITITIT ISISISIS THETHETHETHE INTERACTIONINTERACTIONINTERACTIONINTERACTIONWITHWITHWITHWITHTHETHETHETHE FOURTHFOURTHFOURTHFOURTHDIMENSION.DIMENSION.DIMENSION.DIMENSION.

WeWeWeWecancancancan sensesensesensesense eacheacheacheach other,other,other,other, visitvisitvisitvisit eacheacheacheach othersothersothersothersmemoriesmemoriesmemoriesmemories andandandand communicatecommunicatecommunicatecommunicate withwithwithwith eacheacheacheach

otherotherotherother awakeawakeawakeawake andandandandasleep.asleep.asleep.asleep.

WeWeWeWecancancancan actactactact onononon eacheacheacheach other.other.other.other. ThisThisThisThis isisisis thethethethe twelfthtwelfthtwelfthtwelfth dimensiondimensiondimensiondimension andandandand itititit isisisis thethethethe sourcesourcesourcesource ofofofof

miraclesmiraclesmiraclesmiracles andandandandmaladies.maladies.maladies.maladies. ThisThisThisThis isisisis thethethethe sourcesourcesourcesource ofofofof spellsspellsspellsspells andandandand hypnotisim...hypnotisim...hypnotisim...hypnotisim... ofofofof visionsvisionsvisionsvisions

unexplained,unexplained,unexplained,unexplained, explained.explained.explained.explained. OfOfOfOf GodGodGodGod andandandand Angels.Angels.Angels.Angels.

REFERENCEREFERENCEREFERENCEREFERENCE ::::

http://www.thetreacheries.com/thenightmaretreacheries_014.htmhttp://www.thetreacheries.com/thenightmaretreacheries_014.htmhttp://www.thetreacheries.com/thenightmaretreacheries_014.htmhttp://www.thetreacheries.com/thenightmaretreacheries_014.htm
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PARTPARTPARTPART 32:32:32:32:

FINDINGFINDINGFINDINGFINDINGTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHE SPIRITSPIRITSPIRITSPIRIT

ALLAHALLAHALLAHALLAH SAIDSAIDSAIDSAID ININININKORKORKORKOR''''ANANANAN :::: ((WINDING((WINDING((WINDING((WINDINGTHETHETHETHEANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHE SPIRITSPIRITSPIRITSPIRIT

TOTOTOTO ALLAHALLAHALLAHALLAH ININININ AAAA DAYDAYDAYDAY IT'SIT'SIT'SIT'SMAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDEISISISIS 50000500005000050000YEARS,YEARS,YEARS,YEARS, PATIENTLYPATIENTLYPATIENTLYPATIENTLY

PATIENCEPATIENCEPATIENCEPATIENCETHEYTHEYTHEYTHEYSEESEESEESEE ITITITIT AWAYAWAYAWAYAWAYANDANDANDANDWEWEWEWESEESEESEESEE ITITITIT SOONSOONSOONSOON)).)).)).)).

MAYMAYMAYMAYBEBEBEBEALLAHALLAHALLAHALLAH REFERSREFERSREFERSREFERSTOTOTOTOTHETHETHETHEAPPEARINGAPPEARINGAPPEARINGAPPEARINGOFOFOFOFILILILIL IMAMIMAMIMAMIMAM ILILILIL

MAHDIMAHDIMAHDIMAHDI ,THEY,THEY,THEY,THEY––––THETHETHETHEUNBELIVERS-UNBELIVERS-UNBELIVERS-UNBELIVERS- SEESEESEESEE THETHETHETHEAPPEARINGAPPEARINGAPPEARINGAPPEARINGAWAYAWAYAWAYAWAY ,,,, BUTBUTBUTBUT

THETHETHETHEALLAHALLAHALLAHALLAH ANDANDANDANDANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHEBELIVERSBELIVERSBELIVERSBELIVERS SEESEESEESEE ITITITIT SOON.SOON.SOON.SOON.

WEWEWEWECANCANCANCANGETGETGETGETTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFANGELSANGELSANGELSANGELS FROMFROMFROMFROMTHETHETHETHEKOR'AN,KOR'AN,KOR'AN,KOR'AN, ALLAHALLAHALLAHALLAH

SAIDSAIDSAIDSAID :::: ((THE((THE((THE((THE ANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHE SPIRITSPIRITSPIRITSPIRITWINDINGWINDINGWINDINGWINDINGTOTOTOTOHIMHIMHIMHIM ININININ AAAA DAYDAYDAYDAY

IT'SIT'SIT'SIT'SMAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDE 50000500005000050000YEARS)),YEARS)),YEARS)),YEARS)),

BYBYBYBYPUTTING:PUTTING:PUTTING:PUTTING: T=1T=1T=1T=1 DAY,DAY,DAY,DAY,

T0=50000*354.36666666666666666666666666667T0=50000*354.36666666666666666666666666667T0=50000*354.36666666666666666666666666667T0=50000*354.36666666666666666666666666667

ININININ THETHETHETHEEQUATIONEQUATIONEQUATIONEQUATION (2)(2)(2)(2) WEWEWEWEWILLWILLWILLWILL FINDFINDFINDFINDTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THETHETHETHE SPIRITSPIRITSPIRITSPIRIT ANDANDANDAND

THETHETHETHEANGELSANGELSANGELSANGELS):):):):

FORFORFORFOR 1111 DAY=50DAY=50DAY=50DAY=50000000000000 YEARSYEARSYEARSYEARS

V(T)=V(T)=V(T)=V(T)=±±±±CCCC [1-3.1853287720723043794704817396559*10^-15]^(1/2)[1-3.1853287720723043794704817396559*10^-15]^(1/2)[1-3.1853287720723043794704817396559*10^-15]^(1/2)[1-3.1853287720723043794704817396559*10^-15]^(1/2)

V(T)=V(T)=V(T)=V(T)= ±±±± CCCC [0.99999999999999681467122792769562[0.99999999999999681467122792769562[0.99999999999999681467122792769562[0.99999999999999681467122792769562 ]^(1/2)]^(1/2)]^(1/2)]^(1/2)

V(T)=V(T)=V(T)=V(T)= ±±±± 0.999999999999998407335613963846540.999999999999998407335613963846540.999999999999998407335613963846540.99999999999999840733561396384654CCCC

V(T)=V(T)=V(T)=V(T)= ±±±± 2.99792457999999522531228941160682.99792457999999522531228941160682.99792457999999522531228941160682.9979245799999952253122894116068 *10^8*10^8*10^8*10^8

METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND

TTTT==== TIMETIMETIMETIMEOFOFOFOFALLAH,ALLAH,ALLAH,ALLAH, ANGELS,ANGELS,ANGELS,ANGELS, THINGSTHINGSTHINGSTHINGSNEARNEARNEARNEAR TOTOTOTOALLAHALLAHALLAHALLAH
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TO=TO=TO=TO=TIMETIMETIMETIMEASASASAS COMPUTEDCOMPUTEDCOMPUTEDCOMPUTEDBYBYBYBYEARTH'SEARTH'SEARTH'SEARTH'S PEOPLEPEOPLEPEOPLEPEOPLE ANDANDANDANDTHETHETHETHE

UNBELIVERS.UNBELIVERS.UNBELIVERS.UNBELIVERS.

V=V=V=V= THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTIMETIMETIMETIME (T),(T),(T),(T),

SOSOSOSOTHATTHATTHATTHAT THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHE SPIRITSPIRITSPIRITSPIRIT ISISISISMOREMOREMOREMORETHANTHANTHANTHAN

THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THINGSTHINGSTHINGSTHINGSNEARNEARNEARNEAR TOTOTOTOALLAH.ALLAH.ALLAH.ALLAH.

SOSOSOSOTHETHETHETHE DIFFERENCEDIFFERENCEDIFFERENCEDIFFERENCEBETWEENBETWEENBETWEENBETWEEN [THE[THE[THE[THE SPEEDSPEEDSPEEDSPEEDOFOFOFOFANGELSANGELSANGELSANGELS ANDANDANDANDTHETHETHETHE

SPIRIT]SPIRIT]SPIRIT]SPIRIT] ANDANDANDAND [THE[THE[THE[THE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THINGSTHINGSTHINGSTHINGS NEARNEARNEARNEARALLAH]ALLAH]ALLAH]ALLAH] WICHWICHWICHWICH ISISISIS ΔΔΔΔVVVV

EQUALES:EQUALES:EQUALES:EQUALES:

ABS(ABS(ABS(ABS(VVVV [1DAY[1DAY[1DAY[1DAY====50000500005000050000 YEARS]YEARS]YEARS]YEARS])))) ----ABS(ABS(ABS(ABS(V[1DAYV[1DAYV[1DAYV[1DAY====1000100010001000 YEARS]YEARS]YEARS]YEARS])))) ====

ΔΔΔΔV=V=V=V= (((( [[[[2.99792457999999522531228941160682.99792457999999522531228941160682.99792457999999522531228941160682.9979245799999952253122894116068]-]-]-]-

[[[[2.99792457998806328072350526246982.99792457998806328072350526246982.99792457998806328072350526246982.9979245799880632807235052624698 ])])])]) *10^8*10^8*10^8*10^8

METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND

==== 0.0000000000119319445887841491370.0000000000119319445887841491370.0000000000119319445887841491370.000000000011931944588784149137 **** 10^810^810^810^8

METERSMETERSMETERSMETERS/SECOND/SECOND/SECOND/SECOND

==== 0.00119319445887841491370.00119319445887841491370.00119319445887841491370.0011931944588784149137METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND,,,,

=1.1931944588784149137=1.1931944588784149137=1.1931944588784149137=1.1931944588784149137MILLIMETERS/SECOND.MILLIMETERS/SECOND.MILLIMETERS/SECOND.MILLIMETERS/SECOND.

RESULTS:RESULTS:RESULTS:RESULTS:
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THISTHISTHISTHIS ISISISIS NAMEDNAMEDNAMEDNAMED ININININ EINSTEIN'SEINSTEIN'SEINSTEIN'SEINSTEIN'S SPECIALSPECIALSPECIALSPECIAL RELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF TIMETIMETIMETIMEBYBYBYBY

[[TIME[[TIME[[TIME[[TIMEDELATION]],DELATION]],DELATION]],DELATION]], ANDANDANDANDWEWEWEWE ––––MMMMOOOOSLEMS-SLEMS-SLEMS-SLEMS- NAMEDNAMEDNAMEDNAMED ITITITIT ELONGATIONELONGATIONELONGATIONELONGATION

OFOFOFOF TIMETIMETIMETIME-LONGER-.-LONGER-.-LONGER-.-LONGER-. PROPHETPROPHETPROPHETPROPHETMOHAMMADMOHAMMADMOHAMMADMOHAMMAD [[PEACE[[PEACE[[PEACE[[PEACEONONONONHIMHIMHIMHIM ANDANDANDANDONONONON

HISHISHISHIS FAMILY]]FAMILY]]FAMILY]]FAMILY]] SAIDSAIDSAIDSAID ABOUTABOUTABOUTABOUTTHETHETHETHEAPPEARINGAPPEARINGAPPEARINGAPPEARINGOFOFOFOFILILILIL IMAMIMAMIMAMIMAM ILILILIL MAHDIMAHDIMAHDIMAHDI ::::

(((((((( IFIFIFIF JUSTJUSTJUSTJUST AAAA ONEONEONEONEDAYDAYDAYDAYREMAINSREMAINSREMAINSREMAINSOFOFOFOF THETHETHETHEWORLDWORLDWORLDWORLD ––––ALDONIA-ALDONIA-ALDONIA-ALDONIA- SOSOSOSO

ALLAHALLAHALLAHALLAHWILLWILLWILLWILLELONGATEELONGATEELONGATEELONGATETHATTHATTHATTHATDAYDAYDAYDAY ––––MAKEMAKEMAKEMAKE ITITITIT LONGER-LONGER-LONGER-LONGER- UNTILUNTILUNTILUNTILONEONEONEONE

OFOFOFOFMYMYMYMYFAMILYFAMILYFAMILYFAMILY GOVERNSGOVERNSGOVERNSGOVERNS THETHETHETHEEARTH.))EARTH.))EARTH.))EARTH.)) REFRESREFRESREFRESREFRESTOTOTOTOALALALAL IMAMIMAMIMAMIMAM ILILILIL

MAHDIMAHDIMAHDIMAHDI [[[[[[[[ PEACEPEACEPEACEPEACEONONONONHIMHIMHIMHIM ANDANDANDANDONONONONHISHISHISHIS FAMILY]].FAMILY]].FAMILY]].FAMILY]].
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PARTPARTPARTPART 33:33:33:33:

THETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEAR

THETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEAR ISISISIS AAAA DISTANCEDISTANCEDISTANCEDISTANCETRAVELEDTRAVELEDTRAVELEDTRAVELEDBYBYBYBYAAAA HUMENHUMENHUMENHUMENATATATAT

ORDINARLLYORDINARLLYORDINARLLYORDINARLLY SPEED,SPEED,SPEED,SPEED, ASASASAS THETHETHETHELIGHTLIGHTLIGHTLIGHT YEARYEARYEARYEAR ISISISIS THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCE

TRAVELEDTRAVELEDTRAVELEDTRAVELEDBYBYBYBYAAAA LIGHTLIGHTLIGHTLIGHT BEAMBEAMBEAMBEAMDURINGDURINGDURINGDURINGAAAA YEAR.YEAR.YEAR.YEAR.

