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Preface

he Vengeanceof Galileo is a provocatie title for anessayandfor a
book. Thetitle maybe misleadingbecausehe leastanybody may
expectof scientists—speciallyof thosethatlay the foundationsof new
elds of knowledge-is thatthey mayat somepointof theirlife become
vindictive.

However, critical thinking implies thinking outsidethe box. Ciritical
thinking requiresto have a different—sometimepersonal-approacho
corventionalideasandfacts.

Thevenganceof Galileoessays aboutthepersonamotivesthatGalileo
mayhave hadwhenheacceptedo abjureof his Copernicandeas.Many

curiousandstrangehingsmaysway in the headof this experiencedsci-

entist,speciallyif heis obligedto abjureof his solidideas experiments,
andobsenationsthatwerethe motivesof all his life. The essays cen-
tral ideais thatthe leastthing he waswilling to do wasto abjureof his

corvictions.

So, his renunciation,even underoath, was to intentionallyimplant a
Trojan horseinto the RomanChurch. In orderto accomplishthis, he
deliberatelyacceptedo signthe abjurationproposedSincethe Church
was much more powerful thanhe was, that sameChurchwill catapult
his ideasinto history andglory. And later into the centuriesthe same
Churchwill be forcedto retractof its actionsand embracethe same
Copernicarheliocentricsystenthatthey condemned.

Whowonin thelongrace?Galileowasthewinner: his abjurationused
asa Trojan horseagainsthis jurors,wasthe victor. Galileo,asalways,
proved to be the greatthinker and beststratgist in a battle that was
goingto befundamentafor centuriesnto thefuture.

The otherarticlesaremoreor lesssimilar critical. Flammarionanoc-
cultist and astronomerEdmundHalley believed in life underground,



Vi

Eddingtontrying to countthe exact amountof certainparticlesin the
Universe!

Finally, Whee doesin nity beggin? —the closingessay-is abouthow
the conceptof in nity —sostrangeasthefourth dimension-canalsobe
a sourceof rich ideasfor artists,writers, and scientist,with a closing
comparisorof thethetwo greatthinkersof thein nitude: Geog Cantor
andJomgeLuis Borges

E. Pérez
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1. The vengeanceof Galileo

GALILEO GALILEI (1564-1642)s widely known for his discoveries
of the Moon craters,four of the Jupiters moons,the so-called
LeaningTower of Pisaexperimentandmary otherimportantscienti ¢
contributionsto astronomymathematicsandphysics.

Galileo is also inevitably connectedwith the “invention” of the tele-
scope,and most notably known by the discorerieshe madewhen he
methodicallybegan observingthe night skieswith the aid of his new
optical artifacts. With his telescopesiwaysunderconstantperfection
—he had attainedfameas a telescopemaker— he also discoveredand
madedrawingsof theMoon's surfaceirregularities lik e cratersandval-
leys. The four moonsof Jupiterthat he discoveredbetween1609and
1610are: lo, Europa,Garymede,and Callisto; thesemoonsare called
the GalileanMoonsin his honot

Thedoubtful“Leaning Tower of Pisaexperiment’supposedlgonsisted
of droppingtwo different-weightballs—andpossiblydifferentmateri-
als: ten,andone poundballs, somesay—from the Leaning Tower of
Pisawith the objective of demonstratinghatthey will hit thegroundat
thesameime, andnotasintuition wouldtell usthattheheavier onewill
hit theground rst.

However, thereis a long debateaboutthe veracity of the narratve of
this experimentbecauséie never mentionsit, andbecauset thattime
therewere no accuratemeansof telling the time differencesvhenthe
balls hit the ground. On the otherhand,similar experimentsaresaidto
becarriedaway by BenedettiGiambattistan 1553andby SimonStevin
in 1586.Maybe,for Galileo, it wasa “thoughtexperiment”.

But thereis onetranscendentavent of life thatinvolvesnot only him
and his experiments,but alsothe clerical authoritiesof his time; it is
the the so-calledindictmentandabjurationof Galileo of his astronom-
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ical ideasbecausehey were againstthe ChristianChurchs teachings.
But beforegoing deepinto this, let us bring into the scenesomeprevi-
oushistoricfactsthatled to the confrontationbetweenGalileo andthe
RomanChurch.

The contribution of Copemicus

NicolausCopernicug1473-1543)s the authorof thebook: De revolu-
tionibusorbiumcoelestiunfOntheRevolutionsoftheCelestialSphees.
In this book he statedthe foundationgor a solid heliocentricsolarsys-
tem wherehe placedthe Sun—and not the Earth, aswas commonly
accepted—atthe centeraboutwhich all otherplanetsarerotating.

It is saidthatherecevedthe rst in hishandshe rst printedsampleof
this bookthe sameyearof his death.

Copernicusbhook—thework of hislife— isin thesmallgroupof books
that haschangedmankinds history The Revolutionsof the Celestial
Spheeshasbroughta long andheateddebatehateventodayfor some
fundamentalispeopleis notfully settled.

However, thework of Copernicuhadmary previouscontritbutionsupon

which Copernicugelied. Amongthemwerethinkersso backin times
asAristarchusof Samog310BC-ca.230BC) —whois consideredhe

true predecessoof Copernicusandthuscalledthe GreekCopernicus,
Seleucugca. 358BC-281BC), JohnPhiloponug490-570)andothers.
But at the time of Copernicusthe Universewasneitherconsideredor

conceved without a center The Earthwasthe centerof the Universe.
Copernicusmain contritution is that he displacedthe Earthfrom this

“centerof the Universe”.However, still for Copernicusthe Earth’s dis-

tanceto the centerof the Universewas small comparedo the sky of

X edstars.

Copernicushad completedhis monumentawork 36 yearsbeforethe
its publication. But he refrainedfrom publishingit on the excusethat
“maybeit wasbetterto follow the exampleof the Pythagoreamandoth-

ers”.
In spiteof that,

...hisgreatwork De Revolutionilbus orbiumcoelestiunwas
publishedat the earnestsolicitation of two distinguished
churchmenCardinalSchémbeg andTiedemanrGiese Bishop
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1. Thevengeancef Galileo 5

of Culm. It wasdedicatedy permissiorto PopePaullll in
order as Copernicusexplained,that it might be thus pro-
tectedfrom the attackswhich it was sureto encounteron
the partof the “mathematicians’{i.e. philosophersjor its
apparentcontradictionof the evidenceof our sensesand
evenof commonsensé.

Statingthatthe Earthis notthecenterof the SolarSystenis notasimple
exerciseof substitutingopnecosmicbodyfor another:the new Coperni-
cus' astronomywasnot a simplegeometricakxerciseof interchanging
pointof references.

Copernicus'new planetarymovementimplied that the Earth was not
static,thatthe Earthwasmoving, andthoseassertionsveredif cult to
believe becausave don't feel any movementunderour feet. Whatwe
daily seeis the Sunrising from onesideof thehorizonandsettingin the
afternoonin the oppositeside.

We don't feel the Earthmoving underusandwe don't feel like moving
to anywhere. In fact, what we feel is like beingat the very centerof
everything. But if everybodyfeelsthe same,thenthereis no single
center sosomekind of opticalillusion mustbe alwayssurroundingus.
At thetime of Copernicustherewasno meanto counterargumenthose
who saidthata moving Earthwould leave its atmospher&ehind.

Copernicudidn't includedary proof thatthe Earthis moving around
the Sunneitherrotatingaroundits own axis: at thattime therewasno
conclusve meanf proving thosefacts.It would take FriedrichBessel
in 1836,andLéonFoucaultin 1851to devisesimpledemonstrationfor

thoseconceptsespecirely.

Soupto here,therewasno confrontatiorbetweerscienceandreligion,
at least,in visible form or with no mayor polemics, mainly because
Copernicus'ideaswere somavhat harmlesspecauset the endof the
roadtherewasno solid physicalevidenceto prove his axioms.

1Gerard,J. (1909). Galileo Galilei. In The Catholic Engyclopedia. New York:
RobertAppletonCompary
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But about a half a century later ...

In March, 1610, Galileo publishedhis little book: SideeusNuncius
(Starry Messengr), the book wherehe includedthe sketcheshe made
of thelunarcratersandhis discoveriesof the moonsof Jupiter Sideeus
isaverysmallbookwith anoticeablylongtitle (SideeusNunciusis just
thebeginning). In thelongtitle of thebook, he useshetermPerspicilli
thatis the plural of Perspicillum, thetermpreviously usedfor telescope
until Della Portaintroducedhetermtelescopiunin 1611.

It is now known that Galileowasnot the rst to usea telescopéo ob-
senetheMoonandto make dravingsof its irregularities but hewasthe
rst to make asystematicompendiunof hisobsenationsandto follow
methodicallythe moonsof Jupiter SomeauthorsnsistthatGalileodid
not fully understoodherealopticalbehaior of thetelescope$ie used,
but therealityis thatthiswasno handicapo useit onthewholeto create

andwrite sucharevolutionarywork.

Theappearancef thisbookimmediatelyunleashe@nacidcontrorersy
for threemainreasons:

1. TheMoon wasshowvn with mary surfaceimperfectionsgcontrary
the scholastidelief of a pureandsmoothroundedsphere.

2. It shovedthatthereis alot of starsunseerby the nakedeye, indi-
rectlyguestioninghebeliefthatthenightheavrenswerecreatedy
Godfor thejoy of thehumankind.In thatis the case thenwhat's
theuseof thosestarsthatcannotbe seenexceptwith telescopes?

3. It shawved that Jupiterhasmoons,so that thereare other “solar
systems’outthere.

Copemicus versusthe Bible, and Galileo ver-
susthe Catholic Church

If Copernicus'book placingthe Sunat the centerof the Solarsystem
—thusremawing the Earthfrom that centralposition—was dedicated
to PopePaul lll andit waswelcomedwhy thenGalileohadsuchabad
luck whenwas calledto the Inquisition court? Well, it was matterof
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1. Thevengeancef Galileo 7

time; somebodysometime,was going to respondfor thosechalleng-
ing ideas. Backin 1616, 0n the Revolutionsof the CelestialSphees
of Copernicusvasplacedin the Church Index of prohibitedbooks*un-
til it werecorrected”. Sothe seedfor a confrontationbetweenscience
andreligion hadalreadygerminatedn Copernicusbook;but now only
Galileowasthereto answetthe questionf the Church.

The oppositionto Copernicusbookandthe confrontationwith Galileo
werepartof two differentcontroversies.

» Martin Luther(1483-1546 andPhilipp MelanchthoropposedCoper
nicuson biblical grounds.

* The RomanChurchopposedo Galileo becauséhis views were
against their traditional supportto Aristotle and the Ptolemaic
geocentrianodel.

The con ict betweenthe Bible and Copernicuswere basedin Bible's
Joshug10:13),

13 And the sunandthe moonstoodstill, till the peoplere-
vengedthemseles of their enemies.ls not this written in
the book of the just? Sothe sunstoodstill in the midst of
hearen,andhastedchotto go down the spaceof oneday

andlsaiah(35:7-8):

7 And this shall be a sign to theefrom the Lord, that the
Lord will do this word which he hathspolen: & Behold|
will bring againthe shadaev of thelines, by whichit is now
gonedown in the sundial of Achazwith the sun,tenlines
backward. And thesunreturnedtenlinesby the degreesby
which it wasgonedown.

In this explicit confrontationof the Bible versesagainst Copernicus,
LutherandMelanchthonnevitably took standagainsthim, andagainst
scienceandreasoningarguing on the basisof purefaith only. Martin
Luther was so corvinced of the credibility of the Bible andthe incor-
ruptibility of the skiesthatheis creditedreferringto cometsas“harlot
starsandworksof thedevil”.

http://ADLab.info


http://4DLab.info

8 E. PEREZ

Onthe otherhand,the confrontationwith Galileowasbasedmainly on
othermorere ned grounds:the physicsof Aristotle. For this,in 1611,
cardinalRobertBellarmine,chief theologianof the Church,asled the
masterJesuitmathematiciangand astronomergo studyin detailsthe
claimsof Copernicusand Galileo for the evident antagonisnwith the
Bible andthe AristotelianandPythagoreamloctrines.

The abjuration of Galileo

ThecontroversybetweerGalileoandthe Jesuit{formerfriendsandad-

mirersof him) grew up an up until he wassummonedo Rome. The

shavdown beganandtook aninevitably impulsethateventodayseems
impossibleto stop. Lots of opinions,researchanddebateis still under
the public consideration.Thereare hundredsof articles,books,paint-

ings,poemsgvendrama,aboutthetrial of Galileo,soour concernhere
is the recantatiortext (the last paragraphs)pecauset summarizeshe

long andagonizinglastdaysof Galileo.

I, Galileo, sonof the late VincenzoGalilei, Florentine,
agedserentyyearsarraignegersonallybeforethistribunal,
andkneelingbeforeyou, Most EminentandReverendLord
Cardinals)nquisitors-Generaginsthereticadepraity the
entireChristiancommonwealthhaving beforemy eyesand
touchingwith my hands,the Holy Gospels,swearthat |
have always believed, do believe, and by God's help will
in the future believe, all thatis held, preachedandtaught
by the Holy Catholicand Apostolic Church. But whereas
—afteraninjunctionhadbeenjudicially intimatedto me by
thisHoly Of ce, totheeffectthatl mustaltogethemabandon
the falseopinionthatthe sunis the centerof theworld and
immovable,andthatthe earthis notthe centerof theworld,
andmoves,andthatl mustnothold, defend or teachin ary
way whatsoeger, verbally or in writing, the saidfalsedoc-
trine, andafterit hadbeennoti ed to methatthe saiddoc-
trine was contraryto Holy Scripture— | wrote and printed
a book in which I discussthis new doctrinealreadycon-
demnedandadduceargumentsof greatcogeny in its fa-
vor, without presentingary solution of these,andfor this

http://ADLab.info
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reason have beenpronouncedy theHoly Of ce to beve-
hementlysuspectedf heresythatis to say of having held
andbelievedthatthe Sunis the centerof theworld andim-
movable,andthatthe earthis notthe centerandmoves:

Therefore,desiringto remove from the minds of your
Eminencesandof all faithful Christiansthisvehemensus-
picion, justly conceved againstme, with sincereheartand
unfeignedfaith | abjure,curse,anddetestthe aforesaider-
rors and heresiesand generallyevery othererror, heresy
andsectwhatsoger contraryto the saidHoly Church,and
| swearthatin the future | will never again say or assert,
verballyor in writing, anything thatmight furnishoccasion
for asimilar suspiciorregardingme; but thatshouldl know
ary heretic,or personsuspecteaf heresyl will denounce
him to this Holy Of ce, or to the Inquisitor or Ordinary of
the placewherel maybe. Further | swearandpromiseto
ful ll andobsere in their integrity all penanceshat have
beenorthatshallbe,imposeduponmeby thisHoly Of ce.
And, in the eventof my contrasening, (which God forbid)
ary of thesemy promisesandoaths,| submitmyselfto all
the painsandpenaltiesmposedandpromulgatedin the sa-
credcanonsandotherconstitutionsgeneralandparticular
againstsuchdelinquents.So help me God, andtheseHis
Holy Gospelswhich | touchwith my hands.

I, thesaidGalileoGalilei, have abjured sworn, promised,
and bound myself as abore; and in witnessof the truth
thereofl have with my own hand subscribedhe present
documenbf my abjuration,andrecitedit word for word at
Rome,in the Conventof Minerva, this twenty-secondlay
of June1633.

I, Galileo Galilei, have abjuredasabove with my own
hand?

2FamousTrials. Recantationof Galileo. University of Missouri-KansasCity
(UMKC) Schoolof Law. http://www.law.umkc.edu/faculty/projects/

http://ADLab.info
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Can sciencebe abjured?

