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Preface

TheVengeanceof Galileo is a provocative title for anessayandfor a
book.Thetitle maybemisleadingbecausetheleastanybodymay

expectof scientists–speciallyof thosethat lay the foundationsof new
�elds of knowledge–is thatthey mayatsomepointof their life become
vindictive.

However, critical thinking implies thinking outsidethe box. Critical
thinking requiresto have a different–sometimespersonal–approachto
conventionalideasandfacts.

ThevengeanceofGalileoessayisaboutthepersonalmotivesthatGalileo
mayhavehadwhenheacceptedto abjureof hisCopernicanideas.Many
curiousandstrangethingsmayswayin theheadof thisexperiencedsci-
entist,speciallyif heis obligedto abjureof hissolid ideas,experiments,
andobservationsthatwerethemotivesof all his life. Theessay's cen-
tral ideais that theleastthing hewaswilling to do wasto abjureof his
convictions.

So, his renunciation,even underoath, was to intentionally implant a
Trojan horseinto the RomanChurch. In order to accomplishthis, he
deliberatelyacceptedto signtheabjurationproposed.SincetheChurch
wasmuchmorepowerful thanhe was,that sameChurchwill catapult
his ideasinto history andglory. And later into the centuriesthe same
Churchwill be forced to retractof its actionsand embracethe same
Copernicanheliocentricsystemthatthey condemned.

Whowon in thelongrace?Galileowasthewinner:hisabjuration,used
asa Trojanhorseagainsthis jurors,wasthevictor. Galileo,asalways,
proved to be the greatthinker and beststrategist in a battle that was
goingto befundamentalfor centuriesinto thefuture.

Theotherarticlesaremoreor lesssimilar critical. Flammarion,anoc-
cultist andastronomer, EdmundHalley believed in life underground,
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Eddingtontrying to count the exact amountof certainparticlesin the
Universe!

Finally, Where doesin�nity begin? –theclosingessay–is abouthow
theconceptof in�nity –sostrangeasthefourth dimension–canalsobe
a sourceof rich ideasfor artists,writers, andscientist,with a closing
comparisonof thethetwo greatthinkersof thein�nitude: Georg Cantor
andJorgeLuis Borges
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1. The vengeanceof Galileo

GALILEO GALILEI (1564-1642)is widely known for hisdiscoveries
of the Moon craters,four of the Jupiter's moons,the so-called

LeaningTower of Pisaexperiment,andmany otherimportantscienti�c
contributionsto astronomy, mathematics,andphysics.

Galileo is also inevitably connectedwith the “invention” of the tele-
scope,and most notably known by the discoverieshe madewhen he
methodicallybegan observingthe night skieswith the aid of his new
optical artifacts. With his telescopesalwaysunderconstantperfection
–hehadattainedfameasa telescopemaker— he alsodiscoveredand
madedrawingsof theMoon'ssurfaceirregularities,likecratersandval-
leys. The four moonsof Jupiterthat he discoveredbetween1609and
1610are: Io, Europa,Ganymede,andCallisto; thesemoonsarecalled
theGalileanMoonsin hishonor.

Thedoubtful“LeaningTowerof Pisaexperiment”supposedlyconsisted
of droppingtwo different-weightballs—andpossiblydifferentmateri-
als: ten,andonepoundballs, somesay—from the LeaningTower of
Pisawith theobjective of demonstratingthatthey will hit thegroundat
thesametime,andnotasintuition wouldtell usthattheheavier onewill
hit theground�rst.

However, thereis a long debateaboutthe veracityof the narrative of
this experimentbecausehenever mentionsit, andbecauseat that time
therewereno accuratemeansof telling the time differenceswhenthe
ballshit theground.On theotherhand,similar experimentsaresaidto
becarriedawayby BenedettiGiambattistain 1553andby SimonStevin
in 1586.Maybe,for Galileo,it wasa “thoughtexperiment”.

But thereis onetranscendentaleventof life that involvesnot only him
andhis experiments,but also the clerical authoritiesof his time; it is
the theso-calledindictmentandabjurationof Galileoof his astronom-
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4 E. PEREZ

ical ideasbecausethey wereagainst the ChristianChurch's teachings.
But beforegoingdeepinto this, let usbring into thescenesomeprevi-
oushistoric factsthat led to theconfrontationbetweenGalileoandthe
RomanChurch.

The contribution of Copernicus

NicolausCopernicus(1473-1543)is theauthorof thebook: De revolu-
tionibusorbiumcoelestium(OntheRevolutionsof theCelestialSpheres).
In this bookhestatedthefoundationsfor a solid heliocentricsolarsys-
tem wherehe placedthe Sun—andnot the Earth,aswascommonly
accepted—at thecenteraboutwhichall otherplanetsarerotating.

It is saidthathereceivedthe�rst in hishandsthe�rst printedsampleof
thisbookthesameyearof hisdeath.

Copernicus'book—thework of his life— is in thesmallgroupof books
that haschangedmankind's history. TheRevolutionsof the Celestial
Sphereshasbroughta long andheateddebatethateventodayfor some
fundamentalistpeopleis not fully settled.

However, thework of Copernicushadmany previouscontributionsupon
which Copernicusrelied. Among themwerethinkerssobackin times
asAristarchusof Samos(310BC-ca.230BC) —who is consideredthe
truepredecessorof Copernicus,andthuscalledtheGreekCopernicus,
Seleucus(ca. 358BC-281BC), JohnPhiloponus(490-570),andothers.
But at thetime of Copernicus,theUniversewasneitherconsiderednor
conceived without a center. The Earthwasthe centerof the Universe.
Copernicusmain contribution is that he displacedthe Earth from this
“centerof theUniverse”.However, still for Copernicus,theEarth's dis-
tanceto the centerof the Universewassmall comparedto the sky of
�x edstars.

Copernicushad completedhis monumentalwork 36 yearsbeforethe
its publication. But he refrainedfrom publishingit on the excusethat
“maybeit wasbetterto follow theexampleof thePythagoreanandoth-
ers”.

In spiteof that,

...hisgreatwork De Revolutionibusorbiumcoelestiumwas
publishedat the earnestsolicitation of two distinguished
churchmen:CardinalSchömbergandTiedemannGiese,Bishop
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1. Thevengeanceof Galileo 5

of Culm. It wasdedicatedby permissionto PopePaul III in
order, asCopernicusexplained,that it might be thuspro-
tectedfrom the attackswhich it wassureto encounteron
thepartof the “mathematicians”(i.e. philosophers)for its
apparentcontradictionof the evidenceof our senses,and
evenof commonsense.1

StatingthattheEarthis notthecenterof theSolarSystemis notasimple
exerciseof substitutingonecosmicbodyfor another:thenew Coperni-
cus' astronomywasnot a simplegeometricalexerciseof interchanging
pointof references.

Copernicus'new planetarymovementimplied that the Earth was not
static,that theEarthwasmoving, andthoseassertionsweredif�cult to
believe becausewe don't feel any movementunderour feet. Whatwe
daily seeis theSunrisingfrom onesideof thehorizonandsettingin the
afternoonin theoppositeside.

We don't feel theEarthmoving underusandwe don't feel like moving
to anywhere. In fact, what we feel is like beingat the very centerof
everything. But if everybodyfeels the same,then there is no single
center, sosomekind of optical illusion mustbealwayssurroundingus.
At thetimeof Copernicus,therewasnomeanto counter-argumentthose
whosaidthatamoving Earthwould leave its atmospherebehind.

Copernicusdidn't includedany proof that the Earthis moving around
theSunneitherrotatingaroundits own axis: at that time therewasno
conclusive meansof proving thosefacts.It would take FriedrichBessel
in 1836,andLéonFoucaultin 1851to devisesimpledemonstrationsfor
thoseconceptsrespectively.

Soup to here,therewasno confrontationbetweenscienceandreligion,
at least, in visible form or with no mayor polemics,mainly because
Copernicus'ideasweresomewhat harmless,becauseat the endof the
roadtherewasnosolidphysicalevidenceto provehisaxioms.

1Gerard,J. (1909). Galileo Galilei. In The CatholicEncyclopedia. New York:
RobertAppletonCompany
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6 E. PEREZ

But about a half a century later ...

In March, 1610, Galileo publishedhis little book: SidereusNuncius
(StarryMessenger), thebookwherehe includedthesketcheshemade
of thelunarcratersandhisdiscoveriesof themoonsof Jupiter. Sidereus
is averysmallbookwith anoticeablylongtitle (SidereusNunciusis just
thebeginning). In thelong title of thebook,heusesthetermPerspicilli
thatis theplural of Perspicillum, thetermpreviouslyusedfor telescope
until DellaPortaintroducedthetermtelescopiumin 1611.

It is now known thatGalileowasnot the �rst to usea telescopeto ob-
servetheMoonandto makedrawingsof its irregularities,but hewasthe
�rst to makeasystematiccompendiumof hisobservationsandto follow
methodicallythemoonsof Jupiter. SomeauthorsinsistthatGalileodid
not fully understoodtherealopticalbehavior of thetelescopesheused,
but therealityis thatthiswasnohandicapto useit onthewholeto create
andwrite sucha revolutionarywork.

Theappearanceof thisbookimmediatelyunleashedanacidcontroversy
for threemainreasons:

1. TheMoon wasshown with many surfaceimperfections,contrary
thescholasticbeliefof apureandsmoothroundedsphere.

2. It showedthatthereis a lot of starsunseenby thenakedeye, indi-
rectlyquestioningthebeliefthatthenightheavenswerecreatedby
Godfor thejoy of thehumankind.In thatis thecase,thenwhat's
theuseof thosestarsthatcannotbeseenexceptwith telescopes?

3. It showed that Jupiterhasmoons,so that thereareother “solar
systems”out there.

Copernicus versus the Bible, and Galileo ver-
susthe Catholic Church

If Copernicus'book placingthe Sunat the centerof the Solarsystem
—thusremoving the Earthfrom that centralposition—wasdedicated
to PopePaul III andit waswelcomed,why thenGalileohadsucha bad
luck whenwascalledto the Inquisition court? Well, it wasmatterof
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1. Thevengeanceof Galileo 7

time; somebody, sometime,wasgoing to respondfor thosechalleng-
ing ideas. Back in 1616,On the Revolutionsof the CelestialSpheres
of Copernicuswasplacedin theChurch Index of prohibitedbooks“un-
til it werecorrected”.So theseedfor a confrontationbetweenscience
andreligionhadalreadygerminatedin Copernicus'book;but now only
Galileowasthereto answerthequestionsof theChurch.

Theoppositionto Copernicus'bookandtheconfrontationwith Galileo
werepartof two differentcontroversies.

• MartinLuther(1483-1546)andPhilippMelanchthonopposedCoper-
nicusonbiblical grounds.

• The RomanChurchopposedto Galileo becausehis views were
against their traditional supportto Aristotle and the Ptolemaic
geocentricmodel.

The con�ict betweenthe Bible andCopernicuswerebasedin Bible's
Joshua(10:13),

13 And thesunandthemoonstoodstill, till thepeoplere-
vengedthemselvesof their enemies.Is not this written in
thebookof the just? So thesunstoodstill in themidstof
heaven,andhastednot to godown thespaceof oneday.

andIsaiah(35:7-8):

7 And this shall be a sign to theefrom the Lord, that the
Lord will do this word which he hathspoken: 8 BeholdI
will bring again theshadow of thelines,by which it is now
gonedown in thesundial of Achazwith thesun,ten lines
backward.And thesunreturnedtenlinesby thedegreesby
which it wasgonedown.

In this explicit confrontationof the Bible versesagainst Copernicus,
LutherandMelanchthoninevitably took standagainsthim, andagainst
scienceandreasoning,arguing on the basisof purefaith only. Martin
Luther wasso convincedof the credibility of the Bible andthe incor-
ruptibility of theskiesthathe is creditedreferringto cometsas“harlot
starsandworksof thedevil”.
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8 E. PEREZ

On theotherhand,theconfrontationwith Galileowasbasedmainly on
othermorere�ned grounds:thephysicsof Aristotle. For this, in 1611,
cardinalRobertBellarmine,chief theologianof the Church,asked the
masterJesuitmathematiciansand astronomersto study in details the
claimsof CopernicusandGalileo for the evident antagonismwith the
Bible andtheAristotelianandPythagoreandoctrines.

The abjuration of Galileo

ThecontroversybetweenGalileoandtheJesuits(formerfriendsandad-
mirersof him) grew up an up until he wassummonedto Rome. The
showdown beganandtook aninevitably impulsethateventodayseems
impossibleto stop. Lots of opinions,research,anddebateis still under
the public consideration.Therearehundredsof articles,books,paint-
ings,poems,evendrama,aboutthetrial of Galileo,soourconcernhere
is the recantationtext (the last paragraphs),becauseit summarizesthe
longandagonizinglastdaysof Galileo.

I, Galileo,sonof the lateVincenzoGalilei, Florentine,
agedseventyyears,arraignedpersonallybeforethistribunal,
andkneelingbeforeyou,MostEminentandReverendLord
Cardinals,Inquisitors-Generalagainsthereticaldepravity the
entireChristiancommonwealth,having beforemy eyesand
touchingwith my hands,the Holy Gospels,swearthat I
have alwaysbelieved, do believe, andby God's help will
in the future believe, all that is held, preached,andtaught
by the Holy CatholicandApostolic Church. But whereas
– afteraninjunctionhadbeenjudicially intimatedto meby
thisHoly Of�ce, to theeffectthatI mustaltogetherabandon
thefalseopinionthat thesunis thecenterof theworld and
immovable,andthattheearthis not thecenterof theworld,
andmoves,andthatI mustnothold,defend,or teachin any
way whatsoever, verballyor in writing, the saidfalsedoc-
trine,andafter it hadbeennoti�ed to methat thesaiddoc-
trine wascontraryto Holy Scripture– I wrote andprinted
a book in which I discussthis new doctrinealreadycon-
demned,andadduceargumentsof greatcogency in its fa-
vor, without presentingany solutionof these,andfor this
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1. Thevengeanceof Galileo 9

reasonI havebeenpronouncedby theHoly Of�ce to beve-
hementlysuspectedof heresy, that is to say, of having held
andbelievedthattheSunis thecenterof theworld andim-
movable,andthattheearthis not thecenterandmoves:

Therefore,desiringto remove from the mindsof your
Eminences,andof all faithful Christians,thisvehementsus-
picion, justly conceivedagainstme,with sincereheartand
unfeignedfaith I abjure,curse,anddetesttheaforesaider-
rors andheresies,andgenerallyevery othererror, heresy,
andsectwhatsoever contraryto thesaidHoly Church,and
I swearthat in the future I will never again sayor assert,
verballyor in writing, anything thatmight furnishoccasion
for asimilarsuspicionregardingme;but thatshouldI know
any heretic,or personsuspectedof heresy, I will denounce
him to this Holy Of�ce, or to the Inquisitoror Ordinaryof
theplacewhereI maybe. Further, I swearandpromiseto
ful�ll andobserve in their integrity all penancesthat have
been,or thatshallbe,imposeduponmeby thisHoly Of�ce.
And, in theeventof my contravening,(which God forbid)
any of thesemy promisesandoaths,I submitmyself to all
thepainsandpenaltiesimposedandpromulgatedin thesa-
credcanonsandotherconstitutions,generalandparticular,
againstsuchdelinquents.So help me God, andtheseHis
Holy Gospels,which I touchwith my hands.

I, thesaidGalileoGalilei,haveabjured,sworn,promised,
and bound myself as above; and in witnessof the truth
thereof I have with my own handsubscribedthe present
documentof my abjuration,andrecitedit word for word at
Rome,in the Convent of Minerva, this twenty-secondday
of June,1633.