SOSOSOSOTOTOTOTOFINDFINDFINDFINDTHETHETHETHEMAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDEOFOFOFOFTHETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEARWEWEWEWEMUSTMUSTMUSTMUST FINDFINDFINDFIND

THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFWALKINGWALKINGWALKINGWALKINGOFOFOFOFTHETHETHETHE HUMENHUMENHUMENHUMENBEING:BEING:BEING:BEING:

IT'SIT'SIT'SIT'S (V)(V)(V)(V) EXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLY BYBYBYBYMEMEMEME=1.2=1.2=1.2=1.2METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND…………………….EQ.(1).EQ.(1).EQ.(1).EQ.(1)

=103.680=103.680=103.680=103.680 KM/DAYKM/DAYKM/DAYKM/DAY

BUTBUTBUTBUT IIII CANCANCANCANFINDFINDFINDFINDTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFWALKINGWALKINGWALKINGWALKINGFROMFROMFROMFROMKORKORKORKOR''''ANANANAN ::::

ALLAHALLAHALLAHALLAH SAIDSAIDSAIDSAID ININININKOR"ANKOR"ANKOR"ANKOR"AN :::: ((SAY((SAY((SAY((SAYWALKWALKWALKWALK ININININ EARTHEARTHEARTHEARTHDURINGDURINGDURINGDURING 4444

MONTHSMONTHSMONTHSMONTHS…………)).)).)).)).

THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFWALKINWALKINWALKINWALKIN FROMFROMFROMFROMKORKORKORKOR''''ANANANAN ====DIAMETERDIAMETERDIAMETERDIAMETEROFOFOFOFTHETHETHETHEEARTHEARTHEARTHEARTH

PLANET/PLANET/PLANET/PLANET/ 4444MONTHSMONTHSMONTHSMONTHS =12756000METERS/(4*30*24*3600)=12756000METERS/(4*30*24*3600)=12756000METERS/(4*30*24*3600)=12756000METERS/(4*30*24*3600) SECONDSSECONDSSECONDSSECONDS

=1.23=1.23=1.23=1.23METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND …………………….EQ.(2).EQ.(2).EQ.(2).EQ.(2)

=106.272=106.272=106.272=106.272 KM/DAYKM/DAYKM/DAYKM/DAY

SOSOSOSOTHETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEAR FROMFROMFROMFROMEQ."(1)EQ."(1)EQ."(1)EQ."(1) ==== 103.680103.680103.680103.680 *365*365*365*365 =37843.2=37843.2=37843.2=37843.2

KMKMKMKM …………..EQ.(3)..EQ.(3)..EQ.(3)..EQ.(3)
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BUTBUTBUTBUT FROMFROMFROMFROMTHETHETHETHEEQ.(2)EQ.(2)EQ.(2)EQ.(2) THETHETHETHEWALKWALKWALKWALKYEARYEARYEARYEAR ==== 106.272*106.272*106.272*106.272* 365365365365

=38789.28=38789.28=38789.28=38789.28 KMKMKMKM …………EQ.(4)EQ.(4)EQ.(4)EQ.(4)

FINDINGFINDINGFINDINGFINDINGTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENEARTHEARTHEARTHEARTHPLANETPLANETPLANETPLANETANDANDANDANDTHETHETHETHEMOONMOONMOONMOON ::::

PROPHETPROPHETPROPHETPROPHETMOHAMMADMOHAMMADMOHAMMADMOHAMMAD (PEACE(PEACE(PEACE(PEACEONONONONHIMHIMHIMHIM ANDANDANDANDHISHISHISHIS FAMILY)FAMILY)FAMILY)FAMILY) SAIDSAIDSAIDSAID

ABOUTABOUTABOUTABOUTTHETHETHETHEMOONMOONMOONMOON :::: ((IT((IT((IT((IT ISISISIS FROMFROMFROMFROMUSUSUSUS BYBYBYBYWALKWALKWALKWALK OFOFOFOF((10))((10))((10))((10)) YEARS))YEARS))YEARS))YEARS))

SOSOSOSOTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEOFOFOFOFTHETHETHETHEMOONMOONMOONMOONFROMFROMFROMFROMEARTHEARTHEARTHEARTHBYBYBYBYUSINGUSINGUSINGUSINGTHETHETHETHE

EXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLY HUMENHUMENHUMENHUMEN SPEEDSPEEDSPEEDSPEEDEQ.(1)EQ.(1)EQ.(1)EQ.(1) ::::

==== 10101010 YEARSYEARSYEARSYEARS **** THETHETHETHEWALKWALKWALKWALKYEARYEARYEARYEAR

=10*=10*=10*=10* 37843.237843.237843.237843.2

=378432=378432=378432=378432KMKMKMKM

THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEOFOFOFOF THETHETHETHEMOONMOONMOONMOONFROMFROMFROMFROMEARTHEARTHEARTHEARTHBYBYBYBYUSINGUSINGUSINGUSINGTHETHETHETHE

KOR"ANICKOR"ANICKOR"ANICKOR"ANICHUMENHUMENHUMENHUMENSPEEDSPEEDSPEEDSPEEDEQ.(2)EQ.(2)EQ.(2)EQ.(2) ::::

==== 10101010YEARSYEARSYEARSYEARS **** THETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEAR

=10*=10*=10*=10* 38789.2838789.2838789.2838789.28

=387892.8=387892.8=387892.8=387892.8KMKMKMKM

ANDANDANDANDTOTOTOTOFINDINGFINDINGFINDINGFINDINGTHETHETHETHE DISTANCEDISTANCEDISTANCEDISTANCEOFOFOFOFTHETHETHETHE SUNSUNSUNSUNFROMFROMFROMFROMUS:US:US:US:

FROMFROMFROMFROMPROPHETPROPHETPROPHETPROPHETMOHAMMADMOHAMMADMOHAMMADMOHAMMAD (PEACE(PEACE(PEACE(PEACEONONONONHIMHIMHIMHIM ANDANDANDANDHISHISHISHIS FAMILY):FAMILY):FAMILY):FAMILY):

((THE((THE((THE((THE SUNSUNSUNSUN ISISISIS ININININ THETHETHETHE FOURTHFOURTHFOURTHFOURTHSKY)),SKY)),SKY)),SKY)), ((THE((THE((THE((THETHICKNESSTHICKNESSTHICKNESSTHICKNESSOFOFOFOF EVERYEVERYEVERYEVERY

SKYSKYSKYSKY ISISISIS AAAA WALKWALKWALKWALKOFOFOFOF 500500500500 YEARS,YEARS,YEARS,YEARS, ANDANDANDANDTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEEN SKIESSKIESSKIESSKIES

ISISISIS AAAAWALKWALKWALKWALK OFOFOFOF 500500500500YEARS)):YEARS)):YEARS)):YEARS)): SOSOSOSO
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THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBEWTEENBEWTEENBEWTEENBEWTEENTHETHETHETHE SUNSUNSUNSUNANDANDANDANDTHETHETHETHEEARTHEARTHEARTHEARTHBYBYBYBYUSINGUSINGUSINGUSINGTHETHETHETHE

EXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLY HUMENHUMENHUMENHUMEN SPEEDSPEEDSPEEDSPEEDBYBYBYBYMEMEMEMEEQ.(1)EQ.(1)EQ.(1)EQ.(1) ::::

====DISTANCESDISTANCESDISTANCESDISTANCES AMONGAMONGAMONGAMONGTHETHETHETHE SKIES+SKIES+SKIES+SKIES+ SKIESSKIESSKIESSKIES THICHKNESSESTHICHKNESSESTHICHKNESSESTHICHKNESSES

(500*4+500*4)=(500*4+500*4)=(500*4+500*4)=(500*4+500*4)= 1000100010001000 *4*4*4*4==== 4000400040004000WALKWALKWALKWALKYEARSYEARSYEARSYEARS

=4000*=4000*=4000*=4000* 37843.237843.237843.237843.2

=151=151=151=151 372372372372 800800800800 KELOMETERSKELOMETERSKELOMETERSKELOMETERS

THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBEWTEENBEWTEENBEWTEENBEWTEENTHETHETHETHE SUNSUNSUNSUNANDANDANDANDTHETHETHETHEEARTHEARTHEARTHEARTHBYBYBYBYUSINGUSINGUSINGUSINGTHETHETHETHE

KORA"NICKORA"NICKORA"NICKORA"NICHUMENHUMENHUMENHUMENSPEEDSPEEDSPEEDSPEEDBYBYBYBYMEMEMEMEEQ.(2)EQ.(2)EQ.(2)EQ.(2) ::::

====DISTANCESDISTANCESDISTANCESDISTANCES AMONGAMONGAMONGAMONGTHETHETHETHE SKIES+SKIES+SKIES+SKIES+ SKIESSKIESSKIESSKIES THICHKNESSESTHICHKNESSESTHICHKNESSESTHICHKNESSES

(500*4+500*4)=(500*4+500*4)=(500*4+500*4)=(500*4+500*4)= 1000100010001000 *4*4*4*4 ==== 4000400040004000WALKWALKWALKWALK YEARSYEARSYEARSYEARS

=4000*=4000*=4000*=4000* 38789.2838789.2838789.2838789.28

=155=155=155=155 127127127127 120120120120 KELOMETERSKELOMETERSKELOMETERSKELOMETERS

NOTE:NOTE:NOTE:NOTE: THETHETHETHE PARSEC=3.860888889PARSEC=3.860888889PARSEC=3.860888889PARSEC=3.860888889 KMKMKMKM

SOSOSOSOTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTHETHETHETHEEARTHEARTHEARTHEARTHANDANDANDANDTHETHETHETHEMOON=MOON=MOON=MOON= 100100100100 000000000000

PARSECS.PARSECS.PARSECS.PARSECS.

ANDANDANDANDTHETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTHETHETHETHEEARTHEARTHEARTHEARTHANDANDANDANDTHETHETHETHE SUN=SUN=SUN=SUN= 40404040 000000000000 000000000000

PARSECS.PARSECS.PARSECS.PARSECS.
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RESULTSRESULTSRESULTSRESULTS:::: IIII FOUNDEEDFOUNDEEDFOUNDEEDFOUNDEEDTHETHETHETHEMAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDEOFOFOFOF THETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEARANDANDANDAND

THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTHETHETHETHEEARTHEARTHEARTHEARTHANDANDANDAND THETHETHETHE MOONMOONMOONMOONANDANDANDAND THETHETHETHE

DISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTHETHETHETHEEARTHEARTHEARTHEARTHANDANDANDANDTHETHETHETHE SUNSUNSUNSUN FROMFROMFROMFROMTHETHETHETHEKORKORKORKOR''''ANANANAN

ANDANDANDANDTHETHETHETHE PROPHETPROPHETPROPHETPROPHETMOHAMMADMOHAMMADMOHAMMADMOHAMMAD ((PEACE((PEACE((PEACE((PEACEONONONONHIMHIMHIMHIM ANDANDANDANDHISHISHISHIS FAMILY))FAMILY))FAMILY))FAMILY))

ANDANDANDANDFROMFROMFROMFROMEPERIMENTALLYEPERIMENTALLYEPERIMENTALLYEPERIMENTALLYHUMENHUMENHUMENHUMEN SPEEDSPEEDSPEEDSPEED ((THE((THE((THE((THE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHETHETHETHE

AUTHORAUTHORAUTHORAUTHOR ––––THETHETHETHERESEARCHER-RESEARCHER-RESEARCHER-RESEARCHER- ININININ THETHETHETHE ROOM)).ROOM)).ROOM)).ROOM)).
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PARTPARTPARTPART 34:34:34:34:

TTTTHEHEHEHEMEANINGMEANINGMEANINGMEANINGOFOFOFOF THETHETHETHE SKIESSKIESSKIESSKIESANDANDANDAND THETHETHETHEEARTHEARTHEARTHEARTH

IIII EXPLAINEXPLAINEXPLAINEXPLAINHEREHEREHEREHERETHETHETHETHEMEANINGMEANINGMEANINGMEANINGOFOFOFOFTHETHETHETHE SKIESSKIESSKIESSKIES ANDANDANDANDEARTHEARTHEARTHEARTH ININININ

KORKORKORKOR''''ANANANANANDANDANDAND ININININ OUROUROUROUR SPEECH.SPEECH.SPEECH.SPEECH. THETHETHETHE SKIESSKIESSKIESSKIES AREAREAREARELAYEREDLAYEREDLAYEREDLAYEREDREGIONSREGIONSREGIONSREGIONS

ABOVEABOVEABOVEABOVETHISTHISTHISTHIS PLANETPLANETPLANETPLANET((THE((THE((THE((THE EARTH)).EARTH)).EARTH)).EARTH)).

EVERYEVERYEVERYEVERY EARTHEARTHEARTHEARTHPLANETPLANETPLANETPLANETHAVEHAVEHAVEHAVE SKIES,SKIES,SKIES,SKIES, FORFORFORFOREXAMPLEEXAMPLEEXAMPLEEXAMPLE FORFORFORFOREARTH-EARTH-EARTH-EARTH-

LIKELIKELIKELIKE PLANETPLANETPLANETPLANET ININININOTHEROTHEROTHEROTHER SOLARSOLARSOLARSOLAR SYSTEMSYSTEMSYSTEMSYSTEMTHERETHERETHERETHERE AREAREAREARE SKIES.SKIES.SKIES.SKIES. ANDANDANDAND

THETHETHETHEEARTHEARTHEARTHEARTHMEANSMEANSMEANSMEANSTHETHETHETHE PLANETPLANETPLANETPLANETEARTH.EARTH.EARTH.EARTH. ASASASAS SUPPOSESUPPOSESUPPOSESUPPOSE THATTHATTHATTHAT THERETHERETHERETHERE

ISISISIS ONEONEONEONE PLANETPLANETPLANETPLANETEARTHEARTHEARTHEARTH ININININ EVERYEVERYEVERYEVERY SOLARSOLARSOLARSOLAR SYSTEMSYSTEMSYSTEMSYSTEM....