Galileowasthe authorof mary books:the Starry Messengr wasonly

oneof them. Someof the otherworks by him are: Letters on Sunspots
Discourse on the Tides Discourse on the Comets The Assayey Dia-

logueConcerninghe Two ChiefWorld SystemdiscouisesandMathe-
matical DemonstationsRelatingto Two New SciencesThatis, Galileo
was very akin to the “discourses”,so his “abjuration” in front of the
Inquisitionwasmaybehis last,andperhapshis bestdiscourse.

Who canreally trustGalileowhenhe saysthat...

... afteraninjunctionhadbeenjudicially intimatedto meby
thisHoly Of ce, to theeffectthatl mustaltogetheabandon
thefalseopinionthatthe sunis the centerof theworld and
immovable,andthatthe earthis notthe centerof theworld,
andmoves...

Who is abjuring? Galileo? The sameonethat wrote and ardentlyde-
batedin favor of whatis now renouncing?

Galileowasa manof scienceandeven whenhe was“kneeling before
you, Most EminentandReverendLord Cardinalsnquisitors-General”
hewasstill amanof science.But surely asaproli ¢ writer ashewas,
heknew thathiswordsweregoingto be savedfor the posterity like the
StarryMessengr was.

Therefore,by his presencen the Holy Of ce he waswriting the dis-
courseof hislife. His “recanting”hadanunderlyingpurpose:by going
“personallybeforethis tribunal” he wasusingthe Churchpower to po-
sition himselfforever to posterity

Surelyhe envisionedthatsomedayin someunknavn ways,somebody
will de nitely demonstratevhathe andCopernicusvereunableto do.
And thiswasthe case:asmentionedabove, Bessel Foucault,andNew-
ton wereamongthe mary thatlaid the foundationgor a newv andsolid
scienceof theskies,andanew philosoply of scienceébasecdn Coperni-
cus,andGalileo.

But Galileowasalsothe fatherof two nuns;thus,certainly hewasnot
goingto let themsuffer forever for his actions.Paternityis very strong
atthatage(hewas70). Beforehim werehisjurors, but alsoin his mind
wasthe presencef his daughtersyirginia (later SisterMaria Celeste)

http://ADLab.info
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andLivia (later SisterArcangela). He was almostblind, therefore he
hadno intentions—ashe wasimpeded—to write morebooks.Hence,
helet the Churchwrite his lastdiscoursedor him; andthey did it.

Galileoabjuringfrom his science™everin thelife! Sciencecannotbe
abjured.Sciencas notbasedn actsof faith. Sciencecannotbebrought
to therulingsandconclusion®f judges.Scienti ¢ experimentadataju-
dicially andfairly collectedandanalyzedcannotbe negated.Therefore,
theabjurationof Galileowaspossibly... anactof vengeance.
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2. The strangeextraterr estrial
worlds of Camille Flammarion

ICOLAS CAMILLE FLAMMARION (1842-1925)was a Frenchas-
tronomerfounderof the Frend AstronomicalSociety a proli ¢
writer, and an adwocateof the Spiritism, a doctrineheraldedby Allan
Kardec.

Flammariorwasa manin continuoussearchHor new horizonsof under
standingandwasreadyto explore somenon-mainstrearnscienceelds
for the sale of discovering hiddenpathsfor new discoveries. Someof
his booksstill survive becausehey representhe prevalentideasof his
epoch.andin particular theideasof anadwenturerof the night sky, and
thecosmos.

Associatedand sometimesattributedto him —andaboutpicturing the

mysteriougosmos—thereis anenigmaticandperplecing woodcut that

depictsa medieval pilgrim carryinga staf, crossingthe borderof the

known universeand enteringinto anotherworld. This exploreris just

crossingthe boundariesof a bubble, and he is inside this bubble, or

sphereasthe Aristotelianscalledit. The borderof our knowvledgeable
universeis justbeyondthe orbit Moon, andbeyondall visible stars.

The pilgrim's land is almost at, we don't seehigh mountainswe see
just somesmall moundsand organizedhills. The horizonis almosta
straightline. Maybethat's the reasonvhy somecommentatorsaythat
Flammariorwasanadwocateandapropagndistof the at-earth theory
Flammarionbelievedin the at-earththeory?

This assertions quite unbeliezablefor an astronomethat shouldhave
known thaton SeptembeR0, 1519the naval commanderandexplorer
Portuguese-borRerdinandviagellanstartecanexplorationfor thecrown
of Spainwith 5 shipsand256 man.Only oneof the ve shipsmanaged

15
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Un missionnaire du moyen age raconte qu'il avait trouvé le point
ou le ciel et la Terre se touchent...
FIGURE 1. Thewoodcutattributedto Flammarion.Of specialsigni canceis
the upperleft doublewheelintersectingeachother Thatconstructis impossi-
blein our 3D world, but maybefeasiblein a 4D world.

to arrive to Spainagain: it wasthe famousVictoria (Victory) with the
crewv greatlyreducedto only 18 man. Magellandid not completethe
journey becausdne waskilled in the Philippines.It wasJuanSebastian
del Canowho managedo nish the exploration when he arrived on
Septembeb, 1522,to the sameplacefrom wherehe departedthe port
of Sanlucade Barrameda.

Themostimportantfact,from the cosmographicgboint of view, is that
they werealwaystraveling in the samedirection,to the west. Thatex-
pedition settledonce andfor all (althoughthis was not their original
intention)theroundnes®sn the Earth.

TheFlammarions woodcutpictureis saidto have appearedh the Flam-
marionsbook: L'atmosphée: météoologie populaire (TheAtmosphes:
Popular Meteoplogy) in 1888, but its true origin is not settled. The
original artistis unknavn, but possiblyhe worked underFlammarions
supervision.The original gure hadno colors,colorizationwasadded
laterby subsequerdrtistsandamateursthat's thereasorwhy thereare
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differentcoloringschemesor thiswoodengraing. Theartis accompa-
nied by the following Frenchcaption: A mediezal missionarytells that
hehasfoundthe pointwhele heaverand Earth meet.. Well, that's what
we at rst glancesee:a personcrossingthe borderbetweenEarthand
Heaven.

In recentliterature,the cover pageof Daniel Boorstin's The Discover-
ers: A history of man's seach to knowhis world and himself usesthis
woodcutin his cover pageasthe paradigmof all man's searches.To
Boorstin,every searchor discovery is atrip to anothemworld wherethe
nenv ndings may not re ect the searches world. For someotherin-
terestingcolor alterationf this woodcut,seethe at-earth woodcutas
visualrhetoric.

The gure is veryinterestingfor themary elementghatit incorporates.
Note that the pilgrim is crawling from a at Earthinto a world that
seemsto be spherical. From this at Earthrisesa tall tree that may
evoke the myth of the Gardenof Eden. The at Earth, the starsand
planets,even the surprisedSun are enclosednto an all-encompassing
spherghatharmoniouslkeeptogetherthe dayandthenightelements.

Outsideof his boundingsphere—the onethatstill keepshim bounded
to the Earth—everythingis new: thereis no moreEarth,no moreveg-

etation,no moredaysandnights,the starsaredifferent,thereappeaito

be moreandmoreboundingspheresandthevery upperright cornerhe

seeghedoublewheel“described’by Ezekielin the Bible.

The enigmaticEzekiel's double wheel hasbeenrepresentedn mary
illustrationsfor mary centuriesbeforethe “Flammarionwoodcut” was
caned. The descriptionof the so-calledEzekiel's wheelsis found in
Chapterl of Ezekiel15-18andit goeslike this:

As | looked at the living creatures] sav a wheelon the

groundbesideeachcreaturewith its four faces. This was

the appearancandstructureof the wheels: They sparkled
like topaz,andall four looked alike. Eachappearedo be

madelike a wheelintersectinga wheel. As they moved,

they wouldgoin ary oneof thefour directionsthecreatures
faced;the wheelsdid not changedirectionasthe creatures
went. Their rims werehigh andawesomeandall four rims

werefull of eyesall around.
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Thepicturewasdonein 1627,sometwo hundredand fty yearsbefore
Popular Meteoology. The similarity of the wheelsbetweerbothworks
is extreme.Thewheelvision of Ezekielcapturegheimaginationof be-
lieversso powerfully thatby 1900,the ReverendBurrell Cannon from
Texas, saidthat he'd beencalledby Godto replicateEzekiel's Wheel
andtried to build anEzekielWheel ying machine.

It was quite a machine— an almost-circular ying-wing,
with a secondaryower wing belov. The supportingstruc-
turewasa light tubular metalframe. The Book of Ezekiel
had spolen of the constructionbeing“as it were a wheel
within awheel! It'd goneonto say “the spirit of theliving
creaturewasin the wheels. So Cannoncreatedwo pairs
of wheels nestedbelow thewings....

Then,in 1902,oneof Cannons workers e w the machine.
It gainedspeedtook off, seemedo drift in theair, beganvi-
bratingviolently, andthencrashednto afence.The ight,
if you cancall it that,hadcovereda distanceof 167 feet?

ThemachinethatBurrell constructeds very far from thetwo intersect-
ing wheelsmodelthatwe seein FlammarionswoodcutandthatEzekiel
describes.

Returningto thewoodcutthewheelartifactcanbetterdescribedastwo
mutually intersectingwheels,which possibly can move at two direc-
tionsatthe sametime. This spacepilgrim is askingfor helpbecausdne
doesnt understandhenew world heis seeing In this strangewvorld ary-
thing canhappenandthe metaphoiof two mutually intersectingvheel
that canmove in two directionsat the sametime is the perfectoneto
describethe senseandideaof theimpossibleandthe unreachableFor
this reasonthe pilgrim is enteringthis new world on his kneeswith a
humbleattitude;lik e a child askinghis fathera helpinghandto gethim
outof theground.

His passionfor the life in other planetsled Flammarionto write —

amongmary other books —Les Mondeslmaginaires et les Mondes
Reels(TheImaginary and the RealWbrlds) in 1864andLesTerresdu

Ciel (TheEarthsin the Sky) in 1884amongother

3JohnH. Lienhard.EzekielFlys. http://www.uh.edu/engines/epi1855.htm
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2. The strangeextraterrestrialvorlds of Camille Flammarion 19

Among his morethantwenty publications,in 1904, Flammarionpub-
lishedan interestingastronomybook translatedo Englishas: Astron-
omyfor Amateus, but thatin the original Frenchversionthetitle mean-
ing was Astonomyfor Women The book was dedicatedo Madame
C. R. Cavaré,“original memberof the AstronomicalSocietyof France,
Chateawde Mauperthuis. Romanticashewashe nished the Dedica-
tion of thebookwith: “[the book] cannotbebetterplacedthanuponthe
tableof alady whoseeruditionis equalto hervirtues’

Astronomyfor Womenwasanastronomybookasthestateof thisscience
wasatthattime with lot of illustrations,constellatioranddiagramsand
we will not go into it exceptfor two curiousillustrationsincludedin
the book. The book waswritten for womenin honorof mary women
astronomerfie mentions Amongthemare:

 St. Catherineof Alexandria,admiredfor herlearning,herbeauty
andhervirtue. Shewasmartyredn thereignof MaximinusDaza,
aboutthe year 312, and hasgiven her nameto one of the lunar
rings.

* ThecelebratedemalemathematiciamadameHortensed_epaute,
bornin 1723,who collaboratedvith Clairautin theimmensecal-
culationsby which he predictedthereturnof Halley's Comet.

» TheMarquisedu Chateletvasnolessrenovned... To her, among
other things, we owe a precious,and indeedthe only French,
translationof Newton's greatwork on universalgravitation, the
famousPrincipia, and shewas, with Voltaire, an eloquentprop-
agator of the theory of attraction, rejectedat that time by the
AcadémiedesSciences.

» Marie Agnesi, who delivered haranguesn Latin, and was ac-
guaintedwith sevenlanguagesandfor whom mathematicseld
no secrets.

* Nor mustwe omit Miss CarolineHerschel,...shediscoreredno
lessthansevzencometsherself.
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The other worlds of Camille Flammarion

Maybethetitle of the bookwasin uenced by the works of his second
wife GabrielleRenaudofFlammariorwho wasalsoanastronomerFor
his worksin obsenrationalastronomythereis a crateron Mars named

in herhonor

The pictureshovn wascaptioned
TheEarthviewedfromMars. Ob-

viously, he tacitly assumedhat
thereis life in Mars. The veg-

etation, palmsand pine treesare
clearly seen. In the distanthori-

zonwe seesomelight raysfrom a

sunset.

In completeanalogywith the re-
ality we seehereon Earth,when
Venusis visible duringsunsetsto
the Martians the Earth must be
visible during somesunsets.The
following excerptfrom the book
areareferencdo thethis gure:

Amongthe ne§t an(fj FIGURE 2: Although beinga contem-
most Interesting o porary astronomerFlammariontacitly

thecelestialphenom- assumedhattherewaslife onMars.
ena admired by the

Martians, at certain

epochoftheyear —

now at night whenthe Sunhasplungedinto his ery bed,
now in the morning, a little beforethe aurora,—isa mag-
ni cent starof rst magnitudenever far removedfrom the
orb of day, which presentso themthesameaspectasdoes
Venusto oursehes. This splendidorb, which hasdoubt-
lessrecevedthemost attering namesrom thosewho con-
templateit, this radiantstar of a beautiful greenishblue,
coursesn spaceaccompaniedby alittle satellite,sparkling
like somesplendiddiamond,after sunset,n the clearsky
of Mars. This superborb is the Earth, andthe little star
accompaning it is theMoon.
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The*“splendidorb” heis takingaboutis the Earthnearthe centerof the
gure.

Yes,to the Martiansour Earthis a starof the morningand
evening;doubtlesghey have determinecherphasesMany
avow, andmary ahopemusthave beenwaftedtowardher,
morethanonebrokenheartmusthave permittedits unreal-
izeddreamdo wanderforth to our planetasto anabodeof
happinessvhereall who have sufferedin their native world
might nd ahaven.But our planet,alas!is notasperfectas
they imagine.

Respecto life in otherworlds,Flammarionis moresplendidin his con-
victions:

The substancef the terrestrialhumanbody is dueto the
elementsf our planet,andnotablyto carbon. The terres-
trial humanform derives from the ancestralnimal forms
to which it has gradually raiseditself by the continuous
progres®f thetransformatiorof speciesTo usit seem®ob-

viousthatwe aremanor woman,becauseve have a head,
a heart,lungs, two legs, two arms,andso on. Nothingis

lessa matterof course.Thatwe areconstitutedaswe are,
is simply theresultof our pro-simianancestoriaving also
hadaheadaheartlungs,legs,andarms—Iles®legantthan
your own, it is true,Madam,but still of the sameanatomy

In this paragraphhe exposedhis evolutionist corvictions, and to the
dismayof his lady, he is assertinghatwe all aretied to, andevolved
from, ancestrakrvironmentalconditions.

But his corvictionsareextrapolatedo otherworlds,becausevery con-
ceivableworld is subjectto the samephysical laws. In the next para-
graphFlammarionis playingwith themary possibldife formsandevo-
lution mechanisms.

The multitude of worlds is surely peopledby every imag-
inableandunimaginabldorm. Terrestrialmanis endaved
with ve sensespr perhapsit is betterto say six. Why
shouldNaturestop at this point? Why, for instance may
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shenot have givento certainbeingsan electricalsensea
magneticsensea sensef orientationanorganableto per
ceive the etherealibrationsof theinfra-redor ultra-violet,
or permittedthemto hearat a distance,or to seethrough
walls? We eatanddigestlike coarseanimals,we areslaves
to our digestve tube: may therenot be worldsin which a
nutritive atmospherenablests fortunateinhabitantgo dis-
pensewith this absurdprocessheleastsparrav, eventhe
dusky bat,hasanadwantageoverusin thatit can y through
theair. Think how inferior areour conditions sincetheman
of greatesgenius,the mostexquisitewoman,arenailedto
thesoil like arny vulgar caterpillarbeforeits metamorphosis!

