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� Since1991inceptionhasgonewithout feethriceannuallyto leadingscholars& libraries.
� Contributors includeworld authoritiesin their respective �elds, expertsat, e.g., Johns
HopkinsUniversity, CalTech,CambridgeUniversity, Universityof London.
� Publisher& journal cited (1996May 9) in New York Timesp.1 analysisof his discov­
ery of dataexploding RichardByrd's 1926North Pole fraud. [DIO vol.4.] Full report
co­publishedby University of Cambridge(2000) and DIO [vol.10], triggering History
Channel2000&2001recognitionof Amundsen's doublepole­priority. New photographic
proof endingMt.McKinley fake [DIO vol.7]: cited basisof 1998/11/26New York Times
p.1 announcement.Nature 2000/11/16cover article pyramid­orientationtheory: DIO­
corrected­recomputed,Nature2001/8/16.VindicatingDR longtimeNeptune­affair charges
of planet­theft& �le­theft: Scienti�c American2004DecembercreditsDIO [vols.2­9].
� Journalis publishedprimarily for universities' and scienti�c institutions' collections;
amongsubscribersby requestarelibrariesat: US Naval Observatory, Cal Tech,Cornell,
JohnsHopkins,Oxford& Cambridge,Royal AstronomicalSociety, BritishMuseum,Royal
Observatory(Scotland),theRussianStateLibrary, theInternationalCentrefor Theoretical
Physics(Trieste),andthe universitiesof Chicago,Toronto,London,Munich, Göttingen,
Copenhagen,Stockholm,Tartu,Amsterdam,Li �ege,Ljubljana,Bologna,Canterbury (NZ).
� New �ndings on ancientheliocentrists,pre­Hipparchosprecession,Mayaneclipsemath,
Columbus' landfall, CometHalley apparitions,Peary's �ctional Crocker Land.
� EntireDIO vol.3 devotedto 1st critical editionof Tycho's legendary1004­starcatalog.
� Investigationsof sciencehoaxesof the� 1st, + 2nd, 16th, 19th, and20th centuries.

PaulForman(Historyof Physics,SmithsonianInstitution): “DIO is delightful!”
C.Kowal (JohnsHopkinsAPL, discover of Chiron): “High scienti�c level. And fun.”
E.MylesStandish(primecreatorof thesolar, lunar, & planetaryephemeridesfor thepre­

eminentannualAstronomicalAlmanacof theUS Naval Observatory & Royal Greenwich
Observatory; recentChair of AmericanAstronomicalSociety's Division on Dynamical
Astronomy): “a truly intriguing forum, dealingwith a varietyof subjects,presentedoften
with [its] uniquebrandof humor, butalwayswith strictadherencetoarigid codeof scienti�c
ethics.. . . [and]withoutpre­conceivedbiases. . . . [an] ambitiousandvaluablejournal.”

B. L. vanderWaerden(world­renownedUniversityof Zürichmathematician),onDIO's
demonstrationthatBabyloniantabletBM 55555(100BC) usedGreekdata:“marvellous.”
(Explicitly dueto this theory, BM 55555hasgoneonpermanentBritish Museumdisplay.)

Rob't Headland(ScottPolarResearchInstitute,CambridgeUniversity): Byrd's 1926
latitude­exaggerationhaslongbeensuspected,but DIO's1996�nd “hasclinchedit.”

Hugh Thurston(MA, PhD mathematics,CambridgeUniversity; authorof highly ac­
claimedEarly Astronomy, Springer­Verlag1994): “DIO is fascinating.With . . . mathe­
maticalcompetence. . . , judicioushistoricalperspective,[&] inductiveingenuity, . . . [DIO]
hassolved. . . problemsin earlyastronomythathave resistedattackfor centuries. . . .”

David Fowler (MathematicsInstitute,Universityof Warwick): “All power to yourpen”.
British Societyfor the History of Mathematics(Newsletter1993Spring): “. . . lively

. . . historicaljournal. . . DIO & TheJournal for HystericalAstronomyreassessesvarious
historicalviews . . . andreputations,. . . fearless. . . . [on] theoperationof structuresof
[academic]power & in�uence . . . muchrecommendedto [readers]boredwith . . . the
blandnessof themoreprominentpublicjournals,or opento thepossibilityof scholarsbeing
motivatedby otherconsiderationsthanthepursuitof objective truth.”
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NewsNotes:
A. DIO 2.3 (1992) z8 xA9 wonderedaloud at a decadeof academicinnocence

of DR's simplephysicalsolutionsfor the two highly discrepantextant ancientEarth­size
estimates:Eratosthenes'252000stades(25200naut mi) & Poseidonios'180000stades
(18000nautmi). (Frequentlypseudo­explainedaway by manipulatingtheancientstade's
length, despitethe �nal demolition of this avenueby David Dicks at pp.42­46of his
GeographicalFragmentsofHipparchus, Universityof London,1960.SeeDIO 2.3z8fn 9.)
JearlWalker immediatelyrespondedby sendingDIO a photocopy of p.8of his brandnew
edition of the longtimestandardcollege physicstextbook, D. Halliday, R. Resnick,& J.
Walker, Fundamentalsof Physics4th ed,NYC 1993. This developsDR's “double­sunset”
solution(which, if accuratelyperformed,will yield Poseidonios'18000nautmi, 20%low
— a resultseverely in�uencing Columbus, who is the subjectof article z2 in this DIO ),
andcitestheDR 1979/2AmericanJournal of Physicspaperannouncingit. Rarelyhasa
pleafor publicenlightenmentbeensopromptly& competentlysatis�ed!

B. DR hasrepeatedlyinvited the Neugebauer­Muf�a to debatehim, face­to­face.
(See,e.g.,DIO 2.1 z2 fn 24 & z3 fn 11.) Most recently, prior to & duringthe1994/5/6­8
DibnerInst (M.I.T.) Muf�a­dominatedconferenceon “AncientAstronomy& Divination”,
DR re­issuedthe challenge— and even appearedpersonallyat the conferenceto make
tangiblethesuggestedopportunityfor arrangingdebateon thespot. (DR madeavailable
pastcopiesof DIO , on the sample­literaturetableoutsidethe meetingroom. I am sorry
to report that, at onepoint, the entirevisible collectionwasstolen. This practicewould
presumablyhave continued,hadit not swiftly becomeclearthat publisherDR — on the
basisof long experiencewith archons'attitudes& behavior towardscriticism — hadkept
morethanenoughbackupcopiesin reserve, to ensurethe failure of this latestcharming
History­of­sciencedemonstrationof its commitmentto opendiscourse:seealsoDIO 2.1
p.2. One is remindedof the late N.Simpson's deeply­slit throat: when power­drunks
aim at silencingeithera personor an idea,the intent is asplain asthecoldbloodedness.)
At theconference,DR handedout photocopiesof DIO 's 1994/4/26letter (to Isis) which
concluded:“At theproposeddebate,Muf�osi will greatlyoutnumberskeptics(seeDIO 2.1
z2 xH20). Well, that'sOK by DR. Question:justhow highmusttheoddsbe,beforeMuf�a
bravesarewilling to openlydebatethosethey have never hesitated[e.g.,DIO 1.1 z1 xC7
& z3 xD2­xD3] to slanderin private?” (As of thisDIO 'spress­time:still no takers.)Since
the Muf�a chose(again,asfor 2 decades)to duck the challenge,I urge that scholars—
whoin future�nd themselvesin thepresenceof aMuf�oso whois (again,asfor 2 decades)
privatelydenigrating(e.g.,DIO ­J.HA 1.2 fn 11)thescience­historycompetenceof DR or
RobertNewton — simply asksaidtermitea lethally elementaryquestion(which suggests
exactlyhow seriouslythissubterraneanslimeoughttobetaken): whyeverdidyounotmake
your statementabove­ground,out in thedaylight,in DR'spresence,at theDibnerInstitute
conference,under mutual cross­examinationconditions? Why, indeed?
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COMPETENCE HELD HOSTAGE

The History­of­Astr onomyJournal Watch: #1 of a Series
[Do Not Miss Page48]

JHA­Isis: THREE YEARS of UnretractedPageOneMis­Arithmetic

In its 1991/5 issue,the extremely handsomeJournal for the History of Astronomy
publishedaLEAD [Muf�a] articleby falselyclaiming— onthebasisof [UNREFEREED]
gradeschool& junior­highmismath(seeDIO ­Journal for HystericalAstronomy1.2xC11,
xG4, xG7, xI12, fn 63, & hereat z4 xA) — thatHipparchos'3 surviving solar­longitude
trios cannotbesatis�edby standardGreek­trig(eccentricmodel)orbits. And Isis' 1991/9
LEAD article(in its �rst Universityof Chicagoissue)wasanextensionof thesamefantasy.