I, Galileo Galilei, have abjuredasabove with my own
hand.2

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

Can sciencebeabjur ed?

Galileowastheauthorof many books:theStarryMessenger wasonly
oneof them.Someof theotherworksby him are:Letters on Sunspots,
Discourse on the Tides, Discourse on the Comets, TheAssayer, Dia-
logueConcerningtheTwoChiefWorld Systems, DiscoursesandMathe-
maticalDemonstrationsRelatingto TwoNew Sciences. Thatis, Galileo
was very akin to the “discourses”,so his “abjuration” in front of the
Inquisitionwasmaybehis last,andperhaps,hisbestdiscourse.

Whocanreally trustGalileowhenhesaysthat...

... afteraninjunctionhadbeenjudicially intimatedto meby
thisHoly Of�ce, to theeffectthatI mustaltogetherabandon
thefalseopinionthat thesunis thecenterof theworld and
immovable,andthattheearthis not thecenterof theworld,
andmoves...

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

Galileowasa manof science,andevenwhenhewas“kneelingbefore
you,Most EminentandReverendLord Cardinals,Inquisitors-General”
hewasstill a manof science.But surely, asa proli�c writer ashewas,
heknew thathiswordsweregoingto besavedfor theposterity, like the
StarryMessenger was.

Therefore,by his presencein the Holy Of�ce he waswriting the dis-
courseof his life. His “recanting”hadanunderlyingpurpose:by going
“personallybeforethis tribunal” hewasusingtheChurchpower to po-
sitionhimselfforever to posterity.

Surelyheenvisionedthatsomeday, in someunknown ways,somebody
will de�nitely demonstratewhatheandCopernicuswereunableto do.
And thiswasthecase:asmentionedabove,Bessel,Foucault,andNew-
ton wereamongthemany that laid thefoundationsfor a new andsolid
scienceof theskies,andanew philosophy of sciencebasedonCoperni-
cus,andGalileo.

But Galileowasalsothefatherof two nuns;thus,certainly, hewasnot
goingto let themsuffer forever for his actions.Paternityis very strong
at thatage(hewas70). Beforehim werehis jurors,but alsoin hismind
wasthepresenceof his daughters,Virginia (laterSisterMaria Celeste)
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1. Thevengeanceof Galileo 11

andLivia (later SisterArcangela).He wasalmostblind, therefore,he
hadno intentions—ashewasimpeded—to write morebooks.Hence,
helet theChurchwrite his lastdiscoursefor him; andthey did it.

Galileoabjuringfrom his science?Never in thelife! Sciencecannotbe
abjured.Scienceis notbasedonactsof faith. Sciencecannotbebrought
to therulingsandconclusionsof judges.Scienti�c experimentaldataju-
dicially andfairly collectedandanalyzedcannotbenegated.Therefore,
theabjurationof Galileowaspossibly... anactof vengeance.
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2. The strangeextraterr estrial
worlds of Camille Flammarion

NICOLAS CAMILLE FLAMMARION (1842-1925)was a Frenchas-
tronomerfounderof the French AstronomicalSociety, a proli�c

writer, andan advocateof the Spiritism, a doctrineheraldedby Allan
Kardec.

Flammarionwasamanin continuoussearchfor new horizonsof under-
standingandwasreadyto exploresomenon-mainstreamscience�elds
for thesake of discoveringhiddenpathsfor new discoveries. Someof
his booksstill survive becausethey representtheprevalentideasof his
epoch,andin particular, theideasof anadventurerof thenight sky, and
thecosmos.

Associatedandsometimesattributedto him —andaboutpicturing the
mysteriouscosmos—thereis anenigmaticandperplexingwoodcut,that
depictsa medieval pilgrim carryinga staff, crossingthe borderof the
known universeandenteringinto anotherworld. This explorer is just
crossingthe boundariesof a bubble, and he is inside this bubble, or
sphere,astheAristotelianscalledit. Theborderof our knowledgeable
universeis justbeyondtheorbit Moon,andbeyondall visiblestars.

Thepilgrim's land is almost�at, we don't seehigh mountains,we see
just somesmall moundsandorganizedhills. The horizon is almosta
straightline. Maybethat's thereasonwhy somecommentatorssaythat
Flammarionwasanadvocateandapropagandistof the�at-earth theory.
Flammarionbelievedin the�at-earth theory?

This assertionis quiteunbelievablefor anastronomerthatshouldhave
known thaton September20, 1519thenaval commanderandexplorer
Portuguese-bornFerdinandMagellanstartedanexplorationfor thecrown
of Spainwith 5 shipsand256man.Only oneof the� ve shipsmanaged

15



16 E. PEREZ

FIGURE 1: Thewoodcutattributedto Flammarion.Of specialsigni�canceis
theupperleft doublewheelintersectingeachother. Thatconstructis impossi-

ble in our3D world, but maybefeasiblein a4D world.

to arrive to Spainagain: it wasthe famousVictoria (Victory) with the
crew greatly reducedto only 18 man. Magellandid not completethe
journey becausehewaskilled in thePhilippines.It wasJuanSebastián
del Canowho managedto �nish the exploration when he arrived on
September6, 1522,to thesameplacefrom wherehedeparted:theport
of SanlúcardeBarrameda.

Themostimportantfact,from thecosmographicalpoint of view, is that
they werealwaystraveling in thesamedirection,to thewest. Thatex-
pedition settledonceand for all (althoughthis was not their original
intention)theroundnesson theEarth.

TheFlammarion'swoodcutpictureis saidto haveappearedin theFlam-
marion'sbook:L'atmosphère: météorologiepopulaire(TheAtmosphere:
Popular Meteorology) in 1888, but its true origin is not settled. The
original artist is unknown, but possiblyheworkedunderFlammarion's
supervision.Theoriginal �gure hadno colors,colorizationwasadded
laterby subsequentartistsandamateurs:that's thereasonwhy thereare
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2. Thestrangeextraterrestrialworldsof CamilleFlammarion 17

differentcoloringschemesfor thiswoodengraving. Theart is accompa-
niedby thefollowing Frenchcaption:A medieval missionarytells that
hehasfoundthepointwhereheavenandEarthmeet...Well, that'swhat
we at �rst glancesee:a personcrossingtheborderbetweenEarthand
Heaven.

In recentliterature,the cover pageof Daniel Boorstin's TheDiscover-
ers: A historyof man's search to knowhis world andhimself, usesthis
woodcutin his cover pageas the paradigmof all man's searches.To
Boorstin,every searchor discovery is a trip to anotherworld wherethe
new �ndings may not re�ect the searcher's world. For someother in-
terestingcolor alterationsof this woodcut,seethe�at-earth woodcutas
visualrhetoric.

The�gure is very interestingfor themany elementsthatit incorporates.
Note that the pilgrim is crawling from a �at Earth into a world that
seemsto be spherical. From this �at Earth risesa tall tree that may
evoke the myth of the Gardenof Eden. The �at Earth, the starsand
planets,even the surprisedSunareenclosedinto an all-encompassing
spherethatharmoniouslykeeptogetherthedayandthenightelements.

Outsideof his boundingsphere—theonethatstill keepshim bounded
to theEarth—everythingis new: thereis no moreEarth,no moreveg-
etation,no moredaysandnights,thestarsaredifferent,thereappearto
bemoreandmoreboundingspheresandthevery upperright cornerhe
seesthedoublewheel“described”by Ezekielin theBible.

The enigmaticEzekiel's doublewheel hasbeenrepresentedin many
illustrationsfor many centuriesbeforethe“Flammarionwoodcut”was
carved. The descriptionof the so-calledEzekiel's wheelsis found in
Chapter1 of Ezekiel15-18andit goeslike this:

As I looked at the living creatures,I saw a wheel on the
groundbesideeachcreaturewith its four faces. This was
theappearanceandstructureof thewheels:They sparkled
like topaz,andall four looked alike. Eachappearedto be
madelike a wheel intersectinga wheel. As they moved,
they wouldgoin any oneof thefour directionsthecreatures
faced;thewheelsdid not changedirectionasthecreatures
went.Their rimswerehighandawesome,andall four rims
werefull of eyesall around.
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18 E. PEREZ

Thepicturewasdonein 1627,sometwo hundredand�fty yearsbefore
PopularMeteorology. Thesimilarity of thewheelsbetweenbothworks
is extreme.Thewheelvisionof Ezekielcapturestheimaginationof be-
lieverssopowerfully thatby 1900,theReverendBurrell Cannon,from
Texas,said that he'd beencalledby God to replicateEzekiel's Wheel
andtried to build anEzekielWheel�ying machine.

It was quite a machine– an almost-circular�ying-wing,
with a secondarylower wing below. Thesupportingstruc-
turewasa light tubular metalframe. TheBook of Ezekiel
hadspoken of the constructionbeing “as it werea wheel
within awheel.” It' d goneon to say, “the spirit of theliving
creaturewasin the wheels.” So Cannoncreatedtwo pairs
of wheels,nestedbelow thewings....

Then,in 1902,oneof Cannon's workers�e w themachine.
It gainedspeed,tookoff, seemedto drift in theair, beganvi-
bratingviolently, andthencrashedinto a fence.The�ight,
if youcancall it that,hadcoveredadistanceof 167feet.3

ThemachinethatBurrell constructedis very far from thetwo intersect-
ing wheelsmodelthatweseein Flammarion'swoodcutandthatEzekiel
describes.

Returningto thewoodcut,thewheelartifactcanbetterdescribedastwo
mutually intersectingwheels,which possiblycan move at two direc-
tionsat thesametime. This spacepilgrim is askingfor helpbecausehe
doesn't understandthenew worldheisseeing.In thisstrangeworldany-
thing canhappen,andthemetaphorof two mutuallyintersectingwheel
that canmove in two directionsat the sametime is the perfectoneto
describethesenseandideaof the impossibleandtheunreachable.For
this reason,thepilgrim is enteringthis new world on his knees,with a
humbleattitude;like a child askinghis fathera helpinghandto gethim
outof theground.

His passionfor the life in other planetsled Flammarionto write —
amongmany other books —Les MondesImaginaires et les Mondes
Reels(TheImaginary and theRealWorlds) in 1864andLesTerresdu
Ciel (TheEarthsin theSky) in 1884amongother.

3JohnH. Lienhard.EzekielFlys. http://www.uh.edu/engines/epi1855.htm

http://4DLab.info

http://www.uh.edu/engines/epi1855.htm
http://4DLab.info


2. Thestrangeextraterrestrialworldsof CamilleFlammarion 19

Among his morethantwenty publications,in 1904,Flammarionpub-
lishedan interestingastronomybook translatedto Englishas: Astron-
omyfor Amateurs, but thatin theoriginalFrenchversionthetitle mean-
ing was Astronomyfor Women. The book was dedicatedto Madame
C. R. Cavaré,“original memberof theAstronomicalSocietyof France,
ChateaudeMauperthuis.” Romanticashewashe�nished theDedica-
tion of thebookwith: “[the book]cannotbebetterplacedthanuponthe
tableof a ladywhoseeruditionis equalto hervirtues.”

Astronomyfor Womenwasanastronomybookasthestateof thisscience
wasat thattimewith lot of illustrations,constellationanddiagrams,and
we will not go into it except for two curiousillustrationsincludedin
the book. The book waswritten for womenin honorof many women
astronomershementions.Amongthemare:

• St. Catherineof Alexandria,admiredfor herlearning,herbeauty
andhervirtue. Shewasmartyredin thereignof MaximinusDaza,
aboutthe year312, andhasgiven her nameto oneof the lunar
rings.

• ThecelebratedfemalemathematicianMadameHortenseLepaute,
bornin 1723,whocollaboratedwith Clairautin theimmensecal-
culationsby whichhepredictedthereturnof Halley's Comet.

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

• Marie Agnesi, who delivered haranguesin Latin, and was ac-
quaintedwith seven languages,andfor whom mathematicsheld
nosecrets.

• Nor mustwe omit Miss CarolineHerschel,...shediscoveredno
lessthansevencometsherself.
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The other worlds of Camille Flammarion

Maybethe title of thebookwasin�uenced by theworksof his second
wife GabrielleRenaudotFlammarionwho wasalsoanastronomer. For
his works in observationalastronomy, thereis a crateron Marsnamed
in herhonor.

FIGURE 2: Although beinga contem-
poraryastronomer, Flammariontacitly
assumedthattherewaslife onMars.

Thepictureshown wascaptioned
TheEarthviewedfromMars. Ob-
viously, he tacitly assumedthat
there is life in Mars. The veg-
etation,palmsandpine treesare
clearly seen. In the distanthori-
zonweseesomelight raysfrom a
sunset.

In completeanalogywith the re-
ality we seehereon Earth,when
Venusis visibleduringsunsets,to
the Martians the Earth must be
visible duringsomesunsets.The
following excerpt from the book
area referenceto thethis �gure:

Amongthe�nest and
most interesting of
thecelestialphenom-
ena admired by the
Martians, at certain
epochsof theyear, —
now at night whenthe Sunhasplungedinto his �ery bed,
now in the morning,a little beforethe aurora,—isa mag-
ni�cent starof �rst magnitude,never far removedfrom the
orbof day, whichpresentsto themthesameaspectsasdoes
Venusto ourselves. This splendidorb, which hasdoubt-
lessreceivedthemost�attering namesfrom thosewhocon-
templateit, this radiantstar of a beautiful greenishblue,
coursesin spaceaccompaniedby a little satellite,sparkling
like somesplendiddiamond,after sunset,in the clearsky
of Mars. This superborb is the Earth, and the little star
accompanying it is theMoon.
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The“splendidorb” heis takingaboutis theEarthnearthecenterof the
�gure.

Yes,to theMartiansour Earthis a starof themorningand
evening;doubtlessthey have determinedherphases.Many
avow, andmany ahopemusthavebeenwaftedtowardher,
morethanonebrokenheartmusthave permittedits unreal-
izeddreamsto wanderforth to our planetasto anabodeof
happinesswhereall whohavesufferedin theirnativeworld
might �nd ahaven.But ourplanet,alas!is notasperfectas
they imagine.

Respectto life in otherworlds,Flammarionis moresplendidin hiscon-
victions:

The substanceof the terrestrialhumanbody is due to the
elementsof our planet,andnotablyto carbon.The terres-
trial humanform derives from the ancestralanimal forms
to which it has gradually raiseditself by the continuous
progressof thetransformationof species.To usit seemsob-
viousthatwe aremanor woman,becausewe have a head,
a heart,lungs, two legs, two arms,andso on. Nothing is
lessa matterof course.Thatwe areconstitutedaswe are,
is simply theresultof our pro-simianancestorshaving also
hadahead,aheart,lungs,legs,andarms—lesselegantthan
yourown, it is true,Madam,but still of thesameanatomy.

In this paragraphhe exposedhis evolutionist convictions, and to the
dismayof his lady, he is assertingthat we all aretied to, andevolved
from, ancestralenvironmentalconditions.

But hisconvictionsareextrapolatedto otherworlds,becauseeverycon-
ceivableworld is subjectto the samephysical laws. In the next para-
graphFlammarionis playingwith themany possiblelife formsandevo-
lution mechanisms.