Evenwhenheassume# the paragraphabove thatwe aredescendants
of 'pro-simianancestors'hebelievesthatwe mustbesomethingspecial
in this planet.

... the manof greatesgenius,the mostexquisite woman,
are nailedto the soil like any vulgar caterpillarbeforeits
metamorphosis.

In thenext paragrapineexposesheargumentknown asthe Copernican
principle thatstateghatthe Earthis notin a central,speciallyfavoured
position. This principleis simply an extensionof thefactthatthe Earth
is notthe centerof the solarsystemthusour positionin placeandtime
is not an exceptionalone. Furtherextensionsandmodi cationsto this
philosophicalschoolsare the Anthropic Principle, and the Mediocrity
Principle. Let's seehow heexposedhisideas.

One important point seemsalways to be ignored ex-
presslyby thosewho blindly dery the doctrineof the plu-
rality of worlds. It is thatthis doctrinedoesnot apply more
particularlyto the presenepochthanto any other Eternity
is the eld of the EternalSower. Thereis no reasonwhy
the otherworlds shouldbe inhabitednow morethanat ary
otherepoch.

To pretendthat our globe mustbe the only inhabited
world becaus¢heothersdonotresemblat, is to reasonnot
like a philosopherbut, aswe remarled before,like a sh.
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Every rational sh oughtto assumehatit is impossibleto
live out of water sinceits outlookandits philosopty do not
extendbeyondits daily life. Thereis noanswetto thisorder
of reasoningexceptto advisea little wider perceptionand
extensionof thetoo narrav horizonof habitualideas.

The Anthropic Principle is an attemptto explain the obsered factthat
thefundamentatonstant®f physicsandchemistryarejustrightor ne-
tunedto allow the universeandlife at we know it to exist. Somehwy,
thelaws andconstant®f naturearein necessargquilibriumto produce
andsustairlife sothatatleasoneof thisformscanobsere andquantify
the constantandthe equilibrium.

Ontheotherhand thisprinciplestateghatthereis nothingspecialbout
humansor the Earth.

Going backto the Copernicugimes, the dethronemenof the Earthas
thefavorite of God's creationimplied therise of the Mediocrity Princi-
ple: we arejustoneof themanipulationandtheoutcomeof thephysical
laws overanin nite timein anin nite place.

An easyway to rememberhow many daysare
in eachmonth of the year

Anotherillustration| wantto bringto thereaderss moremundaneand
notsoromanticasthewoodcutabove, but it is morepractical.

Whenl wasakid andl neededo remembethedaysof themonthsof the
calendarmy mothertaughtmeto usethe knucklesof my hands.It was
asimpletrick thatl hadlong forgotten,but to my surprise Flammarion
includedin his Astonomyfor Womena gure of how to rememberit
easily Seehow easyis to remembethow mary dayseachone of the
calendamonthshas. Note thatin this gure every moth correspond-
ing to aknucklehas31 days,andthateachoneof the monthsbetween
knucklesareof 30 dayseach,exceptFebruarythatsometimess 28 or
29days.

As anoccasionatommentaryjhe obsenresthat:

Returningto the calendayit mustbe remarledin conclu-
sion, that the humanracehasnot exhibited greatsensen
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FIGURE 3: Usingthehandknucklesto remembethedaysof themonths.

xing the New Yearon Januaryl. No moredisagreeable
seasorcouldhave beenselected.

Thesemonthsagain,areunequalasevery oneknows. Wit-
nesghesimpleexpedieniof rememberinghelongandshort
months by closingtheleft handandcountingtheknobsand
hollows of the st, the former correspondingo the long
months,the latter to the short: rst knob = January; rst
hollow, Februarysecondknob,March;andsoon.

It is a pity thatour modernscienceextbooksdo not mentionthose“ro-
mantic” passagesf thehistoryof science Mainstreamastronomergre
in afreneticraceto nd planetsin otherplacesvery far away from our
Solarsystembut theirsearcharejustfor applicationf theirmathemat-
ical formulas,andnobodyis searching—in the spirit of Flammarion—
for vegetationin othersystems.If Flammarionwerealive andwith ac-
cessthe modernintricatetelescopespossiblyhe would still be looking
for life whereverthereis, in ary possibleform.

At the endof the road, summarizingFlammarions productionwe can
go backto the famous‘woodcut” andconcludethatthe pilgrim in this
gure is Flammarionhimself. He exploredthe skies,annotatedts stars
andplanets,decipheredhe cometsandthe atmosphereHe wentwith

histelescopendwith hisfertile imaginatiorwhereotherauthoramaybe
never thoughtof, or wereafraid of writing aboutit. He venturedto the
impossibleworlds beyond the limiting atmosphereand broughtback

http://ADLab.info


http://4DLab.info

2. The strangeextraterrestrialvorlds of Camille Flammarion 25

captivatingstoriesfrom otherworlds. For his times,andfor mostof his
readershewasthe messengefrom theskies.

Kevin Krisciunas,in his article: Strange Casesfrom the Files of As-
tronomicalSociolgy mentionsthe following aboutthe admirationthat
Flammariorroseamonghis fans:

TheFrenchastronomypopularizeiCamilleFlammarion(1842-
1925)wasthelove objectof a Frenchcountessvho died at
ayoungageof tuberculosis.They never even met, but the
youngwomanmadeanunusualrequesto herdoctor—that
whenshedied he would cut a large pieceof skin from her
back andbring it to Flammarionwith the requestthat he
have it tannedandthatit beusedto bind a copy of his next
book. (Part of thereasornwasthatthe womanhada picture
of Flammariontatooedon herself!) And so it happened.
Flammarions rst copy of Terresdu Ciel was so bound,
with aninscriptionin goldin thefront cover:

Piousful llment of ananorymouswish. Bindingin hu-
manskin (woman)1882%

This bizarre anecdoteeemembersme that maybeis true the lemmal
oncesaw atthebeginningof abook:

Yes, there are other worlds, but all of themare within this
one

4CERNDocumentSener. StrangeCasedrom the Files of AstronomicalSociol-
ogy.
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OK, Mr. Einstein, but how
do you prove that your
proof is correct?

A questioningEinstein© 2010
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3. The subterraneanworld of
Edmond Halley

EDM OND HALLEY (1656-1742)onceraisedthe questionaboutthe

possibilitythatthe Earthmightbehollow atits center Thisis nota
crazyideaafterall. At its mostelementaryevel, thepresencef caverns
andcavesall aroundtheworld leadsusto askourseheshow deepthey
canbe,andeventhepossibilityof nding asufciently bigundeground
chambercrossingthe whole planetfrom onesideto the oppositeside.

Canwe talk of scienti c irresponsibility this time by EdmundHalley,
whenheassertedhatour planetEarthmustbehollow, with innershells,
andeveninhabitantonthem?

Let us recall that, at the beginning of the modernatomic theory the
atomswerestill mentallyconceved assomekind of microscopicsolid
spheresuntil Niels Bohr introducedthe atommodelof a small positive
chage surroundedy electrondraveling in orbitsaroundit. Until then
practically nobodyimaginedthat all the atomsare essentiallyhollow
spheresthatevery atomis almost‘empty”.

Onthe otherhand,the Solar Systemis alsoan almostemptystructure.
Soit is easyto carry this modelto othersystemsasif the naturewere
obligedto stick to oneworking systemandto usethe samebodiescon-
guration everywhere.

Halley's comet

Among the recentphilosophersand scientistsHalley is one the most
renavnedfor having at sometime duringhislife beinganadwcateand
supporteof thenotionof a hollow Earth.However, suchandideahasa
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long trail becauseén someavhat rudimentarywaysthe sameconception
wasalreadyproposedy Plato,Aristotle, Lucretius,SenecaandDante.

Halley is bestknown for his predictionof the returnof a comet,now

familiarly recognizedas: the Halley's comet Throughoutall history
cometshave madetheir unexpectedappearancesighteningpeopleand
in mostcasedearingfor badomens.But possibly nobodythoughtthat
someof thosebad portentswere oneandthe same. It doesnt take to

be an astronometo have realizedthatthat cometwasvisiting us peri-

odically. Maybe an acute-mindedistoriancould have donethe same
prediction;at leasta roughapproximation.

It tooktheanalyticmind of EdmondHalley to realizethatamongall the
cometstoriesandobsenations,onein particularwasthesamecometre-
turningaftera 75-76yearsperiod. Thisis alandmarkin itself, however,
it was also an extensionof the fact that the planetsare also periodic,
makingthemsometimewisible andsometimesot.

What make cometsto returnis thatthey follow an elliptic orbit; some
kind of pathlike the one other planetsfollow, but greatly* attened”.
During a completeorbit, they comenearthe Sunandthat's the reason
why they arevisible for shorttime. Oncethey go away from the Sun,it
may take hundred=f yearsto comeagain. However, it wasnot Halley
the rst to proposethat the cometsmove in elliptical orbits; this was
proposedby Giovanni Borelli and RobertHooke in 1665, and earlier
thanthat, by Sir William Lowerin 1610.

The Bayeuxtapestry

TheBayeuxtapestryis astory230ft long, rst exhibitedatthe Bayeux
cathedralin 1077, thatincludesthe passingof a comet(shavn at top
nearthe center). The Bayeuxtapestryis the story of a battle,but in its
detailsis embroideredhe momentthata cometis crossingover the sky
(Click on the gure to seeit larger). The cometwas possiblyvisible
during several nights. Note thatthe embroiderershat worked with the
tapestrydid not matterincluding the cometasif it werevisible during
thedaytime.Thismaybedueto thefactthat,undersomecircumstances,
andspeciallya big oneasthis,acometcanbevisible in daytime.There
are somespectaculahistorical comets,like the GreatCometof 1811
(Flaugegues) thatwasobseredfor 17 months.
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The cometary phenomenahas
been recorded in mary ways
throughhistory by mary civiliza-

tions. Theinclusionof a passing
cometin theBayeuxtapestryis an
unusuakxampleof this.

The word “comet” comesfrom
the Greek kometesthat means
“hairy one”. In the Bayeux
Tapestrythe cometis depictedas
such: the cometis a star with

hairs; makingmorehonorto the ¢,z 1. The Bayeuxtapestryis a
traditionthanto thespectaclebe- pjstory a battle,but amidthe ghting a

causesurely the comettail was cometappearedThatcometmay have
very long. The cometwe seein beenthe Halley's comet.

the artwork is the sameone that
laterHalley recognizedsarecur
ring comet.

Halley, the geoplysicist

Halley becamanstantlyfamousfor his prediction,but hewasa manof
mary elds of investigations,andnot only astronomyscience.Among
his otherinterestshewasa geoplysicist. As geoplysicist,hewasinter-
estedn themagneticeld of the Earth. While compilingdatafor some
geomagneti@lots, and becausdhe datanearthe Earth's poleswere
dif cult to obtain,andbecaus®f hiscompassbnormaleadingshear
rived atthewrong conclusionthatthe Earthinterior wasnot fully solid
(or at most, of uniform density). He put forth the ideathat the excep-
tionalandunusualkcompasseadingsverecausedy someinterference
from the interior of the Earth. Somehav, therecould be otherspheres
within the Earth, with their own magneticpolesthat wereintervening
with thetwo Earthpoles:

The Globeof the Earthmight be supposedo be onegreat
Magnet,having four MagneticalPolesor Pointsof Attrac-
tion.
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Herewe have the caseof a brilliant scientisjumpingto aweird conclu-
sionin orderto justify thecompasseadingshewascollecting.

But Halley's opinion abouta hollow Earthwasnot dueonly to his ac-
countof the Earth's magneticeld. Therewasanothelimportantfactor
in uencing this theory: it wasthe computationthat Newton madeof
the Earthto Moon massratio in his PrincipiaMathematica.From the
Newton's computatiorof this ratio, andfrom the geomagnetiéinesde-
viation was that Halley arrived at the conclusionthat the Earth must
hollow, becausevhatever wascausingthe deviation must...

turn aboutthe Centreof the Globe, having its Centreof
Gravity xt andimmoveablein the samecommonCentre
of the Earth,but detachedrom the externalparts.

Of what type of subterraneanbodieswas Hal-
ley thinking?

Halley madesomeastonishingcomputations:the Earth's outer crust
thicknessnustbe some500 mileswith anair gap of the samethickness
betweent andtheinnersphere.But how canthis happensvithout the

inner spherecolliding with the outer shell? Simple —at lest for him:

just seethe exampleof Saturnandits outerrings; seehow comfortable
they survive for millions of years! By analogy therecould be another
concentricglobeinsidethehollow Earth.

But whataboutthe oceans?Could the seas'waterleak avay by some
earthquak? For how muchtime the Earth could be hollow? Don't
mind aboutthat: within the groundthereexistedsomekind of “vitriolic
particles”that can contritute to rocksformationso that water o wing
down would soon nd its pathblocked.

The theory of a hollow Earththat Halley publishedin 1692 waswel-
comedby severalscientistf his time to suchanextentthat:

William Whiston,a mathematiciamndclericthatsenedas
Newton's assistanandthe successoasLucasianprofessor

5Grif n, D. Whatcuriosityin thestructue: Thehollow Earthin science Bucknell
University Departmentf Geograph. urlhttp://www/facstaf.bucknell.edu/dgrif/
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at Cambridge,not only acceptedHalley's theory but be-
lieved the sun,otherplanets,andcometsto be hollow and
inhabitedaswell.

Yes, for Whiston,and mary other*“scientists”and philosophersof the
time, the Earthwasnot only hollow, but inhabitedaswell.

Newton never supportedheideaof anonion-like Earth.

Halley wasrepeatingKepler's solar system

About a century before Halley, JohanneKepler createdhis famous
model for the orbits of the known planets. He inscribedand nested
eachorbit (sphere)in proportionto the planets orbit diameter Thus
heinscribedMercury, Venus,Earth,Mars, Jupiter and Saturn. Kepler
wassearchingor somekind of divine interventionin the planets posi-
tion andorbit size. Theremustbe a geometricaplan for the universe.
The con guration he achiered was publishedin his book: Mysterium
Cosmgraphicum(The Cosmographidystery),publishedn 1595.

If we compareHalley's attemptfor explaining the possibility of the
Earthbeinga hollow spherewith the spheredeingin proportionwith

the Mercury, Venus,and Mars diameterswith the work of Kepler we
canimmediatelyseea striking similarity betweenboth. Halley must
have know Kepler's Mysterium..., sowhatHalley did wasaforcedcon-
tinuationof whathefoundin Keplers book. But thereis a cleardiffer-

encebetweerbothastronomerskeplerswork is basedn true orbits of
true planetswhile Halley's concentricspheress not basedon arnything
real,or obsenable. At leastin thisaspecKeplerwasthegeniusHalley
theimitator.

An inhabited underworld?

Halley's reasoningvasnot alwaysscienti c aswe mayexpect: heused
Newton's Principia (publishedwith the backingandsupportof Halley)

for someof his calculationsand someothertheologicalreasoningor

others.
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FIGURE 2: Thefamousengraing whereKeplerdepictsthe Solar Systemas
a perfectgeometricalarrangemenof invisible spheresachone encasinghe
orbit of aplanetwith a uniquecorrespondinglatonicsolid.

A hollow planetwith a concentricsphereswithin is more optimal for

supportingife; twice thechancedor life developingonthe outsideand

ontheinside elds. Thereis moresurfaceto populatewith two spheres
thanwith onesphere.The “Almighty Wisdom” —said Halley— have

arrangedt thisway. That's why he said:

| have adwenturedio make theseSubterraneanrbscapable
of beinginhabited.