Cleaningup after this mass­suicidal[demoof Hist.sci's refereeingstandards],DIO ­
J.HystericalAstron.1.2­3publishedall 3“impossible”orbit­solutions,andthisdouble­issue
wasmailedto theJHA, Isis, & theauthor1 on 1993/12/31.[Isis cultishly ashcannedthis]
DIO ­J.HA . . . . [Note our appreciationof Isis' later generousatonement:at DIO 14
[2008]Epilog[p.31].] But theesteamedJHAEditor­for­Life' sreactionwasmoreinspired:
the journal was sentback to DIO , unopened,bearingHis Lordship's inimitable scrawl:
“RETURN TO SENDER”— with a pink 1994/1/31sticker, on which the allegedreason
for returnis hand­checked“GONE AWAY”. It wouldbechurlishlyunappreciative of DIO
not to own that cowering Lord H has,at last, effecteda solid contribution to science:
establishingtherealityof out­of­bodyteleportation.

The Journal for the History of Astronomyis co­editedby professorsat Cambridge
University (Hoskin) andHarvard University (Gingerich). Neither institution — nor the
History of scienceSociety[DR 2009note: but seepreviousparagraph]— appearsto have
the slightestconcernto checkthe level of integrity, scrupulousness,evenhandedness,or
competencedisplayedby either of theseHistory­of­scienceworthies. (Seesimilarly at
DIO 2.1 z3 fn 38.)

Muf�osi were1stinformed(writtenreceipt)of theessentialsof thismesson1992/10/30.
(Full detailssentout1993/12/31.)Sothedelayin comingcleanhasnow assumed— andwill
continueto assume— highly impressive proportions.We are waiting to seehow many
moreyearswill passbeforethe JHA admitswhat all investigatingmathematicianshave
now mirthfully veri�ed: thatthejournal theJHA loathesabove all othershascompetently
discoveredandpublished2 thevery threeorbit­solutionstheJHA hasprominentlydeclared
un�ndable. Note that the last of these3 solarorbits (“UH”) is historically critical: the
reference­orbitadoptedby Hipparchosfor locatingtheprincipalstarson which arebased
(seeDIO 1.1 z6 xF­xG) the zodiacallongitudespreserved in his immortal (1025­object)
starcatalog,theoldestsubstantialstarcatalogwehave(thesolesuchachievementsurviving
from antiquity): unmatchedfor thenext 1500years.

1 [DIO note2002/10/9& 2005/3/14: For detailsof the history of the JHA's eventualpartial resolutionof its
obligationsin connectionwith thematterunderdiscussionhere,seeDIO 6 z3. Sincepublishingtheabove,DIO has
cometo admiremuchof [theauthor's] work. (Though,hisJHA 33:15­20paperwasparticularlydisappointing.[See
DIO 4.2p.54fn 2 & DIO 11.1p.26].) Furtheronhisbestpioneeringresearch[someof whichhascometo beasgood
as it gets— including an enormouslyappreciateddiscovery, justly displacinga DR misjudgement]:seeDIO 1.2
[2001printing] insidecover, DIO 9.1insidecover, andESPECIALLY DIO 11.2cover story. For morere�ectionsof
our fondnessfor him andouradmiringanticipationof his futuregreatwork, seewww.dioi.org/pri.htm.]

2 The3 Greekorbits,which JHA­Isis1991frontpagepapersdeclaredimpossibleto �nd, haveall beenrecovered
by DIO. The12 elementsareprintedatDIO­J.HystericalAstron.1.2­3xG10,xK9, xM4 (& seefn 162& fn 205).
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z5 DIO Volume 3's1004­StarTychoCatalog

SubscribingLibraries Receive CopiesGratis

DIO 'sentire1993output(DIO 3.1-3) wasdevotedto the�rst critical edition,ever, of
TychoBrahe's justly famous1004­starcatalog(whichDIO calls“catalogD”).

Fromourprefaceto this monumentalwork:

This DIO triple­issuerepresentsthe �rst formal critical editionof cata­
log D (epoch1601.03),whichhasuntil now beentheonly greatpretelescopic
starcatalognot thuslymadeavailableto modernscholars.Provided for the
�rst time: a numberedlisting of all 1004 stars' cat D positions(O), their
real(C) positions(meanE&E 1601.03),aswell astheirO� C errors(in both
ecliptical& equatorialframes).OurcatD establishesnew standardsfor mod­
erneditionsof antiquestarcatalogs,includingin particular:[a] Identi�cation
of every singleoneof the1004star­entriesin catD (Table21). [b] Listing
eachstar's (null dust&water)culmination­postextinction magnitude� (also
Table21). [c] Spotlightingof all starswhere� > 6 (Table18). [d] Providing
(Tables21­23)the great­circleO� C errorsfor non­great­circlecoordinates
(longitude� & right ascension� ). [e] Computationof not only errorstan­
darddeviations(Tables5­17) but error medians(Tables1­4). [f] Tabulated
least­squares­�ts(of constant& of 3­unknown­sinusoid)to catalogerrors
(Tables9­12). [g] Individual investigation(by consultationof original �eld
data)of every cat D equatorialpositionerror exceedinga tenthof a great­
circle degree(c.200cases:xM). [h] Rigoroussph trig computation(from
theoriginal raw observationaldata)of all of Tycho's long­murky Final Fifty
stars(1596­1597:Tables19&20). [i] Weedingout starsthatarenonexistent,
hybrid, �shy, forced,fake,1 and­ormererepeats(of earlierentries),in order
to arrive at an accuratecountof the number(965) of distinct outdoorstars
Tychorecorded(xK4).

Thecataloghasbeensentautomatically, without charge,to thoselibrariesthatalready
receiveDIO . Otherlibrariesinterestedin addingthecatalogto theircollectionsareinvited
to contactus.

1 [DIO 2.1 z4 establishedthat ten starsin cat D werefabricated. And the subsequent(1994)discovery of an
additionalforced­datastar[D971] (con�rmedby DR'sdirectconsultationof Tycho'soriginalmssin theDanishRoyal
Library) broughtthetotalof suchcasesto eleven,therebyreducingthenumberof Tycho­recordedstarsfrom 966(the
[original 1992edition] countat DIO 2.1z4 xB2) to: 965.]
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z1 Pan­BabylonianismRedivivus?