The multitudeof worlds is surelypeopledby every imag-
inableandunimaginableform. Terrestrialmanis endowed
with � ve senses,or perhapsit is better to say six. Why
shouldNaturestopat this point? Why, for instance,may
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shenot have given to certainbeingsan electricalsense,a
magneticsense,asenseof orientation,anorganableto per-
ceive theetherealvibrationsof theinfra-redor ultra-violet,
or permittedthemto hearat a distance,or to seethrough
walls?We eatanddigestlike coarseanimals,we areslaves
to our digestive tube: may therenot be worlds in which a
nutritiveatmosphereenablesits fortunateinhabitantsto dis-
pensewith thisabsurdprocess?Theleastsparrow, eventhe
dusky bat,hasanadvantageoverusin thatit can�y through
theair. Think how inferior areourconditions,sincetheman
of greatestgenius,themostexquisitewoman,arenailedto
thesoil likeany vulgarcaterpillarbeforeits metamorphosis!

Evenwhenheassumesin theparagraphabove thatwe aredescendants
of 'pro-simianancestors',hebelievesthatwemustbesomethingspecial
in thisplanet.

... the manof greatestgenius,the mostexquisitewoman,
arenailed to the soil like any vulgar caterpillarbeforeits
metamorphosis.

In thenext paragraphheexposestheargumentknown astheCopernican
principle thatstatesthattheEarthis not in a central,speciallyfavoured
position.This principleis simply anextensionof thefactthattheEarth
is not thecenterof thesolarsystem,thusour positionin placeandtime
is not anexceptionalone. Furtherextensionsandmodi�cations to this
philosophicalschoolsare the Anthropic Principle, andthe Mediocrity
Principle. Let's seehow heexposedhis ideas.

One importantpoint seemsalways to be ignoredex-
presslyby thosewho blindly deny the doctrineof the plu-
rality of worlds. It is thatthis doctrinedoesnot applymore
particularlyto thepresentepochthanto any other. Eternity
is the �eld of the EternalSower. Thereis no reasonwhy
theotherworldsshouldbeinhabitednow morethanat any
otherepoch.

To pretendthat our globe must be the only inhabited
world becausetheothersdonotresembleit, is to reason,not
like a philosopher, but, aswe remarked before,like a �sh.
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Every rational�sh oughtto assumethat it is impossibleto
liveoutof water, sinceits outlookandits philosophy donot
extendbeyondits daily life. Thereis noanswerto thisorder
of reasoning,exceptto advisea little wider perception,and
extensionof thetoonarrow horizonof habitualideas.

TheAnthropic Principle is anattemptto explain theobserved fact that
thefundamentalconstantsof physicsandchemistryarejustright or �ne-
tunedto allow the universeandlife at we know it to exist. Somehow,
thelawsandconstantsof naturearein necessaryequilibriumto produce
andsustainlife sothatat leasoneof this formscanobserveandquantify
theconstantsandtheequilibrium.

Ontheotherhand,thisprinciplestatesthatthereis nothingspecialabout
humansor theEarth.

Going backto the Copernicustimes,the dethronementof the Earthas
thefavorite of God's creationimplied theriseof theMediocrity Princi-
ple: wearejustoneof themanipulationsandtheoutcomeof thephysical
lawsoveranin�nite time in anin�nite place.

An easyway to rememberhow many daysare
in eachmonth of the year

AnotherillustrationI wantto bring to thereadersis moremundaneand
notsoromanticasthewoodcutabove,but it is morepractical.

WhenI wasakid andI neededto rememberthedaysof themonthsof the
calendar, my mothertaughtmeto usetheknucklesof my hands.It was
a simpletrick thatI hadlong forgotten,but to my surprise,Flammarion
includedin his Astronomyfor Womena �gure of how to rememberit
easily. Seehow easyis to rememberhow many dayseachoneof the
calendarmonthshas. Note that in this �gure every moth correspond-
ing to a knucklehas31 days,andthateachoneof themonthsbetween
knucklesareof 30 dayseach,exceptFebruary, thatsometimesis 28 or
29days.

As anoccasionalcommentaryheobservesthat:

Returningto the calendar, it mustbe remarked in conclu-
sion, that the humanracehasnot exhibited greatsensein
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FIGURE 3: Usingthehandknucklesto rememberthedaysof themonths.

�xing the New Yearon January1. No moredisagreeable
seasoncouldhavebeenselected.

Thesemonths,again,areunequal,aseveryoneknows. Wit-
nessthesimpleexpedientof rememberingthelongandshort
months,by closingtheleft handandcountingtheknobsand
hollows of the �st, the former correspondingto the long
months,the latter to the short: �rst knob = January;�rst
hollow, February;secondknob,March;andsoon.

It is a pity thatour modernsciencetextbooksdo not mentionthose“ro-
mantic”passagesof thehistoryof science.Mainstreamastronomersare
in a freneticraceto �nd planetsin otherplacesvery far away from our
Solarsystem,but theirsearcharejustfor applicationsof theirmathemat-
ical formulas,andnobodyis searching—in thespirit of Flammarion—
for vegetationin othersystems.If Flammarionwerealive andwith ac-
cessthemodernintricatetelescopes,possiblyhewould still be looking
for life wherever thereis, in any possibleform.

At the endof the road,summarizingFlammarion's productionwe can
go backto the famous“woodcut”andconcludethat thepilgrim in this
�gure is Flammarionhimself. He exploredtheskies,annotatedits stars
andplanets,decipheredthecometsandtheatmosphere.He wentwith
histelescopeandwith hisfertile imaginationwhereotherauthorsmaybe
never thoughtof, or wereafraidof writing aboutit. He venturedto the
impossibleworlds beyond the limiting atmosphereand broughtback
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captivatingstoriesfrom otherworlds.For his times,andfor mostof his
readers,hewasthemessengerfrom theskies.

Kevin Krisciunas,in his article: Strange Casesfrom the Files of As-
tronomicalSociology mentionsthefollowing abouttheadmirationthat
Flammarionroseamonghis fans:

TheFrenchastronomypopularizerCamilleFlammarion(1842-
1925)wasthelove objectof a Frenchcountesswho diedat
a youngageof tuberculosis.They never evenmet,but the
youngwomanmadeanunusualrequestto herdoctor—that
whenshediedhewould cut a largepieceof skin from her
back and bring it to Flammarionwith the requestthat he
have it tanned,andthatit beusedto bindacopy of hisnext
book. (Part of thereasonwasthatthewomanhada picture
of Flammariontatooedon herself!) And so it happened.
Flammarion's �rst copy of Terresdu Ciel was so bound,
with aninscriptionin gold in thefront cover:

Piousful�llment of ananonymouswish. Bindingin hu-
manskin (woman)1882.4

This bizarreanecdoteremembersme that maybeis true the lemmaI
oncesaw at thebeginningof abook:

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

4CERNDocumentServer. StrangeCasesfrom theFilesof AstronomicalSociol-
ogy.
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3. The subterraneanworld of
Edmond Halley

EDMOND HALLEY (1656-1742)onceraisedthe questionaboutthe
possibilitythattheEarthmightbehollow at its center. This is nota

crazyideaafterall. At its mostelementarylevel, thepresenceof caverns
andcavesall aroundtheworld leadsusto askourselveshow deepthey
canbe,andeventhepossibilityof �nding asuf�ciently big underground
chambercrossingthewholeplanetfrom onesideto theoppositeside.

Canwe talk of scienti�c irresponsibility, this time by EdmundHalley,
whenheassertedthatourplanetEarthmustbehollow, with innershells,
andeveninhabitantson them?

Let us recall that, at the beginning of the modernatomic theory, the
atomswerestill mentallyconceivedassomekind of microscopicsolid
spheresuntil Niels Bohr introducedtheatommodelof a smallpositive
chargesurroundedby electronstraveling in orbitsaroundit. Until then
practically nobodyimaginedthat all the atomsare essentiallyhollow
spheres;thateveryatomis almost“empty”.

On theotherhand,theSolarSystemis alsoanalmostemptystructure.
So it is easyto carry this modelto othersystemsasif the naturewere
obligedto stick to oneworking systemandto usethesamebodiescon-
�guration everywhere.

Halley's comet

Among the recentphilosophersand scientistsHalley is one the most
renownedfor having atsometimeduringhis life beinganadvocateand
supporterof thenotionof ahollow Earth.However, suchandideahasa
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long trail becausein somewhat rudimentarywaysthesameconception
wasalreadyproposedby Plato,Aristotle,Lucretius,Seneca,andDante.

Halley is bestknown for his predictionof the returnof a comet,now
familiarly recognizedas: the Halley's comet. Throughoutall history
cometshavemadetheirunexpectedappearancesfrighteningpeopleand
in mostcasesfearingfor badomens.But possibly, nobodythoughtthat
someof thosebadportentswereoneandthe same. It doesn't take to
beanastronomerto have realizedthat that cometwasvisiting usperi-
odically. Maybean acute-mindedhistoriancould have donethe same
prediction;at leasta roughapproximation.

It tooktheanalyticmindof EdmondHalley to realizethatamongall the
cometstoriesandobservations,onein particularwasthesamecometre-
turningaftera75-76yearsperiod.This is a landmarkin itself, however,
it wasalsoan extensionof the fact that the planetsarealsoperiodic,
makingthemsometimesvisibleandsometimesnot.

What make cometsto returnis that they follow an elliptic orbit; some
kind of path like the oneotherplanetsfollow, but greatly “�attened”.
During a completeorbit, they comeneartheSunandthat's the reason
why they arevisible for shorttime. Oncethey go away from theSun,it
maytake hundredsof yearsto comeagain. However, it wasnot Halley
the �rst to proposethat the cometsmove in elliptical orbits; this was
proposedby Giovanni Borelli andRobertHooke in 1665,andearlier
thanthat,by Sir William Lower in 1610.

The Bayeux tapestry

TheBayeuxtapestryis a story230ft long, �rst exhibitedat theBayeux
cathedralin 1077, that includesthe passingof a comet(shown at top
nearthecenter).TheBayeuxtapestryis thestoryof a battle,but in its
detailsis embroideredthemomentthata cometis crossingover thesky
(Click on the �gure to seeit larger). The cometwaspossiblyvisible
duringseveralnights. Note that theembroiderersthatworkedwith the
tapestrydid not matterincluding thecometasif it werevisible during
thedaytime.Thismaybedueto thefactthat,undersomecircumstances,
andspeciallyabig oneasthis,acometcanbevisible in daytime.There
aresomespectacularhistoricalcomets,like the GreatCometof 1811
(Flaugergues),thatwasobservedfor 17months.
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FIGURE 1: The Bayeuxtapestryis a
historya battle,but amidthe�ghting a
cometappeared.Thatcometmayhave

beentheHalley's comet.

The cometary phenomenahas
been recorded in many ways
throughhistoryby many civiliza-
tions. The inclusionof a passing
cometin theBayeuxtapestryis an
unusualexampleof this.

The word “comet” comesfrom
the Greek kometes that means
“hairy one”. In the Bayeux
Tapestry, thecometis depictedas
such: the comet is a star with
hairs; makingmorehonor to the
traditionthanto thespectacle,be-
causesurely the comet tail was
very long. The cometwe seein
the artwork is the sameone that
laterHalley recognizedasarecur-
ring comet.

Halley, the geophysicist

Halley becameinstantlyfamousfor his prediction,but hewasa manof
many �elds of investigations,andnot only astronomyscience.Among
hisotherinterests,hewasageophysicist.As geophysicist,hewasinter-
estedin themagnetic�eld of theEarth.While compilingdatafor some
geomagneticplots, and becausethe datanear the Earth's poleswere
dif�cult to obtain,andbecauseof hiscompassabnormalreadings,hear-
rivedat thewrongconclusionthat theEarthinterior wasnot fully solid
(or at most,of uniform density). He put forth the ideathat the excep-
tional andunusualcompassreadingswerecausedby someinterference
from the interior of the Earth. Somehow, therecould be otherspheres
within the Earth,with their own magneticpolesthat wereintervening
with thetwo Earthpoles:

TheGlobeof theEarthmight besupposedto beonegreat
Magnet,having four MagneticalPolesor Pointsof Attrac-
tion.
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Herewehave thecaseof abrilliant scientistjumpingto aweirdconclu-
sionin orderto justify thecompassreadingshewascollecting.

But Halley's opinionabouta hollow Earthwasnot dueonly to his ac-
countof theEarth's magnetic�eld. Therewasanotherimportantfactor
in�uencing this theory: it was the computationthat Newton madeof
the Earthto Moon massratio in his PrincipiaMathematica.From the
Newton's computationof this ratio,andfrom thegeomagneticlinesde-
viation was that Halley arrived at the conclusionthat the Earth must
hollow, becausewhateverwascausingthedeviationmust...

turn about the Centreof the Globe, having its Centreof
Gravity �xt and immoveablein the samecommonCentre
of theEarth,but detachedfrom theexternalparts.

Of what type of subterraneanbodieswasHal-
ley thinking?

Halley madesomeastonishingcomputations:the Earth's outer crust
thicknessmustbesome500mileswith anair gapof thesamethickness
betweenit andthe innersphere.But how canthis happenswithout the
inner spherecolliding with the outershell? Simple—at lest for him:
just seetheexampleof Saturnandits outerrings;seehow comfortable
they survive for millions of years! By analogy, therecouldbe another
concentricglobeinsidethehollow Earth.

But whatabouttheoceans?Could theseas'waterleakaway by some
earthquake? For how much time the Earth could be hollow? Don't
mindaboutthat:within thegroundthereexistedsomekind of “vitriolic
particles” that cancontribute to rocksformationso that water �o wing
down wouldsoon�nd its pathblocked.

The theoryof a hollow Earth that Halley publishedin 1692waswel-
comedby severalscientistsof his time to suchanextentthat5:

William Whiston,amathematicianandcleric thatservedas
Newton's assistantandthesuccessorasLucasianprofessor

5Grif�n, D. Whatcuriosityin thestructure: ThehollowEarthin science. Bucknell
UniversityDepartmentof Geography. urlhttp://www.facstaff.bucknell.edu/dgrif�n/
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at Cambridge,not only acceptedHalley's theory, but be-
lieved thesun,otherplanets,andcometsto be hollow and
inhabitedaswell.

Yes,for Whiston,andmany other“scientists”andphilosophersof the
time, theEarthwasnotonly hollow, but inhabitedaswell.

Newtonneversupportedtheideaof anonion-likeEarth.

Halley wasrepeatingKepler's solar system

About a century before Halley, JohannesKepler createdhis famous
model for the orbits of the known planets. He inscribedand nested
eachorbit (sphere)in proportionto the planet's orbit diameter. Thus
he inscribedMercury, Venus,Earth,Mars,Jupiter, andSaturn.Kepler
wassearchingfor somekind of divine interventionin theplanet's posi-
tion andorbit size. Theremustbea geometricalplan for theuniverse.
The con�guration he achieved waspublishedin his book: Mysterium
Cosmographicum(TheCosmographicMystery),publishedin 1595.

If we compareHalley's attemptfor explaining the possibility of the
Earthbeinga hollow sphere,with thespheresbeingin proportionwith
the Mercury, Venus,andMars diameterswith the work of Kepler, we
can immediatelyseea striking similarity betweenboth. Halley must
haveknow Kepler'sMysterium..., sowhatHalley did wasaforcedcon-
tinuationof whathefoundin Kepler's book. But thereis a cleardiffer-
encebetweenbothastronomers:Kepler'swork is basedin trueorbitsof
trueplanets,while Halley's concentricspheresis not basedon anything
real,or observable.At leastin thisaspectKeplerwasthegenius,Halley
theimitator.

An inhabited underworld?

Halley's reasoningwasnotalwaysscienti�c aswe mayexpect:heused
Newton's Principia (publishedwith thebackingandsupportof Halley)
for someof his calculationsandsomeother theologicalreasoningfor
others.
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FIGURE 2: The famousengraving whereKeplerdepictsthe SolarSystemas
a perfectgeometricalarrangementof invisible sphereseachoneencasingthe

orbit of aplanetwith auniquecorrespondingPlatonicsolid.