Thematterthusdistributedis

to yield asgreata Surfacefor the living Creaturesascan
consistwith the corvenieny assecurityof thewhole.

The 1716borealis

ThePolaraurorasarebeautifulandoverwhelmingandcolorful sky phe-
nomenaOn March6 of 1716,anextraordinaryeventwasvisible in the
northernskiesof Europe,andthis time it wasnot a comet. The Auro-
rasare quite frequentin the regions of the North and Southpoles,but
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onevisible in the lower latitudesare infrequent. Halley obsered the
phenomenaf this yearandlostnotimein nding acorvincing expla-
nation:theaurorasare

luminousvaporsescapingrom the Earth's centerthrough
thethin crustof thepolarregions.

Whenin 1572asuperneawassuddenlyvisiblein thesky, Galileoven-
tured an explanationfor this phenomenaayingthat its sight wasthe
productof somekind of Earthefuence thatwill graduallydisappear
with its distance.So,we seethaturge of producingsudderandappeal-
ing explanationsfor daily actwities or rare eventsis partof the search
for thetruth.

Halley had no proof of what causedthe auroras,so venturingan ex-
planationwithout previous studiesandpolar explorationswasan act of
scienti ¢ irresponsibility More thanthat, he wasforcing an interpre-
tation of aneventto sustainandfeeda theorythatlacked ary physical
demonstration.

Obviously his explanationand rationalewas an effort to reinforcehis
slowly decayingtheoryof a hollow Earth, becauséNewton and some
othernever supportechim with this kind of mentaldivagation.
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Divide a circle in
four parts

Of course, the circle
can be squared! Let
me show you how!

Can you see what
magic does?

©2010

Of coursethecircle canbe squared© 2010
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4. Bernard Fontenelle's
obsessiorwith life on the Moon

BERNARD LE BOVIER DE FONTENELLE (1657-1757Wwasoneof the
rst writersthatdefendedhe possibility that theris life in mary
placesof the Universe. He wrote extensvely abouthis astonishment
andwonderwhenthe Earthsizeis comparedo the sizeof the Universe.
His works in uenced several sciencewriters that also were history by

writing aboutthewondersof motherNature.

Nearly at the sametime that CharlesHinton (1853-1907)popularized
the conceptof extra dimensions,and speciallythe fourth dimension,
Camille Flammarion(1842-1925)a Frenchastronomebegan publish-
ing booksaboutlife in otherworlds,andEdwin A. Abbottwaspublish-
ing hisfamousbook: Flatland.

Hinton's and Abbot's publicationsareaboutextra non-ordinarydimen-
sions, but Camille Flammarions publicationsare not. The fourth di-
mension—asanextensionof our tridimensionalworld— andlife out of
ourplanetaretotally differentconceptsbut bothideasarerepresentate
of theway thatsomeopen-mindegeoplethink.

Near 1686, abouttwo centuriesbeforethan Hinton, Flammarion,and
Abbot,Bernard_e Bovier deFontenelleaFrenchastronomeandwriter,
wrote his all-time famousbook: Entretienssur la Pluralité desMon-
des(Corversationsonthe Plurality of Worlds), speculatingaboutlife in
otherplanetsandtheirinhabitants.

Possiblyin uenced by Fontenelles book, Flammarionlater alsowrote
anotherbook: La pluralité desmondeshabité (ThePlurality of Inhab-
ited Worlds), publishedin 1862, that initiated him as a greatscience
ction writer anda leaderof the Pluralism. The Plurality of Inhabited
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Worlds hasbeentranslatedinto mary languagesand reprintedmary,
mary times.

The titles of both booksarevery similar, but in spitethat Fontenelle$
bookcameearlier theideaof life in otherplanetsspeciallyin theMoon
wasnot new to Flammarionnotevenfor Fontenelle.

Fontenellesbookwasoneof the rst literaryworksthatdefendedico-
las Copernicus'theory of heliocentrism,statedabouta centuryanda
half earlier The book was not only a groundbreakingn the aspects
of extraterrestrialife andthe heliocentricview of the Solarsystem:;it
waswritten in French,notin Latin, the of cial languageof the Church
andthe academia.On the otherhand, Copernicus'revolutionary the-
ory (1543)waswritten in Latin; that's why the book wastitled: The
revolutionibus orbium coelestium(On the Revolutionsof the Heavenly
Spheres).

Fontenelles agumentsfor supportinglife in the Moon arevery weak.
Someextractsfrom his booktellsit all:

What accountsdo you receve? enquiredshe. Those, |
replied,thataregivenusby thelearnedvhotravel thereev-
ery day by assistancef telescopesThey tell usthey have
discoveredin the moon, earth,seas/)akes, elevatedmoun-
tains,andprofoundabysses.

TheillustriousM. Cassiniwhohasacquirecagreateknowl-
edgeof the celestialbodiesthanany manin theworld, dis-
coveredin the moon somethingwhich separatesthenre-
unites,andafterwardslosesitself in a a cavity.

in factour descriptionof the moonis soparticular thatif a
learnedmanwasto take a journey there,hewould bein no
moredangerof losinghimselfthanl shouldin Paris

Anotheramgumenthe usesadwcatingfor supportfor his belief of life
in the Moon is the story of a man called Astolfo, a characterof the
epic Orlando Furioso (Furious Orlando) by the Italian poetLudovico
Ariosto.

Below is a passagef Fontenelles insertionon his book of Lodovico's
Orlandostory.
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Astolfo, a valourousknight-errantwas one day carriedby
his hippogrifie [“A legendarycreature supposedlyhe off-
springof a grif n anda mare”] to the terrestrialparadise,
whichwasat thetop of avery high mountain:therehe met
St. John,who informedhim thatit wasnecessaryin order
to cure Orlandoof his madnessfor themto take a jour-
ney togetherto the moon. ... his astonishmentowever in-
creasedvhenhesaw in it rivers,lakes,mountainsforests,
and,what| shouldhave beenequally surprisedat nymphs
huntingin the forests. But the mostcuriousthing of all he
sav wasa valley in which wasto befoundevery thing that
waslostontheearth...

For Fontenelle,every staris an-
othersolarsystemlike ours. The .
illustration shavn herewas used "
in one of Entretiens' edition.
Note that the planetsare orbiting
aroundthe Sun. The Sun,aspos-
tulatedby the Copernicartheory
is at the centerof the Solar sys-
tem. Notealsothatall otherstars
are solar systems,eachone has
planetsor orbs orbiting around
them. However, our Solarsystem
is at the very centerof the uni-

verse. Somehwv, Fontenellewas
unable to liberate himself from

the archaicGreekand Ptolemaic
theoriesof an Earth-centeredo-
lar system: at someplaceor an-
other the universe must have a
center

FIGURE 1: For Fontenellegvery staris
anothemworld with planetsaround.

Butthereis avirtuein thisbookthatmakesit outstandingit waswritten
with thefemalereadersn mind, andwith theintentionthatit shouldbe
easilyunderstoody everybody;not only expertsin the eld of astron-
omy. Centurieslater, Camille Flammarion,was going to repeatwhat
Fontenelledid for the ladiesof his times: Flammarionwas going to
write his famousAstronomyfor Women
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The “other worlds” to which Fontenellerefersare simply the nearby
planets Now, in ourmoderntimes,whenpeoplespealof “otherworlds”
arereferringto extrasolarplanetsan othersolarsystems.

Thereis 1791coloredengraing by JearBaptisteMorrettitled: Fontenelle
meditatingaboutthe plurality of worlds The print depictsFontenelle
with atelescopeand—possibly—his dog, meditatingaboutlife onthe
Moon, andotherworlds. Notethe curioustheway in which the Morret
portrayedMoon: the Moon is framedwithin a cloudsframe, like em-
phasizingthe ideaof two differentworlds; its a frame within another
frame.

But theengraing corveys morethanwe seeat rst glance:

» The Moon in the high sky is also contemplatingand gazing at
Fontenellehereon Earth.

» Theengraing showvs two worlds framing eachother Its aframe
within aframe. This concepts interestingbecausét is anantici-
pationof recursve pictureslaterto be known asthe Drosteeffect
—brilliantly exploitedby M. C. Escher andin mathematicsthe
fractaleffect.

» The engraer internalizedFontenelles ideasof multiple worlds:
in anotherworld must be anotherMorret painting for another
Fontenelle.

Are thereotherastronomersntheMoonlookingtowardtheEarthin the
sameway asheis doinglookingto thesky? Thelogic is straightforvard:
if otherworldsareinhabitedandwe arecontemplatinghemfrom Earth,
thenfrom thoseworlds somebodynustalsobelooking at us.

But besidediiswrongideas(morejustly said,extravagantideas but not
alunatic) of life in the Moon and other nearbyplanets,at his time he
wasright aboutsomeof the future humankind$ achiezements:

The Europeans.. did not nd their way to Americatill
six thousandyearshad elapsedithey wereall thattime in
learningthatart of navigationsocompletelyasto passover
theocean
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FIGURE 2: Fontenelldookingto antherworld where
maybethereis somebodyalsolooking at him.

We do morethanconjecturethe probability of rising in the
air ... Theartof ying is but in its infang/; in duetime
it will be broughtto perfection,andsomeday or otherwe
shallgetto themoon.

The readermustbe familiar with a NASA photo of a footprint of an
astronautduring their Moon landing. This and other photosare still

undercontroversyfor a supposedNASA scam,but it doesnot matterif

thelandingwastrueor not, whatmatterds thatsooneior later, someday
all planetsand moonsof our solarsystemwill be visited or “landed”
becausextraterrestriatraveling hasbeena dreamof all mankindfor all

its history.
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5. About how A. T. Scho eld
found the fourth dimensionin
the Bible

LFRED T. SCHOFIELD' s (1846-1929)o0k: Anotherworld, or the
fourth dimensionis an interestingbook that drawvs conclusions
from Edwin Abbott's Flatland andthe Bible combined.For somepeo-
ple this my seemprofane,however, it takesto readthe bookto seethat
hiswritings arenotatall concevedwithoutsomesolid grounds.If heis
atsomepointswrong,thenAbbot'sideas,or theBible, arealsoconcur
rently wrong.

A book about the fourth dimension

Anotherworld ... was publishedin 1888 in London, the sameyear
when FlammarionpublishedThe Atmosphes: Popular Meteoblogy
and where Flammarions famouswoodcutwas said to be in included
in this book.

The rst partof Anothenborld ... is anextensve review of Abbot's Flat-
land. Scho eld wantsthereadetto have asomeavhatsolid foundationof
the perceptionof the worlds of 'Pointland’, 'Lineland’, and'Flatland'.
Thein uence of Abbotin Anotherbrld is evidentandhemakesnoin-
tentto concealt. In fact,AnotherWorld ... is clearlybasedf Flatland.
Theextensve useof paragrapltitationsis a manifestatiorof Flatlands
in uence uponhim. However, theintentionof Scho eldis in nowayto
stealor plagiarizeAbbot's ideas. In his own wordsin the Introduction
hewrites:
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| would here take the opportunity of acknavledging my

deepindebtednest theanorymousauthorof asmallbook,

called“Flatland; which| have usedextensvely throughout,
andwithout which | am quite surethe public would never

have beentroubledwith theseremarks;my objectbeingto

carryontheline of agumentherebroughtforward,to what
seemso meits trueandnecessargonclusion.

He usesmary of Flatlands sectiondo teachhisreadersaboutthespace
dimensionsandto lay the groundsaboutthe conclusionsheis goingto
drav from passagesf the Bible andfrom Christianityin general.

Brie y describedbecausé-latland describedt in full details,Pointland
is the“universe”or “world” of nodimensionatall; it is justapointwith
no extensionin ary direction. But Pointlandis not the Void, Pointland
is not an empty space.Venturinga little into somemodernphysics, it
is dif cult to resistthe temptationof associating?ointlandwith the hy-
potheticalmicro black holes. Thesementalconstructsarecalculatedo
beabout2 10 8kg,anextremelysmallpoint-objectindeed however,
but for Abbott, every world is populated ho matterhow mary dimen-
sionsit has,evenif it lack of dimensionstall, like in Pointland,or in
the centerof amicro blackhole.

In ajourney thatremembersisthe epicof Dantes 'Divine Comedy',in
adream,the SphereguidesA. Squareto the unbelievableworld of the
spacewithoutdimensionsPointland.

Look yonder “said my Guide”, in Flatlandthou hastlived,;

of Linelandthou hastreceved a vision; thou hastsoared
with meto the heightsof Spacelandnow, in orderto com-

pletetherangeof thy experience) conducttheedownward

to thelowestdepthof existence gvento therealmof Point-

land,the Abyssof No dimensions.

Therethey foundaliving creature—nothinglessthanaMonarch—that
hasno dimensionin ary extension.

Beholdyon miserablecreature. That Pointis a Being like
ourseles,but con ned to the non-dimensionaGulf. Heis
himselfhis own World, his own Universe;of any otherthan
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himself he canform no conception;he knows not Length,
nor Breadth,nor Height, for he hashad no experienceof
them; he hasno cognizancesven of the numberTwo; nor
hashe a thoughtof Plurality; for heis himselfhis Oneand
All, beingreally Nothing.

This tiny beingwasimmenselyhapgy of himselffor his “In nite beat-
itude of existence!” Keepingtalking abouthimself,in Third Persoras
the Spheresaidbecauséhave you not noticedbeforenow, thatbabies
andbabyishpeoplewho cannotdistinguishthemselesfrom theworld,

speakof themselesin the Third Person?”

“It lls all Spacé, continuedhelittle soliloquizingCreature;andwhat
It lls, Itis. Whatlt thinks,thatlt utters;andwhatlt uttersthatlt hears;
andlt itself is Thinker, Utterer Hearer Thought,Word, Audition; it is
the One,andyettheAll in All. Ah, the happinessah,the happines®f
Being!”

After hearingthisMonarchin analmostnever nishing monologuethey
decidedto go backto their more comfortableFlatland. Oh Flatland,
homesweethome!

“You se€, saidmy Teacher“how little your words have
done.Sofar asthe Monarchunderstandhematall, he ac-
ceptsthemashis own—for he cannotconceve of ary other
excepthimself-andplumeshimselfuponthe variety of 'lts

Thought'asaninstanceof creatve Paver. Let usleave this
God of Pointlandto the ignorantfruition of his omnipres-
enceand omniscience:nothing that you or | cando can
rescuehim from his self-satishction’

As mentionedabove, Scho eld usesall the passagefom Flatlandthat
can be useful for his readersto understandhe conceptof dimension
with theideaof laterdelvinginto thefourth dimensionconcepandhow

the Bible andChristianityunconsciouslysesit.
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How beings from a given dimension perceive
beingsfr om other dimension

Scho eld useswo approachew theunderstandingf thefourthdimen-
sion:

* (A) How lower dimensionsare perceved by beingsin higherdi-
mensionsand

» (B) How higherdimensionsare perceved by beingsof lower di-
mensions.

He startswith the rst choiceasfollows:

(A) Someof the relations of a being in one dimension,
with the dimensionsbelow him and the beingsin it.

1. He canenteror leave the world belov him, thatis, appearand
disappeantwill, andthatwithoutchanginghisform.

2. However nearto the world belov him, he remainsinvisible till
actuallyin it.

3. Hecanbein closesfproximity with thebeingsin theworld below,
andyetoutsidethatworld altogetherandthereforenvisible.

4. Fromhisdimensiorhecanseeandenteratwill theinsideof every
living beingandthingin theworld below him.

5. When he entersthe world below, he can never be wholly seen,
andthatpartof him thatis seenis alwaysin theform of theworld
belowv him which heenters.

6. His voice, while still in his own dimension,would be heard(if
hearingwerepossible)y abeingof theworld belowv asaninternal
voice,or avoicefrom his own inside.