Fundamentalism1 in Ivy LeagueGarb

by David Dicks2

A The Integrity of Curr ent History­of­ScienceScholarship

A1 Oneof the few advantagesof old ageis the ability to take a moresynopticview
of things than when one is actively engagedin the pursuanceof a career. A certain
detachednesscanbecultivatedby a retiredacademic;thereis no longerany needto kow­
tow to theperniciousdoctrineof `Publishor perish'whichseemsto bethesolemotivation
of muchof whatnow passesfor scholarship(particularlyin theU.S.A.),and,providedone
is still suf�ciently interestedto keepup with developmentsin one's chosen�eld of study
(for which, in theoryatany rate,thereis now moretimeavailable),it shouldbepossibleto
discernfrom a vistaspanning,in my case,some40 years,changesin thewaysparticular
problemsareenvisagedandmodi�cationsin themethodsusedto approachthem.
A2 It isgratifyingtonoticethat,aftermyarticlesonThales3 andthePre­Socratics,4 there
havebeenfewerattemptsto foist anachronisticscienti�c knowledgeonto famousnamesin
thehistoryof earlyGreekphilosophy.5 It is alsoasourceof somesatisfactionthattheviews
I adumbratedin my bookEarly GreekAstronomyto Aristotle[EGAA], Thames& Hudson,
1970(e.g.,pp.60­61,89­90,& passim) on thecourseof developmentof Greekastronomy
have now becomesocommonlyacceptedthat (regrettably)they areparaphrasedby many
writers on ancientsciencewithout any acknowledgementof their source. For example,
the main ideasin an article by B.R.GoldsteinandA.C.Bowen, misleadinglyentitled `A
New View of Early GreekAstronomy'6 — namely, that it wasthedesireto measuretime
thattriggeredoff thedevelopmentof Greekmathematicalastronomy, thatplanetarytheory
camelate(probablyastrologicaldoctrinesactedasanincentive for it), andtheimportance
of Eudoxusfor initiating the scienti�c stageas distinct from the pre­scienti�c stageof
empiricalobservations— areall fully developedin EGAA, some13 yearsearlierthanthis
derivative article[publishedby History of ScienceSoc]. Yet thereis nota singlereference

1 [SeealsoDIO 1.1z5 fn 12 andDIO 1.2xE4 & fn 129.]
2 Longrecognizedinternationallyfor hisexpertisein Greekastronomyandgeography, David Dicksretiredin 1988

asSeniorLecturerin Greekat Royal Holloway & BedfordNew College(LondonUniversity). His academiccareer
hasencompassedprofessorialpostson 3 continents,includinga Visiting Professorshipat PrincetonUniversityand
work at thePrincetonInstitutefor AdvancedStudy. His writingshaveappearedin numerousprominentprofessional
journals,andhehascontributedseveralentriesto theDictionary of Scienti�c Biography. He is authorof two books:
TheGeographicalFragmentsof Hipparchus(AthlonePress,London,1960)andEarly GreekAstronomyto Aristotle
(ThamesandHudson,1970,andCornellUniversity, 1970).

3 ClassicalQuarterly9 (1959)294­309.
4 Journalof HellenicStudies86(1966)26­40.
5 Although someold stagerscontinueto �ght a losing battle,aswitnessthe remarksof C.H.Kahnin Science

and Philosophyin ClassicalGreece, ed. A.C.Bowen(Garland,New York, 1991),pp.2& 8, who refersto an old
controversyin the pagesof the Journal for Hellenic Studies, but, not unnaturally, fails to mentionJHS92 (1972),
175­177,whereI administerthecoupdegrâce.

6 Isis74 (1983)330­340.
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B DIO­Style Flattery: Two­DimensionalDigits

B1 DIO 's new series,“CompetenceHeld Hostage”(debuting hereat p.3), owes its
inception& title tothelocked­hornsdynamicof theongoingancient­astronomycontroversy.
B2 History­of­sciencearchonsarechilledbytheghastlyrealizationthatthoseoccasional
partsof DR's damnedscienti�c­history researcheswhich they canfollow, areturningout
to becompetent,contributory, evenpioneering.(Severalof Hist.sci's own refereereports
on DR papersare explicit about this.) Nonetheless,archonshave for yearseffectively
attemptedto extort DR's silence(aboutHist.sci's fear­drivencensorialobsessions,among
othermentallimitations) by refusingpublicly to acknowledgeANYvalueto DR output.1

In brief: able,seminalwork hasbeenimprisoned— andvital discovery­pearls'recognition
& developmentdeliberatelyheldhostage— justtoprotectcertain(understandably)insecure
Hist.sciarchons'shakily­propped­upimagesof digni�ed Authority. [Matt. 7.6.]
B3 An overview of thisendless(DIO 2.3 z8 xD2) warfaresuggeststhatwehaveherea
caseof mutualmisprojection:[a] Archonsapplyto DR thesameshun­starvationcajolery­
techniqueswhichhaveotherwiseworkedsounfailingly (note­in­passing:whatdoesthissay
aboutacademe?)whenappliedto their own fellow climbers.(Hist.scivolk cannotfathom
whyDR isn't rushingto �re­salehissoulfor thePrivilege& Prestigeof publicationin sham
editors' handsomejournals. SeeDIO 1.2 fn 9 & DIO 2.1 z3 fn 41.) [b] DR is equally
blind. SinceDIO openlyadmiresvalid scholarship— regardless(z3 fn 20 & DIO 1.2
fnn 16&174)of thesource's enmityand­or(DIO 1.1 z1 xC6, DIO 1.2 xI8) swinosity—
DRis implicitly urgingHist.scialsoto try impersonalfairness.Instead,snickeringatDIO 's
nä�veadherenceto theirmythicgasaboutfreediscourse,worldly archonswonderif DRwill
ever attainHist.sciwisdom,acceptingthatthesin of merelykilling truth & its discoverers
is tri�ing comparedto Rebellion& Heresy, THE CardinalSinsof Hist.sci,whoseLaw is:
ThouShaltNotCriticizeArchonsor Their Sacred[Grant­Generating] Tenets.
B4 Question: what exactly is the competenceof the very Muf�osi who re�exively
classifyany dissenteroutsidetheircult asIncompetent?— andindeedaretypi�ed by their
tacticof highlightingothers' supposederrors asabasisfor treatingdissenterswith slander
and(z1 xA3, DIO 1.2 fnn 16&92) total ignoringof output. DR's 1994/4/26letter2 to the
Hist.sciSocvainlychallenged(above,p.2)theMuf�a todebate& suppliedthesame45­item
tableof Muf�a muffs reproducedhereat xA: “The [foregoing] 45 (yesforty­�v e) errors
by Muf�osi (andMuf�a­circle scholars& forums)3 have beenpointedout serially since
DIO 's inception,over 3 yearsago. (Many aredisplayedin thesatirelet,̀ Black Af�davit':
DIO 1.3 z10.) From thoseresponsiblefor creatingand­orpromotingthis impressively
Reputable­lookingcollectionof quasi­kwank4 literature,therehasbeen:noresponseatall.
Exceptthe. . . attemptedsuppressionof DIO itself.” (SeeDIO 2.1 p.2Info­Note.)
B5 Thosewho pushknowledgeforwardhave alwaysstoodon theshouldersof giants.
(Isis24:107­109.)But, in History­of­science,they mustalsostandon thetoesof pygmies.

1 DIO 1.2 fn 173: “systematicnoncitation. . . constitutesattemptedmurderof a scholar's academiccareer.”
The policy is caricatured(only slightly) at ibid xH2. Implicit real­politicalunderlyinglogic notedat DIO 2.3 z6
xF4. (Similar casecited: DIO 1.2 fn 57.) Of course,givenDIO's irrepressibility, the inef�cacy (moreaccurately,
back�ring: DIO 1.2 fn 175)of Hist.sci's shunningof DIO's achievementsis increasinglyplain. (And increasingly
clumsy: DIO 1.2 fn 58 & DIO 2.1 p.2 Info­Note& z2 fn 10.) But the blackballing's many yearsof unrelieved
institutionalmaintenance(DIO 1.1 z1 xA8) have ultimatelyserveda usefulpurpose:revealingnakedly thereal—
the100.00%careerist— face,behindHist.sci'spublicmaskof openmindedacademiccuriosityandintegrity.