A hollow planetwith a concentricsphereswithin is moreoptimal for
supportinglife; twice thechancesfor life developingon theoutsideand
on theinside�elds. Thereis moresurfaceto populatewith two spheres
thanwith onesphere.The “Almighty Wisdom” —saidHalley— have
arrangedit thisway. That'swhy hesaid:

I have adventuredto make theseSubterraneanorbscapable
of beinginhabited.

Thematterthusdistributedis

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

The 1716borealis

ThePolaraurorasarebeautifulandoverwhelmingandcolorful sky phe-
nomena.On March6 of 1716,anextraordinaryeventwasvisible in the
northernskiesof Europe,andthis time it wasnot a comet. TheAuro-
rasarequite frequentin the regionsof the North andSouthpoles,but
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onevisible in the lower latitudesare infrequent. Halley observed the
phenomenaof this yearandlost no time in �nding a convincing expla-
nation:theaurorasare

luminousvaporsescapingfrom the Earth's centerthrough
thethin crustof thepolarregions.

Whenin 1572asupernovawassuddenlyvisible in thesky, Galileoven-
turedan explanationfor this phenomenasayingthat its sight was the
productof somekind of Earthef�uence that will graduallydisappear
with its distance.So,we seethaturgeof producingsuddenandappeal-
ing explanationsfor daily activities or rareeventsis part of the search
for thetruth.

Halley had no proof of what causedthe auroras,so venturingan ex-
planationwithout previousstudiesandpolarexplorationswasanactof
scienti�c irresponsibility. More thanthat, he wasforcing an interpre-
tationof anevent to sustainandfeeda theorythat lackedany physical
demonstration.

Obviously his explanationandrationalewasan effort to reinforcehis
slowly decayingtheoryof a hollow Earth,becauseNewton andsome
otherneversupportedhim with thiskind of mentaldivagation.
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4. Bernard Fontenelle's
obsessionwith life on the Moon

BERNARD LE BOVIER DE FONTENELLE (1657-1757)wasoneof the
�rst writers that defendedthe possibility that ther is life in many

placesof the Universe. He wrote extensively abouthis astonishment
andwonderwhentheEarthsizeis comparedto thesizeof theUniverse.
His works in�uenced several sciencewriters that alsowerehistory by
writing aboutthewondersof motherNature.

Nearly at the sametime that CharlesHinton (1853-1907)popularized
the conceptof extra dimensions,and specially the fourth dimension,
CamilleFlammarion(1842-1925),a Frenchastronomerbeganpublish-
ing booksaboutlife in otherworlds,andEdwinA. Abbottwaspublish-
ing his famousbook:Flatland.

Hinton's andAbbot's publicationsareaboutextra non-ordinarydimen-
sions,but Camille Flammarion's publicationsarenot. The fourth di-
mension—asanextensionof our tridimensionalworld— andlife outof
ourplanetaretotallydifferentconcepts,but bothideasarerepresentative
of theway thatsomeopen-mindedpeoplethink.

Near1686,abouttwo centuriesbeforethanHinton, Flammarion,and
Abbot,BernardLeBovierdeFontenelle,aFrenchastronomerandwriter,
wrote his all-time famousbook: Entretienssur la Pluralité desMon-
des(Conversationson thePlurality of Worlds), speculatingaboutlife in
otherplanetsandtheir inhabitants.

Possiblyin�uenced by Fontenelle's book,Flammarionlateralsowrote
anotherbook: La pluralité desmondeshabité(ThePlurality of Inhab-
ited Worlds), publishedin 1862, that initiated him as a greatscience
�ction writer anda leaderof thePluralism. ThePlurality of Inhabited
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Worlds hasbeentranslatedinto many languagesand reprintedmany,
many times.

The titles of both booksarevery similar, but in spitethat Fontenelle's
bookcameearlier, theideaof life in otherplanets,speciallyin theMoon
wasnotnew to Flammarion,notevenfor Fontenelle.

Fontenelle'sbookwasoneof the�rst literaryworksthatdefendedNico-
las Copernicus'theoryof heliocentrism,statedabouta centuryanda
half earlier. The book was not only a groundbreakingin the aspects
of extraterrestriallife andthe heliocentricview of the Solarsystem;it
waswritten in French,not in Latin, theof�cial languageof theChurch
andthe academia.On the otherhand,Copernicus'revolutionary the-
ory (1543)was written in Latin; that's why the book was titled: The
revolutionibusorbiumcoelestium(On theRevolutionsof theHeavenly
Spheres).

Fontenelle's argumentsfor supportinglife in theMoon arevery weak.
Someextractsfrom hisbooktells it all:

What accountsdo you receive? enquiredshe. Those,I
replied,thataregivenusby thelearnedwhotravel thereev-
ery dayby assistanceof telescopes.They tell us they have
discoveredin themoon,earth,seas,lakes,elevatedmoun-
tains,andprofoundabysses.

....

TheillustriousM. Cassini,whohasacquiredagreaterknowl-
edgeof thecelestialbodiesthanany manin theworld, dis-
coveredin the moonsomethingwhich separates,then re-
unites,andafterwardslosesitself in aacavity.

.....

in factour descriptionof themoonis soparticular, that if a
learnedmanwasto take a journey there,hewould bein no
moredangerof losinghimselfthanI shouldin Paris

Anotherargumenthe usesadvocatingfor 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 passageof Fontenelle's insertionon his bookof Lodovico's
Orlandostory.
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Astolfo, a valourousknight-errantwasoneday carriedby
his hippogriffe [“A legendarycreature,supposedlytheoff-
springof a grif�n anda mare”] to the terrestrialparadise,
which wasat thetop of a very high mountain:therehemet
St. John,who informedhim that it wasnecessary, in order
to cure Orlandoof his madness,for them to take a jour-
ney togetherto themoon. ... his astonishmenthowever in-
creasedwhenhesaw in it rivers,lakes,mountains,forests,
and,what I shouldhave beenequallysurprisedat nymphs
huntingin the forests.But themostcuriousthing of all he
saw wasa valley in which wasto befoundevery thing that
wasloston theearth...

FIGURE 1: For Fontenelle,everystaris
anotherworld with planetsaround.

For Fontenelle,every star is an-
othersolarsystemlike ours. The
illustration shown herewas used
in one of Entretiens' edition.
Note that the planetsareorbiting
aroundtheSun.TheSun,aspos-
tulatedby theCopernicantheory,
is at the centerof the Solar sys-
tem. Notealsothatall otherstars
are solar systems,eachone has
planets or orbs orbiting around
them.However, our Solarsystem
is at the very centerof the uni-
verse. Somehow, Fontenellewas
unable to liberate himself from
the archaicGreekand Ptolemaic
theoriesof an Earth-centeredso-
lar system:at someplaceor an-
other the universe must have a
center.

But thereis avirtuein thisbookthatmakesit outstanding:it waswritten
with thefemalereadersin mind,andwith theintentionthatit shouldbe
easilyunderstoodby everybody;not only expertsin the�eld of astron-
omy. Centurieslater, Camille Flammarion,wasgoing 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,whenpeoplespeakof “otherworlds”
arereferringto extrasolarplanetsin othersolarsystems.

Thereis1791coloredengravingbyJeanBaptisteMorrettitled: Fontenelle
meditatingaboutthe plurality of worlds. The print depictsFontenelle
with a telescopeand—possibly—his dog,meditatingaboutlife on the
Moon,andotherworlds. Notethecurioustheway in which theMorret
portrayedMoon: the Moon is framedwithin a cloudsframe,like em-
phasizingthe ideaof two differentworlds; its a framewithin another
frame.

But theengraving conveysmorethanweseeat �rst glance:

• The Moon in the high sky is also contemplatingand gazing at
FontenellehereonEarth.

• Theengraving shows two worldsframingeachother. Its a frame
within a frame.This conceptis interestingbecauseit is anantici-
pationof recursive pictureslaterto beknown astheDrosteeffect
—brilliantly exploitedby M. C. Escher– andin mathematics,the
fractaleffect.

• The engraver internalizedFontenelle's ideasof multiple worlds:
in anotherworld must be anotherMorret painting for another
Fontenelle.

Are thereotherastronomersontheMoonlookingtowardtheEarthin the
samewayasheis doinglookingto thesky? Thelogic is straightforward:
if otherworldsareinhabitedandwearecontemplatingthemfrom Earth,
thenfrom thoseworldssomebodymustalsobelookingatus.

But besideshiswrongideas(morejustly said,extravagantideas,but not
a lunatic) of life in the Moon andothernearbyplanets,at his time he
wasright aboutsomeof thefuturehumankind's achievements:

The Europeans... did not �nd their way to America till
six thousandyearshadelapsed;they wereall that time in
learningthatartof navigationsocompletelyasto passover
theocean

...
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FIGURE 2: Fontenellelooking to antherworld where
maybethereis somebodyalsolookingathim.

We do morethanconjecturetheprobabilityof rising in the
air ... The art of �ying is but in its infancy; in due time
it will be broughtto perfection,andsomedayor otherwe
shallgetto themoon.

The readermust be familiar with a NASA photoof a footprint of an
astronautduring their Moon landing. This and other photosare still
undercontroversyfor a supposedNASA scam,but it doesnot matterif
thelandingwastrueor not,whatmattersis thatsooneror later, someday,
all planetsandmoonsof our solarsystemwill be visited or “landed”
becauseextraterrestrialtravelinghasbeenadreamof all mankindfor all
its history.

http://4DLab.info

http://4DLab.info


44 E. PEREZ

http://4DLab.info

http://4DLab.info


45

Computerscientistsdiscover thatthenumberp never ends.© 2010

http://4DLab.info

http://4DLab.info


46 E. PEREZ

http://4DLab.info

http://4DLab.info


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

A LFRED T. SCHOFIELD' S (1846-1929)book:Anotherworld, or the
fourth dimensionis an interestingbook that draws conclusions

from Edwin Abbott's Flatland andtheBible combined.For somepeo-
ple this my seemprofane,however, it takesto readthebookto seethat
hiswritingsarenotatall conceivedwithoutsomesolidgrounds.If heis
at somepointswrong,thenAbbot's ideas,or theBible, arealsoconcur-
rentlywrong.

A book about the fourth dimension

Anotherworld ... was publishedin 1888 in London, the sameyear
when FlammarionpublishedThe Atmosphere: Popular Meteorology
and whereFlammarion's famouswoodcutwas said to be in included
in thisbook.

The�rst partof AnotherWorld ... is anextensivereview of Abbot'sFlat-
land. Scho�eldwantsthereaderto haveasomewhatsolid foundationof
theperceptionof theworldsof 'Pointland', 'Lineland', and'Flatland'.
Thein�uence of Abbot in AnotherWorld is evidentandhemakesnoin-
tentto concealit. In fact,AnotherWorld ... is clearlybasedof Flatland.
Theextensiveuseof paragraphcitationsis amanifestationof Flatland's
in�uence uponhim. However, theintentionof Scho�eld is in noway to
stealor plagiarizeAbbot's ideas.In his own wordsin the Introduction
hewrites:
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I would here take the opportunityof acknowledging my
deepindebtednessto theanonymousauthorof asmallbook,
called“Flatland,” whichI haveusedextensively throughout,
andwithout which I am quite surethe public would never
have beentroubledwith theseremarks;my objectbeingto
carryontheline of argumenttherebroughtforward,to what
seemsto meits trueandnecessaryconclusion.

Heusesmany of Flatland'ssectionsto teachhis readersaboutthespace
dimensionsandto lay thegroundsabouttheconclusionsheis goingto
draw from passagesof theBible andfrom Christianityin general.

Brie�y described,becauseFlatlanddescribesit in full details,Pointland
is the“universe”or “world” of nodimensionatall; it is justapointwith
no extensionin any direction. But Pointlandis not theVoid, Pointland
is not an emptyspace.Venturinga little into somemodernphysics,it
is dif�cult to resistthetemptationof associatingPointlandwith thehy-
potheticalmicro blackholes.Thesementalconstructsarecalculatedto
beabout2� 10� 8 kg,anextremelysmallpoint-objectindeed,however,
but for Abbott, every world is populated,no matterhow many dimen-
sionsit has,even if it lack of dimensionsat all, like in Pointland,or in
thecenterof amicroblackhole.

In a journey thatremembersustheepicof Dante's 'Di vineComedy',in
a dream,theSphereguidesA. Squareto theunbelievableworld of the
spacewithoutdimensions:Pointland.

Look yonder, “said my Guide”, in Flatlandthouhastlived;
of Lineland thou hastreceived a vision; thou hastsoared
with meto theheightsof Spaceland;now, in orderto com-
pletetherangeof thy experience,I conducttheedownward
to thelowestdepthof existence,evento therealmof Point-
land,theAbyssof No dimensions.

Therethey foundaliving creature—nothinglessthanaMonarch—that
hasnodimensionin any extension.

Beholdyon miserablecreature.That Point is a Being like
ourselves,but con�ned to thenon-dimensionalGulf. He is
himselfhisown World, hisown Universe;of any otherthan
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himself he canform no conception;he knows not Length,
nor Breadth,nor Height, for he hashadno experienceof
them;he hasno cognizanceeven of the numberTwo; nor
hashea thoughtof Plurality; for heis himselfhis Oneand
All, beingreallyNothing.

This tiny beingwasimmenselyhappy of himself for his “In�nite beat-
itudeof existence!” Keepingtalking abouthimself, in Third Personas
theSpheresaidbecause“have you not noticedbeforenow, thatbabies
andbabyishpeoplewho cannotdistinguishthemselvesfrom theworld,
speakof themselvesin theThird Person?”

“It �lls all Space,” continuedthelittle soliloquizingCreature,“andwhat
It �lls, It is. WhatIt thinks,thatIt utters;andwhatIt utters,thatIt hears;
andIt itself is Thinker, Utterer, Hearer, Thought,Word, Audition; it is
theOne,andyet theAll in All. Ah, thehappiness,ah,thehappinessof
Being!”

After hearingthisMonarchin analmostnever�nishing monologue,they
decidedto go back to their more comfortableFlatland. Oh Flatland,
homesweethome!

“You see,” said my Teacher, “how little your words have
done.Sofar astheMonarchunderstandthemat all, heac-
ceptsthemashis own–for hecannotconceive of any other
excepthimself–andplumeshimselfuponthevarietyof 'Its
Thought'asaninstanceof creativePower. Let usleave this
God of Pointlandto the ignorantfruition of his omnipres-
enceand omniscience:nothing that you or I can do can
rescuehim from hisself-satisfaction.”

As mentionedabove,Scho�eld usesall thepassagesfrom Flatlandthat
can be useful for his readersto understandthe conceptof dimension
with theideaof laterdelvinginto thefourthdimensionconceptandhow
theBible andChristianityunconsciouslyusesit.
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How beings fr om a given dimension perceive
beingsfr om other dimension

Scho�eldusestwo approachesto theunderstandingof thefourthdimen-
sion:

• (A) How lower dimensionsareperceivedby beingsin higherdi-
mensions,and

• (B) How higherdimensionsareperceivedby beingsof lower di-
mensions.

Hestartswith 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 below him, that is, appearand
disappearatwill, andthatwithoutchanginghis form.

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

3. Hecanbein closestproximity with thebeingsin theworld below,
andyetoutsidethatworld altogether, andthereforeinvisible.

4. Fromhisdimensionhecanseeandenteratwill theinsideof every
living beingandthing in theworld below him.

5. Whenhe entersthe world below, he cannever be wholly seen,
andthatpartof him thatis seenis alwaysin theform of theworld
below him whichheenters.