BUTBUTBUTBUTTHETHETHETHEMEANINGMEANINGMEANINGMEANINGOFOFOFOF THESETHESETHESETHESEWORDSWORDSWORDSWORDS :::: (((((((( ANDANDANDANDFROMFROMFROMFROMTHETHETHETHEEARTHEARTHEARTHEARTH

LIKELIKELIKELIKETHEM))THEM))THEM))THEM)) ,,,, SEVENSEVENSEVENSEVENEARTHS,EARTHS,EARTHS,EARTHS, HEREHEREHEREHEREMEANSMEANSMEANSMEANSTHETHETHETHE SEVENSEVENSEVENSEVENLAYERSLAYERSLAYERSLAYERSOFOFOFOF

EARTHEARTHEARTHEARTHPLANET.PLANET.PLANET.PLANET.

((ALLAH((ALLAH((ALLAH((ALLAH CREATEDCREATEDCREATEDCREATEDSEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIES ANDANDANDANDFROMFROMFROMFROMTHETHETHETHEEARTHEARTHEARTHEARTHLIKELIKELIKELIKE

THEM)).THEM)).THEM)).THEM)).

THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE ISISISIS LARGERLARGERLARGERLARGERTHANTHANTHANTHANTHETHETHETHE SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIES ANDANDANDANDTHETHETHETHEEARTH,EARTH,EARTH,EARTH,

THETHETHETHE SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIESAREAREAREAREASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITHTHETHETHETHE PLANERTPLANERTPLANERTPLANERTEARTHEARTHEARTHEARTH ININININ

EVERYEVERYEVERYEVERY SOLARSOLARSOLARSOLAR SYSTEM,SYSTEM,SYSTEM,SYSTEM, SOSOSOSOTHETHETHETHE UNIVERSEUNIVERSEUNIVERSEUNIVERSE ISISISIS LARGERLARGERLARGERLARGERTHANTHANTHANTHANTHETHETHETHE

SKIESSKIESSKIESSKIES ANDANDANDANDEARTHEARTHEARTHEARTHBYBYBYBYBILLIONSBILLIONSBILLIONSBILLIONS BILLIONSBILLIONSBILLIONSBILLIONS BILLIONSBILLIONSBILLIONSBILLIONS TIMES.TIMES.TIMES.TIMES.
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THETHETHETHE SHAPESHAPESHAPESHAPEOFOFOFOFTHETHETHETHE SKIES:SKIES:SKIES:SKIES: THETHETHETHE SHAPESHAPESHAPESHAPE SEEMSSEEMSSEEMSSEEMS LIKELIKELIKELIKE SPHERE,SPHERE,SPHERE,SPHERE, IT'SIT'SIT'SIT'S

CENTERCENTERCENTERCENTER ISISISIS THETHETHETHECEDNTERCEDNTERCEDNTERCEDNTEROFOFOFOF THETHETHETHEEARTHEARTHEARTHEARTHPLANETPLANETPLANETPLANET

THETHETHETHETHICKNESSTHICKNESSTHICKNESSTHICKNESSOFOFOFOF EVERYEVERYEVERYEVERY SKY=SKY=SKY=SKY= 500500500500WALKWALKWALKWALK YEARSYEARSYEARSYEARS

THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTWOTWOTWOTWOSEDUCTIVESEDUCTIVESEDUCTIVESEDUCTIVE SKIES=500SKIES=500SKIES=500SKIES=500WALKWALKWALKWALK YEARSYEARSYEARSYEARS

THETHETHETHEEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYEXPERIMENTALLYWOLKWOLKWOLKWOLKYEARYEARYEARYEAR ((BY((BY((BY((BY THETHETHETHEAUTHOR))=AUTHOR))=AUTHOR))=AUTHOR))= (1.2M/S)(1.2M/S)(1.2M/S)(1.2M/S) ****

3600*3600*3600*3600* 24*24*24*24* 365365365365 METERSMETERSMETERSMETERS

=37843.200=37843.200=37843.200=37843.200 KMKMKMKM

THETHETHETHETHEORETICALTHEORETICALTHEORETICALTHEORETICALWALKWALKWALKWALK YEARYEARYEARYEAR ((FROM((FROM((FROM((FROMKORKORKORKOR''''ANANANAN :::: SEESEESEESEETHETHETHETHE

RESEARCHRESEARCHRESEARCHRESEARCH :::: WALKWALKWALKWALKYEAR))=YEAR))=YEAR))=YEAR))= (1.23(1.23(1.23(1.23M/S)M/S)M/S)M/S) **** 3600*3600*3600*3600* 24*36524*36524*36524*365METERS=METERS=METERS=METERS=THETHETHETHE

WALKWALKWALKWALK YEARYEARYEARYEAR ==== 38789.28038789.28038789.28038789.280 KMKMKMKM

NOTENOTENOTENOTE:::: THETHETHETHEDISTANCESDISTANCESDISTANCESDISTANCESININININ THETHETHETHENEXTNEXTNEXTNEXTTWOTWOTWOTWOTABLESTABLESTABLESTABLES AREAREAREARE ININININ ((WALK((WALK((WALK((WALK

YEARS))YEARS))YEARS))YEARS))
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THETHETHETHE SKYSKYSKYSKY THICKNESSTHICKNESSTHICKNESSTHICKNESS HEIGHTHEIGHTHEIGHTHEIGHT (LOWER,(LOWER,(LOWER,(LOWER, UPPER)UPPER)UPPER)UPPER)

…………………………………………........ …………………………………………………….... …………………………………………………………………………………………………………

1111 500500500500 500,500,500,500, 1000100010001000

2222 500500500500 1500,1500,1500,1500, 2000200020002000

3333 500500500500 2500,2500,2500,2500, 3000300030003000

4444 500500500500 3500,3500,3500,3500, 4000400040004000

5555 500500500500 4500,4500,4500,4500, 5000500050005000

6666 500500500500 5500,5500,5500,5500, 6000600060006000

7777 500500500500 6500,6500,6500,6500, 7000700070007000

SKYSKYSKYSKY NO.NO.NO.NO. CELESTIALCELESTIALCELESTIALCELESTIAL BODYBODYBODYBODY HEIGHTHEIGHTHEIGHTHEIGHT

…………………………………………........ …………………………………………………………………………........…………........ …………………………………………

1111

2222

3333

4444 THETHETHETHE SUNSUNSUNSUN 3750375037503750

5555

6666

7777

ININININ THETHETHETHE ABOVEABOVEABOVEABOVETABLETABLETABLETABLETHETHETHETHE SUNSUNSUNSUNCOSIDEREDCOSIDEREDCOSIDEREDCOSIDEREDTOTOTOTOBEBEBEBE ININININ

THETHETHETHE MIDDLLEMIDDLLEMIDDLLEMIDDLLEOFOFOFOF THETHETHETHE 4444THTHTHTH.... SKYSKYSKYSKY ==== 3500+3500+3500+3500+ (500/2)=3750(500/2)=3750(500/2)=3750(500/2)=3750

WALKWALKWALKWALK YEARSYEARSYEARSYEARS

ANDANDANDAND ABOVEABOVEABOVEABOVE THETHETHETHE SEVENSEVENSEVENSEVEN SKYSKYSKYSKY THETHETHETHETHRONETHRONETHRONETHRONEOFOFOFOF

ALLAH.ALLAH.ALLAH.ALLAH.

THETHETHETHEWALKWALKWALKWALK YEARYEARYEARYEAR ININININ LIGHTLIGHTLIGHTLIGHT SECONDS=SECONDS=SECONDS=SECONDS=WALKWALKWALKWALK YEAR/YEAR/YEAR/YEAR/ CCCC
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=38789.280/(2.99792458*10^5)=38789.280/(2.99792458*10^5)=38789.280/(2.99792458*10^5)=38789.280/(2.99792458*10^5)

=0.12938711=0.12938711=0.12938711=0.12938711 LIGHTLIGHTLIGHTLIGHT SECONDSSECONDSSECONDSSECONDS

THETHETHETHE THICKNESSTHICKNESSTHICKNESSTHICKNESSOFOFOFOF EVERYEVERYEVERYEVERY SKY=SKY=SKY=SKY= 500500500500WALKWALKWALKWALK YEARYEARYEARYEAR ====

500500500500 *0.12938711*0.12938711*0.12938711*0.12938711

====

64.6935554364.6935554364.6935554364.69355543 LIGHTLIGHTLIGHTLIGHT SECONDSSECONDSSECONDSSECONDS

THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENTHETHETHETHEEARTHEARTHEARTHEARTHPLANETPLANETPLANETPLANETANDANDANDAND

THETHETHETHE SUNSUNSUNSUN ====WALKWALKWALKWALK YEARYEARYEARYEAR **** 3750375037503750

=38789.280=38789.280=38789.280=38789.280 **** 3750375037503750 ==== 145145145145 459459459459 800800800800 KMKMKMKM

WHILEWHILEWHILEWHILE NASANASANASANASANUMBERNUMBERNUMBERNUMBER ISISISIS ==== 149149149149 600600600600 000000000000 KMKMKMKM

THETHETHETHERADIUSRADIUSRADIUSRADIUS OFOFOFOF THETHETHETHE SKIESSKIESSKIESSKIES ANDANDANDANDEARTH=EARTH=EARTH=EARTH= (EARTH(EARTH(EARTH(EARTH

PLANETPLANETPLANETPLANETDIAMETER/2)DIAMETER/2)DIAMETER/2)DIAMETER/2) ++++ 7000700070007000WALKWALKWALKWALKYEARSYEARSYEARSYEARS

=(=(=(=( 12756.2/2)12756.2/2)12756.2/2)12756.2/2) ++++ 7000*7000*7000*7000* 38789.28038789.28038789.28038789.280 KMKMKMKM

====

(((( 6378.16378.16378.16378.1 )))) ++++ 271271271271 524524524524 960960960960 KMKMKMKM

==== 271271271271 531531531531 338.1338.1338.1338.1 KMKMKMKM

THETHETHETHERADIUSRADIUSRADIUSRADIUS ININININ LIGHTLIGHTLIGHTLIGHT SECONDSSECONDSSECONDSSECONDS ====

==== 905.7310511905.7310511905.7310511905.7310511 LIGHTLIGHTLIGHTLIGHT SECONDSSECONDSSECONDSSECONDS
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=15.09551752=15.09551752=15.09551752=15.09551752 LIGHTLIGHTLIGHTLIGHT MINUTESMINUTESMINUTESMINUTES

THETHETHETHEDIAMETERDIAMETERDIAMETERDIAMETEROFOFOFOFTHETHETHETHE SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIES ANDANDANDANDTHETHETHETHE

EARTHEARTHEARTHEARTH

==== 2*2*2*2* THETHETHETHERADIUSRADIUSRADIUSRADIUS

==== 30.1910350430.1910350430.1910350430.19103504 LIGHTLIGHTLIGHTLIGHT MINUTESMINUTESMINUTESMINUTES

THISTHISTHISTHIS MEANSMEANSMEANSMEANS THATTHATTHATTHAT SOMESOMESOMESOMEPLANETSPLANETSPLANETSPLANETS LIKELIKELIKELIKE JUPITER,JUPITER,JUPITER,JUPITER,

URANUSURANUSURANUSURANUS ,,,, SATURNSATURNSATURNSATURN ININININ AAAA POSITIONPOSITIONPOSITIONPOSITIONABOVEABOVEABOVEABOVETHETHETHETHE SEVENSEVENSEVENSEVEN

SKY,SKY,SKY,SKY, THETHETHETHEDISTANCEDISTANCEDISTANCEDISTANCEBETWEENBETWEENBETWEENBETWEENEARTHEARTHEARTHEARTHANDANDANDAND JUPITERJUPITERJUPITERJUPITER

ISISISIS 8888 LIGHTLIGHTLIGHTLIGHT HOURS.HOURS.HOURS.HOURS.

THETHETHETHEDEPTHDEPTHDEPTHDEPTHOFOFOFOF "THARA""THARA""THARA""THARA" ==== EARTHEARTHEARTHEARTHPLANETPLANETPLANETPLANETRADIUSRADIUSRADIUSRADIUS

THETHETHETHE """" THARA"THARA"THARA"THARA" ISISISIS THETHETHETHE SEVENSEVENSEVENSEVENLAYERLAYERLAYERLAYERUNDERUNDERUNDERUNDER THETHETHETHE

EARTHEARTHEARTHEARTHSURFACESURFACESURFACESURFACEANDANDANDANDMAYMAYMAYMAY BEBEBEBEUNDERUNDERUNDERUNDERTHETHETHETHE "HELL""HELL""HELL""HELL" ISISISIS

UNDERUNDERUNDERUNDERTHETHETHETHE "THARA"."THARA"."THARA"."THARA".