2 HsS's 1994/5/16standardsubmit­a­formal­ms reply (contraDIO 1.2 fn 165), to DIO's 4/26 letter, evaded
the debate­challenge(by delay) & no­commentedthe 45­item list, despiteemphatic4/26 urging that the list be
“REFEREEDBY COMPETENTSCHOLARS— preferablyby real scientists,not the sameHist.sci see­no­evils
who've allowedthePtolemyControversyto festerfor a quartercentury. (Many of themuffs listed [hereat xA] are
soobviousthatthey will requirebut minutesto checkout. Hist.sciarchonsshouldhave donethata long time ago.)”

3 Sorryaboutprinting xA in 7 pt type;but, for this (merelypartial)compendiumof Muf�a muffs, spatial­density
is an upshotof certainMuf�osi' s mental­density. Blaming our Muff­Catalog's scrunchedprint on anything other
thantheMuf�a' sown peculiarcomicgenius,is ratheranalogousto blamingprison­crowding onprison­architects—
insteadof on criminals' committingsomany crimes.[More Muffs: DIO 2.3z8 xxC12­C13,DIO 6 z1 fn 1.]

4 See,e.g.,DIO 1.1z5 fn 12; andDIO 1.2­3xE4,xG3,& xM7.
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to EGAAin Goldstein& Bowen's work.7 It is saidthat imitation is thesincerestform of
�attery, but in reputablescholarlycirclessuchimitation at leastrefersto theoriginal.
A3 Thereis a �ne dividing line betweenfailure to acknowledgeone's indebtednessto
earlierwritings becausethe subjectmatteris so uncontentiousthat detailedreferenceto
the original chapterandverseis otiose,anda similar failure causedby (at best)slipshod
scholarshipandignoranceand(at worst)maliciousintentor deliberatediscourtesy. Most
reputablescholarsareawareof thislineandinstinctively stayontherightsideof it — others
donot. A goodexampleof whatI meanis affordedby somepassagesin [Brown & Harvard
professor]G.J.Toomer's `HipparchusandBabylonianAstronomy'.8 Thelastparagraphon
p.360andthe�rst on p.361merelyrestatein summaryform theconclusionsI hadreached
some18yearsearlier(seeabove: xA2); heevenechoesmy criticism(unprecedentedatthat
time) of Schiaparelli's treatmentof Eudoxus(cf. EGAApp.179­180)but, by omitting to
referto this,conveystheimpressionthathispompousdismissal(ipsedixit . . . . . `theMaster
hasspoken') of Schiaparelli's work9 is his own original insight. Similarly, his remarkson
Hipparchus'rôle in thedevelopmentof astrology10 carefully ignoremy discussionof this
very topic some28 yearsearlier in TheGeographical Fragmentsof Hipparchus [GFH]
(AthlonePress,London,1960),pp.11­14.It mighthavebeenthoughtthatsimpleacademic
courtesywould have dictatedat leasta brief referenceto thesesources;but the schoolto
which Toomerbelongs11 disdainssuchnicetiesandsedulouslyavoidsany appreciationof
scholarshipoutsideits own narrow con�nes.12

B The Central Err or of R.Newton,D.Rawlins, & Others

B1 Thereis,however, anotherdevelopmentwhichI havenoticedincreasingly in writings
on ancientsciencein the last few decadesandwhich shouldbe unreservedly condemned
— namely, a refusalto credittheplainevidenceof ancienttexts (which, if not ignored,are
wilfully misinterpreted)if this goesagainsttheparticularfar­fetchedtheorybeingpromul­
gatedby the writer at the time; not only this, but the ancientwriter himself is implicitly
(or evenexplicitly) criticisedif his remarksdonot supportthemoderncommentator's fan­
tasies.Out of thenumerousexamplesof this typeof misrepresentation,I selecta few of
themoreblatant.Thearchexponentis, of course,R.R.Newton [JohnsHopkinsUniversity
AppliedPhysicsLaboratory]whoin histendentiouslyentitledbook,TheCrimeof Claudius
Ptolemy,13 by amixtureof anunhistoricalapproach,slipshodscholarship,14 andamethod­

7 Thefactthatthediagramson theirp.335beara remarkableresemblanceto minein EGAAp.18andGFH p.165
is no doubtcoincidental. . . .

8 In A Scienti�c Humanist: Studiesin Memoryof AbrahamSachs, ed. E.Leichty, M.de J.Ellis & P.Gerardi
(Philadelphia,1988),pp.353­362.

9 Ibid. p.360note42.
10 Ibid. p.362.
11 For the uninitiated,adherentsto this school(irreverently namedthe `Muf�a' by D. Rawlins in his samizdat

publications— seenote27 below) canbereadily identi�ed by thefrequentappearanceof thelettersHAMA in their
writings— this is anacronym for Historyof AncientMathematicalAstronomy, 3 vols.1975,thechefd'oeuvreof the
late O. Neugebauerof Brown University, Providence,R.I. Neugebaueris to Americanhistoriansof sciencein the
secondhalf of thetwentiethcenturywhatG. Sartonwasin the�rst half.

12 As I have hadoccasionto remarkbefore,in my review of D.Pingree's Teubneredition of VettiusValensin
ClassicalReview 39 (1989)p.24. [Similarly, seeJ.HystericalAstron. 1.2 fn 148 & xJ2, andDIO­J.HA 1.3 z10,
“Black Af�davit”.]

13 JohnsHopkinsUniv. Press,Baltimore,1977.
14 As earlyasthePreface(p.xiii) weread,“In somecases,a topichasnotseemedimportantenoughto warrantthe

laborof locatingahard­to­getreference,andI have reliedonsecondarysourcesfor theseminor topics”. Cf. p.42,“I
havenotseenanexplicit referenceto anancientsourcewhichrefersto thecaravanmethod[for Eratosthenes'method
— probablymythical (cf. J.Duktain Arch Hist ExactSci46, 1993,p.58)— of estimatingthedistancefrom Syene
to Alexandria],but I have not searchedvery hard”; p.136[in a footnote],“I have not locatedthis statementin the
Syntaxis[Ptolemy],but I havenot triedvery hardto doso.”
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z4 Casting PearlsBeforePyglets