6. His voice, while still in his own dimension,would be heard(if
hearingwerepossible)byabeingof theworldbelow asaninternal
voice,or avoicefrom hisown inside.

7. His appearanceand disappearancein the world below are not
causedby any changeof form or substance,but by his entering
or leaving thatworld.

http://4DLab.info

http://4DLab.info


5. Abouthow A. T. Scho�eld foundthefourthdimensionin theBible51

8. A world andbeingsof any dimensionincludeall theshapesand
charactersof thosebelow them,addingto themthatfurthershape
andcharacterpeculiarto theaddeddimension.

Thenhe continuesspeculatingabouthow a beingfrom any dimension
will perceiveotherhigherdimensions.

(B) The relations of a being in one dimension with that
abovehim and its inhabitants.

1. All conceptionof a higherdimensionis impossible,thoughcapa-
bleof mathematicaldemonstration.

2. However vastandpopulousthedimension,to him it is absolutely
andnecessarilynon-existent.

3. If he could hearsuchbeings,the soundwould appearto come
fromhisinnerconsciousness,andnotfromhisownworldwithout.

4. If suchbeingsenterhis world, he canonly seeandcomprehend
thatpartof themthatentersit. Suchbeingsmaydirectlyenterhis
own inside.

5. And to him suchpartalwaysappearsin the likenessof an inhab-
itant of his world (the inhabitantsof one world being always a
partial likeness,or the likenessof a part, of thosein the world
above them).

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

7. While in his world, hecannever seethetrueappearanceor shape
of any beingin it, but only its exterior.

8. If raisedinto the dimensionabove, he at onceperceivesthe true
dimensionandshapeof everybeingin hisown world.

9. Thebeingsof thedimensionintowhichheis raised,at�rst present
thesameappearanceasthebeings(now �rst truly seen)in hisown
dimension.
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10. By closeinspectionandcarefulcomparisontherealdifferencecan
bediscerned.

11. Even if thedimensionabove bevisitedandunderstood,it is im-
possibleto describeit in thelanguage,or to draw it in the�gures,
of hisown dimension.

12. All suchattemptsarenecessarilyunintelligible,andsoundfoolish
andirrational.

13. All attemptsto understandor graspthedimensionabove,without
having enteredit, arefutile.

14. An eye in one's insidewould, accordingto analogy, look in the
directionof thedimensionabove.

15. Eachdimensionaddsonenew directionof size,space,capacity,
andform to theonebelow.

16. Thevisibility of a beingdoesnot dependon physicalproperties,
but on its positioninsideor outsideof theworld below him.

Thepresenceof the fourth dimensionin theChris-
tian Bible

Scho�eld seesthe connectionof our materialworld andthe spiritual
world of theBible in thefollowing way:

Speakingof communion,and turning to the Bible and to
the livesof the saintsandof all goodmen in ancientand
moderndays,and,on the otherhand,to certaineventsin
the lives of bad men, especiallyin connectionwith great
crimes,no studentof thesubjectcandoubtthattheexpres-
sions,“We seeJesus,” “David satbeforethe Lord,” “God
spoke to Moses,” “Satantemptedhim,” “Daniel criedunto
theLord,” “I soughttheLord, andHe heardme,” andhun-
dredsof similar utterancesin biographiesandfrom thelips
of living men,representthe fact of communionandinter-
coursebetweenthe two worlds, just asfaith, the evidence
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of things not seen,prayer, contemplationand abstraction
representthemeans.

In thenext paragraphhesays:

The testimony of the Bible alone(if believed) is of course
overwhelmingon the point. Angelscomeandgo at will,
GodHimself is seenin Old Testamenttimesin humanform,
andin New Testamenttimes,whenour Lord takesa spiri-
tual body, He appearsor disappearsin this world of oursat
will. A handwroteon Belshazzar's wall. The form of the
Sonof God wasseenin the �ery furnace. Sincethenap-
pearanceshave beenseenandvoicesheardthat cannotbe
explainedby anything in threedimensions.

The Feastof Balthazar

Thepaintingshown heredepictstheincidentof thefeastby Belshazzar
(Balthazar)wherea handappearsand writes on a wall was doneby
Rembrandt(1606-1669)basedon the narrative in the Old Testament
Bookof Daniel(5: 1-6):

Suddenlythe �ngers of a humanhandappearedandwrote
on the plasterof the wall, nearthe lampstandin the royal
palace.Theking watchedthehandasit wrote. 6 His face
turnedpaleandhewassofrightenedthathiskneesknocked
togetherandhis legsgaveway.

We seein the paintingthat a handappearsout of nowhereandwrites
somewordson thewall. Recallthatthestatement5 aboveof thebehav-
ior of a beingfrom a higherdimensionenteringa lowerdimensionsays
“5. Whenheenterstheworld below, hecannever bewholly seen,and
thatpartof him thatis seenis alwaysin theform of theworld below him
which heenters.” This is exactly whathappensin this painting:a hand
from anunknown dimension(theheaven,maysaythebelievers)enters
into a lowerdimensionandwritesonawall.

In Flatland a similar thinghappenedto A. Square—themaincharacter
of Flatland,the world— whena Sphere,the main characterfrom our
three-dimensionspace,enteredin his �at world.
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FIGURE 1: Thefeastof Belshazzar. Is thisawriting hand
comingfrom thefourthdimension?

The ascensionof Elijah and Enoch

Theversesabouttheascensionof Enocharefoundin Hebrews11:5

By faith Enochwastaken from this life, so thathedid not
experiencedeath;hecouldnot be found,becauseGodhad
takenhim away.

Scho�eld alsomentionsotherpassagesfrom the Bible that canbe ex-
plainedeasilyasmoving to andfro from somedimensionsto another.
“We have also the accountof Elijah and Enochand Christ suddenly
leaving thisworld for thehigherone,while yetalive.”

Thefollowing paintingby GiuseppeAngeli (1712-1798)thatillustrates
thepassingof a humanbeingfrom onedimensionto anotherwhile still
alive. Thispaintingis titled: Elijah TakenUp in a Chariotof Fire

In anotherpainting—this time by SebastianoRicci (1659-1734)—ti-
tled: Enoch thepainterportraystheascensionof Enoch,similar to the
ascensionof Elijah.

The following 1728engraving by GerardHoet andJosephMulder de-
pictsEnochmiraculouslycheatingdeathby ascendingalive to heaven.
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FIGURE 2: Elijah ascendingup to heaven.

FIGURE 3: Enochascendingto theheaven.

Is therea conclusion,or a lesson,thatcanbederived from Scho�eld's
book? Yes,for thoseinterestedin theologyandtheBible, bothbooks:
Flatland andAnotherworld, or thefourth dimensionshouldbemanda-
tory readings.
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6. The Eddington'snumber: A
caseof scienti�c arr ogance?

Still speakingin a low voice,thestrangersaid,“It can't be,but it is. Thenumberof pagesin thisbookis no
moreor lessthanin�nite. Noneis the�rst page,noneis thelast.”

JorgeLuis Borges

TheBookof Sand.

IN SOME TEXTBOOKS OF SCIENCE, andin thepopularliterature,there
aresomeunusualnumbersthatgraspour attentionin a specialway.

An exampleof oneof thosenumbersis theAvogadro's number:

NA= 6:02214199� 1023

This numberis saidto be theamountof atomsor moleculesneededto
make up a massequalto thesubstance's atomicor molecularmass,in
grams.For example,55.847g of iron containsNA iron atoms.

This extremelybig numberis alsoapproximatelyequalto the number
of protonsin a gramof pureprotons. But do you imaginesomebody
telling us theexactquantityof protonsin a gramof pureprotons(pure
in thesenseof nothingelsebut protons)?Note thatno matterhow big
thisnumberis, thelast15digitsof thisnumberareall zeros;it is notan
exactquantityup to the lastdigit. So theAvogadro's numberis alsoa
big approximationto anidealnumber.

But if computingexactly how many protonsaretherein a gramof pro-
tonsis a chimericaltask,how aboutof computingall theprotonsin the
Universe?This wasexactly whatEddingtondid. Barrow & Tipler2 in
theirbooktheAnthropicCosmologicalPrinciplewrite:

Eddingtonwasthe �rst to suggestthat the total numberof
particlesin theUniverse,N, might play a part in determin-
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ing other fundamentalconstantsof Nature. He evaluated
thisnumberto highprecisionandit is oftentermedthe

NEdd = 2:136� 2256 � 1079

Oneof theattractionsof thisquantityfor Eddingtonwasthe
necessitythatits valuebeintegral. Thismeantthatit could,
in principle,becalculatedexactly.

In its expandedform, theEddingtonnumberbecomes:

NEdd = 15747724136275002577605653961181555468044717
914527116709366231425076185631031296

Thisnumberis relatedto whatis known asthe'�ne structureconstant',
a purenumber(hencea dimensionlessnumber),thatby 1930,wasesti-
matedto benear1=136. This conceptwasintroducedby Arnold Som-
merfeld in 1916from the predictionsof the Bohr's atommodel. This
constantis in relationwith other physical constants,like the electron
charge,thePlanckconstant,thevelocityof light, etc.However, therole
of thephysicalconstantsareundercontinuousdebateby physicistsand
philosophersof science.

Can wereally count the piecesof the Universe?

The fantasyandspeculationis not exclusively of the literary-inclined
minds.I'm nosayingwith thisthatliteratureis all aboutfantasy, but that
this is an intellectualactivity with permitsandlicensesto write about
anything thatcometo ourminds.

On the contrary, the scienti�c literaturetries to be auto-regulatedand
peer-revisedwith projectionsandintentionsveri�able in any epochand
geographicalsituation.

But scienceasanobjectiveintellectualactivity doesnotexist; whatdoes
exist arepeoplecalledscientists,thatbeingpartof thesamecommunity
of all otherterrestrials,arealsosubjectedto thesameforcesandin�u-
encesasotherwriters.
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To exceedin projectionsis a naturaltemptation,andthescientists—in
all the �elds— seemto have adoptedit without remorsein their con-
sciousness.Thisseemsto behappeningsincehumankindbeganto count
one,two, three,...

Archimedestriedto calculatethegrainsof sandneededto �ll theknown
universeathis time,but hewascarefulto establishupperboundsby not
givinganexactcount,theoppositeof whatEddingtondid for theamount
of protonsin ourknown Universe.

Writing about thosetwo similar attempts—althoughvery distant in
time—Harrison4,in hisessayTheCosmicNumbers, says:

Eddingtonattachedgreat importanceto his number. Be-
causetheEddingtonuniverseis closedhewasableto argue
that N2, equalrough to 1080, is the actualnumberof nu-
cleonsin a �nite universe. But, in general,this numberis
no morea roughestimateof thenucleonsin theobservable
universeof radiusequalto theHubblelength.Archimedes'
1063 grainsof sandcontain,by pure chance,1080 nucle-
ons,andArchimedes'numberandEddington's numberare
thereforeequivalentto eachother.

Newton,socarefulin hismathematicalexpositionsneverabandonedhis
investigationsin alchemy, 'a science'not soregulatedandstructuredas
otherpracticedathis times.

EvocatingArchimedes,JorgeLuis Borges,with all thepossibleliterary
licenses,in his shortstoryTheBookof Sand, makesa tradeof andold
EnglishBible for anold bookthatasalesmanbroughtto him.

He told mehis bookwascalledtheBook of Sand,because
neitherthebooknor thesandhasany beginningor end....

The numberof pagesin this book is no moreor lessthan
in�nite. Noneis the �rst page,nonethe last. I don't know
why they'renumberedin thisarbitraryway. Perhapsto sug-
gestthatthetermsof anin�nite seriesadmitany number. ...

I realizedthat the book wasmonstrous.What gooddid it
for meto think thatI, wholookeduponthevolumewith my
eyes,whoheldit in my hands,wasany lessmonstrous?
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TheEddingtonnumber, this �gure soperfectlycomputedthatcameto
themind of this gentlemanfor theexactquantityof protonsin theUni-
verse,is atthesametimeanactof prideandarrogancethatdoesn't seem
to havenophilosophicalfoundation,but atbest,anexercisein numerol-
ogyandarithmetic.

For that reason,in mathematicsandphysics this numberhasno tran-
scendence;it is nota respectableandtranscendentalnumberlikePi (p),
or the Avogadro's number, or otherof the fundamental“constants”of
nature.Thisnumberis justamerecuriosityandmaybe,unnecessary.

Barrow citesthatBeck,Bethe,andRiezler, in 1931,andMax Born, in
1944,designed'spoofs' to parodythe Eddingtonmethodology. Born
calledEddington's number'apocalyptical'andevenrewroteoneof St.
John'sRevelationverseusingEddingto's algebra.

However, despitethe frequentcredibility attackstoward Eddington's
number, Barrow & Tipler, have someencouragingwordsfor the later
implicationEddington's work:

AlthoughEddington's FundamentalTheoryis very easyto
criticize, it is still interestingfor the vision of an underly-
ing unity in Naturewhich it displays. A vision that has
sincematerializedin anentirelydifferentform. Throughhis
work in this areaEddingtondirectedtheattentionof many
of many otherworkersto theubiquity of largedimension-
lessnumbers.This, in turn, stimulatedotherapproachesto
cosmologicaltheory that have bornemore fruit than their
progenitor.

Why this numberhasto besoexact?Why not anadditionalprotonor a
protonless?If theuniverseis soimmenseandtheprotonsaresosmall
why is it that thereis no spacefor onemorein�nitesimal body? Why
thenumberhasto endin 296andnot297or 715,or 000?

At the end,it is so dif�cult to digestthe relevanceof this numberthat
I preferto acceptthatBorgeshadin his handsandin�nite book rather
thanto acceptthatEddingtoncomputedtheprotonsof theUniverse.
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7. Can therebediffer ent fourth
dimensions?

In general,theideaof a fourthdimensionseemsto precipitate
authorsinto orgiesof occultistmysti�cation, ratherthan

to leadto clear-sightedmathematicalinquiry.

Rudolf v. B. Rucker

Geometry, RelativityandtheFourthDimension

THE CONCEPT OF FOURTH DIMENSION is anambiguousone. Most
of the time we aremeaningsomekind of hyperspace,a separate

reality from theworld we live in. In additionto that,to mathematicians
andphysiciststhe term fourth dimensionconveys a differentmeaning
from the esoteric,metaphysical, spiritual, andmystic. However, both
schoolsof thoughthave a commondenominator:the abstractnessof
the idea,andit seemsthat thereis no possibility of simplifying it. In
this essaywe'll dealwith both aspectsof the perceptionof the fourth
dimension.

A four-dimensionedword

Whenwe speakof four dimensionsis becausewe alsohave threepre-
vious ones. In that context, no dimensionis more importantthan the
others.In thenaturalnumberssequence1, 2, 3, 4, . . . , thenumberfour
is not moreimportantthanthenumberone,andthesamehappenswith
thedimensionsof therealworld.

Whatdoweunderstandwhenwespeakof theworldof thefourthdimen-
sion? Living in all four dimensionssimultaneously?We cannotgrasp
the meaningof that ideabecausewe live in a world of threephysical
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dimensions.However, our tri-dimensionalworld is a subworld, or sub
universe,of thattetra-dimensionaluniverse.

FIGURE 1: A cubeis boundedby three
planes.