7. His appearancend disappearancén the world belov are not
causedby ary changeof form or substancebut by his entering
or leaving thatworld.
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8.

A world andbeingsof ary dimensionincludeall the shapesand
character®f thosebelov them,addingto themthatfurthershape
andcharactepeculiarto theaddeddimension.

Thenhe continuesspeculatingabouthow a beingfrom ary dimension
will perceve otherhigherdimensions.

(B) The relations of a being in one dimensionwith that
above him and its inhabitants.

1.

All conceptiorof a higherdimensions impossible thoughcapa-
ble of mathematicatiemonstration.

However vastandpopulousthe dimensionto him it is absolutely
andnecessarilyhon-eistent.

. If he could hearsuchbeings,the soundwould appearto come

from hisinnerconsciousnesandnotfrom hisown world without.

. If suchbeingsenterhis world, he canonly seeandcomprehend

thatpartof themthatenterst. Suchbeingsmaydirectly enterhis
own inside.

. And to him suchpartalwaysappearsn thelikenessof aninhab-

itant of his world (the inhabitantsof one world being always a
partial likenessor the likenessof a part, of thosein the world
above them).

. He can never, by his own power, leave his own dimensionor

world.

. While in hisworld, he cannever seethetrue appearancer shape

of ary beingin it, but only its exterior.

. If raisedinto the dimensionabove, he at oncepercevesthe true

dimensionandshapeof every beingin his own world.

. Thebeingsof thedimensionnto whichheisraisedat rst present

thesameappearancasthebeings(now rst truly seenjn hisown
dimension.
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10. By closeinspectiorandcarefulcomparisortherealdifferencecan
bediscerned.

11. Evenif the dimensionabove be visited andunderstoodit is im-
possibleto describet in thelanguageor to draw it in the gures,
of his own dimension.

12. All suchattemptsarenecessarilyinintelligible,andsoundfoolish
andirrational.

13. All attemptdo understanar graspthe dimensionabove, without
having enteredt, arefutile.

14. An eye in one's inside would, accordingto analogy look in the
directionof thedimensiomabove.

15. Eachdimensionaddsone new directionof size, space capacity
andform to theonebelow.

16. Thevisibility of a beingdoesnot dependon physical properties,
but onits positioninsideor outsideof theworld belov him.

The presencef the fourth dimensionin the Chris-
tian Bible

Scho eld seesthe connectionof our materialworld andthe spiritual
world of the Bible in thefollowing way:

Speakingof communion,andturning to the Bible andto
the lives of the saintsand of all good menin ancientand
moderndays,and, on the other hand,to certaineventsin
the lives of bad men, especiallyin connectionwith great
crimes,no studentf the subjectcandoubtthatthe expres-
sions,“We seeJesus, “David satbeforethe Lord,” “God
spole to Moses;, “Satantemptedhim,” “Daniel cried unto
theLord,” “I soughttheLord, andHe heardme; andhun-
dredsof similar utterancesn biographiesandfrom thelips
of living men, representhe fact of communionandinter-
coursebetweenthe two worlds, just asfaith, the evidence
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of things not seen,prayer contemplationand abstraction
representhemeans

In thenext paragraplne says:

Thetestimory of the Bible alone(if believed)is of course
overwhelmingon the point. Angelscomeandgo at will,
GodHimselfis seenn Old Testamentimesin humanform,
andin New Testamentimes,whenour Lord takesa spiri-
tual body, He appearsr disappeari this world of oursat
will. A handwrote on Belshazzas wall. The form of the
Sonof Godwasseenin the ery furnace. Sincethenap-
pearancesiave beenseenandvoicesheardthat cannotbe
explainedby arnythingin threedimensions.

The Feastof Balthazar

The paintingshovn heredepictstheincidentof the feastby Belshazzar
(Balthazar)where a hand appearsand writes on a wall was done by
Rembrandt(1606-1669)basedon the narratve in the Old Testament
Book of Daniel(5: 1-6):

Suddenlythe ngers of a humanhandappeared&ndwrote
on the plasterof the wall, nearthe lampstandn the royal
palace.Theking watchedthe handasit wrote. 6 His face
turnedpaleandhewassofrightenedthathis kneesknocked
togetherandhis legs gave way.

We seein the painting that a handappearsout of nowhereandwrites
somewordsonthewall. Recallthatthe statemen® above of thebeha-

ior of abeingfrom a higherdimensiorenteringa lower dimensionsays
“5. Whenhe enterstheworld below, he cannever be wholly seenand
thatpartof him thatis seens alwaysin theform of theworld belowv him

which he enters. Thisis exactly whathappensn this painting: a hand
from anunknavn dimension(the hearen, may saythe believers)enters
into alower dimensionandwriteson awall.

In Flatland a similar thing happenedo A. Square—the maincharacter
of Flatland,the world— whena Sphere the main characteifrom our
three-dimensiospacegnteredn his at world.
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FIGURE 1: Thefeastof Belshazzarls this awriting hand
comingfrom thefourth dimension?

The ascensiorof Elijah and Enoch

Theversesabouttheascensiommf Enocharefoundin Hebrevs 11:5

By faith Enochwastakenfrom this life, sothathe did not
experiencedeath;he could not be found, becausé&od had
taken him away.

Scho eld alsomentionsother passagefrom the Bible that canbe ex-
plainedeasilyas moving to andfro from somedimensiongo another
“We have alsothe accountof Elijah and Enochand Christ suddenly
leaving this world for the higherone,while yetalive”

Thefollowing paintingby GiuseppeAngeli (1712-1798)hatillustrates
the passingof ahumanbeingfrom onedimensionto anothemwhile still
alive. This paintingis titled: Elijah TakenUp in a Chariotof Fire

In anotherpainting—this time by Sebastiandricci (1659-1734)—ti-
tled: Enod the painterportraysthe ascensiorof Enoch,similar to the
ascensiomf Elijah.

Thefollowing 1728engraing by GerardHoet and JosephMulder de-
picts Enochmiraculouslycheatingdeathby ascendinglive to heaven.
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FIGURE 3: Enochascendindo theheaven.

Is therea conclusionor alesson thatcanbe derived from Scho eld's
book? Yes,for thoseinterestedn theologyandthe Bible, both books:
Flatland and Anotherworld, or thefourth dimensiorshouldbe manda-

tory readings.

http://ADLab.info


http://4DLab.info

56

E. PEREZ

http://ADLab.info


http://4DLab.info

57

One computer is asking
another if she really believes *
in our existence

We should drop artificial
intelligence research!

Theearlydaysof arti cial intelligence®© 2010

http://ADLab.info


http://4DLab.info

58

E. PEREZ

http://ADLab.info


http://4DLab.info

6. The Eddington's number: A
caseof scienti ¢ arrogance?

Still speakingn alow voice,thestrangeisaid,“It can't be,butit is. Thenumberof pagesn this bookis no
moreor lessthanin nite. Noneis the rst pagenoneis thelast’

Jomge Luis Borges
TheBookof Sand

I N SOME TEXTBOOKS OF SCIENCE, andin thepopulariterature there
aresomeunusuahnumberghatgraspour attentionin a specialway.
An exampleof oneof thosenumberss the Avogadro's number:

Na= 6:02214199 10723

This numberis saidto be the amountof atomsor moleculesheededo
malke up a massequalto the substancea'atomicor molecularmass,in
grams.For example,55.847g of iron containsNa iron atoms.

This extremelybig numberis alsoapproximatelyequalto the number
of protonsin a gramof pure protons. But do you imaginesomebody
telling usthe exact quantityof protonsin a gramof pureprotons(pure
in the senseof nothingelsebut protons)?Note thatno matterhow big
thisnumberis, thelast 15 digits of this numberareall zeros;it is notan
exactquantityup to the lastdigit. Sothe Avogadro's numberis alsoa
big approximatiorto anidealnumber

But if computingexactly how mary protonsaretherein a gramof pro-
tonsis a chimericaltask,how aboutof computingall the protonsin the
Universe?This wasexactly what Eddingtondid. Barrov & Tipler2in
their bookthe AnthropicCosmologicaPrinciplewrite:

Eddingtonwasthe rst to suggesthatthe total numberof
particlesin the Universe N, might play a partin determin-
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ing otherfundamentalconstantsof Nature. He evaluated
this numberto high precisionandit is oftentermedthe

Nggg=2:136 22°6 1079

Oneof theattractionsof this quantityfor Eddingtonwasthe
necessitythatits valuebeintegral. This meantthatit could,
in principle,be calculatedexactly.

In its expandedorm, the Eddingtonnumberbecomes:

Neqd=15747724136275002577605653961181555468044 717
914527116709366231425076185631031296

This numberis relatedto whatis known asthe' ne structureconstant’,
apurenumber(hencea dimensionlessiumber) thatby 1930,wasesti-
matedto be near1=136. This conceptwasintroducedby Arnold Som-
merfeldin 1916 from the predictionsof the Bohr's atommodel. This
constantis in relationwith other physical constantslike the electron
chage,the Planckconstantthevelocity of light, etc. However, therole
of the physical constantareundercontinuousdebateby physicistsand
philosopher®f science.

Canwereally countthe piecesof the Universe?

The fantasyand speculations not exclusively of the literary-inclined
minds.I'm nosayingwith thisthatliteratureis all aboutfantasybut that
this is anintellectualactvity with permitsandlicensesto write about
arything thatcometo our minds.

On the contrary the scienti c literaturetries to be auto-rgulatedand
peerrevisedwith projectionsandintentionsveri able in arny epochand
geographicasituation.

But scienceasanobjectveintellectualactivity doesnotexist; whatdoes
exist arepeoplecalledscientiststhatbeingpartof the samecommunity
of all otherterrestrialsarealsosubjectedo the sameforcesandin u-
encesasotherwriters.
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To exceedin projectionsis a naturaltemptationandthe scientists—in
all the elds— seemto have adoptedit without remorsein their con-
sciousnessThisseemdo behappeningincehumankindoeganto count
one,two, three,...

Archimededriedto calculatehegrainsof sandneededo Il theknown

universeat histime, but hewascarefulto establisfupperboundsby not

giving anexactcount,theoppositeof whatEddingtondid for theamount
of protonsin our known Universe.

Writing aboutthosetwo similar attempts—althoughvery distantin
time— Harrison4,in his essayTheCosmicNumbes, says:

Eddingtonattachedgreatimportanceto his number Be-
causethe Eddingtonuniverseis closedhewasableto argue
that N2, equalroughto 10%, is the actualnumberof nu-
cleonsin a nite universe. But, in generalthis numberis
no morearoughestimateof the nucleonsn the obsenable
universeof radiusequalto the Hubblelength. Archimedes'
10°3 grainsof sandcontain, by pure chance,10%° nucle-
ons,andArchimedes'numberandEddingtons numberare
thereforeequialentto eachother

Newton, socarefulin hismathematicaéxpositionsnever abandonetiis
investigationsin alchemy'a science’not soregulatedandstructuredas
otherpracticedat histimes.

EvocatingArchimedes,Jomge Luis Borges,with all the possiblditerary
licensesjn his shortstory The Bookof Sand makesa tradeof andold
EnglishBible for anold bookthata salesmarroughtto him.

He told me his bookwascalledthe Book of Sand,because
neitherthebooknor the sandhasary beginningor end....

The numberof pagesin this bookis no more or lessthan
in nite. Noneis the rst page,nonethelast. | don't know
why they're numberedn this arbitraryway. Perhap$o sug-
gestthatthetermsof anin nite seriesadmitary number ...

| realizedthatthe book was monstrous.What gooddid it
for meto think thatl, wholookeduponthevolumewith my
eyes,whoheldit in my handswasary lessmonstrous?
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The Eddingtonnumber this gure so perfectlycomputedthat cameto
the mind of this gentlemarfor the exactquantityof protonsin the Uni-
versejs atthesameimeanactof prideandarrogancethatdoesnt seem
to have no philosophicafoundation but atbest,anexercisein numerol-
ogy andarithmetic.

For that reason,in mathematicsand physicsthis numberhasno tran-
scendencet is notarespectablandtranscendentalumberlik e Pi (p),
or the Avogadro's number or other of the fundamental’constants”of
nature.This numberis justa merecuriosityandmaybe unnecessary

Barraw citesthat Beck, Bethe,andRiezlet in 1931,andMax Born, in
1944, designed spoofs'to parodythe Eddingtonmethodology Born
calledEddingtons number'apocalyptical'andevenrewrote oneof St.
Johns RevelationverseusingEddingtos algebra.

However, despitethe frequentcredibility attackstoward Eddingtons
number Barrow & Tipler, have someencouragingvordsfor the later
implication Eddingtons work:

Although Eddingtons Fundamental' heoryis very easyto

criticize, it is still interestingfor the vision of an underly-
ing unity in Naturewhich it displays. A vision that has
sincematerializedn anentirelydifferentform. Throughhis

work in this areaEddingtondirectedthe attentionof mary

of mary otherworkersto the ubiquity of large dimension-
lessnumbers.This, in turn, stimulatedotherapproacheso

cosmologicaltheory that have bornemore fruit thantheir

progenitor

Why this numberhasto be soexact?Why notanadditionalprotonor a
protonless?If the universeis soimmenseandthe protonsaresosmall
why is it thatthereis no spacefor onemorein nitesimal body? Why
thenumberhasto endin 296andnot297or 715,0r 000?

At the end,it is sodif cult to digestthe relevanceof this numberthat
| preferto acceptthat Borgeshadin his handsandin nite bookrather
thanto accepthatEddingtoncomputedhe protonsof the Universe.
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7. Can there be differ ent fourth
dimensions?

In generaltheideaof afourth dimensionseemso precipitate
authorsinto orgiesof occultistmysti cation, ratherthan
to leadto clearsightedmathematicainquiry.

Rudolfv. B. Rucker

GeometryRelativityandthe Fourth Dimension

THE CONCEPT OF FOURTH DIMENSION is anambiguousone. Most
of the time we are meaningsomekind of hyperspacea separate
reality from theworld we livein. In additionto that,to mathematicians
and physiciststhe term fourth dimensioncorveys a differentmeaning
from the esoteric,metaplysical, spiritual, and mystic. However, both
schoolsof thoughthave a commondenominator:the abstractnessf
theidea,andit seemghatthereis no possibility of simplifying it. In
this essaywe'll dealwith both aspectof the perceptionof the fourth
dimension.

A four-dimensionedword

Whenwe speakof four dimensionds becauseave alsohave threepre-
vious ones. In that context, no dimensionis more importantthanthe
others.In the naturalnumberssequencd, 2, 3, 4, ..., thenumberfour
is not moreimportantthanthe numberone,andthe samehappensvith
thedimensionf therealworld.

Whatdowe understanavhenwe speakof theworld of thefourthdimen-
sion? Living in all four dimensionssimultaneouslyMe cannotgrasp
the meaningof thatideabecauseve live in a world of threephysical
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dimensions However, our tri-dimensionalvorld is a subworld, or sub
universe of thattetra-dimensionalniverse.

The ideaof subworlds was gra-

ciously capturedand elaborated

by Edwin Abbot (1838-1926)in

his classic book Flatland. In

thisbookthehyperspacéor them

is our normal three-dimensioned

world. For the Flatlanders—the

habitantof Flatland—theirword

was at, i.e. at, thatis, they lived

in a plane,in a world of two di-

mensions. He went further and g gyre 1: A cubeis boundedy three
explored how it would be living planes.

in a world of one dimension: a

straightline. For Abbot noneof

theseworldsis socially limited, andevenin the straight-lineworld —
they callit Lineland—therewasakingdom.Abbotadoptedheclassical
ideawherelines are one-dimensionalplanesare two-dimensionabknd
solidsarethree-dimensionakorlds.