Launching DIO' sCompetence­Held­HostageSeries

A Muf�a Muff­Catalog: the Incompetence­Chargers' Competence

Exposure Muffer Sponsor Muff

DIO 1.2xR3 G.Toomer Truesdell Amazinglycrude& mishandledeclipse­selectionmath.
DIO 1.3z10 G.Toomer DSB AutumnSolstice!
DIO 2.1z3 xC15 G.Toomer AIHS Falseexplanationof Almplanetmeanmotions.
DIO 1.2xI1 G.Toomer Springer ForcesGreekword for “compiled” to meanwhathewants:“computed”.
DIO 1.2xG2 G.Toomer KramerFundCitesToomer1973asvalid,despitepaper's known scribal­errorcollapse.
DIO 1.1z5 fn 7 N.Swerdlow Centaurus Repeatedlyerringtowarddesirednumber:1903200 ! 1903100 ! 1903000.
DIO 2.1z2 xH28 N.Swerdlow Hist.sciSoc BungledattackuponvanderWaerden's math,sanity, & ethics.
DIO 1.1z5 fn 20 N.Swerdlow � BK Allegestiny near­solstitialmotionruinsusefulsolstice­determination.
DIO 1.2xE1 N.Swerdlow � BK Falsely(& trivially) suggestsR.Newtonhid Almajest­translationused.
DIO 1.1z5 xA2 HamS'low EfL&0 Misunderstandspurpose(eventitle!) of bookunderreview.
DIO 2.3z8 xC8 N.Swerdlow EfL&0 CopiesGrasshoff misreadof Newton1977,but citesNewton1977.
DIO 2.3z8 fn 31 N.Swerdlow EfL&0 Claims140 waves(120 gt­circ) undetectablein AncientStarCatalog.
DIO 2.3z8 fn 31 N.Swerdlow EfL&0 Unawareof requiredcos � weight­factorfor gt­circ � differentials.
DIO 2.3z8 xC14 N.Swerdlow EfL&0 Ignores110 errorwave dueto attestedfalseobliquity.
DIO 2.1z3 fn 38 O.PedersenOdenseU Forcedfalsearithmetic(for Almplanetmeanmotions).
DIO 1.2fn 284 NeugebauerBrownU MisclaimedPtolemydidn't believehisabsurdlunarquadraturedistance.
DIO 2.1z3 fn 38 NeugebauerSpringer Forcedfalsearithmetic(for Almplanetmeanmotions).
DIO 1.2fn 182 NeugebauerSpringer Anotherforcedmathagreement.
DIO 1.2fn 199 NeugebauerSpringer Yet anotherforcedmathagreement.
DIO 2.1z3 fn 18 R.Mercier AIHS MisclaimsPtolemylackedvaluefor siderealyear.
DIO 1.2fn 126 Y.Maeyama Pedersen Confusessingle­datumst.devswith mean'sst.devs:off by factorsup to 7.
DIO 1.3z10 A.Jones EfL&0 WinterEquinox!
DIO 1.2xG4,G7 A.Jones EfL&0 Innocently& falselydeclared3 solartrios un�ttable by Greek­trigorbits.
DIO 1.2xC11,G7 A.Jones EfL&0 “Proved” lasttrio un�ttable, thoughDR hadalreadytwicepublished�t.
DIO 1.2xG9 A.Jones EfL&0 Subtraction:128� � 65� = 65� !
DIO 1.2xG9 A.Jones EfL&0 Sets67d2/3=67� 2/3(Velikovsky's 360dyear:Worlds in Collisionp.330).
DIO 1.2xG2 A.Jones Hist.sciSoc CitesToomer1973asvalid, despitepaper'sknown scribal­errorcollapse.
DIO 1.1z8 xE1 D.Hughes RoyAstrSoc Theclassicastrologer­pratfall. [High precision.Lowlow accuracy!]
DIO 1.1z8 xG5 D.Hughes EfL Dueto own calendar­blunder, doubtsFrenchsaw C.Halley �rst (1682).
DIO 1.2fn 60 M.Hoskin EfL Ignorantof Hegel's 4/3­power proposal,translationomitsheartof theory.
DIO 1.2fn 135 G.Grasshoff Springer Numerousgraphs'axesareinvertedand­ordistorted.
DIO 1.2fn 149­50G.Grasshoff Springer Entirebookis chockfull of typos.
DIO 1.2xI3 G.Grasshoff Springer Key solarerror­curve signinverted.
DIO 1.2xI5 G.Grasshoff Springer Highly irregular(& suspicious)reference­bibliographicalpractice.
DIO 1.2fn 155 G.Grasshoff Springer MisclaimsR.Newtonuses1� /2 arcgraduationfor Ptolemy's astrolabe.
DIO 1.2xI6 G.Grasshoff Springer Data,200 single­datumst.dev: 1000­amplitudewave= untestablysmall.
DIO 2.1z3 fn 19 0 Gingerich RoyAstrSoc Insisted(over 3 warnings)Alm9.3Marsmeanmotion= Alm10.9ratio.
DIO 2.1z3 fn 38 0 Gingerich RoyAstrSoc MisplacesVenus'apogeeby 4000y.
DIO 2.3z8 xC13 J.Evans EfL&0 Triespretending80 � 290 (63� phase­diff = “not exactly” in phase).
DIO 1.2fn 144­5 J.Evans EfL&0 SignsontoGrasshoff spectacularsolarerror­curve sign­inversion.
DIO 2.1z4 xH7 J.Evans EfL&0 Unknowingly demandspretelescopeTychotook starsto 8th magnitude.
DIO 2.3z8 fn 25 J.Evans EfL&0 Inadvertentlyhas10thmagnitudestarsvisible to naked­eye.
DIO 1.3fn 288 J.Evans EfL&0 SneersatPtolemy­doubterson basisof own parallaxsign­error.
DIO 1.2xE1 J.Britton PrincetonInstFalsely(withoutdata)suggestsR.Newtonhid Almajest­translationused.
DIO 1.2fn 170 J.Britton PrincetonInstPatentlyinaccurateperturbationexpression.

[All muffers listed arestill active, exceptthe late O.Neugebauer(PrincetonInstitute). Abbrev for thosecited here
as“Sponsors”:Hist.sciSoc= Isis (journalof History of scienceSociety);EfL = MichaelHoskin,CambrU,Editor­
for­Life of J.Hist.Astron.; 0 = OwenGingerich,#2 Editor of sameJHA; DSB= Dictionary of Scienti�c Biography;
Truesdell= Arch Hist ExactSci(Springer);AIHS= Arch Int Hist Sci; RoyAstrSoc= QuarterlyJ RoyalAstr Soc.]
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ologically unsoundtreatmentof ancientobservations,15 managedto convince himself (if
few others)thatPtolemyin theAlmagest(ourprimarysourcefor ancientGreekastronomy)
consistentlylied in his presentationof the evidenceand that all the observationswhich
he sayshe madewere,in fact, `fudged' to suit his argument. In subsequentpublications
attemptingto substantiatethis samethemeof Ptolemy's fraudulence,he employs similar
�a wedtechniques,andit is,perhaps,ameasureof themesmericfascinationof mathematics
(aswell asthegullibility of somemodernwriterson astronomy)thathis erroneousviews
have beenaccordedmoreattentionthanthey deserve.16

B2 However, Newton is by nomeanstheonly exponentof thisartof misrepresentation;
in fact,his severestcritics revealthemselvesaspastmastersat it. Swerdlow [Universityof
Chicago],in an article17 that containsoneor two sensibleremarks18 amidsta plethoraof
baselessspeculation,hasno compunctionin disbelieving whatPtolemytells usaboutthe
developmentof solartheoryin Alm. iii,1 andlunartheoryin Alm. iv,2 becauseit doesnot
�t in with Swerdlow's (andmany others'— seebelow: xC1ff.) assumptionthattheGreek
astronomersandespeciallyHipparchustookovermostof theastronomicalperiodrelation­
shipsthatthey usedfromtheBabylonians;whenhecan�nd noevidencefor thisunwarranted
assumption— whichitself arisesfrom aconjectureof Kugler's,over­enthusiasticallytaken
up by [Yale's] Aaboeand[Brown­Harvard's] Toomer(seebelow: xC2) — Swerdlow is
drivento complain(p.296footnote7), “Ptolemyappearsto beunawareof theBabylonian
origin,or eventhepre­Hipparchanorigin,of thisparameterandof theotherperiodrelations
in Hipparchus'lunartheory”! Heis apparentlyobliviousof thefactthatthissinglesentence
givesthegameawaycompletely, andshows thatall his jugglingwith �gures, andhisbelief
that“Hipparchusneednothavederivedthevalueof thetropicalyearmentionedbyPtolemy,
3651/4� 1/300d, directlyfromobservation” (p.297),isahouseof cardsbuilt onacomplete
disregardof whatHipparchusandPtolemyactuallysay. Ironically enough,Swerdlow goes
on to say, “. . . if Hipparchushadobservationsleadingto oneday in 300yearsprecisely,
onewould think thatPtolemywould have citedthem”; but would Swerdlow have believed
him? Hardly, to judgefrom themodeof `reasoning'in this paper.19