THETHETHETHETHRONETHRONETHRONETHRONEOFOFOFOFALLAH:ALLAH:ALLAH:ALLAH:

THETHETHETHETHRONETHRONETHRONETHRONEOFOFOFOFALLAHALLAHALLAHALLAH ISISISIS ABOVEABOVEABOVEABOVETHETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTHSKY,SKY,SKY,SKY, IFIFIFIF SOMEONESOMEONESOMEONESOMEONE

ASKEDASKEDASKEDASKED IFIFIFIF EVERYEVERYEVERYEVERY STARSTARSTARSTAR ININININ THETHETHETHE SKYSKYSKYSKY ISISISIS AAAA SOLARSOLARSOLARSOLAR SYSTEM3SYSTEM3SYSTEM3SYSTEM3 ,,,, ANDANDANDAND ININININ

EVERYEVERYEVERYEVERY SOLARSOLARSOLARSOLAR SYSTEMNSYSTEMNSYSTEMNSYSTEMNTHERETHERETHERETHERE ISISISIS AAAA PLANETPLANETPLANETPLANET IT'SIT'SIT'SIT'S NAMENAMENAMENAMEEARTHEARTHEARTHEARTHANDANDANDAND

SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIESASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITH ITITITIT ,,,, ANDANDANDANDTHERETHERETHERETHERE ISISISIS AAAA THRONETHRONETHRONETHRONEOFOFOFOF

ALLAHALLAHALLAHALLAH ABOVEABOVEABOVEABOVETHETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTHSKYSKYSKYSKYASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITHTHATTHATTHATTHAT PLANETPLANETPLANETPLANET

EARTHEARTHEARTHEARTH ,,,, ANDANDANDANDTHERETHERETHERETHEREAREAREAREAREMOREMOREMOREMORETHANTHANTHANTHAN 100100100100 *10^9*10^9*10^9*10^9 GALAXIESGALAXIESGALAXIESGALAXIES ININININ THETHETHETHE

UNIVERSEUNIVERSEUNIVERSEUNIVERSE ,,,, ANDANDANDAND ININININ EVERYEVERYEVERYEVERYGALAXYGALAXYGALAXYGALAXY THERETHERETHERETHEREAREAREAREAREABOUTABOUTABOUTABOUT 100100100100 *10^9*10^9*10^9*10^9
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SOLARSOLARSOLARSOLAR SYSTEMSSYSTEMSSYSTEMSSYSTEMS ,,,, ANDANDANDAND ININININ EVERYEVERYEVERYEVERY SOLARSOLARSOLARSOLAR SYSTEMSYSTEMSYSTEMSYSTEMAAAA PLANETPLANETPLANETPLANET IT'SIT'SIT'SIT'S

NAMENAMENAMENAME "EARTH""EARTH""EARTH""EARTH" SUITABLESUITABLESUITABLESUITABLE FORFORFORFORLIFELIFELIFELIFEANDANDANDAND SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIES

ASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATED WITHWITHWITHWITH ITITITIT ,,,, SOSOSOSOHOWHOWHOWHOWALLAHALLAHALLAHALLAH ISISISIS ONE,ONE,ONE,ONE, THETHETHETHEANSWERANSWERANSWERANSWERISISISIS

THATTHATTHATTHATMAYMAYMAYMAY BEBEBEBEALLALLALLALL THESETHESETHESETHESE THRONESTHRONESTHRONESTHRONES REPRESENTSREPRESENTSREPRESENTSREPRESENTSAAAA ONEONEONEONE THRONETHRONETHRONETHRONE ,,,,

OROROROR THERETHERETHERETHEREAREAREAREAREMANYMANYMANYMANYTHRONES,THRONES,THRONES,THRONES, BUTBUTBUTBUTTHETHETHETHE FACTFACTFACTFACTTHATTHATTHATTHAT ISISISIS :::: IFIFIFIF THETHETHETHE

THRONETHRONETHRONETHRONEISISISIS ONEONEONEONE (((((((( ALLALLALLALL THRONESTHRONESTHRONESTHRONES ININININ THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSEREPRESENTSREPRESENTSREPRESENTSREPRESENTS

ONEONEONEONETHRONE))THRONE))THRONE))THRONE)) OROROROR INSPITEINSPITEINSPITEINSPITEOFOFOFOFMANYMANYMANYMANYTHRONESTHRONESTHRONESTHRONES ;;;; THETHETHETHEGODGODGODGOD

"ALLAH""ALLAH""ALLAH""ALLAH" ISISISIS ONEONEONEONE ....

RESULTSRESULTSRESULTSRESULTS:::: THETHETHETHETHRONETHRONETHRONETHRONEOFOFOFOFALLAHALLAHALLAHALLAHMAYMAYMAYMAY BEBEBEBEREPRESENTSREPRESENTSREPRESENTSREPRESENTSALLALLALLALL

THRONESTHRONESTHRONESTHRONES ININININ THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE ,,,, ORORORORTHERETHERETHERETHEREAREAREAREAREMANYMANYMANYMANYTHRONESTHRONESTHRONESTHRONES BUTBUTBUTBUT

ALLAHALLAHALLAHALLAH ISISISIS ONEONEONEONE ININININ SPITESPITESPITESPITEOFOFOFOF THATTHATTHATTHATTHERETHERETHERETHEREAREAREAREARE MANYMANYMANYMANYTHRONES,THRONES,THRONES,THRONES,

MEANSMEANSMEANSMEANS ININININ SPITESPITESPITESPITEOFOFOFOF THETHETHETHEMULTIPLICITYMULTIPLICITYMULTIPLICITYMULTIPLICITYOFOFOFOFTHETHETHETHETHRONES.THRONES.THRONES.THRONES.

ANDANDANDANDTHETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE ISISISIS BIGGERBIGGERBIGGERBIGGERTHANTHANTHANTHAN THETHETHETHE SEVENSEVENSEVENSEVEN SKIESSKIESSKIESSKIES ANDANDANDANDTHETHETHETHE

EARTHEARTHEARTHEARTHBYBYBYBYBILLIONSBILLIONSBILLIONSBILLIONS BILLIONSBILLIONSBILLIONSBILLIONS BILLIONSBILLIONSBILLIONSBILLIONS TIMES.TIMES.TIMES.TIMES.
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PARTPARTPARTPART 35:35:35:35:

ALLAHALLAHALLAHALLAH ALSOALSOALSOALSO SEESEESEESEE FROMFROMFROMFROMTHETHETHETHE POINTPOINTPOINTPOINTOFOFOFOFVIEWVIEWVIEWVIEWOFOFOFOFTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL

RELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF EINSTEINEINSTEINEINSTEINEINSTEIN -RELATIVITY-RELATIVITY-RELATIVITY-RELATIVITYOFOFOFOFTHETHETHETHE LIGHT-LIGHT-LIGHT-LIGHT-

FINDINGFINDINGFINDINGFINDINGTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOFTHINGSTHINGSTHINGSTHINGSNEARNEARNEARNEAR ALLAHALLAHALLAHALLAH

IIIINNNNTHISTHISTHISTHIS RESEARCHRESEARCHRESEARCHRESEARCH IIII FOUNDFOUNDFOUNDFOUNDTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THINGSTHINGSTHINGSTHINGS ATATATAT ALLAHALLAHALLAHALLAH

FROMFROMFROMFROMTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOF EINSTEINEINSTEINEINSTEINEINSTEINANDANDANDANDTHETHETHETHEKORKORKORKOR''''AN.AN.AN.AN.

ALLAHALLAHALLAHALLAH SAIDSAIDSAIDSAID ININININ HOLYHOLYHOLYHOLYKORKORKORKOR''''ANANANAN :::: (((((((( THETHETHETHEONEONEONEONEDAYDAYDAYDAY ININININ THETHETHETHE NEARNEARNEARNEAROFOFOFOF

ALLAHALLAHALLAHALLAH ASASASAS AAAA 1000100010001000 YEARSYEARSYEARSYEARSOFOFOFOFWHATWHATWHATWHATYOUYOUYOUYOU COMPUTE)).COMPUTE)).COMPUTE)).COMPUTE)). (((( WEWEWEWECOMPUTECOMPUTECOMPUTECOMPUTE

DEPENDINGDEPENDINGDEPENDINGDEPENDINGONONONONEARTHEARTHEARTHEARTHANDANDANDAND SUNSUNSUNSUN ).).).).

ININININ THETHETHETHE ALLAH'SALLAH'SALLAH'SALLAH'S TIMETIMETIMETIMET=1T=1T=1T=1 DAYDAYDAYDAY =1000=1000=1000=1000YEARSYEARSYEARSYEARS (RELATIVITY:(RELATIVITY:(RELATIVITY:(RELATIVITY: WEWEWEWECANCANCANCAN

FINDFINDFINDFINDTHETHETHETHE SPEEDSPEEDSPEEDSPEED (V)(V)(V)(V) OFOFOFOFTHISTHISTHISTHIS ,,,, FROMFROMFROMFROMTHETHETHETHE SPECIALSPECIALSPECIALSPECIALRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF

LIGHTLIGHTLIGHTLIGHT ((SPECIAL((SPECIAL((SPECIAL((SPECIALRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF THETHETHETHEDOCTORDOCTORDOCTORDOCTORALBERTALBERTALBERTALBERTEINSTEIN))EINSTEIN))EINSTEIN))EINSTEIN))

EQUATIONEQUATIONEQUATIONEQUATION ::::

T(V)=T(V=0)*T(V)=T(V=0)*T(V)=T(V=0)*T(V)=T(V=0)* [1-V^2/C^2]^(0.5)[1-V^2/C^2]^(0.5)[1-V^2/C^2]^(0.5)[1-V^2/C^2]^(0.5) ..................EQ.(1)..................EQ.(1)..................EQ.(1)..................EQ.(1)

WHEREWHEREWHEREWHERE ::::

T(V):T(V):T(V):T(V): TIMETIMETIMETIMEOFOFOFOFSPEEDSPEEDSPEEDSPEED (V),(V),(V),(V),

T(V=0)=T(V=0)=T(V=0)=T(V=0)= T0T0T0T0==== TIMETIMETIMETIMEOFOFOFOFWHATWHATWHATWHATMOSTMOSTMOSTMOST PEOPLEPEOPLEPEOPLEPEOPLECOMPUTECOMPUTECOMPUTECOMPUTE ((TIME((TIME((TIME((TIMEOFOFOFOF 0000

SPEED)),SPEED)),SPEED)),SPEED)),

V:V:V:V: SPEEDSPEEDSPEEDSPEED (METERS/SECOND)(METERS/SECOND)(METERS/SECOND)(METERS/SECOND) ,,,,
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ANDANDANDAND

C:C:C:C: THETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHTLIGHTLIGHTLIGHT ININININ VACUUMVACUUMVACUUMVACUUM=2.99792458*10^8=2.99792458*10^8=2.99792458*10^8=2.99792458*10^8

METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND

BYBYBYBY SOLVINGSOLVINGSOLVINGSOLVINGTHETHETHETHEEQUATIONEQUATIONEQUATIONEQUATION (1)(1)(1)(1) FORFORFORFOR (V)(V)(V)(V) WEWEWEWEGET:GET:GET:GET:

V(T)=V(T)=V(T)=V(T)=±±±±CCCC [1-(T^2/T0^2)]^(1/2)[1-(T^2/T0^2)]^(1/2)[1-(T^2/T0^2)]^(1/2)[1-(T^2/T0^2)]^(1/2) ..................EQ.(2)..................EQ.(2)..................EQ.(2)..................EQ.(2)

YOUYOUYOUYOUACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHERELATIVITYRELATIVITYRELATIVITYRELATIVITYASSUNPTIONASSUNPTIONASSUNPTIONASSUNPTIONCANCANCANCANFINDFINDFINDFINDTHETHETHETHE

SPEEDSPEEDSPEEDSPEEDOFOFOFOF THINGSTHINGSTHINGSTHINGSNEARNEARNEARNEAR THETHETHETHELAHOOT,LAHOOT,LAHOOT,LAHOOT,

D=(354*30+11)/30=D=(354*30+11)/30=D=(354*30+11)/30=D=(354*30+11)/30= 10631/3010631/3010631/3010631/30

==== 354.36666666666666666666666666667354.36666666666666666666666666667354.36666666666666666666666666667354.36666666666666666666666666667 DAYSDAYSDAYSDAYS

WHEREWHEREWHEREWHERE(D)(D)(D)(D) REPRESENTSREPRESENTSREPRESENTSREPRESENTS THETHETHETHENUMBERNUMBERNUMBERNUMBEROFOFOFOFDAYSDAYSDAYSDAYS ININININ THETHETHETHEMOONICMOONICMOONICMOONIC

YEARYEARYEARYEAR ((BECAUSE((BECAUSE((BECAUSE((BECAUSE THETHETHETHEKOR'ANKOR'ANKOR'ANKOR'AN ISISISIS ININININ THETHETHETHEMOONICMOONICMOONICMOONICYEARS)):YEARS)):YEARS)):YEARS)):

BYBYBYBYPUTTING:PUTTING:PUTTING:PUTTING: T=1T=1T=1T=1 DAY,DAY,DAY,DAY, T0=1000*354.36666666666666666666666666667T0=1000*354.36666666666666666666666666667T0=1000*354.36666666666666666666666666667T0=1000*354.36666666666666666666666666667

ININININ THETHETHETHEEQUATIONEQUATIONEQUATIONEQUATION (2)(2)(2)(2) WEWEWEWEWILLWILLWILLWILL FINDFINDFINDFINDTHETHETHETHE SPEEDSPEEDSPEEDSPEEDOFOFOFOF THINGSTHINGSTHINGSTHINGSNEARNEARNEARNEAR

THETHETHETHELAHOOT:LAHOOT:LAHOOT:LAHOOT:

FORFORFORFOR 1111 DAY=DAY=DAY=DAY= 1000100010001000 YEARSYEARSYEARSYEARS

V(T)=V(T)=V(T)=V(T)=±±±±CCCC [1-7.9633219301807609486762043491398*10^-12]^(1/2)[1-7.9633219301807609486762043491398*10^-12]^(1/2)[1-7.9633219301807609486762043491398*10^-12]^(1/2)[1-7.9633219301807609486762043491398*10^-12]^(1/2)