In that romance,a strangeand

transcendentalevent happened

when A Sphere —a tridimen-

sional solid body— visited the

planar world of Flatland. This

out-of-theirworld eventspectacle

eventually causedthat A Square

—the main characterof this at

world— wasaccuseaf lying and

penerting the youth. After mary

yearsin jail, without being able FIGURE 2: A tridimensionalcubeun-
to communicateto the external foldsinto six squares.
world thetruth of his sightings A

Squardébgginsto doubtif hereally sav ahabitantof thethird dimension,
or everythingwasanillusion of his mind.

From the standpointof modernphysics wherefor someapplications
time is accountedasan extra dimension the habitantsof Flatlandwere
really living in a three-dimensionaspace;thus, A Sphere,the solid
spherethat visited Flatlandwas a 4-dimensionbody. This translated
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to our ordinarylivesmeansthatright nov we live in a 4-dimensioned
universe.

The peopleof Flatlandare free to move, but only in two dimensions.
They could move from North to Southor from Eastto West, or ary

combinatiorof them. Thatwastheirworld; noneof themhadeverheard
of moving in theupdirection,it wassimplyimpossible.Thus,for them,
the up directionwas for them, whatis for us the “fourth dimension”
in the physical sense.For Flatlandersaandfor us, the fourth dimension
hasdifferentmeaningsour third physicaldimensionis their fourth, our

fourth dimensionis total madnesgor them.

The contribution of Charles H. Hinton

Maybecomparingatwo-dimension
world with a three-dimensional
one may sound stretching the
comparisontoo much, and per
hapsthe original questionis still
oating in your mind. But the
comparisonis useful for us to
keep in mind that for different

worlds, the conceptof spacemay FIGURE 3: The unfolded hypercube
alsobedifferent. that inspired Dali to paint his Hyper

: : . culus
Mentalimagespursuinga uni ed

view of a 4-dimensionalworld

wereexploredwith greatsuccesdy CharlesH. Hinton (1853-1907)n
an a seriesof articlesspeculatingaboutthe fourth dimension. He de-
visedaseriesa coloredcubesto helpthereaderssisualizehis ideasand
coinedtheterm“tesseract’to describehe hypercube.

The fourth dimensionfor someartists

Thenotionof suchahyperworld andhypercubesparledcreatveideasn

mary artists;amongthemSaladorDali (1904-1989)whenhe painted
CorpusHypercuhus(A Bodyin a Hypercubg. Thebasicideabehindthis
paintingis thatit shavs a hypercubgthe cubeof thefourth dimension)

http://ADLab.info



68 E. PEREZ

unfoldedin threedimensions For comparisonkeepin mind thatwhen
an everyday3D-cubeis unfolded,it becomesa setof six adjacen2D-
squaresln the caseof a4D-cube,if unfolded,it becomes setof eight
adjacenBD-cubes.

Another painter at aboutthe sametime, alsoworked with the mental
perceptiorof the fourth dimension.Pablo Picassq1881-1973shaped
his particularperceptiorof thefourthdimensionn thecarvasLesDemoi-
sellesd'Avignon (The Young Ladiesof Avignon). In this composition
he transformsa woman—a tridimensionalelement—into planarand
asymmetriconstructionsThepaintingis about gures seerandpainted
from differentangles.The spectatodoesnot seea classicalportrait of
awoman,but insteada geometricalnterpretationof herbody Picasso
reduceshis gures to bidimensionaklementandit is thespectatowho
reconstructhe objectandthesceneln thecarvasthereare vewomen
eachonerepresentinglistinct stagef the humanity The womanthat
is seatedshavs thefaceandherbackatthe sametime.

The fourth dimensionfor someartists

In anotherpaintingof Picasso—

Portrait of Marie-Thérese- the

viewer can see that Marie is

shavn with her pro le as look-

ing to the left while her eyesare

looking toward the front. Sup-

posedly when a being from the

fourth dimensionlooks a three-

dimensionalobjectit canseethe FiGURE 4: A portionof Picassas Por-
body from all sidesat the same trait of Marie. The obsenrer visualizes
time. With the nails of her left variousanglesof a 2D-modelto later
hand happensthe same;notein ~ mentallyreconstructhe 3D-model.
the gure how Picassodeliber

atelyinvertedtheobsenrers' pointof view of the ngers of theleft hand,
however our mind correctsthe distortion,andfor us nothingunusualis
obsenred.

In ourperceptiorof thefourthdimensiorwe dosomethingsimilar; since
we cannotdirectly visualizethis extradimensionwhatwe dois to men-
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tally join differentsceneso corvinceoursehesthatwe have understood
thatstrangeandesoteriadimension.

The mathematicalfourth dimension

Fromthe mathematicapoint of view, thefourth dimensiorhasno more
signi cance thanthe otherthree,just like the examplegiven above of

the rst four naturalnumbers.The 4-dimensionamathematicamodel
offersseveralpropertieghatcannotbefully understandh the mundane
word thatsurroundsus everywhere.

FIGURE 5: The four tridimensionalsubspacesf a four-dimensionalspace.
As in Hinton's andin Picassa techniquesthe union of the contentsof each
subspacshouldgive the obserer andideaof the objectin the hyperspace.

Supposewe label the four dimensionswith the numbersl, 2, 3, and
4; thenthereare4 tridimensionalsub-spacesf 3-dimensionspnamely
the subspacef the labels1, 2, and 3, the subspaceontainedin the
labels1, 2 and 4, the subspacecontainedwithin the labels2, 3 and
4, andsoforth. It's like askinghow mary 3-elementsubsetave can
male out of a 4-elementset. Now substitutethe labelsby the well-
known attributesof height,width, length,andtime; thenwe have the
samdour subspacesvhereeachsolid have dimension®f height,width,
length (we seethoseeverywhereall the time), height, width andtime
(canyou think of anexampleof this type of body?),width, length,and
time (equallyimpossibleto understandalthoughit canreducedto the
precedingexample),etc.

Finally, the pointis thatif in a 4-dimensionworld we re-
move ary dimensionthenfor theremainingthree-dimensional
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world, theremoreddimensionis the“fourth dimension”no
matterwhatdimensiornwasremoved.

Therefore,within our physical world of four dimensions,
ary dimensioncanbe the “fourth” andnot necessarilythe
time dimension.

Boldly statedtherearefour four-dimensionakpaces.

Unfolding the fourth dimension

Our understandingf the dimensionalityof spaceis tightly relatedto
our conceptof geometryandgeometryis, atthe endof road,a planar
actiity. Thatis,

wedo notdo geometryin thespace,;
wedo spatialgeometryon a plane

Thatwasthe mainreasonwhy the Flatlanderscould not understandhe
“third dimension”,becausat wasout of their geometry andtheir ge-
ometrywas deeplyrootedin their minds. Therefore,ary conceptout
of their preconcered “planar space”was merely insane. For them,
therewas no suchthing as a supefplanar or hyperplanarspace;the
up-dimensiorsimply didn't exist for them.

Dimensionsaresupposedo be “measures’telatively perpendiculabne
to another The seconddimensionis supposedo be perpendiculato

the rst dimension;its easyto understandhat, the width of an object
is supposedo be measuregerpendiculato the length. Thatbidimen-
sional world is easyto represenbn the plane becauseéboth are two-

dimensional.Now we adda third dimension the “height dimension”,
but now, the heightshouldbe perpendiculato the othertwo. Still easy
to understandall of oursurroundings tridimensional But thetheprob-
lemariseswvhenwe try to addanotherphysicaldimension.Thatnext di-

mension—whatever it is— shouldbe perpendiculato the otherthree.
If we take time asthe fourth dimensionwe'll have no problemunder

standingit, becausdime surroundseverythinglike if time were“per-

pendicular’to all spatialdimensionsHowever, if we excludetime asa
dimension,andthink of the fourth dimensionasanotherpurely spatial
measurethenwe'll have have to make strongmentalefforts to graspan
ideaof it.
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Onething thatis not questioneds thatthe mathematicainterpretation
isthereasoningupposedo be“right” approachThemathematicatea-
soningaboutthefourth dimensions purelyinductive. However, we can
bring hereananalogyof falseinductie reasoningisingthesequencef

the primesnumbers.

Leave asidethe numbersl (for it is not consideregrime),
andthenumber2 (for beingthe only evenprime). Therea-
soningis asfollows: 3 is aprimenumber5 is alsoa prime,
7isaprime,so9is...don't say9is aprimenumber!

Thelessonlearnthereis thatthreeconsecutie true statementsloesnot
imply thatthe next fourthis alsotrue.

This lesson appliedto a possiblerealfourth dimension,is thatthereis

no guarantedahatit will behae asthe mathematicafourth dimension
implies. We mustkeepin mind that appliedmathematicsvorks with

modelsof thereality. It is notthe opposite:reality is notan application
of mathematics So the purely mathematicdourth dimensionshould
always be seenasthat: a mathematicabbjectthat may have or not a
reality equivalent,andin the caseit exists,it maynotbeasexpected(is

9 aprimenumber?).

Oneapproactho understandhe mathematicadt-dimensionaspaces to
breakit in subspacesf threedimensionseach,asdoneabove, because
they are more intuitive for us. Whenwe do this, we then have four
subspacesf threedimensionsandeachoneis completelydifferentto
theotherfour.

Now, our mentaltaskis to simply put all four modelsback together
andmalke a singlementalimageof this spatialcollagelik e the exercise
proposedy Picassan his paintingLesDemoisellesl'Avignon

Therefore the answerto the questionof the title of this text Canthere
bedifferentfourthdimensions?s aconclusve yes!;thereare4 different
four-dimensions.

| call ourworld Flatland,not becauseve call it so,but to make its natureclearerto you, my happy
readers,who areprivilegedto live in Space.

Flatland: A Romancef ManyDimensions
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8. Historical quotationsabout
prime numbers

6

BELOW IS A CHRONOLOGICAL COLLECTION of imaginarythoughts

and sayingsfrom some selectedfamouspeopleregarding their
opinion aboutthe seriesof the prime numbers.As with eld of com-
plex variablesgachentryis a comple situationwherethe real partare
theirnamesandtheimaginarypartaretheir quotations.

Eachimaginedthoughtwasdevisedtrying to re ect their particularway
of reasoningor atleast,by theway we remembetheir lastingworks.

(780B. C.) Mohammad ibn al-Khwarizmi of Baghdad “3 is prime,
5isprime,7is prime...9is not prime,but don't tell it to thein dels.”

(469B.C.) Socrates “3 is prime,5 is prime, 7 is prime, 9is...sorry,
thisleadsmeto thediscovery thatl only know thatl know nothing?

(384 B.C.) Aristotle: “1 is not prime, by de nition. 2 is anunnatural
prime, 4 is an unnaturalprime, and6 is an unnaturalprime. All other
naturalprimescannotbe unnaturaprimes:

(1225)Thomasof Aquinas: “3 is prime,5is prime,7 is primeand9 is
prime. Godcando arything”
(1285)William of Occam “3 is aprime,5is aprime,and7 is aprime.

Why botherwith non-primenumberswhenthe primescando every-
thing? Entia nonsuntmultiplicandapraeternecessitatef’

6This work wasoriginally publishedin Paradox a students magazineof the De-
partmentof Mathematicsand Statisticsof the University of Melbourne,Australia,in
thelssueNumberl of 2007.

7 Multiple entities should not be usedunlessnecessary This refersto that in
sciencethelessthe postulatesthe better
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(1451) Christopher Columbus: “3 is prime, 5 is prime, 7 is prime.
Accordingto someancientmanuscript® is not a prime number but
beyond the distanthorizon of the oceansjn the New World thatl am
goingto discover, therearesurelylots of them’

(1532)Menoccio Scandella “In the beginningtherewasa chaosand
out of the chaoscamethe primes: 1, 2, 3. Out of thesenumberscame
thecompositedik e the holesin afermentedcheesé.

(1548)Giordano Bruno: “I don't careif 1is primeor not,if 2 is prime
or not, if 3is primeor not. All | careis thattherearemorestarsin the
hearensthanprimesin theearth’.

(1564) Galileo Galilei: “l, Galileo, son of the late Vicenzo Galilei,
swearthat| never saidthatthe prime numbersareuselessWhat| said
wasthatyou cannotcountlunarcratersoy counting2, 3,5, 7, ...”

(1642)IsaacNewton: “If numberdhradmassthen6 will begravitation-
ally pulled by the primes2 and 3. However, no body canpull masses
3,5 and7 becauseno masscanpull itself. On the otherhand,when
it comesto 9, ... well, this requiresadvancedcalculusbecausaow we
aretalking abouttheinversesquardaw.”

(1732) George Washingtort “What's the differencebetweenprime
numbersand compositenumbers? Thereare no real differences re-
member:E pluribusunun?”

(1809) Abraham Lincoln: “3 is a prime, 5 is a prime, 7 is a prime
and 9 shouldbe a prime. But keepin mind that you canfool all the
primessomeof thetime, andsomeof the primesall of the time, but
you cannotfool all of the primesall of thetime”

(1818)Karl Marx: “2 is a proletariatprime, but 4, 6 and 8 are also
compositeproletariats Composite®f theworld unite;you have nothing
to loosebut your chains!”

(1834)Dimitri Mendeleer: “3 isaprime,5is aprime,and7 isaprime,
but 9 is anobleprimethatdeseresa separateow in the periodictable
of theprimes:

(1838)Edwin Abbott Abbott: “3 isaprime,5is aprime,7is aprime,
and9 is A Squareprime. Flatlandis a placethatwelcomesary prime
from thethird dimension.

8\We areonein theplurality
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(1845)George Cantor: “A 3 is atrans nite prime,A 5 andA 7 arealso
trans nite primes;however, it is my conjecturethatA ¢ is possiblythe
rst trans nite compositebetweerA 7 andA 11. Keepin mind thatary
singleirrationalnumbercontainsall the digits of all the primes:

(1869)Mahatma Gandhi: “3 is prime,5is prime, 7 is prime,but 9 is
notprime;l mean,n thisincarnatior.

(1872)Bertrand Russell “3 is prime, 5 is prime, 7 is prime, 9 is a
paradoxasis aparadoxwhy thenumberl is notprimeif it hasnoother
divisorsbesideimself”

(1880) General Douglas MacArthur : “3 is prime, 5 is prime, 7 is
prime,andsomereportsfrom the battlefronttell methat9 is not prime,
but | shallreturn!”

(1881)Pablo Picasso “1 is aprime, 2 is a prime, 3 is a prime, 4 is a
prime... Give meamuseurmandl'll Il it with primes!”

(1887) Erwin Schrodinger. “3 is a prime, 5 is a prime,and7 is a
prime, however, 9 hasadualprime-compositstatethatcancollapseto
onesideor theotherdependingntheobsenrer's cat”

(1889)Charlie Chaplin: “3 is aprime,5 is aprime,7 is aprime, 9 is
thenext primeafter8”

(1910) Mother Teresa “3 is prime, 5 is prime, 7 is prime, and9 is
prime,but all of themareorphans.

(1917)John F. Kennedy: “1 is notaprimenumberand9 is notaprime
number? Thenasknot what the primescando for you, askwhatyou
cando for theprimes.

(1918)EvangelistBilly Graham: “3 is prime,5 is prime, 7 is prime, 9
is anunfortunatemistale of thedevil. Butif it repentsit will besared!”

(1926)Fidel Castro: “3 is prime,5 is prime, 7 and9 areprimes.Con-
demnme. It doesnot matter History will absolhe me”

(1929)Martin Luther King: “What? You saythat2 is the only even
primenumber? have adreamthatonedaythis numbermwill riseupand
live out the true meaningof its creed. We hold thesetruthsto be self
evidentthatall numbersarecreatecequal:

(1930)Hugh Everett: “3 isaprime,5is aprime,and7 is a prime, but
9 mayalsobe primein someotheralternateuniverse.
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(1942) StephenHawking: “2, 3, 5 and7 areprime numbers:9 is not
prime, but in the black holes,pastbeyond the event horizon, anything
canhapperi.