B3 Even more perverseis his discussionof precession.Ptolemy�rst mentionsthis
phenomenon,andascribesits discovery to Hipparchus,in thelong �rst chapterof thethird
book of the Almagestwherehe reliesheavily on the latter's resultsandcites(sometimes
verbatim)extractsfromhislostworks,OntheDisplacementof theTropicalandEquinoctial
Points(which, in all probability, waswhereHipparchus�rst announcedhisdiscovery),On
the Lengthof the Year, and On Intercalary Monthsand Days; but Ptolemychoosesto

15 It seemsto meto bemethodologicallywrongto try to applysophisticatedmathematicaltechniquesto theastro­
nomicalobservationsreportedfrom antiquity. Suchtechniquesaresurelyrelevantonly to modern­styleobservations
carefullycarriedoutwith repectto possiblesourcesof error, theobserver'spersonalequation,statisticalprobabilities,
meanvaluesderived from hundredsof observations,etc.,etc. Noneof this (excepttheoccasionalreferenceto and
elementarydiscussionof very obvioussourcesof error, suchastheshifting of thealignmentof instrumentsandthe
effectsof refractiononhorizonphenomena)canproperlybeimputedto ancientobservations,andit is thereforefutile
to treat themmathematicallyasthoughthey wereresultsemanatingfrom a modernobservatory. It is ratherlike
insistingon usingmicroscopes,pipettesandsensitive chemicalbalancesin the preparationof farmhousecookery
recipes— andaboutassensible.

16 I amnotalonein remarkingthis— cf. K.Okruhlik in Proc.Philos.of Sci.Assoc.1 (1978)80­81.Otherrelevant
publicationsof NewtonareAncientPlanetaryObservationsandtheValidity of EphemerisTime(JohnsHopkinsUniv.
Press,Baltimore,1976),reviewedwith propercondemnationby N.T.Hamilton& N.M.Swerdlow [Newtonrepliesat
DIO 1.1z5] andby R.Mercierin British Journalfor theHist.of Sci.12(1979)211­217,andTheOriginsof Ptolemy's
AstronomicalParameters (Centrefor Archaeoastronomy, TechnicalPublicationNo.4, 1982), and TheOrigins of
Ptolemy's AstronomicalTables(Centrefor Archaeoastronomy, TechnicalPublicationNo.5,1985),reviewed(in too
kindly a fashion)by J.Evansin Journal for theHistoryof Astronomy[JHA] 24(1993)145­147.

17 Archivefor Historyof ExactSciences21(1980)291­309.
18 E.g.,p.293noteb, “Someof thesederivations[by moderncommentatorsdiscussingancientperiodrelationships]

seemabit round­about. . . , andall seemmorereliantuponadecimalcalculatorthanuponthetext of theAlmagest.”
Unfortunately, hedoesnot seemto realisethatthis applieswith equalforceto hisown work. [SeeDIO 1.1z5 fn 7.]

19 Seehis unsatisfactory treatment(p.299)of the order in which Hipparchus'treatisesappeared— for a more
satisfactorydiscussionseemy GFH p.17.
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[Note added1996: In the larger context of the controversy over Ptolemy's integrity
(whichhasin lateyearslingeredononly becausehisdefendersunderstandsolittle science
that they don't know it' s over), the signi�cance of the foregoing papermay be not be
fully appreciatedunlessthe readerrealizesthat the popular“pedagogical”apology(e.g.,
0 GingerichQ. Jl Roy. Astr. Soc. 21:253) for Ptolemy's nonstellarfakery is irrelevant to
excusinghis sneak­theft­plagiarismof virtually theentireAncientStarCatalog,of which
veryfewstarswereusedin any of hisAlmajestcomputationalexamples.(Fordetailsonthis
andrelatedmatters,see,e.g.,DIO 2.3 z8 xxC2,C22­C23,C31­33,& fn 22. In truth,most
of these“examples”wereintendednot to instructhis readersbut ratherto fool theminto
acceptingthathisastronomicalmodelswereprecisely& universallyaccuratebecausethey
were founded,by rigorousmathematics,uponoutdoorobservations. And mostof these
“observations” werealsopretenses.)The bottomline here: no honestpedagoguewould
resortto theslide&hideploy to hidea massive plagiarism:a thousandstars.]
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postponedetaileddiscussionof precessionuntil that part of his work that dealswith the
�x ed stars20 because,ashe explains, the prior establishmentof solarandlunar theoryis
indispensablefor a properstudyof the�x edstars,andsuchtheorydependsfundamentally
on establishinganaccuratevaluefor thelengthof thetropicalyear, which formsthemain
topic for Alm. iii,1. Ptolemy's accountis perfectly clear and logical — the only slight
complicationis that someobservationsof Spica(� Vir) and of lunar eclipsesmadeby
Hipparchusrelative to the equinoctialpoints obviously playeda dual rôle in helping to
estimateboth the lengthof the yearand the rateof precession,which leadsto a certain
amountof repetitionin Alm.iii,1 andAlm.vii,1­3 wherePtolemytreatsprecessionatsome
length. He tells us that Hipparchuswasled to his discovery by noting that, accordingto
theobservationsmadeby Timocharisin Alexandria(about150yearsearlier),theposition
of Spica was estimatedto be 8� from the autumnalequinoctialpoint, while his own
observationsgave a �gure of 6� ; andPtolemyspeci�cally tells us thatHipparchusfound
the samedifferencewith other�x ed stars,a differencethat Ptolemywasableto con�rm
by comparinghis own observationswith thoseof Hipparchus— he even mentionsthe
instrumenthe used(the armillary astrolabe,describedin Alm. v,1).21 Thenin Alm. vii,3
furtherobservationsby Timocharis,Hipparchus,Menelaus,Agrippa,andPtolemyhimself
are cited, from which a �nal �gure of 1� in 100 yearsfor the precessionalmovement
(envisionedasa veryslow rotationof thesphereof the�x edstars)is deduced.
B4 Now, what doesSwerdlow make of all this? Very little, it seems. So obsessed
is he with trying to `prove' his absurdlyspeculative thesisthat Hipparchusderived his
rate of precessionfrom prior knowledge (based,of course,on Babyloniansources)of
the differencebetweenthe tropical andsiderealyearandnot (aswe areplainly told) by
comparing�x edstarobservationsmadeby Timocharisandhimself,thathecanactuallysay
(p.301),“It is generally supposedthatHipparchusderivedhis estimateof theprecession
from comparisonsof observationsof the �x edstarsby Timocharisandhimself separated
by aninterval of about150years.Indeed,somethingof the sort may have played a role
in his qualitative recognitionof precessionandthedistinctionof thesiderealandtropical
year. . .” [my emphases].This travestyof interpretationis Swerdlow's apparentreaction
to Ptolemy's clearandstraightforwardaccount!!Oneis entitledto askwhatis thepoint of
readingtheancientwritersatall, if theirexplicit testimony is to bedisregardedin favourof
thefar­fetchedspeculationsof moderncommentators?22

B5 Swerdlow goeson(p.305)to refertoNeugebauer'sdiscussionof variousBabylonian
“years” in HAMA, 528­529andquoteshis mentionof oneparameter“attributedby Vettius
Valens(2nd century)to the Babylonians,although this parameter is not dir ectly sup­
ported by any surviving cuneiform source” [my emphasis].Precisely!WhatSwerdlow
signi�cantly fails to quoteis Neugebauer's remarkonp.529,“All thesè years'arecertainly
to be taken as siderealyears,even if their derivation, from a modernviewpoint, would
make them`tropical' or `anomalistic'years. [SeeDIO 1.1 z5 fn 8.] Our sourcesleave
no doubt that such distinctions lie outside the framework of Babylonian astronomy”
[my emphasis].EvenSwerdlow feelsobligedto say(loc.cit.), “Much of this reconstruction
is obviously speculative”; sucha statementof theobvious rendersnugatoryhis optimistic
claim onp.306,“The resultsof this studymaybeinstructive . . . .”