The ideaof subworlds wasgra-
ciously capturedand elaborated
by Edwin Abbot (1838-1926)in
his classic book Flatland. In
thisbookthehyperspacefor them
is our normal three-dimensioned
world. For the Flatlanders—the
habitantsof Flatland—theirword
was�at, i.e. �at, thatis, they lived
in a plane,in a world of two di-
mensions. He went further and
explored how it would be living
in a world of one dimension: a
straightline. For Abbot noneof
theseworlds is socially limited, andeven in the straight-lineworld —
they call it Lineland—therewasakingdom.Abbotadoptedtheclassical
ideawherelines areone-dimensional,planesaretwo-dimensionaland
solidsarethree-dimensionalworlds.

FIGURE 2: A tridimensionalcubeun-
folds into six squares.

In that romance,a strangeand
transcendentalevent happened
when A Sphere —a tridimen-
sional solid body— visited the
planar world of Flatland. This
out-of-their-world eventspectacle
eventually causedthat A Square
—the main characterof this �at
world— wasaccusedof lying and
perverting theyouth. After many
yearsin jail, without being able
to communicateto the external
world thetruthof hissightings,A
Squarebeginsto doubtif hereallysaw ahabitantof thethird dimension,
or everythingwasanillusion of hismind.

From the standpointof modernphysics where for someapplications
time is accountedasanextra dimension,thehabitantsof Flatlandwere
really living in a three-dimensionalspace;thus, A Sphere,the solid
spherethat visited Flatlandwas a 4-dimensionbody. This translated

http://4DLab.info



7. Cantherebedifferentfourthdimensions? 67

to our ordinarylivesmeansthat right now 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 any
combinationof them.Thatwastheirworld; noneof themhadeverheard
of moving in theupdirection,it wassimply impossible.Thus,for them,
the up direction was for them, what is for us the “fourth dimension”
in thephysical sense.For Flatlandersandfor us, the fourth dimension
hasdifferentmeanings:our third physicaldimensionis their fourth,our
fourthdimensionis totalmadnessfor them.

The contribution of CharlesH. Hinton

FIGURE 3: The unfolded hypercube
that inspiredDalí to paint his Hyper-

cubus.

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,theconceptof spacemay
alsobedifferent.

Mental imagespursuinga uni�ed
view of a 4-dimensionalworld
wereexploredwith greatsuccessby CharlesH. Hinton (1853-1907)in
an a seriesof articlesspeculatingaboutthe fourth dimension. He de-
visedaseriesacoloredcubesto helpthereadersvisualizehis ideasand
coinedtheterm“tesseract”to describethehypercube.

The fourth dimensionfor someartists

Thenotionof suchahyperworldandhypercubesparkedcreativeideasin
many artists;amongthemSalvadorDalí (1904-1989),whenhepainted
CorpusHypercubus(ABodyin aHypercube). Thebasicideabehindthis
paintingis thatit shows a hypercube(thecubeof thefourthdimension)
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unfoldedin threedimensions.For comparison,keepin mind thatwhen
aneveryday3D-cubeis unfolded,it becomesa setof six adjacent2D-
squares.In thecaseof a 4D-cube,if unfolded,it becomesa setof eight
adjacent3D-cubes.

Anotherpainter, at aboutthe sametime, alsoworked with the mental
perceptionof the fourth dimension.PabloPicasso(1881-1973)shaped
hisparticularperceptionof thefourthdimensionin thecanvasLesDemoi-
sellesd'Avignon(TheYoungLadiesof Avignon). In this composition
he transformsa woman—a tridimensionalelement—into planarand
asymmetricconstructions.Thepaintingisabout�gures seenandpainted
from differentangles.Thespectatordoesnot seea classicalportraitof
a woman,but insteada geometricalinterpretationof herbody. Picasso
reduceshis �gures to bidimensionalelementsandit is thespectatorwho
reconstructtheobjectandthescene.In thecanvasthereare� vewomen
eachonerepresentingdistinctstagesof thehumanity. Thewomanthat
is seatedshows thefaceandherbackat thesametime.

The fourth dimensionfor someartists

FIGURE 4: A portionof Picasso's Por-
trait of Marie. Theobserver visualizes
variousanglesof a 2D-model to later

mentallyreconstructthe3D-model.

In anotherpaintingof Picasso—
Portrait of Marie-Thérèse— the
viewer can see that Marie is
shown 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-
dimensionalobject it canseethe
body from all sidesat the same
time. With the nails of her left
handhappensthe same;note in
the �gure how Picassodeliber-
atelyinvertedtheobservers' pointof view of the�ngers of theleft hand,
however our mind correctsthedistortion,andfor usnothingunusualis
observed.

In ourperceptionof thefourthdimensionwedosomethingsimilar;since
wecannotdirectlyvisualizethisextradimension,whatwedois to men-
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tally join differentscenesto convinceourselvesthatwehaveunderstood
thatstrangeandesotericdimension.

The mathematical fourth dimension

Fromthemathematicalpointof view, thefourthdimensionhasnomore
signi�cance thanthe otherthree,just like the examplegiven above of
the �rst four naturalnumbers.The4-dimensionalmathematicalmodel
offersseveralpropertiesthatcannotbefully understandin themundane
word thatsurroundsuseverywhere.

FIGURE 5: The four tridimensionalsubspacesof a four-dimensionalspace.
As in Hinton's andin Picasso's techniques,the unionof the contentsof each

subspaceshouldgive theobserverandideaof theobjectin thehyperspace.

Supposewe label the four dimensionswith the numbers1, 2, 3, and
4; thenthereare4 tridimensionalsub-spacesof 3-dimensions;namely,
the subspaceof the labels1, 2, and 3, the subspacecontainedin the
labels1, 2 and 4, the subspacecontainedwithin the labels2, 3 and
4, andso forth. It' s like askinghow many 3-elementssubsetswe can
make out of a 4-elementset. Now substitutethe labelsby the well-
known attributesof height,width, length,andtime; thenwe have the
samefoursubspaceswhereeachsolidhavedimensionsof height,width,
length(we seethoseeverywhereall the time), height,width andtime
(canyou think of anexampleof this typeof body?),width, length,and
time (equallyimpossibleto understand,althoughit canreducedto the
precedingexample),etc.

Finally, the point is that if in a 4-dimensionworld we re-
moveany dimension,thenfor theremainingthree-dimensional
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world, theremoveddimensionis the“fourth dimension”no
matterwhatdimensionwasremoved.

Therefore,within our physical world of four dimensions,
any dimensioncanbe the “fourth” andnot necessarilythe
timedimension.

Boldly stated,therearefour four-dimensionalspaces.

Unfolding the fourth dimension

Our understandingof the dimensionalityof spaceis tightly relatedto
our conceptsof geometry, andgeometryis, at theendof road,a planar
activity. Thatis,

wedonotdogeometryin thespace;
wedospatialgeometryona plane.

Thatwasthemainreasonwhy theFlatlanderscouldnot understandthe
“third dimension”,becauseit wasout of their geometry, andtheir ge-
ometrywasdeeplyrootedin their minds. Therefore,any conceptout
of their preconceived “planar space”was merely insane. For them,
therewas no suchthing as a super-planar, or hyper-planarspace;the
up-dimensionsimplydidn't exist for them.

Dimensionsaresupposedto be“measures”relatively perpendicularone
to another. The seconddimensionis supposedto be perpendicularto
the �rst dimension;its easyto understandthat, the width of an object
is supposedto bemeasuredperpendicularto the length. Thatbidimen-
sional world is easyto representon the planebecauseboth are two-
dimensional.Now we adda third dimension,the “height dimension”,
but now, theheightshouldbeperpendicularto theothertwo. Still easy
to understand;all of oursurroundingis tridimensional.But thetheprob-
lemariseswhenwetry to addanotherphysicaldimension.Thatnext di-
mension—whatever it is— shouldbeperpendicularto theotherthree.
If we take time asthe fourth dimension,we'll have no problemunder-
standingit, becausetime surroundseverything like if time were“per-
pendicular”to all spatialdimensions.However, if we excludetime asa
dimension,andthink of the fourth dimensionasanotherpurelyspatial
measure,thenwe'll havehave to makestrongmentalefforts to graspan
ideaof it.
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Onething that is not questionedis that themathematicalinterpretation
is thereasoningsupposedto be“right” approach.Themathematicalrea-
soningaboutthefourthdimensionis purelyinductive. However, wecan
bringhereananalogyof falseinductivereasoningusingthesequenceof
theprimesnumbers.

Leave asidethenumbers1 (for it is not consideredprime),
andthenumber2 (for beingtheonly evenprime).Therea-
soningis asfollows: 3 is aprimenumber, 5 is alsoaprime,
7 is aprime,so9 is . . .don't say9 is aprimenumber!

Thelessonlearnthereis thatthreeconsecutive truestatementsdoesnot
imply thatthenext fourth is alsotrue.

This lesson,appliedto a possiblereal fourth dimension,is that thereis
no guaranteethat it will behave asthe mathematicalfourth dimension
implies. We mustkeepin mind that appliedmathematicsworks with
modelsof thereality. It is not theopposite:reality is notanapplication
of mathematics. So the purely mathematicsfourth dimensionshould
alwaysbe seenasthat: a mathematicalobject that may have or not a
realityequivalent,andin thecaseit exists,it maynot beasexpected(is
9 aprimenumber?).

Oneapproachto understandthemathematical4-dimensionalspaceis to
breakit in subspacesof threedimensionseach,asdoneabove, because
they are more intuitive for us. When we do this, we then have four
subspacesof threedimensions,andeachoneis completelydifferentto
theotherfour.

Now, our mental task is to simply put all four modelsback together
andmake a singlementalimageof this spatialcollagelike theexercise
proposedby Picassoin hispaintingLesDemoisellesd'Avignon.

Therefore,theanswerto thequestionof the title of this text Can there
bedifferentfourthdimensions?is aconclusiveyes!;thereare4 different
four-dimensions.

I call ourworld Flatland,notbecausewecall it so,but to make its natureclearerto you,my happy
readers,whoareprivilegedto live in Space.

Flatland: A Romanceof ManyDimensions.
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8. Historical quotationsabout
prime numbers

6

BELOW IS A CHRONOLOGICAL COLLECTION of imaginarythoughts
and sayingsfrom someselectedfamouspeopleregarding their

opinion aboutthe seriesof the prime numbers.As with �eld of com-
plex variables,eachentry is a complex situationwheretherealpartare
theirnames,andtheimaginarypartaretheirquotations.

Eachimaginedthoughtwasdevisedtrying to re�ect theirparticularway
of reasoning,or at least,by thewayweremembertheir lastingworks.

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

(469B.C.) Socrates: “3 is prime,5 is prime,7 is prime, 9 is . . . sorry,
this leadsmeto thediscovery thatI only know thatI know nothing.”

(384 B.C.) Aristotle: “1 is not prime,by de�nition. 2 is an unnatural
prime,4 is an unnaturalprime,and6 is an unnaturalprime. All other
naturalprimescannotbeunnaturalprimes.”

(1225)Thomasof Aquinas: “3 is prime,5 is prime,7 is primeand9 is
prime.Godcandoanything.”

(1285)William of Occam: “3 is aprime,5 is aprime,and7 is aprime.
Why botherwith non-primenumberswhen the primescan do every-
thing?Entianonsuntmultiplicandapraeternecessitatem7.”

6This work wasoriginally publishedin Paradox, a student's magazineof theDe-
partmentof MathematicsandStatisticsof theUniversityof Melbourne,Australia,in
theIssueNumber1 of 2007.

7 Multiple entitiesshouldnot be usedunlessnecessary. This refers to that in
science,thelessthepostulates,thebetter.
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(1451) Christopher Columbus: “3 is prime, 5 is prime, 7 is prime.
According to someancientmanuscripts9 is not a prime number, but
beyond the distanthorizonof the oceans,in the New World that I am
goingto discover, therearesurelylotsof them.”

(1532)Menoccio Scandella: “In thebeginningtherewasa chaos,and
out of thechaoscametheprimes:1, 2, 3. Out of thesenumberscame
thecompositeslike theholesin a fermentedcheese.”

(1548)Giordano Bruno: “I don't careif 1 is primeor not, if 2 is prime
or not, if 3 is primeor not. All I careis that therearemorestarsin the
heavensthanprimesin theearth.”

(1564) Galileo Galilei: “I, Galileo, son of the late VicenzoGalilei,
swearthat I never saidthat theprimenumbersareuseless.What I said
wasthatyoucannotcountlunarcratersby counting2, 3, 5, 7, . . . ”

(1642)IsaacNewton: “If numbershadmass,then6 will begravitation-
ally pulled by the primes2 and3. However, no body canpull masses
3, 5 and7 becauseno masscanpull itself. On the otherhand,when
it comesto 9, . . .well, this requiresadvancedcalculusbecausenow we
aretalkingabouttheinversesquarelaw.”

(1732) George Washington: “What's the differencebetweenprime
numbersand compositenumbers? Thereare no real differences,re-
member:E pluribusunum8.”

(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 the time, andsomeof the primesall of the time, but
youcannotfool all of theprimesall of thetime.”

(1818)Karl Marx : “2 is a proletariatprime, but 4, 6 and8 arealso
compositeproletariats.Compositesof theworld unite;youhavenothing
to loosebut yourchains!”

(1834)Dimitri Mendeleev: “3 is aprime,5 is aprime,and7 is aprime,
but 9 is a nobleprimethatdeservesa separaterow in theperiodictable
of theprimes.”

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

8Weareonein theplurality
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(1845)GeorgeCantor: “À 3 is a trans�nite prime,À 5 andÀ 7 arealso
trans�nite primes;however, it is my conjecturethatÀ 9 is possiblythe
�rst trans�nite compositebetweenÀ 7 andÀ 11. Keepin mind thatany
singleirrationalnumbercontainsall thedigitsof all theprimes.”

(1869)Mahatma Gandhi: “3 is prime,5 is prime,7 is prime,but 9 is
notprime;I mean,in this incarnation.”

(1872)Bertrand Russell: “3 is prime, 5 is prime, 7 is prime, 9 is a
paradox;asis aparadoxwhy thenumber1 is notprimeif it hasnoother
divisorsbesideshimself.”

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

(1881)Pablo Picasso: “1 is a prime,2 is a prime,3 is a prime,4 is a
prime... GivemeamuseumandI' ll �ll it with primes!”

(1887) Erwin Schrödinger: “3 is a prime, 5 is a prime, and 7 is a
prime, however, 9 hasadualprime-compositestatethatcancollapseto
onesideor theotherdependingon theobserver's cat.”

(1889)Charlie Chaplin: “3 is a prime,5 is a prime,7 is a prime,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, askwhat you
cando for theprimes.”

(1918)EvangelistBilly Graham: “3 is prime,5 is prime,7 is prime, 9
is anunfortunatemistakeof thedevil. But if it repents,it will besaved!”

(1926)Fidel Castro: “3 is prime,5 is prime,7 and9 areprimes.Con-
demnme. It doesnotmatter. Historywill absolveme.”

(1929)Martin Luther King: “What? You saythat2 is theonly even
primenumber?I haveadreamthatonedaythisnumberwill riseupand
live out the true meaningof its creed. We hold thesetruthsto be self
evidentthatall numbersarecreatedequal.”

(1930)Hugh Everett: “3 is a prime,5 is a prime,and7 is a prime,but
9 mayalsobeprimein someotheralternateuniverse.”
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(1942)StephenHawking: “2, 3, 5 and7 areprimenumbers:9 is not
prime,but in the black holes,pastbeyond the event horizon,anything
canhappen.”

(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
Cartesiancoordinates

I T IS SAID thatgeometrybecameanalyticwith thepublicationof René
Descartes'(1596-1650)masterpiecein 1637:DiscourseontheMethod.