V(T)=V(T)=V(T)=V(T)= ±±±± CCCC [0.99999999999203667806981923905132]^(1/2)[0.99999999999203667806981923905132]^(1/2)[0.99999999999203667806981923905132]^(1/2)[0.99999999999203667806981923905132]^(1/2)

V(T)=V(T)=V(T)=V(T)= ±±±± 0.999999999996018339034901692713640.999999999996018339034901692713640.999999999996018339034901692713640.99999999999601833903490169271364CCCC

V(T)=V(T)=V(T)=V(T)= ±±±± 2.99792457998806328072350526246982.99792457998806328072350526246982.99792457998806328072350526246982.9979245799880632807235052624698 *10^8*10^8*10^8*10^8

METERS/SECONDMETERS/SECONDMETERS/SECONDMETERS/SECOND
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PARTPARTPARTPART 36:36:36:36:

THETHETHETHE PROOFPROOFPROOFPROOFOFOFOFOF THETHETHETHE EXISTINGEXISTINGEXISTINGEXISTING OFOFOFOF THETHETHETHE ROADSROADSROADSROADS OFOFOFOF THETHETHETHE SKYSKYSKYSKY

ALLAHALLAHALLAHALLAH SAIDSAIDSAIDSAID :::: (((((((( THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT AREAREAREARE WINDINGWINDINGWINDINGWINDING TOTOTOTO

ALLAHALLAHALLAHALLAH ININININ AAAA DAYDAYDAYDAY ;;;; IT'SIT'SIT'SIT'S MAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDE ISISISIS 50000500005000050000 YEARS)).YEARS)).YEARS)).YEARS)). THISTHISTHISTHIS ISISISIS AAAA

SPECIALSPECIALSPECIALSPECIAL RELATIVITY((1RELATIVITY((1RELATIVITY((1RELATIVITY((1 DAY=DAY=DAY=DAY= 50000500005000050000 YEARS)).YEARS)).YEARS)).YEARS)).

RADIUSRADIUSRADIUSRADIUS OFOFOFOF THETHETHETHE SKIESSKIESSKIESSKIES ANDANDANDAND EARTH=EARTH=EARTH=EARTH= 7777 **** (500+500)WALK(500+500)WALK(500+500)WALK(500+500)WALK YEARSYEARSYEARSYEARS ++++

EARTH'SEARTH'SEARTH'SEARTH'S RADIUSRADIUSRADIUSRADIUS …………………………………………EQ.(1)EQ.(1)EQ.(1)EQ.(1)

WHERE:WHERE:WHERE:WHERE: 7777 ==== NO.OFNO.OFNO.OFNO.OF THETHETHETHE SKIES,SKIES,SKIES,SKIES,

500=500=500=500= THICKNESSTHICKNESSTHICKNESSTHICKNESSOFOFOFOF EACHSKYEACHSKYEACHSKYEACHSKY ,,,,

ANDANDANDAND

500500500500 ==== THETHETHETHE INTERVALINTERVALINTERVALINTERVAL BETWEENBETWEENBETWEENBETWEEN SKIES.SKIES.SKIES.SKIES.

ANDANDANDAND SINCESINCESINCESINCE THETHETHETHE WALKYEARWALKYEARWALKYEARWALKYEAR =1.23*=1.23*=1.23*=1.23* 3600*24*3653600*24*3653600*24*3653600*24*365METERSMETERSMETERSMETERS

=38789280METERS=38789280METERS=38789280METERS=38789280METERS……………………EQ.(2)EQ.(2)EQ.(2)EQ.(2)

RADIUSRADIUSRADIUSRADIUS OFEARTHOFEARTHOFEARTHOFEARTH ==== 12756000/212756000/212756000/212756000/2 ==== 6378000METERS6378000METERS6378000METERS6378000METERS…………………….EQ.(3).EQ.(3).EQ.(3).EQ.(3)

PUTTINGEQ.(2)ANDPUTTINGEQ.(2)ANDPUTTINGEQ.(2)ANDPUTTINGEQ.(2)AND EQ.(3)EQ.(3)EQ.(3)EQ.(3) ININININ EQUATIONEQUATIONEQUATIONEQUATION (1)RESULTS(1)RESULTS(1)RESULTS(1)RESULTS IN:IN:IN:IN:

RADIUSRADIUSRADIUSRADIUS OFTHEOFTHEOFTHEOFTHE SKIESSKIESSKIESSKIES ANDANDANDAND EARTH=EARTH=EARTH=EARTH= 7000*387892807000*387892807000*387892807000*38789280 ++++ 6378000637800063780006378000

==== 2.71524962.71524962.71524962.7152496 **** 10^1110^1110^1110^11 ++++ 6378000637800063780006378000

=2.71531338=2.71531338=2.71531338=2.71531338 *10^11METERS*10^11METERS*10^11METERS*10^11METERS
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THETHETHETHE RADIUSRADIUSRADIUSRADIUS OFTHEOFTHEOFTHEOFTHE SKIESSKIESSKIESSKIES ANDANDANDAND

THETHETHETHE EARTHINEARTHINEARTHINEARTHIN LIGHTLIGHTLIGHTLIGHT SECONDS:SECONDS:SECONDS:SECONDS: =905.7310508=905.7310508=905.7310508=905.7310508 SECONDSSECONDSSECONDSSECONDS

…………………….EQ.(4).EQ.(4).EQ.(4).EQ.(4)

SO;SO;SO;SO;

THETHETHETHE RADIUSRADIUSRADIUSRADIUS OFTHEOFTHEOFTHEOFTHE SKIESSKIESSKIESSKIES ANDANDANDAND THETHETHETHE EARTHINEARTHINEARTHINEARTHIN LIGHTLIGHTLIGHTLIGHT UNITSUNITSUNITSUNITS

==== 15151515 LIGHTLIGHTLIGHTLIGHT MINUTESMINUTESMINUTESMINUTES ++++ 5.73105085.73105085.73105085.7310508 LIGHTLIGHTLIGHTLIGHT SECONDSSECONDSSECONDSSECONDS

………………………………..EQ.(5)..EQ.(5)..EQ.(5)..EQ.(5)

SOTHESOTHESOTHESOTHE LIGHTLIGHTLIGHTLIGHT NEEDSNEEDSNEEDSNEEDS TOTHETOTHETOTHETOTHE TIMEMENSIONEDTIMEMENSIONEDTIMEMENSIONEDTIMEMENSIONED ININININ EQ.(5)EQ.(5)EQ.(5)EQ.(5) TOTOTOTO

TRAVELTRAVELTRAVELTRAVEL FROMFROMFROMFROM THETHETHETHE CENTERCENTERCENTERCENTEROFTHEOFTHEOFTHEOFTHE EARTHEARTHEARTHEARTH TOTOTOTOTHETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTH

SKY.SKY.SKY.SKY.

BUTBUTBUTBUT :::: ININININ SPITESPITESPITESPITE OFTHATOFTHATOFTHATOFTHAT THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT SPEEDSPEEDSPEEDSPEED ISISISIS

HIGHHIGHHIGHHIGH ((SEE((SEE((SEE((SEE THETHETHETHE PARTPARTPARTPART 5))5))5))5))

(V(V(V(V====0.999999999999998407335613963846540.999999999999998407335613963846540.999999999999998407335613963846540.99999999999999840733561396384654 CCCC )))) WEHREWEHREWEHREWEHRE CCCC ISISISIS THETHETHETHE

SPEEDSPEEDSPEEDSPEEDOFOFOFOF LIGHTLIGHTLIGHTLIGHT ININININ VACUUMVACUUMVACUUMVACUUM

BUTBUTBUTBUT THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT TAKETAKETAKETAKE ((ONE((ONE((ONE((ONE DAY))DAY))DAY))DAY)) TOTOTOTO TRAVELTRAVELTRAVELTRAVEL

FROMFROMFROMFROM THETHETHETHE EARTHTOTHEEARTHTOTHEEARTHTOTHEEARTHTOTHE SEVENTHSKYSEVENTHSKYSEVENTHSKYSEVENTHSKY ,,,, 1111 DAYDAYDAYDAY ISISISIS ABOUTABOUTABOUTABOUT 96969696

TIMESTIMESTIMESTIMES THETHETHETHE (1/4)HOURS(1/4)HOURS(1/4)HOURS(1/4)HOURS ,,,, THISTHISTHISTHIS MEANSMEANSMEANSMEANS THATTHATTHATTHAT THEWAYSTHEWAYSTHEWAYSTHEWAYS OFOFOFOF ANGELSANGELSANGELSANGELS

ANDANDANDAND

THETHETHETHE SPIRITSPIRITSPIRITSPIRIT ISMUCHLONGER((ISMUCHLONGER((ISMUCHLONGER((ISMUCHLONGER(( ABOUTABOUTABOUTABOUT 96TIMES))THAN96TIMES))THAN96TIMES))THAN96TIMES))THAN THETHETHETHE

DIRECTDIRECTDIRECTDIRECTWAYWAYWAYWAY FROMEARTHTOTHEFROMEARTHTOTHEFROMEARTHTOTHEFROMEARTHTOTHE SEVENTHSKY,SEVENTHSKY,SEVENTHSKY,SEVENTHSKY,

T=T=T=T= RADIUSRADIUSRADIUSRADIUS OFOFOFOF THETHETHETHE SKIESSKIESSKIESSKIES ANDANDANDAND EARTHEARTHEARTHEARTH ((IN((IN((IN((IN METERS))METERS))METERS))METERS)) //// VVVV

……………………....………….EQ.(6).EQ.(6).EQ.(6).EQ.(6)
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WHERE((V))WHERE((V))WHERE((V))WHERE((V)) ISISISIS THETHETHETHE SPEEDSPEEDSPEEDSPEED OFANGELSOFANGELSOFANGELSOFANGELS ANDANDANDAND THETHETHETHE SPIRIT.SPIRIT.SPIRIT.SPIRIT.

T=905.7310508T=905.7310508T=905.7310508T=905.7310508 SECONDSSECONDSSECONDSSECONDS **** C/(C/(C/(C/(0.999999999999998407335613963846540.999999999999998407335613963846540.999999999999998407335613963846540.99999999999999840733561396384654 C)C)C)C)

TDTDTDTD ==== 905.73105080000144252558793626442905.73105080000144252558793626442905.73105080000144252558793626442905.73105080000144252558793626442 SECONDS.SECONDS.SECONDS.SECONDS.……………………EQ.(7)EQ.(7)EQ.(7)EQ.(7)

THETHETHETHE ((TD))TIME((TD))TIME((TD))TIME((TD))TIME ININININ EQ.(7)EQ.(7)EQ.(7)EQ.(7) ISISISIS THETHETHETHE TIMEREQUIREDBYTIMEREQUIREDBYTIMEREQUIREDBYTIMEREQUIREDBY ANGELSANGELSANGELSANGELS ANDANDANDAND

THETHETHETHE SPIRITSPIRITSPIRITSPIRIT TOTRAVELTOTRAVELTOTRAVELTOTRAVEL FROMFROMFROMFROM EARTHEARTHEARTHEARTH TOTOTOTOTHETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTH SKYSKYSKYSKY IFIFIFIF

THEY((THETHEY((THETHEY((THETHEY((THE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRIT))SPIRIT))SPIRIT))SPIRIT)) GODIRECTLYGODIRECTLYGODIRECTLYGODIRECTLY FROMFROMFROMFROM EARTHEARTHEARTHEARTH

TOTOTOTOTHETHETHETHE SEVENTHSKYSEVENTHSKYSEVENTHSKYSEVENTHSKY ,,,, BUTBUTBUTBUT ALLAHALLAHALLAHALLAH SAIDSAIDSAIDSAID :::: ((IN((IN((IN((IN AAAA DAY)),DAY)),DAY)),DAY)), SOSOSOSOTHEYTHEYTHEYTHEY

GOGOGOGO FROMFROMFROMFROM EARTHEARTHEARTHEARTH TOTOTOTO THETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTH SKYSKYSKYSKY ININININ AAAA ROADROADROADROAD ANDANDANDAND THETHETHETHE

TIMEISTIMEISTIMEISTIMEIS (:1DAY).(:1DAY).(:1DAY).(:1DAY).

TND=1TND=1TND=1TND=1 *24*3600*24*3600*24*3600*24*3600 ==== 86400864008640086400 SECONDSSECONDSSECONDSSECONDS ……………………EQ.(8)EQ.(8)EQ.(8)EQ.(8)

SOALLAHSOALLAHSOALLAHSOALLAH GAVEGAVEGAVEGAVE USUSUSUS :::: THETHETHETHE SPEEDOFSPEEDOFSPEEDOFSPEEDOF THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT

((T=1((T=1((T=1((T=1 DAY,DAY,DAY,DAY, TO=50000TO=50000TO=50000TO=50000 YEARS)),YEARS)),YEARS)),YEARS)), ANDANDANDAND THETHETHETHE PROFFPROFFPROFFPROFF THATTHATTHATTHAT THETHETHETHE SKYSKYSKYSKY ISISISIS

ROADSROADSROADSROADS ((T=1DAY))((T=1DAY))((T=1DAY))((T=1DAY)) ININININ SPITSPITSPITSPIT THATTHATTHATTHAT

((V=((V=((V=((V=0.999999999999998407335613963846540.999999999999998407335613963846540.999999999999998407335613963846540.99999999999999840733561396384654 CCCC)).)).)).)).