20 Alm.vii,1­3.
21 Cf. my paper, `AncientAstronomicalInstruments'in J.Brit. Astron. Assoc.64 (1954)77­85.
22 It is possiblethat acquaintancewith the ancienttexts only throughtranslationsplaysa part in suchmisinter­

pretations. Certainly, Swerdlow thrice (pp.300,306, & 307) quotesToomer's erroneoustranslationof the Greek
uponenohkwVfainetai as“seemsto havesuspected”;but this is to confusetheuseof fainomai with thein�niti ve
andits usewith theparticiple— a distinctionthat I usedto try to hammerhomein my BeginnersGreekclasses!If
Ptolemyhadmeant“seemsto havesuspected”hewouldhavewrittenuponenohkenai andnotuponenohkwVwhich
means“clearly [or plainly or evidently or obviously] hassuspected”. Manitius' [1912­1913TeubnerAlmagest]
translation(Bd.II, p.15,line 10),“Das is offenbarauchdiemit VorbehalthingestellteAnnahmeHipparchsgewesen”
[“This is evidently alsoHipparchus'opinionput forwardwith reservation”], is muchmoreaccurate;althougheven
he`nods'on occasion(seeJHS103, 1983,p.137,`A Mistranslationin Manitius').
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ensuredthatthesea­horizonwasthemostsoutherlypossiblefrom coastal48 Rhodos.Note
that Rawlins 1982Cfound the oddsslightly higherfor southernthannorthernRhodosas
Hipparchos'location,thoughthenorthernpartof the islandwasnot statisticallyruledout
by the1982analysis.
G3 Thereis but onelegendthatsurvivesregardingHipparchos'personallife: it hashim
astonishinga king with a bit of weatherastrology. (SeeDicks 1960pp.48­49:Fragm.C.)
This doesnot soundlike a fellow who lived in remotewoodlands.So,oncewe have the
centerof Hipparchos'operations(wherehis high­quality observationswere made)near
latitude� = 36� 080N, it is notdif�cult to �nd his longitude,sinceanythingbut thevicinity
of Lindos (� = 36� 050N, longitude28� 050E of Greenwich)would put him far from high
civilization. His 19 accuratedeclinations49 revealthatheobservedthemin E = � 131� 5y

(Rawlins in­prep D), and that his � � = 00� 10. (Seeidem & xF1. Con�rmed: fn 6.)
Thus,we may say that his main observatory's latitude � = 36� 080N� 10 — which is an
unexpectedly& gratifyingly preciseprobablesolutionto thisancientmystery. As remarked
at xF3: sinceLindos' � = 36� 050N (just 30 less),50 it is indicatedthatHipparchosworked
in thehills justNW of thecity. (The371m hill mentionedin xF3 is at36� 080N, 28� 030E.)
Perhapstheobservatorywasadjacentto (or partof) a local ruler'sestate.
G4 As notedby Neugebauer1975(p.275n.11),theKeskintoinscription— evidently
from nearHipparchos'century(Neugebauer1975pp.698­705)— revealsthat otheras­
trologerswereworking on the islandof Rhodos.Keskintois a westsuburb of Lindos—
just3nmi south(& alittle west)of thehill suggestedaboveasapossiblesiteof Hipparchos'
observatory. The�nding thatheobservedalmostnextdoor51 to Keskintosuggeststhatsev­
eralastronomer­astrologersworkedin theLindosregion — with a cohesionwhich we can
now only guessat. It is possiblethat thesouthernportionof theCatalogwasobservedby
anastronomerat thesouthendof the islandwho waspartof a teameffort (xC6) to cover
thesky, presumablysupervisedby Hipparchos.
G5 Perhapsit is toomuchto hopethatfragmentsof (or inscriptionsfrom) Hipparchos'
legendaryobservatory might somedaybe recovered. In any case,one hopesthat the
foregoingwill assistin greatlynarrowing therangeof search.

48 Terrainover 200 m high is availablenearC.Prassonesi,which could assistobservationsby slightly reducing
extinction& byproducingahorizondipof nearlyahalf­degree.Rhodos'tallestmountain,1215m­highMt.Atabyron,
at 36� 120N, would offer a sea­horizonordmag100 moresoutherly, but the differencewould hardly be worth the
troubleof building & supplyinganobservatoryatsucha remotesite.

49 Sampledescribedat xF2. Results(for E & � � ) baseduponsamesort of 2­unknown least­squaresanalyses
asthoseof xF9. Adding the 10 fractional � from HipparchosComm(producinga 29 starsample,net), we have
insteadE = � 138� 7y & � = 36� 060� 20N. Adding Arcturusto these(30 starsin all) produces:E = � 134� 7y

& � = 36� 070� 20N. (For just our ten fractionalHipparchosCommstars:E = � 159� 19y & � = 36� 020� 40N.)
However, usingthe HipparchosCommstarsherealtersthe 19 starresultonly slightly andbringslessreliabledata
into theproblem.(DR'sprimestatisticalrule: asmallcleansampleis preferableto abig dirty one.)

50 An ancientgeographerof c.100BC,usingtheEratosthenes­Hipparchosscale(700stades/degree),placedLindos
4500stadesnorth of Alexandria(Müller 1855&18822:479). All ancientsknew that the distancefrom Alexandria
to Rhodoswasunder4000stades,thusthe 4500stades�gure is likely to be an error for 3500stades— which is
precisely5� . Eratosthenesput Alexandriaat � = 31� 040N — evidently roundedby Hipparchosto � = 31� 050N
(fn 44) — so we may take the 5� differenceasindicatingthat someancients(contrafn 34) placedLindos at � =
36� 040N or 36� 050N, which is within a mile of the truth. I note that the samegeographeralso reports(Müller
1855&18822:479)theTanais(Don River) klima, whereM = 17 hrs,to be18056stadesnorthof Alexandria.Well,
usingEratosthenes'obliquity (Almajest1.12: � = 23� 5102000) in the formulaof fn 34, we �nd � = 54� 0001800N.
(Toomer1984p.87n.56getspreciselythesameresult.) At 700stades/degree,this is 37803stadesandAlexandria's
� = 31� 040N = 21747stades.Thedifferenceis 16056stades,which disagreeswith thetext (18056st) by precisely
2000st. Thus,if we again(asfor theAlexandria­Lindoslatitudedifference)supposethereto beanancienterror(or
discrepantconvention)in thethousands­place,thepassagehasbeenrestored.(Someuncertaintyin the lattercase's
thousands­placeis discussedin thenotesof Müller loc cit.)