(1946) George W. Bush: “3 is prime, 5 is prime, 7 is prime, and 9
...well, any oddnumbercanbeprimeaslongasit is not9.”
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9. A short history of the
Cartesian coordinates

T IS SAID thatgeometrybecamenalyticwith thepublicationof René
Descartes(1596-1650masterpiecen 1637:DiscourseontheMethod
In an appendixto the Discourse,titled La Geométrie he included
applicationsof algebrato geometry giving a pushto the useof ge-
ometryto solve somealgebraigroblems.

Almost simultaneouslyPierrede

Fermat (1601-1665),a contem-

porary citizen, was making re-

searclon specialcurvesandtheir

geometrical solutions. Some

authors claim that the discor-

ery of the basis of a coordi-

nate systemto plot curves and

nd solutionsto algebraicequa-

tion shouldbe attributed to Fer

mat and not Descartesbecause

Fermathad more geometricain-

sight than Descartes.However,

even before both of them, some

rudimentaryforms of solving ge-

ometricalproblemsare attributed

to being usedby Apollonius in  Figure 1: Coverof oneof theeditions
Greecalmosttwo thousandgears of DescartesGeometry
earlier Simultaneityin discover-

iesarenotsorarein science Anothercoincidentadiscovery in mathis
theinventionof themoderncalculusby IsaacNewton (1642-1727and
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GottfriedWilhelm von Leibniz (1646-1716)theformerin Englandand
Leibnizin Germauy.

E. T. Bell®, a historianof mathematicsyrites the following aboutthe
Fermat-Descartesontroversy:

Thereis no doubtthat he precededescartes.But as his
work of about1629 was not communicatedo othersun-
til 1636,andwaspublishedposthumoushonly in 1679, it
couldnot be possiblyhave in uenced Descartesn his own
invention,andFermatnever hintedthatit had.

Moreexplicitly, JamedNewman'°, expressindhisthoughtaboutto whom
shouldbe attributedthe 'modern’ useof the coordinatesystenstates:

Fermatmayhave precededescarted statingproblemsof
maximaandminima; but Descartesventfar pastFermatn
the useof symbols,in “arithmetizing” analyticgeometry
in extendingit to equationf higherdegree. The xing of
a point's positionin the planeby assigningtwo numbers,
co-ordinatesgiving its distancdrom to linesperpendicular
to eachother wasentirely Descartesinvention.

In orderto developa usefulgeometriccoordinatesystento solve math-
ematicalproblemsrelatedto geometryandphysicstwo importantsteps
areneededtherecognitionof thezeroasanumbeyandtheintroduction
of thenegative numbersKeepin mindthatmathematicsvasinventedo

solwereallife problemsandnoneof the mentionedcconceptsomefrom

everydayreality. A clearexampleof thatis the Roman’mathematics”
wherethey hadno symbolnor numeralfor the numberzero,muchless
for the negative numbers.

Thenumberzerohasnozero-historyonthecontraryits usesmanipula-
tionsandrejectionshasbeentracedasfarasthebeginningof civilization

itself. Someform of acceptanceanbe foundin Greecendia, Baby-
lon. Ontheotherside,the Greekmathematic®adno negative numbers,
thus, in the caseswherethey usedgeometryto solve someproblems,

9Bell E. T. (1945). Developmentof Mathematics.2nd. ed. McGraw-Hill Book
Compary. New York.

1%DescartesRene.(1956). The Geometry In JamesR. Newman(Ed.) The World
of MathematicsVol. 1. (pp. 235-253).SimonandSchusterNew York.
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FIGURE 2: Samplepageof DescartesGeometrie

theconceptordinatesandabscissawereapplieda posterioriandnota
priori whenworking with a problem.

With the acceptancef the negative numberghe storyis similar: some
mathematiciansarguedagainstthe existenceof numbers'below zero”.
Otherconsideredhatsubtractiorfrom zerowas“nonsense”.

It may soundstrange but Descartesever used“the Cartesiarcoordi-
nates”in his treatiseof 1637nor everin hislife; he wrote about“coor-
dinates”in the senseof distancego describethe locusof a curve, and
evenmore,hedidn't usednegative distancesCiting Bell aboutthis:

In details,Descartespresentatioliffersfrom thatnow cur
rent. Thus,heusedonly anx-axisanddid notrefersto ay-
axis. For eachvalueof x he computedhe correspondingy
from theequationthusgettingthe coordinates andy. The
useof two axes obviously is not a necessitybut a corve-
nience. In our terminology he usedthe equivalentof both
rectangulaandobliqueaxes.

In Descarteswork every thing was measuredvith positive distances.
Later, Bell writes:

He considereaquationnly in the rst quadrantasit was
thencethat he translatedhe geometryinto algebra.... As
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analyticgeometryevolvedandnegative numbersverefear
lesslyused, therestrictionwasremoved.

Respecto the studyof the correlationbetweengeometryandalgebra,
therewere somepredecessors that eld. Quoting Newman again,
from his Commentaryn Descartesand Analytical Geometry

The study of curves by meansof their equationsde ned
asthe “essence’of analytic geometry was known to the
Greeks...Menaechmusthe tutor of Alexanderthe Great,
is reputedto have madethis discosery. Among Descartes'
otherpredecessorareretheFrenchtheologiarNicole Oresme,
whosesystemof “latitudes and longitudes”roughly fore-
shadaeved “the useof co-ordinatesn the graphicalrepre-
sentationof arbitrary functions”, and FrancoisViete, the
sixteenth-centurygounselorto the King of France,whose
improvementin notationsubstantiallyfacilitatedthe devel-
opmentof algebra.

The earliest use of ney-
ative coordinatesis at-
tributed to Isaac Newton
(1642-1727)in a collec-
tion of gures andgraphs
of polynomialsof thethird
degreeof his book: Enu-
meratio linearumtertii or-
dinis, or Enumeation of
Curvesof Third Degree

In this publicationNewton
used perpendicular axes
andincludedboth positive
and negative numbers. In
fact,in someof the gures
he usedthe capital letter
X to label the horizontal
axis,thecapitalletterY for
theverticalaxis,andeventhe capitalletter O to labelthe point of inter-
sectionof both axes. In somesketcheshe didn't includednoneof the
labels.

FIGURE 3. Figure of Newton's Enumeation
where he usedthe X-axis, the Y-axis and the
origin O circa 1760.
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The systematizatiownf the presentay coordinatesystemusingperpen-
dicularaxesmeetingat a common‘“origin” is the nal resultof the hu-

manende&or throughmorethattwo millenniato give signi canceto

realmathematicaproblemshatgive zeroor negative results.
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10. Where doesin nity begin?

THE LAST OF THE NUMBERS...let'sseehow canwe nd it, because
surely afterit is wherethein nity begin.

Overall, in mathematicghereare so mary surprisesthat perhapshe
largestnumbetis notsofarasweimagine andthesameime,thein nite
may be closerthanexpected.

The natural numbers

To begin, we mustremembethatin the eld of mathematicg is always
requiredto de ne the conceptspreviously to avoid that somepeople
imaginea few thingswhile othersareseeingsomethingsimilar, but not
necessarilghe same Let usstartwith naturalnumbers;

We call natural numberary of the elementsf theseriesl,
2,3,4, ... etc;they arealsocalledthe positive integers.We
denotethe conglomeratef all naturalby the symbolN.

It is nothardto realizethatthenaturalnumbersarethe samethatwe use
every dayto countobjectsandquantities:a bookhas100 pageshasa
squarehas4 cornersgetc.

For the purposeof this article, sincethe zero numberis not usedfor
counting,we will notclassifyit asa naturalnumber

As our ancestor®egan countingtheir cattle,their sheeptheir children,
their friends,andtheir enemiesthey began with the ideaof the unity;
thenumberl —the rst naturalnumber One(1) is the smallestwe can
count:thereis oneSunin oursolarsystempneMoonaroundour planet.

The numbertwo (2) is for plurality; it appearsvhenthe numberone
takestheleadin counting.For thatreasonthe numbernwo is calledthe
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successopf the numberl; similarly, 3 is the successoof 2, etc. Note
thatif 3 is thesuccessoof 2, which is the successoof 1, then3 is the
successoof thesuccessoof 1.

This propertyof successivenessnbe projectednde nitely becausef
the numberl hasit, andif the number2 hasit, thenthereis no reason
to stopat somepoint no matterthe naturalnumberwe choose.

We canusethe symbol( ) to denotethe successoof anaturalnumber;
sowe cansaythat2 = 1°(i.e., 2 is the successoof 1), 3= 20= 1%etc.
Thereforethe naturalnumbersarelik e this:

1; 10 100 1000...

Whatis interestingaboutthis mathematicahotationis that we do not
needthelndo-Arabicnumeralgthe10symbolsl, 2, 3, ... 9) torepresent
the naturalnumbers. But eventually this notation(® 09 000 :::) etc.
will becomeunmanageableand we mustagain returnto the decimal
notationsystenthatwe alwaysuse.

Is there a natural number without a natural
successor?

No matterthe notationto which we adherethe propertyof the succes-
sivenesswill alwaysbe presentbecauseve intuitively imagineit like

this. Note thatit is this propertythat makesthe number: the concept
of numberarisesfrom the successiorof the numberone, becausehe

numberl aloneby itself is not a number its a unity. If plurality were

nonistent, thatis, if of everythingtherewere a unity, we would not

have inventedthe countingsystemandtherefore the scienceof mathe-
matics.

Supposehereis a numberk so big thatit hasno successorThenits
predecessoshouldbe k 1. Now the additionk to its predecessor:
k+ (k 1) = 2k 1. But this numberis de nitively greaterthank,
so, how canwe reach2k 1 if k is the greateshaturalnumber? The
contradictionarisesbecauseve assumedhattherecouldexist a natural
numberk so big that no othernumbercanbe biggerthanit. Hencek
hasa successorit cannot be the largestnumber (I devisedthis proof
usingthe conceptof successorshipArchimedes— 287BC-c 212BC-
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demonstratedhe in nite of primes, a proof that can also be usedto
arguein favor of thein nitude of the naturalnumbers.)

Onceweintuitively accepthenotionof successiorthenwe have started
to acceptthe existenceof in nity , becausen nity is this: the unstop-
pable theunlimited. It shouldbeemphasizethatwe arenotidentifying
theunreachablevith thein nity , becausen nity is not somethinghat
is never reachedit is an“activity”, thatnever stops.

Dictionariesde ne “in nite” in this way: In nite 1. extendinginde -
nitely: endless.2. immeasurablyor inconcevably greator extensve,
inexhaustible 3. subjectto no limitation or externaldetermination.

But whatif anentity insteadof having no endhasno beginning? What
if it hasno beginningandno end?Are they differentkind of in nites?

We'll laterseesomeexamplesof thesecases.

Where doesin nity begin?

The seriesof the naturalnumberscannotendbecauséherewill always
be a numberthatwill bethe successoto ary we acceptasthe greatest
of themby the propertyof successiothatwe alreadypostulatedintu-
itively accepted)So,our questfor thegreateshaturalnumbers always
doomedto failure: therewill never be suchthing asthe numberthatis
largerthanall others.

Whenwe talk aboutthe endlesssequenc®f naturalnumberswe say:

“1;2;3;::: toin nity , thinking maybeof thein nite asit werea place,

or alimit which cannotgo beyond, or the representationf the greatest
naturalnumberwe canimagine.

Thein nite is muchmorethanthede nition thatdictionariesgive us. It
is notan“inconcevably big” naturalnumberor an“inexhaustiblequan-
tity” becausén nity is nota“value”or a“number”.

In view of theabove, we will do ourvery simplede nition of in nity .
In nity is the setof all successoref unity in itself.

Thatis, in nity is adirectconsequencef thesuccessorshipropertyof
thenaturalnumbers.
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With this de nition we arenotassigningary numberto thein nite, but
to do somemathematicabperationsvith thein nite we needto assign
somemeasureof the quantity of elementghat setshave, speciallythe
“quantity” of elementsof the setN. This is conceptof cardinality of
in nite sets:

The cardinality of the set of naturalnumbersis denoted
bon

If thein nite is thesequencen itself thenit is necessarilyinboundable.
Fromthatpoint of view, we canassert:

Thein nite starts at the number 1.

This is becausghe numberl is not the successopf anothernatural
number

If the sequenc®f naturalnumbergs thein nite, thenthereis no way
to shav by a mathematicaproof that the naturalnumbersarein nite,
simply becauseve can not demonstrateby any proof what we accept
astrue by prior de nition . Any othermathematicaproof that deals
with in nity isimplicitly assuminghatthein nite isthesequencef all
successoref thenumberone,no matterif thatproofis relatedwith the
naturalnumbersor not.

HenceN is thein nite seriesde facto, andA g is the cardinalityof the
rst in nity .

OK with the naturalnumbers but what aboutthe fractions? Are they
thenext “Aleph'?

Geog Cantor(1845-1918)-aRussian-Germamathematiciantook up
thetaskof shaving thatthe fractions(the rationalnumbersyarenumer
able,thatis, thereareasmary naturalnumbersasfractions.

Whathe did wasto establisha one-to-ong1-1) correspondencamong
thesetof all fractionsandthesetof all naturalnumbersit hadto bethis

way becausehereis no otherway of demonstratinghata seriesor aset
of elementss in nite without establishinga correspondencbetween
this setandthe naturalnumbers.

In thefollowing gure all the possiblepositive fractionsarealignedin
a squarematrix. This matrix holdsevery properandimproperfraction
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(like2=3,173-91), andevery naturalnumbeiin all its possiblerepresen-
tationlike 1= 2=2= 22=22, or 5= 25=5= 12525, etc. Notethatthis
representatiohighlightsthe ideathatthe rationalnumberssetis made
up of in nite seriesof in nite elementseachone.

FIGURE 1: All possiblerationalnumbersarrangedn asquarematrixaccording
to their denominators Eachrow containsall possiblefraction with the same
denominatar

However, contraryto whichintuition tell us,thereareno morefractions
than naturalnumbers. When the fractionsare arrangedor displayed
aswe seein Fig. (2), we cancountall of themby following the path
givenby thearraws. In this way, we canenumeratall the fractionsas
if they were“the rst fraction, the secondfraction, the third fraction”,

etc. Of course,thereis no suchthing as“a rst fraction”, but what
thediagramillustratesis thatamongthe mary possiblearrangementsf

all the fractions,this oneis suitableto establisha countingprocesdor

them.

To go deeperinto the assertionthat “there is no suchthing asa rst
fraction”, let ustry to nd the smallestpositive fraction next to unity
—thatis, the rst fractionnext to 1. Let usdenoteby p=q thatfraction.
Butthereis alwaysafractionbetweeri and p=q givenby 1+ p=q given
by (1+ p=g)=2; henceevenwhenwe cantalk aboutthe naturalnumber
next to 1, we cannotusethe sameconceptwith thefractions.

Sincethe fractionsarein nitely numerablethenthey are of the same
kind of in nite asthe positive integers.In commonlanguageijt is said
thattherationalnumbersarecountable

The questionthat remainsis how canthesetwo setsbe equipollent
(equinumerous)f the naturalnumbersenjoy the property of natural
successionbut the fraction not. Thatis, to every naturalnumberal-
waysfollows one,andonly one,naturalnumbey but givenary fraction

http://ADLab.info



94 E. PEREZ

FIGURE 2. Onepossibleenumeratiorf therationalnumbersNotethatin this
matrix all possibleduplicatesareremoved (in nitely mary). In spiteof that,
theamountof remainingfractionarestill in nite.

we cannotsay which is the fraction that follows. On the other hand,
betweerary two fractionsthereis alwaysa fractionthatis “in the mid-

dle” of thetwo (just nd the arithmeticaverageof them),but between
two integersthereis notalwaysanotheiinteger“in themiddle” between
them. From this we caninfer thatwhenin nite setsareinvolved, the
propertieof bothseriesarenot alwaysnecessarilynutually shared.