T=TND/TDT=TND/TDT=TND/TDT=TND/TD ==== TIMENOTTIMENOTTIMENOTTIMENOT DIRECT/DIRECT/DIRECT/DIRECT/ TIMEDIRECTTIMEDIRECTTIMEDIRECTTIMEDIRECT

T=1*24*3600T=1*24*3600T=1*24*3600T=1*24*3600 SECONDS/905.73105080000144252558793626442SECONDS/905.73105080000144252558793626442SECONDS/905.73105080000144252558793626442SECONDS/905.73105080000144252558793626442

SECONDS.SECONDS.SECONDS.SECONDS.

=95.39255601724796514373518977996=95.39255601724796514373518977996=95.39255601724796514373518977996=95.39255601724796514373518977996 TIMESTIMESTIMESTIMES

THETHETHETHE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT TAKETAKETAKETAKE AAAA ROADROADROADROAD LONGERLONGERLONGERLONGER

(((( 95.3925560172479651437351897799695.3925560172479651437351897799695.3925560172479651437351897799695.39255601724796514373518977996 TIMES)THANTIMES)THANTIMES)THANTIMES)THAN THETHETHETHE DIRECTDIRECTDIRECTDIRECTWAYWAYWAYWAY

FROMTHEFROMTHEFROMTHEFROMTHE EARTHEARTHEARTHEARTH TOTOTOTO THETHETHETHE

SEVENTHSKY.SEVENTHSKY.SEVENTHSKY.SEVENTHSKY. [[[SO[[[SO[[[SO[[[SO THETHETHETHE NUMBERNUMBERNUMBERNUMBER ISISISIS

95.3925560172479651437351897799695.3925560172479651437351897799695.3925560172479651437351897799695.39255601724796514373518977996 NOTNOTNOTNOT 96]]].96]]].96]]].96]]].
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THISTHISTHISTHIS APPROVEAPPROVEAPPROVEAPPROVE THATTHATTHATTHAT THETHETHETHE SKYSKYSKYSKY HAVEHAVEHAVEHAVE ROADS.ROADS.ROADS.ROADS.

IMAMIMAMIMAMIMAM ALIALIALIALI SAIDSAIDSAIDSAID :::: ((ASKME((ASKME((ASKME((ASKME ABOUTABOUTABOUTABOUT THETHETHETHE ROADSROADSROADSROADS OFOFOFOF THETHETHETHE SKY,SKY,SKY,SKY, IIII

KNOWKNOWKNOWKNOWTHEMTHEMTHEMTHEM MOREMOREMOREMORE THANTHANTHANTHAN THETHETHETHE ROADSROADSROADSROADS OFOFOFOF EARTH)).EARTH)).EARTH)).EARTH)).

RESULTS:THERESULTS:THERESULTS:THERESULTS:THE ANGELSANGELSANGELSANGELS ANDANDANDAND THETHETHETHE SPIRITSPIRITSPIRITSPIRIT TAKETAKETAKETAKE AAAA ROADROADROADROAD LLLLONGERONGERONGERONGER

(((( 95.3925560172479651437351897799695.3925560172479651437351897799695.3925560172479651437351897799695.39255601724796514373518977996 TIMES)TIMES)TIMES)TIMES) THANTHANTHANTHAN THETHETHETHE DIRECTDIRECTDIRECTDIRECTWAYWAYWAYWAY

FROMFROMFROMFROM THETHETHETHE EARTHEARTHEARTHEARTH TOTOTOTO THETHETHETHE SEVENTHSEVENTHSEVENTHSEVENTH SKY.THISSKY.THISSKY.THISSKY.THIS APROVEAPROVEAPROVEAPROVE THATTHATTHATTHAT

THERETHERETHERETHERE AREAREAREARE ROADSROADSROADSROADS FORFORFORFOR THETHETHETHE SKY.SKY.SKY.SKY.
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PARTPARTPARTPART 37:37:37:37:

THETHETHETHEMEANINGMEANINGMEANINGMEANINGOFOFOFOF"EINSTEIN""EINSTEIN""EINSTEIN""EINSTEIN"

EINSTEINEINSTEINEINSTEINEINSTEIN ISISISIS AAAA DEUTSCHDEUTSCHDEUTSCHDEUTSCHWORDWORDWORDWORDCONTAININGCONTAININGCONTAININGCONTAININGOFOFOFOF TWOTWOTWOTWOWORDSWORDSWORDSWORDS

EINSTEINEINSTEINEINSTEINEINSTEIN ==== EINEINEINEIN ++++ STEINSTEINSTEINSTEIN ..................EQ.(1)..................EQ.(1)..................EQ.(1)..................EQ.(1)

IFIFIFIFWEWEWEWETRANSLATEDTRANSLATEDTRANSLATEDTRANSLATEDTHETHETHETHEABOVEABOVEABOVEABOVEEQUATIONEQUATIONEQUATIONEQUATION TOTOTOTOENGLISHENGLISHENGLISHENGLISHTHENTHENTHENTHENWEWEWEWE

GET:GET:GET:GET:

THETHETHETHE STONESTONESTONESTONE ==== THETHETHETHE ++++ STONESTONESTONESTONE ........................EQ.(2)........................EQ.(2)........................EQ.(2)........................EQ.(2)

(EIN)(EIN)(EIN)(EIN)MEANSMEANSMEANSMEANS (THE)(THE)(THE)(THE) ,,,, ANDANDANDANDTHETHETHETHE (STEIN)(STEIN)(STEIN)(STEIN)MEANSMEANSMEANSMEANS (STONE)(STONE)(STONE)(STONE)ORORORORTHERTHERTHERTHER

MANMANMANMANWHOWHOWHOWHOLIVESLIVESLIVESLIVES NEARNEARNEARNEAR THETHETHETHE STONE.STONE.STONE.STONE.

DEUTCHDEUTCHDEUTCHDEUTCH ENGLISHENGLISHENGLISHENGLISH

................................................................ ....................................................................................................................................................................................................................................................................................................................................................................................................................

EINEINEINEIN THETHETHETHE

STEINSTEINSTEINSTEIN STONESTONESTONESTONE ,,,, ORORORORAAAAMANMANMANMANWHOWHOWHOWHO LIVESLIVESLIVESLIVES NEARNEARNEARNEAR THETHETHETHE STONESTONESTONESTONE

NOTE:NOTE:NOTE:NOTE: STONESTONESTONESTONEMAYMAYMAYMAY BEBEBEBEREFERSREFERSREFERSREFERSTOTOTOTOTHETHETHETHE (ROCK(ROCK(ROCK(ROCKDOME)DOME)DOME)DOME) ININININ PALESTINE,PALESTINE,PALESTINE,PALESTINE,
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SOSOSOSO THETHETHETHEEINSTEINEINSTEINEINSTEINEINSTEIN ISISISIS AAAA FAMILYFAMILYFAMILYFAMILY ININININ GERMANY.GERMANY.GERMANY.GERMANY.
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PARTPARTPARTPART 38:38:38:38:

THETHETHETHEORIGIONORIGIONORIGIONORIGIONOFOFOFOFALBERTALBERTALBERTALBERTEINSTEINEINSTEINEINSTEINEINSTEIN

AAAASHKENAZISHKENAZISHKENAZISHKENAZI JEWSJEWSJEWSJEWS (ASHKENAZIC(ASHKENAZIC(ASHKENAZIC(ASHKENAZIC JEWSJEWSJEWSJEWSORORORORASHKENAZIM)ASHKENAZIM)ASHKENAZIM)ASHKENAZIM) :::: AREAREAREARETHETHETHETHE

JEWSJEWSJEWSJEWSDESCENDEDDESCENDEDDESCENDEDDESCENDEDFROMFROMFROMFROMTHETHETHETHEMEDIEVALMEDIEVALMEDIEVALMEDIEVAL JEWISHJEWISHJEWISHJEWISHCOMMUNITIESCOMMUNITIESCOMMUNITIESCOMMUNITIES

ALONGALONGALONGALONGTHETHETHETHERINERINERINERINE ININININGERMANYGERMANYGERMANYGERMANYFROMFROMFROMFROMALSACEALSACEALSACEALSACE ININININ THETHETHETHE SOUTHSOUTHSOUTHSOUTHTOTOTOTO

THETHETHETHERHINELANDRHINELANDRHINELANDRHINELAND ININININ THETHETHETHENORTH.NORTH.NORTH.NORTH.

LORELEYLORELEYLORELEYLORELEYROCKROCKROCKROCKININININ RHINELAND-RHINELAND-RHINELAND-RHINELAND- PALATINATEPALATINATEPALATINATEPALATINATE

THETHETHETHERHINERHINERHINERHINE (RHEIN)(RHEIN)(RHEIN)(RHEIN) RIVERRIVERRIVERRIVER
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THETHETHETHE RHINERHINERHINERHINERIVERRIVERRIVERRIVER

THETHETHETHENAMENAMENAMENAMEASHKENAZIASHKENAZIASHKENAZIASHKENAZI DERIVESDERIVESDERIVESDERIVES FROMFROMFROMFROMTHETHETHETHEBIBLICALBIBLICALBIBLICALBIBLICAL FIGUREFIGUREFIGUREFIGUREOFOFOFOF

ASHKENAZ,ASHKENAZ,ASHKENAZ,ASHKENAZ, THETHETHETHE FIRSTFIRSTFIRSTFIRST SONSONSONSONOFOFOFOFGOMER,GOMER,GOMER,GOMER, ANDANDANDANDAAAA JAPHETICJAPHETICJAPHETICJAPHETIC

PATRIARCHPATRIARCHPATRIARCHPATRIARCH ININININ THETHETHETHETABLETABLETABLETABLEOFOFOFOFNATIONSNATIONSNATIONSNATIONS (GENESIS(GENESIS(GENESIS(GENESIS10).10).10).10).

ININININ THETHETHETHEHEBREWHEBREWHEBREWHEBREWBIBLEBIBLEBIBLEBIBLE ,,,, ASHKENAZASHKENAZASHKENAZASHKENAZWASWASWASWAS THETHETHETHE FIRSTFIRSTFIRSTFIRSTSONSONSONSONOFOFOFOFGOMER,GOMER,GOMER,GOMER,

GOMERGOMERGOMERGOMERWASWASWASWAS THETHETHETHEGRANDSONGRANDSONGRANDSONGRANDSONOFOFOFOFNOAHNOAHNOAHNOAH THROUGHTHROUGHTHROUGHTHROUGH JAPHETH.JAPHETH.JAPHETH.JAPHETH.

ASHKENAZASHKENAZASHKENAZASHKENAZ SONSONSONSONOFOFOFOFGOMERGOMERGOMERGOMERSONSONSONSONOFOFOFOF JAPHETHJAPHETHJAPHETHJAPHETHSONSONSONSONOFOFOFOFTHETHETHETHE PROPHETPROPHETPROPHETPROPHET

NOAH.NOAH.NOAH.NOAH.

JAPHETHJAPHETHJAPHETHJAPHETH ISISISIS YAPHETHYAPHETHYAPHETHYAPHETH
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THETHETHETHETABLETABLETABLETABLEOFOFOFOFNATIONSNATIONSNATIONSNATIONS MEANSMEANSMEANSMEANSTHETHETHETHE SONSSONSSONSSONSOFOFOFOFNOAH.NOAH.NOAH.NOAH.

ININININ THETHETHETHERABBINICRABBINICRABBINICRABBINIC LITERATURE,LITERATURE,LITERATURE,LITERATURE, THETHETHETHEKINGDOMKINGDOMKINGDOMKINGDOMOFOFOFOFASHKENAZASHKENAZASHKENAZASHKENAZWASWASWASWAS

FIRSTFIRSTFIRSTFIRSTASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITHTHETHETHETHE SCYTHIANSCYTHIANSCYTHIANSCYTHIANREGION,REGION,REGION,REGION, THENTHENTHENTHENLATERLATERLATERLATER

WITHWITHWITHWITHTHETHETHETHE SLAVICSLAVICSLAVICSLAVIC TERRITORIES,TERRITORIES,TERRITORIES,TERRITORIES, ANDANDANDAND ,,,, FROMFROMFROMFROMTHETHETHETHE 11111111THTHTHTH CENTURYCENTURYCENTURYCENTURY

ONWARDSONWARDSONWARDSONWARDSWITHWITHWITHWITHNORTHENNORTHENNORTHENNORTHENEUROPEEUROPEEUROPEEUROPEANDANDANDANDGERMANY.GERMANY.GERMANY.GERMANY. LATER,LATER,LATER,LATER, JEWSJEWSJEWSJEWS

LIVINGLIVINGLIVINGLIVING ININININ THESETHESETHESETHESEREGIONSREGIONSREGIONSREGIONS ASSOCIATEDASSOCIATEDASSOCIATEDASSOCIATEDWITHWITHWITHWITHASHKENAZ'SASHKENAZ'SASHKENAZ'SASHKENAZ'S

KINGDOMKINGDOMKINGDOMKINGDOMTHUSTHUSTHUSTHUSCAMECAMECAMECAMETOTOTOTOCALLCALLCALLCALLTHEMSELVESTHEMSELVESTHEMSELVESTHEMSELVES THETHETHETHEASHKENAZI.ASHKENAZI.ASHKENAZI.ASHKENAZI.