In an appendixto the Discourse,titled La Gèomètrie, he included
applicationsof algebrato geometry, giving a pushto theuseof ge-

ometryto solvesomealgebraicproblems.

FIGURE 1: Coverof oneof theeditions
of Descartes'Geometry.

Almost simultaneously, Pierrede
Fermat (1601-1665),a contem-
porary citizen, was making re-
searchon specialcurvesandtheir
geometrical solutions. Some
authors claim that the discov-
ery of the basis of a coordi-
nate systemto plot curves and
�nd solutionsto algebraicequa-
tion shouldbe attributed to Fer-
mat and not Descartesbecause
Fermathadmoregeometricalin-
sight than Descartes.However,
even beforeboth of them, some
rudimentaryformsof solvingge-
ometricalproblemsareattributed
to being used by Apollonius in
Greecealmosttwo thousandyears
earlier. Simultaneityin discover-
iesarenot sorarein science.Anothercoincidentaldiscovery in mathis
theinventionof themoderncalculusby IsaacNewton (1642-1727)and
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GottfriedWilhelm vonLeibniz(1646-1716),theformerin England,and
Leibniz in Germany.

E. T. Bell9, a historianof mathematics,writes the following aboutthe
Fermat-Descartescontroversy:

Thereis no doubt that he precededDescartes.But ashis
work of about1629 was not communicatedto othersun-
til 1636,andwaspublishedposthumouslyonly in 1679,it
couldnot bepossiblyhave in�uencedDescartesin his own
invention,andFermatneverhintedthatit had.

Moreexplicitly, JamesNewman10, expressinghisthoughtabouttowhom
shouldbeattributedthe'modern' useof thecoordinatesystemstates:

FermatmayhaveprecededDescartesin statingproblemsof
maximaandminima;but Descarteswentfar pastFermatin
the useof symbols,in “arithmetizing” analyticgeometry,
in extendingit to equationsof higherdegree.The�xing of
a point's position in the planeby assigningtwo numbers,
co-ordinates,giving its distancefrom to linesperpendicular
to eachother, wasentirelyDescartes'invention.

In orderto developausefulgeometriccoordinatesystemto solvemath-
ematicalproblemsrelatedto geometryandphysicstwo importantsteps
areneeded:therecognitionof thezeroasanumber, andtheintroduction
of thenegativenumbers.Keepin mindthatmathematicswasinventedto
solve reallife problemsandnoneof thementionedconceptscomefrom
everydayreality. A clearexampleof that is theRoman”mathematics”
wherethey hadno symbolnor numeralfor thenumberzero,muchless
for thenegativenumbers.

Thenumberzerohasnozero-history, onthecontrary, its uses,manipula-
tionsandrejectionshasbeentracedasfarasthebeginningof civilization
itself. Someform of acceptancecanbe found in Greece,India, Baby-
lon. Ontheotherside,theGreekmathematicshadnonegativenumbers,
thus, in the caseswherethey usedgeometryto solve someproblems,

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

10Descartes,Rene.(1956).TheGeometry. In JamesR. Newman(Ed.) TheWorld
of Mathematics.Vol. 1. (pp. 235-253).SimonandSchuster. New York.
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FIGURE 2: Samplepageof Descartes'Geometrie.

theconceptsordinatesandabscissaswereapplieda posterioriandnota
priori whenworkingwith aproblem.

With theacceptanceof thenegative numbersthestory is similar: some
mathematiciansarguedagainsttheexistenceof numbers“below zero”.
Otherconsideredthatsubtractionfrom zerowas“nonsense”.

It may soundstrange,but Descartesnever used“the Cartesiancoordi-
nates”in his treatiseof 1637nor ever in his life; hewroteabout“coor-
dinates”in the senseof distancesto describethe locusof a curve, and
evenmore,hedidn't usednegativedistances.Citing Bell aboutthis:

In details,Descartes'presentationdiffersfrom thatnow cur-
rent. Thus,heusedonly anx-axisanddid not refersto a y-
axis. For eachvalueof x hecomputedthecorrespondingy
from theequation,thusgettingthecoordinatesx andy. The
useof two axes obviously is not a necessitybut a conve-
nience.In our terminology, heusedtheequivalentof both
rectangularandobliqueaxes.

In Descartes'work every thing wasmeasuredwith positive distances.
Later, Bell writes:

Heconsideredequationsonly in the�rst quadrant,asit was
thencethat he translatedthe geometryinto algebra.... As
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analyticgeometryevolvedandnegativenumberswerefear-
lesslyused, therestrictionwasremoved.

Respectto the studyof the correlationbetweengeometryandalgebra,
therewere somepredecessorsin that �eld. Quoting Newman again,
from hisCommentaryonDescartesandAnalyticalGeometry:

The studyof curves by meansof their equations,de�ned
as the “essence”of analytic geometry, was known to the
Greeks. . .Menaechmus,the tutor of Alexanderthe Great,
is reputedto have madethis discovery. AmongDescartes'
otherpredecessorsweretheFrenchtheologianNicoleOresme,
whosesystemof “latitudes and longitudes”roughly fore-
shadowed “the useof co-ordinatesin the graphicalrepre-
sentationof arbitrary functions”, and FrançoisViète, the
sixteenth-centurycounselorto the King of France,whose
improvementin notationsubstantiallyfacilitatedthedevel-
opmentof algebra.

FIGURE 3: Figure of Newton's Enumeration
wherehe usedthe X-axis, the Y-axis and the

origin O circa1760.

The earliest use of neg-
ative coordinates is 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 Enumeration of
Curvesof Third Degree.

In thispublicationNewton
used perpendicular axes
andincludedbothpositive
andnegative numbers. In
fact,in someof the�gures
he used the capital letter
X to label the horizontal
axis,thecapitalletterY for
theverticalaxis,andeventhecapitalletterO to labelthepoint of inter-
sectionof both axes. In somesketcheshe didn't includednoneof the
labels.
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Thesystematizationof thepresentdaycoordinatesystemusingperpen-
dicularaxesmeetingat a common“origin” is the�nal resultof thehu-
manendeavor throughmorethat two millennia to give signi�cance to
realmathematicalproblemsthatgivezeroor negative results.

http://4DLab.info



86 E. PEREZ

http://4DLab.info



87

TheShroedinger's Catuncertaintyprinciple.© 2010

http://4DLab.info



88 E. PEREZ

http://4DLab.info



10. Wheredoesin�nity begin?

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

Overall, in mathematicsthereareso many surprises,that perhapsthe
largestnumberisnotsofarasweimagine,andthesametime,thein�nite
maybecloserthanexpected.

The natural numbers

To begin,wemustrememberthatin the�eld of mathematicsit is always
requiredto de�ne the conceptspreviously to avoid that somepeople
imaginea few thingswhile othersareseeingsomethingsimilar, but not
necessarilythesame.Let usstartwith naturalnumbers;

We call natural numberany of theelementsof theseries1,
2, 3, 4, ... etc;they arealsocalledthepositive integers.We
denotetheconglomerateof all naturalby thesymbolN.

It is nothardto realizethatthenaturalnumbersarethesamethatweuse
every day to countobjectsandquantities:a bookhas100pages,hasa
squarehas4 corners,etc.

For the purposeof this article, sincethe zero numberis not usedfor
counting,wewill not classifyit asanaturalnumber.

As our ancestorsbegancountingtheir cattle,their sheep,their children,
their friends,andtheir enemies,they began with the ideaof the unity;
thenumber1 –the�rst naturalnumber. One(1) is thesmallestwe can
count:thereis oneSunin oursolarsystem,oneMoonaroundourplanet.

The numbertwo (2) is for plurality; it appearswhen the numberone
takestheleadin counting.For thatreason,thenumbertwo is calledthe
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successorof thenumber1; similarly, 3 is thesuccessorof 2, etc. Note
that if 3 is thesuccessorof 2, which is thesuccessorof 1, then3 is the
successorof thesuccessorof 1.

This propertyof successivenesscanbeprojectedinde�nitely becauseif
thenumber1 hasit, andif thenumber2 hasit, thenthereis no reason
to stopat somepointnomatterthenaturalnumberwechoose.

Wecanusethesymbol( 0) to denotethesuccessorof anaturalnumber;
sowe cansaythat2 = 10(i.e., 2 is thesuccessorof 1), 3 = 20= 100, etc.
Therefore,thenaturalnumbersarelike this:

1; 10; 100; 1000; : : :

What is interestingaboutthis mathematicalnotationis that we do not
needtheIndo-Arabicnumerals(the10symbols1,2,3, ... 9) to represent
the naturalnumbers.But eventually, this notation(0; 00; 000; : : :) etc.
will becomeunmanageable,andwe mustagain return to the decimal
notationsystemthatwealwaysuse.

Is there a natural number without a natural
successor?

No matterthenotationto which we adhere,thepropertyof thesucces-
sivenesswill alwaysbe presentbecausewe intuitively imagineit like
this. Note that it is this propertythat makesthe number: the concept
of numberarisesfrom the successionof the numberone,becausethe
number1 aloneby itself is not a number, its a unity. If plurality were
nonexistent, that is, if of everythingtherewerea unity, we would not
have inventedthecountingsystem,andtherefore,thescienceof mathe-
matics.

Supposethereis a numberk so big that it hasno successor. Thenits
predecessorshouldbe k � 1. Now the addition k to its predecessor:
k + (k � 1) = 2k � 1. But this numberis de�niti vely greaterthan k,
so, how canwe reach2k � 1 if k is the greatestnaturalnumber?The
contradictionarisesbecauseweassumedthattherecouldexist anatural
numberk so big that no othernumbercanbe biggerthanit. Hencek
hasa successor;it cannot be the largestnumber. (I devisedthis proof
usingtheconceptof successorship.Archimedes–c 287BC-c 212BC–
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demonstratedthe in�nite of primes,a proof that can also be usedto
arguein favor of thein�nitude of thenaturalnumbers.)

Onceweintuitivelyacceptthenotionof succession,thenwehavestarted
to acceptthe existenceof in�nity , becausein�nity is this: the unstop-
pable,theunlimited.It shouldbeemphasizedthatwearenotidentifying
theunreachablewith the in�nity , becausein�nity is not somethingthat
is never reached,it is an“activity”, thatneverstops.

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

But what if anentity insteadof having no endhasno beginning?What
if it hasnobeginningandnoend?Are they differentkind of in�nites?

We'll laterseesomeexamplesof thesecases.

Wheredoesin�nity begin?

Theseriesof thenaturalnumberscannotendbecausetherewill always
bea numberthatwill be thesuccessorto any we acceptasthegreatest
of themby thepropertyof successionthatwe alreadypostulated(intu-
itively accepted).So,ourquestfor thegreatestnaturalnumberis always
doomedto failure: therewill never besuchthing asthenumberthat is
largerthanall others.

Whenwe talk aboutthe endlesssequenceof naturalnumbers,we say:
“1;2;3; : : : to in�nity , thinking maybeof the in�nite asit werea place,
or a limit which cannotgo beyond,or therepresentationof thegreatest
naturalnumberwecanimagine.

Thein�nite is muchmorethanthede�nition thatdictionariesgiveus. It
is notan“inconceivablybig” naturalnumberor an“inexhaustiblequan-
tity” becausein�nity is nota “value”or a “number”.

In view of theabove,wewill doourverysimplede�nition of in�nity .

In�nity is thesetof all successorsof unity in itself.

Thatis, in�nity is adirectconsequenceof thesuccessorshippropertyof
thenaturalnumbers.
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With this de�nition we arenot assigningany numberto thein�nite, but
to do somemathematicaloperationswith thein�nite we needto assign
somemeasureof the quantityof elementsthat setshave, speciallythe
“quantity” of elementsof the setN. This is conceptof cardinalityof
in�nite sets:

The cardinality of the set of naturalnumbersis denoted
by À 0.

If thein�nite is thesequencein itself thenit is necessarilyunboundable.
Fromthatpointof view, wecanassert:

The in�nite starts at the number 1.

This is becausethe number1 is not the successorof anothernatural
number.

If thesequenceof naturalnumbersis the in�nite, thenthereis no way
to show by a mathematicalproof that the naturalnumbersarein�nite,
simplybecausewecannot demonstrateby any proof what weaccept
as true by prior de�nition . Any othermathematicalproof that deals
with in�nity is implicitly assumingthatthein�nite is thesequenceof all
successorsof thenumberone,no matterif thatproof is relatedwith the
naturalnumbersor not.

HenceN is the in�nite seriesde facto, andÀ 0 is thecardinalityof the
�rst in�nity .

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

Georg Cantor(1845-1918)–aRussian-Germanmathematician–tookup
thetaskof showing thatthefractions(therationalnumbers)arenumer-
able,thatis, thereareasmany naturalnumbersasfractions.

Whathedid wasto establisha one-to-one(1-1) correspondenceamong
thesetof all fractionsandthesetof all naturalnumbers.It hadto bethis
waybecausethereis nootherwayof demonstratingthataseriesor aset
of elementsis in�nite without establishinga correspondencebetween
thissetandthenaturalnumbers.

In the following �gure all thepossiblepositive fractionsarealignedin
a squarematrix. This matrix holdsevery properandimproperfraction
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(like2=3,173=91), andeverynaturalnumberin all its possiblerepresen-
tationlike 1 = 2=2 = 22=22, or 5 = 25=5 = 125=25, etc. Notethatthis
representationhighlightsthe ideathat therationalnumberssetis made
upof in�nite seriesof in�nite elementseachone.

��� ��� � �� ��� ���

��� ��� � �� ��� ���

��� ��� � �� ��� ������ ��� � �� ��� ���

�� ��� � �� ��� ������ � � � � ��

��� ��� � �� ��� ���

��� ��� ��� ���

������

������

������

������

���
FIGURE 1: All possiblerationalnumbersarrangedin asquarematrixaccording
to their denominators.Eachrow containsall possiblefraction with the same

denominator.

However, contraryto which intuition tell us,therearenomorefractions
than naturalnumbers. When the fractionsare arrangedor displayed
aswe seein Fig. (2), we cancountall of themby following the path
givenby thearrows. In this way, we canenumerateall 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 thatamongthemany possiblearrangementsof
all the fractions,this oneis suitableto establisha countingprocessfor
them.

To go deeperinto the assertionthat “there is no suchthing as a �rst
fraction”, let us try to �nd the smallestpositive fraction next to unity
–thatis, the �rst fractionnext to 1. Let usdenoteby p=q that fraction.
But thereis alwaysafractionbetween1 andp=q givenby 1+ p=q given
by (1+ p=q)=2; henceevenwhenwecantalk aboutthenaturalnumber
next to 1, wecannotusethesameconceptwith thefractions.

Sincethe fractionsarein�nitely numerable,thenthey areof the same
kind of in�nite asthepositive integers. In commonlanguage,it is said
thattherationalnumbersarecountable.

The questionthat remainsis how can thesetwo setsbe equipollent
(equinumerous)if the natural numbersenjoy the propertyof natural
succession,but the fraction not. That is, to every naturalnumberal-
waysfollows one,andonly one,naturalnumber, but givenany fraction
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FIGURE 2: Onepossibleenumerationof therationalnumbers.Notethatin this
matrix all possibleduplicatesareremoved (in�nitely many). In spiteof that,

theamountof remainingfractionarestill in�nite.

we cannotsaywhich is the fraction that follows. On the otherhand,
betweenany two fractionsthereis alwaysa fractionthatis “in themid-
dle” of the two (just �nd thearithmeticaverageof them),but between
two integersthereis notalwaysanotherinteger“in themiddle” between
them. From this we caninfer that whenin�nite setsareinvolved, the
propertiesof bothseriesarenotalwaysnecessarilymutuallyshared.