Galileo Galilei (1564-1642)¥oresav thatwhenwe referto in nity , we
cannot think of it with the sameattributesthat are usedin the nite
casesFor example hereasonedhatthereis thesameamountof square
numbersasnaturalnumbers.This is counterintuitve becausavhenwe
walk along the numberline, the naturalnumbersare evenly spaced,
while thesquaresremoreandmorespacedapart.

NN

FIGURE 3: It seemgaradoxicakthata setcanbe putinto a (1-1) correspon-

dencewith oneof its subsetsThis happenhere:thesetof all squarenumbers

(below) is equipollentwith the setof all naturalnumbergabove), evenwhen

the setof all squaresdoesnot containsan in nite numberof elementscon-
tainedin N.

So,theconceptsgreaterthan” and“lessthan” doesnot applywhenwe
handlein nite “quantities”. Notethatasshavn in Fig 4 thesquareof the
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numbersaarebecomingmoreandmorescarcej.e., they areincreasingly
separatedrom one anothey however, the naturalnumbersare always
separatedy a unit distance. This strangebehaior is known as“the

paradoxof Galileo? Whatthis paradoximpliesis that we cannotsay
that thereare more naturalnumbersthan squareswe canonly assert
thatthereis acorrespondencene-on-ong1-1) amongthem.

Returningto Cantor anotherof his successewasin demonstratinghat
the real numbers-the setof all possibledecimals—arein nitely innu-
merable thatis, thereis noway to establisha (1-1) correspondenciee-
tweenthenaturalnumbersanddecimals.Thisis aweirddiscovery since
how comethatif everyfractioncanbeconvertedto adecimal,andfrac-
tions arein nitely countable thenwhy the decimalsare not in nitely
countable?

Thereasorbehindis thatnot every decimalcanbe corvertedto a frac-
tion; in fact,thegreatdiscoveryis in thefactthatthe“decimalfractions”
—asthey arecalled—is anin nitely smallquantitycomparedo thereal
numberghatcannotbe expressedsfractions.

The symbolof in nity

How canwe symbolizesomethingthat we cannot evenimagine? We
symbolizethe unit with the numerall, the plurality by 2, or 3, etc.
But in nity is nota number for this reasorit hasno numeralassigned.
Therefore nothingprohibitsusfrom usinga symbolasanabbreiation
whenwe referto in nity .

The symbolof in nity hasalwaysbeenusedin the Tarot cards,in the
imageof theMagician,to symbolizetheimplementatiorof theimpossi-
ble, andthe unlimited powersof the magicthattranscendsaturallaws.
In earlyversionsof thesecards,speci cally, in the Tarotof Marseilles,
closeto 1500,the MagicianArcane(alsoknowvn astheJuggler)appears
with a mysteriouswizard's hatvery similar to the now-adoptedn nity
symbol¥.

In MathematicsJohnWallis (1616-1703)s usuallycreditedwith intro-
ducing¥ asasymbolfor in nity in 1655in his De sectionilusconicis

Looselyspeaking,n nity is ofteninformally symbolizedby ¥, but in
thetheoryof setsthat Cantordeveloped,the formal symbolfor in nity
is Ay whenwe talk aboutthe "smaller", of the in nites which is the
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in nitude of the naturalnumbers. The symbol A ¢ is usuallyreadas
“alephsub0” (or aleph-null)to distinguishit from otherin nitudes that
“follow” this rst in nity .

FIGURE 4: The possibleorigin of the symbol¥ to denotein nity is in the
Magician's hat of the Tarotdeck. In nity is beyond our comprehensionjke
the Magicianstricks.

Thein nite is...in nite

Anyone would say that it can not be otherwise,but by the works of
Geog Cantor the founderof the Theory of Sets,now we know that
thereareseveraltypesof in nites. Whatwe have seensofaris only the
“smallest”’and“easiest’from all of them!

Cantorestablished'categories” to in nity to differentiatethem. The
rst in nity is denotedby A o, the next one(the next higher)is denoted
by A1 etc.

We mentionedhatthein nity of the naturalnumberss A g, then,what
is in nity A1? To getnearto what Cantorspeculatedvhatthe “next”
in nity is, we needto invoke the conceptof subsetf sets. Intuitively
we know that a setis ary collection or groupingof objectsbe them
concreteor imaginary For examplewe canimaginethe setA of all
numbersendingin 3: A= 13;13;23;33;:::g, or thesetof all thehouses
thathave onedoorpaintedin white.
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In contrast,a subsetis formedby ary setof someor all the elements
of the given set. For exampleif we have the setof the rst 4 natural
numbersB = f1;2;3;4g, someof the subset®f this setarethe subsets
{2, 3}, {1, 3}, {3, 4}, {2, 3,4}.

The numberof subsetghatcanbe obtainedfrom a setof n elementss
2". Thatis, supposeghesetA = a, b thenthey areleaving 22 subsets,
b, ? anda, b. Theset? —theemptyset—is consideredasa subsetof
ary set,andin turn, every setis consideredgsubsef itself. The setof
all subset®f ary setis calledthe powerset

It canbe shavn thatthe amountof subsetghatcanbe obtainedfrom a
setis alwaysgreaterthanthe numberof elementsn the setin question.
This wasthekey to Cantorto shawv thatthe quantityof realnumbersn

therealnumberline is “greater”thanthe amountof naturalnumbersn

the sameline. Anyonewould say: “Sure, that's logical: betweentwo

integersthereis alwaysanin nite numberof points” But whenwe go
to the detail, the samecan be said of fractions: “There is always an
in nite numberof fractionsbetweertwo integers. However, it is easy
to shaw thatthefractionsarenumberedthatwe sav earlier),while the
realnumbersarenot.

Reviewing:
Ag=11;2;3:::g,and

A 1=
fi5,0:2675::1;p;:::;3:6719887 ;5% 13094111, 41235999311 1 g
Notethe readerhow easyit is to conceptualizehe* rst” in nite (Ag),
andhow dif cult it is to conceptualizéhe“next” in nite (A 1), because
it containsall possibleintegers,all possibledecimals(non-endingdec-

imals or not) at once(the fractionsandthe whole numberscanbe ex-
pressedsdecimals).

Thein nites thatfollow thein nity A g aregivena specialname:they
arecalledtrans nite numbes. A 1, is then,the rst trans nite.

Accordingto Cantor the seriesof thein nites is:
Ao, A]_, Az, etc.
Someof theimplicationsof thetrans nite arithmeticarethefollowing:
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Ap+ 1= Ay
Ao+ Ag= Ay, etc.
Ai+1=A,
A1+ A= Aq, etc.

Thereademustinternalizetheseexpressionssconceptgatherthanas
equationsecauséf we take literally thefollowing equation:A g+ 1=
A andsubtractA o from bothsidesof the“equation”,we will comethe
conclusiorthatl = Owhichis clearlyfalse(thisis how someof fallacies
in mathematicsrebuilt).

Have we seenit all?

The conceptof in nity is very elusive to our nite minds;we canbear
in our mindsall numberaunderl100, but we cannotbearin our mindsall
thenumbergyreaterthan100.

However, no matterhow muchwe try, we will always have a limited
view of everythingthatis unlimited, but thatwill notstopusto bebold
enoughto continuescrutinizingthe bordersof thein nite.

In nity hasbeenexploredby several authorsfor mary centurieseach
contributing alittle to the understandingf this eld. However, outside
of the Cantoriarmathematicsigor usedfor dissectinghein nite, there
is an authorwho —in my personalappreciation-hasfacedthe vertigo
of in nity like no other ction authorandessayistheis the Argentine
writer Jolge Luis Borges(1899-1986).

The in nite Book of Sand

Jome Luis Borgesis the authorof the weird andfantasticakhortstory
titted The Bookof Sand The story is abouta book he buys, but that
can never be openedon the samepage,becausehe book is in nite.

He cannever nd the rst page,never the last page,never the same
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gures. Neveris away of openingthe book on the pagewhereit was
bookmarledthe previousday

Hereareafew shortpassagesf this shorthistory Thereadercanseein
themwhy his storyis sofascinating.

| livealonein afourth- oor apartmenonBelgranocstreet,
in BuenosAires. Late oneevening,a few monthsback, |
hearda knockat my door. | openedt anda strangerstood
there.He wasatall man,with nondescripfeatures-or per
hapsit wasmy myopiathatmadethemseenmthatway.

.... | sav atoncethatheaforeigner

“l sellBibles} hesaid.

“l don't only sell Bibles. | canshav you aholy book...
It mayinterestyou”.

| openedt atrandom.Thescriptwasstrangeo me. The
pageswhichwerewornandtypograply poor, werelaid out
in doublecolumns,asin the Bible. The text was closely
printed,andwasorderednto versicles.In theuppercorners
of the pageswere Arabic numbers.l noticedthat oneleft-
pagebore the number(let us say) 40,514 and the facing
right-handpage999. | turnedthe leaf; it was numbered
with eightdigits. It alsoborea smallillustration, like the
kind usedn dictionaries—amnchordravn with penandink,
asif by aschoolbg's clumsyhand.

Hereis whereBorgesstartsplaying with thein nite. Whenoneopens
a book the pagesare sequentialput that's not what happenedo him.

At rst intentionwhathe sav was40,514,andin the facingpage999.
Whenhe turnedthe pagethe numberwasan eight-digitnumbey let us
say 56,783,452.

It seemsto be a versionof Scripturesin somelndian
languageis it not?

“No,” hereplied.Then,asin con ding asecrethelow-
eredhis voice. “I acquiredthe bookin a town out on the
plainin exchangefor a handful of rupeesanda Bible. Its
ownerdid notknow how to read.l suspechesav theBook
of Booksasatalisman.He wasof thelowestcastenobody
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but otheruntouchablesouldtreadhis shadev without con-
tamination. He told me his book was called the Book of
Sandbecausaeitherthe book nor the sandhasary begin-
ningorend.”

“Neither the book nor the sandhasary beginningor end” That's what
we experienceevery time we go to a beachor to a river bank: thereis
noway to have on handthe samegrainstwice.

Thestrangelasledmeto nd the rst page.

I laid my left handon the cover and, trying to put my
thumbonthe yleaf, | openedhebook. It wasuselessEv-
ery time | tried a numberof pagescamebetweerthe cover
andmy thumb

“Now nd thelastpage.”

Again | failed. In a voice thatwasnot mine, | barely
managedo stammer“This cant be’”

Still speakingn a low voice, the strangersaid“l cant
be, but it is. The numberof pagesn this bookis no more
or lessthanin nite. Noneis the rst page,nonethe last.
| don't know why they're numberedn this arbitrary way.
Perhapdo suggesthatthetermsof anin nite seriesadmit
ary number

Herewe have the mathematiciannside Borgesreasonindik e this: An
in nite seriesis in nite by its elementsandnot by whereit begins. It
needs:ot to havea begginning nor doesit needto haveorder. Borges'
in nity is unmanageablbecauséhereis no way to know which page
is comingnext. It'sthe concepiof randomnessxtendedo therealmof
thein nitude.

I wentto the bed and did not sleep. At threeor four
in the morning| turn on the light. | got down the impos-
sible book andleafedthroughits pages.On oneof theml|
sav engraedamask.Theuppercornerof the pagecarried
a number which I no longer recall, elevatedto the ninth
power.

Borgesrealizesthatin anin nite bookthe pagenumberswill become
soonsolargethatthey will occupy thewhole page.That's why heuses
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the exponents. A gure to the ninth power could be somethinglike,
22,676,1909(0Of course at someinstanceanumberin a pagecouldbe
biggerthanthe bookitself!)

Summercameand went, and | realizedthat the book
was monstrous. What good it did to me to think that I,
who looked upon a volume with my eyes, who held it in
my handswasary lessmonstrous? felt thebookwaswas
a nightmarishobject, an obscenehing that affronted and
taintedreality itself?

| thoughtof re, but | fearedthatthe burningof anin-

nite book might likewise prove in nite andsuffocatethe
planetwith smole.

Borgesimpliesthatheis losing his mind; thatit is a nightmarehaving
at handanin nite object, and decidesto getrid of this madnessand
“monstrous’book.

| recalledreadingthatthebestplaceto hidealeafisin a
forest. Beforeretirement] worked on Mexico streetatthe
ArgentineNational Library, which containsnine hundred
thousandrolumes.l knew thatto theright of theentrancea
curvedstaircaséeadsdown into thebasementwherebooks
and mapsand periodicalsare kept. Oneday | wentthere
and, slipping pasta memberof the staf andtrying not to
notice at what heightor distancefrom the door, | lost the
Book of Sandon onethe basemeng mustysheles.

Borgescertainlywill try notto gothroughthestreetwherethelibraryis,
but he will befor therestof his life trying to deciphemnwhatanin nite
book cancontain.lIs it thathe hadin his handsanin nite dictionary?I
think so.

What makesthe Bookof Sandso particular?Whattype of in nity lies
behindthis “monstrous”’book?

Sincethe bookhadno beginning nor end,Borgesis speakingaboutin-
nite serieswith no startingandno endingterm.

Let's seesomeexamples:
f::::48567 67357°%1:894662:::0,
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f::::888810000561; 777; o

Eachtime heopenedabookanew bookreshufing appearedSo,what
thisbookincarnatess the setof all possiblearrangementsf the natural
numbers.Sincethe bookis in nite in two directions(no beginning no
ending)arny numberingof the pagess similar to the setof the natural
integers(thatincludesthe negative and positve). Thereforethereare
asmary instance®f the Bookof Sand asre-orderingof the setof the
naturalintegers:

fiin 3 2 1;,01;,2;8;:::0.

Thereare no negative pagenumbersin Borges' book: booksalways
usenon-zeropositive integersfor pagenumbers.But the setdisplayed
above is equipollentwith the setof all positive naturalnumbersso no
generalityis lost.

To prove thatary pageof the Bookof Sandcanbe madeto correspond
to someinteger (positive or negative) follow this mapping:if apagenis
eventhenmapit to (1) 5, butif the pageis oddmapit to ”71

Rudy Rucler, the authorof the book In nity and the Mind, and mary
other mind-bogglingmathematicdooks saysthe following eloquent
wordsaboutBorges:

Borgesis thewriter of ction who haswritten mostpro-
foundly aboutthein nity . Most of the relevant storiesare
in this anthology[Labyrinths(New York: New Directions,
1962)]. Of particularinterestis his essay‘Avatarsof the
Tortois€] ... This essaybaginswith a paragraptthatcould
sene asepigraphof In nity andtheMind: “Thereis acon-
ceptthatcorruptsandupsetsall others.| refernorto Evil,
whoselimited realmis thatof ethics.|I referto thein nite.”

Final thought

Geog Cantordiscoreredand exploredfor posteritymary unexpected
propertiesand characteristicef the mathematicain nity thatevento-
dayarestill little understooddebatedandfurtherinvestigated. For his
mary unprecedenterksultshe sadlypaidwith his mentalhealth.
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Almostsimultaneouslyin the otherhemispheref theworld, JogeLuis
Borges—with a gracefulliterary intuition— was also writing aboutthe
in nite, butfrom anotherstandpoinbf view: thein nite asanon-static,
indomitable jnsurmountablentity.

Cantorstatecandexploredthein nity inironcladdensegheoremsBorges
challengedhe readerto recreateandimaginein their mindstheir own
in nite.

Both pursuedthe in nite from different horizons; what a manelous
journey canthein nite bel
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