LATER,LATER,LATER,LATER, JEWSJEWSJEWSJEWSFROMFROMFROMFROMWESTERNWESTERNWESTERNWESTERNANDANDANDANDCENTRALCENTRALCENTRALCENTRALEUROPEEUROPEEUROPEEUROPEALSOALSOALSOALSOCAMECAMECAMECAME

TOTOTOTOBEBEBEBECALLEDCALLEDCALLEDCALLED ASHKENAZIASHKENAZIASHKENAZIASHKENAZI BECAUSEBECAUSEBECAUSEBECAUSE THETHETHETHEMAINMAINMAINMAIN CENTERSCENTERSCENTERSCENTERSOFOFOFOF

JEWISHJEWISHJEWISHJEWISH LEARNINGLEARNINGLEARNINGLEARNINGWEREWEREWEREWERELOCATEDLOCATEDLOCATEDLOCATED ININININ GERMANY.GERMANY.GERMANY.GERMANY.

ASHKENAZIASHKENAZIASHKENAZIASHKENAZI JEWSJEWSJEWSJEWS ==== 80%80%80%80%OFOFOFOF THETHETHETHE JEWSJEWSJEWSJEWSOFOFOFOF THETHETHETHEWORLD.WORLD.WORLD.WORLD.

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://en.wikipedia.org/wiki/Ashkenazi_Jewshttp://en.wikipedia.org/wiki/Ashkenazi_Jewshttp://en.wikipedia.org/wiki/Ashkenazi_Jewshttp://en.wikipedia.org/wiki/Ashkenazi_Jews

http://en.wikipedia.org/wiki/Ashkenazi_Jews
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PARTPARTPARTPART 39:39:39:39:

ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEINCERTIFICATECERTIFICATECERTIFICATECERTIFICATEATATATAT THETHETHETHEAGEAGEAGEAGEOFOFOFOF 17171717

AARGAUAARGAUAARGAUAARGAUKANTONSSCHULEKANTONSSCHULEKANTONSSCHULEKANTONSSCHULE

ALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEINCERTIFICATECERTIFICATECERTIFICATECERTIFICATEATATATATTHETHETHETHEAGEAGEAGEAGEOFOFOFOF 17,17,17,17,

SHOWINGSHOWINGSHOWINGSHOWINGHISHISHISHIS FINALFINALFINALFINALGRADESGRADESGRADESGRADESFROMFROMFROMFROMTHETHETHETHEAARGAUAARGAUAARGAUAARGAU KANTONSSCHULEKANTONSSCHULEKANTONSSCHULEKANTONSSCHULE

(ON(ON(ON(ONAAAA SCALESCALESCALESCALE OFOFOFOF1-6)1-6)1-6)1-6)

REFERENCEREFERENCEREFERENCEREFERENCE :::: http://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einsteinhttp://en.wikipedia.org/wiki/Albert_Einstein
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PARTPARTPARTPART 40404040

THETHETHETHEGENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOF LIGHTLIGHTLIGHTLIGHT MANUSCRIPTMANUSCRIPTMANUSCRIPTMANUSCRIPT

OFOFOFOFALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEIN

GENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYMANUSCRIPTMANUSCRIPTMANUSCRIPTMANUSCRIPT

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

http://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManuschttp://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManuschttp://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManuschttp://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManusc

ript.jpgript.jpgript.jpgript.jpg

http://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManuscript.jpg
http://upload.wikimedia.org/wikipedia/en/c/c3/GeneralRelativityTheoryManuscript.jpg
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PARTPARTPARTPART41414141

THETHETHETHEETHERETHERETHERETHER

IIII PREPAREDPREPAREDPREPAREDPREPAREDTHISTHISTHISTHIS PARTPARTPARTPART JUSTJUSTJUSTJUST TOTOTOTOUNDERSTANDUNDERSTANDUNDERSTANDUNDERSTAND

THETHETHETHEALBERT'SALBERT'SALBERT'SALBERT'S EINSTEINEINSTEINEINSTEINEINSTEIN FIRSTFIRSTFIRSTFIRST PAPERPAPERPAPERPAPER

BECAUSEBECAUSEBECAUSEBECAUSETHETHETHETHE PHYSICSPHYSICSPHYSICSPHYSICSEXPERIMENTSEXPERIMENTSEXPERIMENTSEXPERIMENTS APROVEDAPROVEDAPROVEDAPROVEDTHATTHATTHATTHATTHETHETHETHEETHERETHERETHERETHER

HASHASHASHASNONONONOEXISTENCEEXISTENCEEXISTENCEEXISTENCE

(1)(1)(1)(1) LIGHTLIGHTLIGHTLIGHT MUSTMUSTMUSTMUSTBEBEBEBE INTERPRETEDINTERPRETEDINTERPRETEDINTERPRETEDASASASAS AAAA VIBRATORYVIBRATORYVIBRATORYVIBRATORYPROCESSPROCESSPROCESSPROCESS ININININANANANAN

ELASTIC,ELASTIC,ELASTIC,ELASTIC, INERTINERTINERTINERTMEDIUMMEDIUMMEDIUMMEDIUM FILLINGFILLINGFILLINGFILLINGUPUPUPUP UNIVERSALUNIVERSALUNIVERSALUNIVERSAL SPACE.SPACE.SPACE.SPACE. ITITITIT ALSOALSOALSOALSO

SEEMEDSEEMEDSEEMEDSEEMEDTOTOTOTOBEBEBEBEAAAA NECESSARYNECESSARYNECESSARYNECESSARYCONSEQUENCECONSEQUENCECONSEQUENCECONSEQUENCEOFOFOFOF THETHETHETHE FACTFACTFACTFACTTHATTHATTHATTHAT

LIGHTLIGHTLIGHTLIGHT ISISISIS CAPABLECAPABLECAPABLECAPABLEOFOFOFOFPOLARISATIONPOLARISATIONPOLARISATIONPOLARISATIONTHATTHATTHATTHAT THISTHISTHISTHISMEDIUMMEDIUMMEDIUMMEDIUM ,,,, THETHETHETHE

ETHERETHERETHERETHERMUSTMUSTMUSTMUSTBEBEBEBEOFOFOFOF THETHETHETHENATURENATURENATURENATUREOFOFOFOF SSSS SOLIDSOLIDSOLIDSOLID BODY,BODY,BODY,BODY, BECAUSEBECAUSEBECAUSEBECAUSE

TRANSVERSETRANSVERSETRANSVERSETRANSVERSEWAVESWAVESWAVESWAVES AREAREAREARENOTNOTNOTNOT POSSIBLEPOSSIBLEPOSSIBLEPOSSIBLE ININININ AAAA FLUID,FLUID,FLUID,FLUID, BUTBUTBUTBUTONLYONLYONLYONLY ININININ AAAA

SOLID.SOLID.SOLID.SOLID. THUSTHUSTHUSTHUS THETHETHETHE PHYSICISTSPHYSICISTSPHYSICISTSPHYSICISTSWEREWEREWEREWEREBOUNDBOUNDBOUNDBOUNDTOTOTOTOARRIVEARRIVEARRIVEARRIVEATATATAT THETHETHETHE

THEORYTHEORYTHEORYTHEORYOFOFOFOF THETHETHETHE "QUASI-RIGID""QUASI-RIGID""QUASI-RIGID""QUASI-RIGID" LUMINIFEROUSLUMINIFEROUSLUMINIFEROUSLUMINIFEROUS ETHER,ETHER,ETHER,ETHER,THETHETHETHE PARTSPARTSPARTSPARTS

OFOFOFOFWHICHWHICHWHICHWHICHCANCANCANCANCARRYCARRYCARRYCARRYOUTOUTOUTOUTNONONONOMOVEMENTSMOVEMENTSMOVEMENTSMOVEMENTS RELATIVELYRELATIVELYRELATIVELYRELATIVELY TOTOTOTOONEONEONEONE

ANOTHERANOTHERANOTHERANOTHEREXCEPTEXCEPTEXCEPTEXCEPTSMALLSMALLSMALLSMALL MOVEMENTSMOVEMENTSMOVEMENTSMOVEMENTSOFOFOFOFDEFORMATIONDEFORMATIONDEFORMATIONDEFORMATIONWHICHWHICHWHICHWHICH

CORRESPONDCORRESPONDCORRESPONDCORRESPONDTOTOTOTOLIGHTLIGHTLIGHTLIGHT -WAVES.-WAVES.-WAVES.-WAVES.

ININININ THETHETHETHE FIZEAUFIZEAUFIZEAUFIZEAU EXPERIMENTEXPERIMENTEXPERIMENTEXPERIMENT ONEONEONEONEWASWASWASWASOBLIGEDOBLIGEDOBLIGEDOBLIGEDTOTOTOTO INFERINFERINFERINFERTHATTHATTHATTHAT

THETHETHETHELUMINIFEROUSLUMINIFEROUSLUMINIFEROUSLUMINIFEROUS ETHERETHERETHERETHERDOESDOESDOESDOES NOTNOTNOTNOTTAKETAKETAKETAKE PARTPARTPARTPART ININININ THETHETHETHE
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MOVEMENTSMOVEMENTSMOVEMENTSMOVEMENTSOFOFOFOF BODIES,BODIES,BODIES,BODIES, THISTHISTHISTHIS ISISISIS AAAA FUNDAMENTALFUNDAMENTALFUNDAMENTALFUNDAMENTAL IMPORTANCEIMPORTANCEIMPORTANCEIMPORTANCEININININ

THETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITY.RELATIVITY.RELATIVITY.RELATIVITY. THETHETHETHE PHENOMENONPHENOMENONPHENOMENONPHENOMENONOFOFOFOF

ABERRATIONABERRATIONABERRATIONABERRATIONALSOALSOALSOALSO FAVOUREDFAVOUREDFAVOUREDFAVOUREDTHETHETHETHETHEORYTHEORYTHEORYTHEORYOFOFOFOFTHETHETHETHEQUASI-RIGIDQUASI-RIGIDQUASI-RIGIDQUASI-RIGID

ETHER.ETHER.ETHER.ETHER.

(2)(2)(2)(2) THETHETHETHEETHERETHERETHERETHER APPEARSAPPEARSAPPEARSAPPEARSASASASAS BEARERBEARERBEARERBEAREROFOFOFOF ELECTROMANETICELECTROMANETICELECTROMANETICELECTROMANETIC FIELDS.FIELDS.FIELDS.FIELDS.

(3)(3)(3)(3) LORENTZLORENTZLORENTZLORENTZ SUCCEEDEDSUCCEEDEDSUCCEEDEDSUCCEEDED ININININ REDUCINGREDUCINGREDUCINGREDUCINGALLALLALLALL ELECTROMAGNETICELECTROMAGNETICELECTROMAGNETICELECTROMAGNETIC

HAPPENINGSHAPPENINGSHAPPENINGSHAPPENINGS TOTOTOTOMAXWELL'SMAXWELL'SMAXWELL'SMAXWELL'S EQUATIONEQUATIONEQUATIONEQUATION FORFORFORFORFREEFREEFREEFREE SPACE.SPACE.SPACE.SPACE.

(4)(4)(4)(4) THETHETHETHE SPACE-TIMESPACE-TIMESPACE-TIMESPACE-TIMETHEORYTHEORYTHEORYTHEORYANDANDANDANDTHETHETHETHEKINEMATICSKINEMATICSKINEMATICSKINEMATICSOFOFOFOF THETHETHETHE

SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYEREEREEREEREMODELLEDMODELLEDMODELLEDMODELLEDONONONONTHETHETHETHE

MAXWELL-LORENTZMAXWELL-LORENTZMAXWELL-LORENTZMAXWELL-LORENTZTHEORYTHEORYTHEORYTHEORYOFOFOFOF THETHETHETHEELECTROMAGNETICELECTROMAGNETICELECTROMAGNETICELECTROMAGNETIC FIELD.FIELD.FIELD.FIELD.

(5)(5)(5)(5) THETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYDOESDOESDOESDOESNOTNOTNOTNOT COMPELCOMPELCOMPELCOMPELUSUSUSUS TOTOTOTO

DENYDENYDENYDENYETHER.ETHER.ETHER.ETHER.

(6)(6)(6)(6) THETHETHETHERECOGNITIONRECOGNITIONRECOGNITIONRECOGNITIONOFOFOFOFTHETHETHETHE FACTFACTFACTFACTTHATTHATTHATTHATEMPTYEMPTYEMPTYEMPTY SPACESPACESPACESPACEININININ ITSITSITSITS

PHYSICALPHYSICALPHYSICALPHYSICALRELATIONRELATIONRELATIONRELATION ISISISIS NEITHERNEITHERNEITHERNEITHERHOMOGENEOUSHOMOGENEOUSHOMOGENEOUSHOMOGENEOUSNORNORNORNOR ISOTROPICISOTROPICISOTROPICISOTROPIC

COMPELLINGCOMPELLINGCOMPELLINGCOMPELLINGUSUSUSUS TOTOTOTODESCRIBEDESCRIBEDESCRIBEDESCRIBE ITSITSITSITS STATESTATESTATESTATEBYBYBYBYTENTENTENTENFUNCTIONSFUNCTIONSFUNCTIONSFUNCTIONS (((( THETHETHETHE

GRAVITATIONGRAVITATIONGRAVITATIONGRAVITATION POTENTIALSPOTENTIALSPOTENTIALSPOTENTIALS ggggμυμυμυμυ),),),), hashashashas finallyfinallyfinallyfinally disposeddisposeddisposeddisposed ofofofof thethethethe viewviewviewview thatthatthatthat spacespacespacespace

isisisis physicallyphysicallyphysicallyphysically empty.empty.empty.empty.