GalileoGalilei (1564-1642)foresaw thatwhenwe refer to in�nity , we
can not think of it with the sameattributesthat are usedin the �nite
cases.For example,hereasonedthatthereis thesameamountof square
numbersasnaturalnumbers.This is counterintuitive becausewhenwe
walk along the numberline, the naturalnumbersare evenly spaced,
while thesquaresaremoreandmorespacedapart.

� � � �

� � � � � ������

������

FIGURE 3: It seemsparadoxicalthat a setcanbe put into a (1-1) correspon-
dencewith oneof its subsets.Thishappenshere:thesetof all squarenumbers
(below) is equipollentwith thesetof all naturalnumbers(above), evenwhen
the set of all squaresdoesnot containsan in�nite numberof elementscon-

tainedin N.

So,theconcepts“greaterthan”and“lessthan”doesnotapplywhenwe
handlein�nite “quantities”.Notethatasshown in Fig 4 thesquareof the
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numbersarebecomingmoreandmorescarce,i.e., they areincreasingly
separatedfrom oneanother, however, the naturalnumbersarealways
separatedby a unit distance. This strangebehavior is known as “the
paradoxof Galileo.” What this paradoximplies is that we cannotsay
that therearemorenaturalnumbersthansquares,we canonly assert
thatthereis acorrespondenceone-on-one(1-1)amongthem.

Returningto Cantor, anotherof his successeswasin demonstratingthat
the real numbers–thesetof all possibledecimals–arein�nitely innu-
merable,thatis, thereis no way to establisha (1-1) correspondencebe-
tweenthenaturalnumbersanddecimals.This is aweirddiscoverysince
how comethatif every fractioncanbeconvertedto adecimal,andfrac-
tions are in�nitely countable,thenwhy the decimalsarenot in�nitely
countable?

Thereasonbehindis thatnot every decimalcanbeconvertedto a frac-
tion; in fact,thegreatdiscoveryis in thefactthatthe“decimalfractions”
–asthey arecalled–is anin�nitely smallquantitycomparedto thereal
numbersthatcannotbeexpressedasfractions.

The symbolof in�nity

How canwe symbolizesomethingthat we cannot even imagine?We
symbolizethe unit with the numeral1, the plurality by 2, or 3, etc.
But in�nity is not a number, for this reasonit hasno numeralassigned.
Therefore,nothingprohibitsusfrom usinga symbolasanabbreviation
whenwereferto in�nity .

The symbolof in�nity hasalwaysbeenusedin the Tarot cards,in the
imageof theMagician,to symbolizetheimplementationof theimpossi-
ble,andtheunlimitedpowersof themagicthattranscendsnaturallaws.
In earlyversionsof thesecards,speci�cally, in theTarotof Marseilles,
closeto 1500,theMagicianArcane(alsoknown astheJuggler)appears
with a mysteriouswizard's hatvery similar to thenow-adoptedin�nity
symbol¥ .

In Mathematics,JohnWallis (1616-1703)is usuallycreditedwith intro-
ducing¥ asasymbolfor in�nity in 1655in hisDesectionibusconicis.

Looselyspeaking,in�nity is often informally symbolizedby ¥ , but in
thetheoryof setsthatCantordeveloped,theformal symbolfor in�nity
is À 0 when we talk aboutthe "smaller", of the in�nites which is the
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in�nitude of the naturalnumbers. The symbol À 0 is usually readas
“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 Tarot deck. In�nity is beyond our comprehension,like

theMagician's tricks.

The in�nite is . . . in�nite

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

Cantorestablished“categories” to in�nity to differentiatethem. The
�rst in�nity is denotedby À 0, thenext one(thenext higher)is denoted
by À 1 etc.

We mentionedthatthein�nity of thenaturalnumbersis À 0, then,what
is in�nity À 1? To get nearto what Cantorspeculatedwhat the “next”
in�nity is, we needto invoke theconceptof subsetsof sets.Intuitively
we know that a set is any collection or groupingof objectsbe them
concreteor imaginary. For examplewe can imaginethe set A of all
numbersendingin 3: A = f 3;13;23;33; : : :g, or thesetof all thehouses
thathaveonedoorpaintedin white.
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In contrast,a subsetis formedby any setof someor all the elements
of the given set. For exampleif we have the setof the �rst 4 natural
numbers:B = f 1;2;3;4g, someof thesubsetsof this setarethesubsets
{2, 3}, {1, 3}, {3, 4}, {2, 3, 4}.

Thenumberof subsetsthatcanbeobtainedfrom a setof n elementsis
2n. That is, supposethesetA = a, b thenthey areleaving 22 subsetsa,
b, ? anda, b. The set? –theemptyset–is consideredasa subsetof
any set,andin turn, every setis consideredsubsetof itself. Thesetof
all subsetsof any setis calledthepowerset.

It canbeshown that theamountof subsetsthatcanbeobtainedfrom a
setis alwaysgreaterthanthenumberof elementsin thesetin question.
This wasthekey to Cantorto show thatthequantityof realnumbersin
therealnumberline is “greater”thantheamountof naturalnumbersin
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 fractionsbetweentwo integers.” However, it is easy
to show thatthefractionsarenumbered(thatwe saw earlier),while the
realnumbersarenot.

Reviewing:

À 0 = f 1;2;3; : : :g , and

À 1 =
f : : : ;0:2675; : : : ;p; : : : ;3:6719887: : : ;53 : : : ; 73694

37 ; : : : ;41235:999311; : : :g.

Notethereaderhow easyit is to conceptualizethe“�rst” in�nite (À 0),
andhow dif�cult it is to conceptualizethe“next” in�nite (À 1), because
it containsall possibleintegers,all possibledecimals(non-endingdec-
imals or not) at once(the fractionsandthe whole numberscanbe ex-
pressedasdecimals).

The in�nites that follow the in�nity À 0 aregivena specialname:they
arecalledtrans�nite numbers. À 1, is then,the�rst trans�nite.

Accordingto Cantor, theseriesof thein�nites is:

À 0, À 1, À 2, etc.

Someof theimplicationsof thetrans�nite arithmeticarethefollowing:
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À 0 + 1 = À 0

À 0 + À 0 = À 0, etc.

À 1 + 1 = À 1

À 1 + À 1 = À 1, etc.

Thereadermustinternalizetheseexpressionsasconceptsratherthanas
equationsbecauseif we take literally thefollowing equation:À 0 + 1 =
À 0 andsubtractÀ 0 from bothsidesof the“equation”,wewill comethe
conclusionthat1= 0 whichis clearlyfalse(thisis how someof fallacies
in mathematicsarebuilt).

Haveweseenit all?

Theconceptof in�nity is very elusive to our �nite minds;we canbear
in ourmindsall numbersunder100,but wecannotbearin ourmindsall
thenumbersgreaterthan100.

However, no matterhow muchwe try, we will alwayshave a limited
view of everythingthat is unlimited,but thatwill not stopusto bebold
enoughto continuescrutinizingthebordersof thein�nite.

In�nity hasbeenexploredby several authorsfor many centuries,each
contributing a little to theunderstandingof this �eld. However, outside
of theCantorianmathematicsrigor usedfor dissectingthein�nite, there
is an authorwho –in my personalappreciation–hasfacedthe vertigo
of in�nity like no other�ction authorandessayist:he is theArgentine
writer JorgeLuis Borges(1899-1986).

The in�nite Bookof Sand

JorgeLuis Borgesis theauthorof theweird andfantasticalshortstory
titled TheBookof Sand. The story is abouta book he buys, but that
can never be openedon the samepage,becausethe book is in�nite.
He can never �nd the �rst page,never the last page,never the same
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�gures. Never is a way of openingthe book on the pagewhereit was
bookmarkedthepreviousday.

Hereareafew shortpassagesof thisshorthistory. Thereadercanseein
themwhy hisstoryis sofascinating.

I livealonein afourth-�oor apartmentonBelgranostreet,
in BuenosAires. Late oneevening,a few monthsback,I
hearda knockat my door. I openedit anda strangerstood
there.Hewasa tall man,with nondescriptfeatures–orper-
hapsit wasmy myopiathatmadethemseemthatway.

.... I saw atoncethathea foreigner.
“I sellBibles,” hesaid.
“I don't only sell Bibles. I canshow youa holy book...

It mayinterestyou”.
I openedit atrandom.Thescriptwasstrangeto me.The

pages,whichwerewornandtypography poor, werelaid out
in doublecolumns,as in the Bible. The text wasclosely
printed,andwasorderedinto versicles.In theuppercorners
of thepageswereArabic numbers.I noticedthatoneleft-
pagebore the number(let us say) 40,514and the facing
right-handpage999. I turnedthe leaf; it was numbered
with eight digits. It alsoborea small illustration, like the
kind usedin dictionaries–ananchordrawn with penandink,
asif by aschoolboy's clumsyhand.

Hereis whereBorgesstartsplayingwith the in�nite. Whenoneopens
a book the pagesaresequential,but that's not what happenedto him.
At �rst intentionwhathesaw was40,514,andin the facingpage999.
Whenheturnedthepagethenumberwasaneight-digitnumber, let us
say, 56,783,452.

It seemsto be a versionof Scripturesin someIndian
language,is it not?

“No,” hereplied.Then,asin con�ding asecret,helow-
eredhis voice. “I acquiredthe book in a town out on the
plain in exchangefor a handfulof rupeesanda Bible. Its
ownerdid notknow how to read.I suspecthesaw theBook
of Booksasa talisman.Hewasof thelowestcaste;nobody
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but otheruntouchablescouldtreadhisshadow withoutcon-
tamination. He told me his book was called the Book of
Sandbecauseneitherthebooknor thesandhasany begin-
ningor end.”

“Neither thebooknor thesandhasany beginningor end.” That's what
we experienceevery time we go to a beachor to a river bank: thereis
noway to haveonhandthesamegrainstwice.

Thestrangeraskedmeto �nd the�rst page.
I laid my left handon the cover and,trying to put my

thumbonthe�yleaf, I openedthebook. It wasuseless.Ev-
ery time I tried a numberof pagescamebetweenthecover
andmy thumb.

“Now �nd thelastpage.”
Again I failed. In a voice that wasnot mine, I barely

managedto stammer, “This can't be.”
Still speakingin a low voice, thestrangersaid“I can't

be,but it is. Thenumberof pagesin this book is no more
or lessthan in�nite. Noneis the �rst page,nonethe last.
I don't know why they're numberedin this arbitraryway.
Perhapsto suggestthatthetermsof anin�nite seriesadmit
any number.”

Herewe have themathematicianinsideBorgesreasoninglike this: An
in�nite seriesis in�nite by its elementsandnot by whereit begins. It
needsnot to havea beginningnor doesit needto haveorder. Borges'
in�nity is unmanageablebecausethereis no way to know which page
is comingnext. It' s theconceptof randomnessextendedto therealmof
thein�nitude.

I went to the bed and did not sleep. At threeor four
in the morningI turn on the light. I got down the impos-
siblebookandleafedthroughits pages.On oneof themI
saw engraveda mask.Theuppercornerof thepagecarried
a number, which I no longer recall, elevatedto the ninth
power.

Borgesrealizesthat in an in�nite book the pagenumberswill become
soonsolargethatthey will occupy thewholepage.That's why heuses
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the exponents. A �gure to the ninth power could be somethinglike,
22,676,1909.(Of course,atsomeinstance,anumberin apagecouldbe
biggerthanthebookitself!)

Summercameand went, and I realizedthat the book
was monstrous. What good it did to me to think that I,
who looked upona volumewith my eyes,who held it in
my hands,wasany lessmonstrous?I felt thebookwaswas
a nightmarishobject, an obscenething that affronted and
taintedreality itself?

I thoughtof �re, but I fearedthat theburningof an in-
�nite book might likewise prove in�nite andsuffocatethe
planetwith smoke.

Borgesimplies thathe is losinghis mind; that it is a nightmarehaving
at handan in�nite object, anddecidesto get rid of this madnessand
“monstrous”book.

I recalledreadingthatthebestplaceto hidea leaf is in a
forest.Beforeretirement,I workedon Mexico street,at the
ArgentineNational Library, which containsnine hundred
thousandvolumes.I knew thatto theright of theentrancea
curvedstaircaseleadsdown into thebasement,wherebooks
andmapsandperiodicalsarekept. Oneday I went there
and,slipping pasta memberof the staff andtrying not to
noticeat what heightor distancefrom the door, I lost the
Bookof Sandononethebasement'smustyshelves.

Borgescertainlywill try not to gothroughthestreetwherethelibrary is,
but hewill be for therestof his life trying to decipherwhatan in�nite
bookcancontain.Is it thathehadin his handsanin�nite dictionary?I
think so.

WhatmakestheBookof Sandsoparticular?What typeof in�nity lies
behindthis “monstrous”book?

Sincethebookhadno beginningnor end,Borgesis speakingaboutin-
�nite serieswith nostartingandnoendingterm.

Let's seesomeexamples:

f : : : ;48;567;67357561;894662; : : :g,
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f : : : ;8888;10000;561;777
; : : :g,

Eachtimeheopenedabookanew bookreshuf�ing appeared.So,what
thisbookincarnatesis thesetof all possiblearrangementsof thenatural
numbers.Sincethebook is in�nite in two directions(no beginningno
ending)any numberingof the pagesis similar to the setof the natural
integers(that includesthe negative andpositive). Therefore,thereare
asmany instancesof theBookof Sand, asre-orderingsof thesetof the
naturalintegers:

f : : : ; � 3; � 2; � 1;0;1;2;3; : : :g.

Thereare no negative pagenumbersin Borges' book: booksalways
usenon-zeropositive integersfor pagenumbers.But thesetdisplayed
above is equipollentwith thesetof all positive naturalnumbers,sono
generalityis lost.

To prove thatany pageof theBookof Sandcanbemadeto correspond
to someinteger(positiveor negative) follow thismapping:if apagen is
eventhenmapit to (� 1) n

2, but if thepageis oddmapit to n� 1
2 .

Rudy Rucker, the authorof the book In�nity and the Mind, andmany
other mind-bogglingmathematicsbookssaysthe following eloquent
wordsaboutBorges:

Borgesis thewriter of �ction whohaswrittenmostpro-
foundly aboutthe in�nity . Most of the relevant storiesare
in this anthology[Labyrinths(New York: New Directions,
1962)]. Of particularinterestis his essay“Avatarsof the
Tortoise,” ... This essaybeginswith a paragraphthatcould
serveasepigraphof In�nity andtheMind: “Thereis acon-
ceptthatcorruptsandupsetsall others.I refernor to Evil,
whoselimited realmis thatof ethics.I referto thein�nite.”

Final thought

Georg Cantordiscoveredandexploredfor posteritymany unexpected
propertiesandcharacteristicsof themathematicalin�nity thateven to-
dayarestill little understood,debated,andfurther investigated.For his
many unprecedentedresultshesadlypaidwith hismentalhealth.
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Almostsimultaneously, in theotherhemisphereof theworld, JorgeLuis
Borges–with a gracefulliterary intuition– wasalsowriting aboutthe
in�nite, but from anotherstandpointof view: thein�nite asanon-static,
indomitable,insurmountableentity.

Cantorstatedandexploredthein�nity in ironcladdensetheorems;Borges
challengedthe readerto recreateandimaginein their mindstheir own
in�nite.

Both pursuedthe in�nite from different horizons; what a marvelous
journey canthein�nite be!
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