(7)(7)(7)(7) THETHETHETHEETHERETHERETHERETHEROFOFOFOF THETHETHETHEGENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY ISISISIS AAAA

MEDIUMMEDIUMMEDIUMMEDIUMWHICHWHICHWHICHWHICH ISISISIS ITSELFITSELFITSELFITSELFDEVOIDDEVOIDDEVOIDDEVOID OFOFOFOFALLALLALLALL MECHANICALMECHANICALMECHANICALMECHANICAL ANDANDANDAND

KINEMATICALKINEMATICALKINEMATICALKINEMATICALQUALITIES,QUALITIES,QUALITIES,QUALITIES, BUTBUTBUTBUTHELPSHELPSHELPSHELPS TOTOTOTODETERMINEDETERMINEDETERMINEDETERMINE

MECHANICALMECHANICALMECHANICALMECHANICAL (AND(AND(AND(ANDELECTROMAGNETIC)ELECTROMAGNETIC)ELECTROMAGNETIC)ELECTROMAGNETIC)EVENTS.EVENTS.EVENTS.EVENTS.

(8)(8)(8)(8) WHATWHATWHATWHAT ISISISIS FUNDAMENTALLYFUNDAMENTALLYFUNDAMENTALLYFUNDAMENTALLY NEWNEWNEWNEWININININ THETHETHETHEETHERETHERETHERETHEROFOFOFOF THETHETHETHE

GENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITYASASASASOPPOSEDOPPOSEDOPPOSEDOPPOSEDTOTOTOTOTHETHETHETHEETHERETHERETHERETHEROFOFOFOF

LORENTZLORENTZLORENTZLORENTZCONSISTSCONSISTSCONSISTSCONSISTS ININININ THIS,THIS,THIS,THIS, THATTHATTHATTHAT THETHETHETHE STATESTATESTATESTATEOFOFOFOF THETHETHETHE FORMERFORMERFORMERFORMER ISISISIS

ATATATAT EVERYEVERYEVERYEVERYPLACEPLACEPLACEPLACEDETERMINEDDETERMINEDDETERMINEDDETERMINEDBYBYBYBYCONNECTIONSCONNECTIONSCONNECTIONSCONNECTIONSWITHWITHWITHWITHTHETHETHETHE

MATTERMATTERMATTERMATTER ANDANDANDANDTHETHETHETHE STATESTATESTATESTATEOFOFOFOF THETHETHETHEETHERETHERETHERETHER ININININNEIGHBOURINGNEIGHBOURINGNEIGHBOURINGNEIGHBOURING

PLACES,PLACES,PLACES,PLACES,WHICHWHICHWHICHWHICHAREAREAREAREAMENABLEAMENABLEAMENABLEAMENABLE TOTOTOTOLAWLAWLAWLAW ININININ THETHETHETHE FORMFORMFORMFORMOFOFOFOF
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DIFFERENTIALDIFFERENTIALDIFFERENTIALDIFFERENTIAL EQUATIONS;EQUATIONS;EQUATIONS;EQUATIONS;WHEREASWHEREASWHEREASWHEREAS THETHETHETHE STATESTATESTATESTATEOFOFOFOFTHETHETHETHE

LORENTZIANLORENTZIANLORENTZIANLORENTZIAN ETHERETHERETHERETHER ININININ THETHETHETHE ABSENCEABSENCEABSENCEABSENCEOFOFOFOF ELECTROMAGNETICELECTROMAGNETICELECTROMAGNETICELECTROMAGNETIC

FIELDSFIELDSFIELDSFIELDS ISISISIS CONDITIONEDCONDITIONEDCONDITIONEDCONDITIONEDBYBYBYBYNOTHINGNOTHINGNOTHINGNOTHINGOUTSIDEOUTSIDEOUTSIDEOUTSIDE ITSELF,ITSELF,ITSELF,ITSELF, ANDANDANDAND ISISISIS

EVERYWHEREEVERYWHEREEVERYWHEREEVERYWHERETHETHETHETHE SAME.SAME.SAME.SAME.

(9)(9)(9)(9) THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE SPATIALLYSPATIALLYSPATIALLYSPATIALLY UNBOUNDEDUNBOUNDEDUNBOUNDEDUNBOUNDEDANDANDANDANDOFOFOFOF FINITEFINITEFINITEFINITE

MAGNITUDE,MAGNITUDE,MAGNITUDE,MAGNITUDE, IT'SIT'SIT'SIT'SMAGNITUDEMAGNITUDEMAGNITUDEMAGNITUDEBEINGBEINGBEINGBEINGDETERMINEDDETERMINEDDETERMINEDDETERMINEDBYBYBYBYTHETHETHETHEVALUEVALUEVALUEVALUE

OFOFOFOF IT'SIT'SIT'SIT'SMEANMEANMEANMEANDENSITY.DENSITY.DENSITY.DENSITY.

(10)(10)(10)(10) THENTHENTHENTHENFORFORFORFORTHETHETHETHE FIRSTFIRSTFIRSTFIRST TIMETIMETIMETIMETHETHETHETHEEPOCHEPOCHEPOCHEPOCHOFOFOFOF THETHETHETHETHEORETICALTHEORETICALTHEORETICALTHEORETICAL

PHYSICSPHYSICSPHYSICSPHYSICS FOUNDEDFOUNDEDFOUNDEDFOUNDEDBYBYBYBYFARADAYFARADAYFARADAYFARADAY ANDANDANDANDMAXWELLMAXWELLMAXWELLMAXWELLWOULDWOULDWOULDWOULDREACHREACHREACHREACHAAAA

SATISFACTORYSATISFACTORYSATISFACTORYSATISFACTORYCONCLUSION.CONCLUSION.CONCLUSION.CONCLUSION. THETHETHETHECONTRASTCONTRASTCONTRASTCONTRASTBETWEENBETWEENBETWEENBETWEENETHERETHERETHERETHER

ANDANDANDANDMATTERMATTERMATTERMATTERWOULDWOULDWOULDWOULDFADEFADEFADEFADEAWAYAWAYAWAYAWAY ,,,, AND,AND,AND,AND, THROUGHTHROUGHTHROUGHTHROUGHTHETHETHETHEGENERALGENERALGENERALGENERAL

THEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITY,RELATIVITY,RELATIVITY,RELATIVITY, THETHETHETHEWHOLEWHOLEWHOLEWHOLEOFOFOFOF PHYSICSPHYSICSPHYSICSPHYSICSWOULDWOULDWOULDWOULDBECOMEBECOMEBECOMEBECOME

COMPLETECOMPLETECOMPLETECOMPLETE SYSTEMSYSTEMSYSTEMSYSTEMOFOFOFOF THOUGHT,THOUGHT,THOUGHT,THOUGHT, LIKELIKELIKELIKE GEOMETRY,GEOMETRY,GEOMETRY,GEOMETRY, KINEMATICS,KINEMATICS,KINEMATICS,KINEMATICS,

ANDANDANDANDTHETHETHETHETHEORYTHEORYTHEORYTHEORYOFOFOFOFGRAVITATION.GRAVITATION.GRAVITATION.GRAVITATION.

(11)(11)(11)(11) ACCORDINGACCORDINGACCORDINGACCORDINGTOTOTOTOTHETHETHETHEGENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORYOFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY SPACESPACESPACESPACE

WITHOUTWITHOUTWITHOUTWITHOUTETHERETHERETHERETHER ISISISIS UNTHINKABLE;UNTHINKABLE;UNTHINKABLE;UNTHINKABLE; FORFORFORFOR ININININ SUCHSUCHSUCHSUCHSPACESPACESPACESPACETHERETHERETHERETHERE

NOTNOTNOTNOTONLYONLYONLYONLYWOULDWOULDWOULDWOULD BEBEBEBENONONONOPROPAGATIONPROPAGATIONPROPAGATIONPROPAGATIONOFOFOFOFLIGHT,LIGHT,LIGHT,LIGHT, BUTBUTBUTBUTALSOALSOALSOALSO NONONONO

POSSIBILITYPOSSIBILITYPOSSIBILITYPOSSIBILITYOFOFOFOF EXISTENCEEXISTENCEEXISTENCEEXISTENCE FORFORFORFOR STANDARDSSTANDARDSSTANDARDSSTANDARDSOFOFOFOFSPACESPACESPACESPACEANDANDANDANDTIMETIMETIMETIME

(MEASURING-(MEASURING-(MEASURING-(MEASURING-RODSRODSRODSRODSANDANDANDANDCLOCKS),CLOCKS),CLOCKS),CLOCKS), NORNORNORNOR THEREFORETHEREFORETHEREFORETHEREFOREANYANYANYANY SPACE-SPACE-SPACE-SPACE-

TIMETIMETIMETIMEINTERVALSINTERVALSINTERVALSINTERVALS ININININ THETHETHETHE PHYSICALPHYSICALPHYSICALPHYSICAL SENSE.SENSE.SENSE.SENSE. THETHETHETHE IDEAIDEAIDEAIDEAOFOFOFOFMOTIONMOTIONMOTIONMOTION

MAYMAYMAYMAYNOTNOTNOTNOTBEBEBEBEAPPLIEDAPPLIEDAPPLIEDAPPLIEDTOTOTOTO IT.IT.IT.IT.

REFERENCE:REFERENCE:REFERENCE:REFERENCE:

www.orgonelab.org/EtherDrift/Einstein1920.pdfwww.orgonelab.org/EtherDrift/Einstein1920.pdfwww.orgonelab.org/EtherDrift/Einstein1920.pdfwww.orgonelab.org/EtherDrift/Einstein1920.pdf
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PARTPARTPARTPART42424242

THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSEEXPANSIONEXPANSIONEXPANSIONEXPANSION

THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE EXPANDSEXPANDSEXPANDSEXPANDS ANDANDANDAND SLOWSSLOWSSLOWSSLOWSTOTOTOTO INFINITYINFINITYINFINITYINFINITY ,,,, NEVERNEVERNEVERNEVER

STOPPINGSTOPPINGSTOPPINGSTOPPINGORORORORREVERSINGREVERSINGREVERSINGREVERSING IT'SIT'SIT'SIT'S EXPANSION.EXPANSION.EXPANSION.EXPANSION.

POINTSPOINTSPOINTSPOINTS ISISISIS SPACE-TIMESPACE-TIMESPACE-TIMESPACE-TIMEHAVEHAVEHAVEHAVE TIMELIKETIMELIKETIMELIKETIMELIKE SEPARATIONSEPARATIONSEPARATIONSEPARATIONR=vtR=vtR=vtR=vt FROMFROMFROMFROM

THETHETHETHEBIGBIGBIGBIGBANGBANGBANGBANG ....

SCALESCALESCALESCALE R=vtR=vtR=vtR=vt EXPANDSEXPANDSEXPANDSEXPANDS ASASASAS tttt INCREASES,INCREASES,INCREASES,INCREASES, ITSITSITSITS EXPANSIONEXPANSIONEXPANSIONEXPANSION SLOWEDSLOWEDSLOWEDSLOWEDBYBYBYBY

GRAVITATION.GRAVITATION.GRAVITATION.GRAVITATION. GRAVITATIONGRAVITATIONGRAVITATIONGRAVITATION FURTHERFURTHERFURTHERFURTHERREQUIRESREQUIRESREQUIRESREQUIRESTHATTHATTHATTHAT vvvv ANDANDANDAND tttt

BEBEBEBERELATEDRELATEDRELATEDRELATEDBY:BY:BY:BY:

GM=tGM=tGM=tGM=t v^3v^3v^3v^3

G=NEWTO'SG=NEWTO'SG=NEWTO'SG=NEWTO'S CONSTANCONSTANCONSTANCONSTAN ,,,,

M=M=M=M=MASSMASSMASSMASSOFOFOFOF THETHETHETHEUNIVERSE,UNIVERSE,UNIVERSE,UNIVERSE,

t=t=t=t= AGEAGEAGEAGE OFOFOFOFTHETHETHETHEUNIVERSE.UNIVERSE.UNIVERSE.UNIVERSE.

R=GM/R=GM/R=GM/R=GM/ (v^2)(v^2)(v^2)(v^2)

R(t)=(GM)^(1/3)R(t)=(GM)^(1/3)R(t)=(GM)^(1/3)R(t)=(GM)^(1/3) t^(2/3)t^(2/3)t^(2/3)t^(2/3)

NOTE:NOTE:NOTE:NOTE: THETHETHETHEUNIVERSEUNIVERSEUNIVERSEUNIVERSE EXPANSIONEXPANSIONEXPANSIONEXPANSIONOBEYSOBEYSOBEYSOBEYS THETHETHETHEGENERALGENERALGENERALGENERALTHEORYTHEORYTHEORYTHEORY

OFOFOFOFRELATIVITYRELATIVITYRELATIVITYRELATIVITY OFOFOFOFLIGHTLIGHTLIGHTLIGHT NOTNOTNOTNOTTHETHETHETHE SPECIALSPECIALSPECIALSPECIAL THEORYTHEORYTHEORYTHEORYOFOFOFOF

RELATIVITYRELATIVITYRELATIVITYRELATIVITYOFOFOFOFLIGHT.LIGHT.LIGHT.LIGHT.
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I.E.I.E.I.E.I.E. OBJECTSOBJECTSOBJECTSOBJECTS (LIKE(LIKE(LIKE(LIKE STARS,STARS,STARS,STARS, GLAXIES)GLAXIES)GLAXIES)GLAXIES)CANCANCANCANBEBEBEBEOBSERVEDOBSERVEDOBSERVEDOBSERVEDGOGOGOGOAWAYAWAYAWAYAWAY

FROMFROMFROMFROMUSUSUSUS BYBYBYBY cccc ORORORORFASTERFASTERFASTERFASTERTHANTHANTHANTHAN cccc FROMFROMFROMFROMUS.US.US.US.

REFERENCEREFERENCEREFERENCEREFERENCE ::::
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