51 It is of coursepossiblethat Hipparchosworked in the region of Lardo (36� 050.4 N, 28� 020E) or Keskinto
(36� 040.7 N, 28� 010E), the2 townsNeugebauer1975p.698n.1 mentionsin connectionwith theinscription. (The
inscription's numbersarenot relatedto whatwe now know of Hipparchos'work.) Given(via least­squares:xG3)
that Hipparchos'adopted� (36� 080 or 36� 0701/2, perhapsinterchangeably:xF3) was high by 00.2� 10.2, the
inscription­sitelatitude's 95%­con�dencestatisticalincompatibilitywith it is too borderlinefor safeexclusion.
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C The Muf�a' s Babylonian­Origin Id éeFixe

C1 Suchwholesaledisregardanddistortionof Ptolemy's evidencehas,unfortunately,
proved irresistiblefor othermembersof the `Muf�a', who have vied with eachother in
selectingotherpartsof theGreekevidenceto traducein favourof theirown misguidedpre­
conceptions.Thus,thatwell­known doubleact in American`scholarship',Goldsteinand
Bowen, in their inimitable, long­windedandpompousstyle,23 claim to “demonstratethat
many of Hipparchus'reportsandcriticismsconcerningEudoxusandAratusare,on occa­
sion, anachronisticandeven polemical” and“proposethat Hipparchusdoesnot describe
faithfully the stateof astronomybeforehis time but `modernized'it, therebyproviding
Ptolemywith anastronomicalhistorythatwasin somerespectsinaccurateanddistorted”.24

Oneshuddersto thinkwhatan“inaccurateanddistorted”picturefuturehistoriansof science
might receive from paperssuchasthis, which dressesup total misconceptionsin pseudo­
scienti�c language(�a la R.R.Newton), demonstratesignoranceof the relevant scholarly
literature(asin x1, which, e.g.,fails to mentionmy GFH which dealswith just thetopics
underdiscussion— cf. pp.174­175),and laboursmightily to “show that the division of
the day into equinoctialhoursor into 360� of time wasunknown in Greeceat the time
of Eudoxus”(cf. xx3­4), a statementof theobvious thatnobodywith any competencein
the �eld would wastetime on. At least,however, Bowen & Goldsteindo not (yet — no
doubtit will come. . . ) lay claim to beclairvoyantaboutHipparchus'methods,which is
whatY.Maeyamadoesin anarticle25 thatnotonly followsthemodernfashionof subjecting
ancientdatato inappropriatelysophisticatedmathematicaltechniques(on theillegitimacy
of this seenote15above) — and,naturally, praisesNewton (p.307,“In his excellentstudy
on fractionsof degreesNewton hasshown . . . . This would agreewith Newton's highly
interestingstudyonfractionsof degrees”)— but alsoactuallyclaimsto know justhow Hip­
parchusworked(p.305,“Hipparchusleft writingsononly speci�c problems,drivento their
solutionsby new discoverieswhich oftenvisitedhim all of a sudden”) [my emphasis]!!A
claimthatis aboutasjusti�ed ashisassumption“that theremusthavebeenabundantaccu­
rateobservationsof the�x edstarsmadeat leastattheepochs� 300� � 250in Alexandria.
They musthavedisappearedin the�res whichfrequentlyragedthere”(p.302).Thecavalier
mannerin whichancientevidenceis treatedby moderncommentatorsis well illustratedby
this lastremark;Maeyamais forcedinto makingit becauseof hisperverserefusalto accept
Hipparchus'low opinion(reportedbyPtolemyin Alm.vii,3) of Timocharis'stellarobserva­
tions,arefusalwhichitself isadirectresultof theapplicationof inappropriatemathematical
methodsto theancientdata.Oneis temptedto quoteScott's “Oh, whata tangledwebwe
weave . . . ”! It would betediousto cite all therecenteffusionsof commentatorsintenton
(a)disbelieving anddenigratingasmuchof theancientsourcesasthey can,and(b) insisting
on theBabylonianorigin of mostof Greekastronomy[noteby DR: it shouldbestatedthat
thepresentwork wasindependentlycompleted& circulatedbeforetheauthorsaw theDR
& Thurstonanti­(b)analysescitedbelow here,in thebrackettedportionof fn 37]; but one
particularlyglaring examplemustbe given. This is a paperby A.Jones26 [University of
Toronto& boardof Archivefor History of ExactSciences], which aswell asexemplifying
both(a)and(b) above, inventsthebrandnew conceptof a “winter equinox”(p.119),27 and
containsthetruly incrediblesentence(p.122),“Ptolemy'sorganizationof thetheoriesof the
Sun,Moon,andplanetsinto anapparentlyrigorouslogicalprogressfrom whicheverytrace
of Babylonianmethodologywasruthlesslyexpunged,mustbeseenasa radicalreformof

23 Commentedon even by fellow `Muf�a' memberO.Gingerich[Harvard History of ScienceDepartment]in
JHA 22(1991)186­187.

24 Proc.Amer. Philos.Assoc. vol.135no.2(1991),p.235.
25 Centaurus27(1984)280­310.[SeeJ.HystericalAstron.1.2fn 126.]
26 Journal for theHistory of Astronomy22 (1991)101­125. [DIO 1.2­3is devotedalmostentirely to analysisof

this bizarreJHA frontpagepaper's mathfollies, which includeseveralhighschool­level foulups. Seeabove at p.3.
SeealsoR.NewtonatDIO­J.HA 1.2xF3.]

27 On this,seeRawlins in DIO, vol.2,no.3(1992October),p.102ff. [Also J.HystericalAstron.1.2xB4.]
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Table3: AncientObservers' Epochs& GeographicalLatitudes

Observer EpochE � � E Latitude� � � �

Timocharis � 295 � 11y 31� 140N � 30

Aristyllos � 257 � 10y 31� 140N � 30

Hipparchos � 131 � 05y 36� 080N � 10

Anonymous 159 � 08y 31� 110N � 20

(6 stars): � � = + 10� 30. Anonymous(the12 nonsuspectstars): � � = + 40� 20. (Utterly
incompatiblewith the� � = � 140 of Ptolemy, who falselyclaimedto have observedthese
stars:seefn 6.) In eachof the3 cases,thesignof the � � solutionis consistentwith the
differencebetweentheobserver's adopted� andtherealAlexandria� (Museum31� 120N,
Lighthouse31� 130N). IncludingHipparchos(xG3),thestar­declination­basedsolutionsfor
epoch45 E & latitude� (bothactual,notadoptedvalues)areassetforth in Table3.

G Hippar chos' Sites

G1 For centuries,astronomershavewonderedwhereexactlyonRhodoslie theremains
of thegreatcentralobservatoryof Hipparchos,thelegendary46 “f atherof astronomy”.(The
remainsof Hipparchoshimselfalmostcertainlylie at thesamesite.) Now, at last,we have
someprobableanswers.
G2 Fromtheforegoing,we�nd thatthesouthernstarsof theAncientStarCatalogwere
observed with an inferior47 transit instrumentat CapePrassonesi,the southerntip of the
islandof Rhodos.Thesiteis reasonablefor deep­southobservations,since:[a] it permitted
a more unobstructedview of the southernhorizon than did any other readily­accessible
part of RhodosIsland,and [b] observingfrom the mostsoutherlylatitudeon the island

45 ThededucedepochsE of Table3 areconsistent(� � E ) with thestartof thefollowing (19y) cyclesof Meton's
famouscalendar(startingepoch= � 431SummerSolstice):Timocharis,8thMetoniccycle (� 298);Aristyllos, 10th
Metoniccycle (� 260);Hipparchos,17thMetoniccycle(EgyptiancalendarThoth1 = � 127/9/24:DIO 1.1z6 eq.28
& xD8); Anonymous,32ndMetoniccycle (+ 158). (If theAlmajest7.3nonsuspect12 stars'epochE is assumedto
be137AD — thesameepochwhich the1025­starCatalogwasineptly fakedto agreewith — thenoneis temptedto
dropconspicuously­discrepant� Ori from thesample.However, ouranalysestreatE asanunknown — oneof two.
If we omit � Ori, leaving an 11­starsample,thenleast­squaresanalysisproduces:E = 152� 8y & � � = 30� 20.
But including� Ori only trivially increasesourcalculatedstandarddeviations,while gratifyingly producinga12­star
medianerror which is fully 10 lower thanthe 11­starmedianerror. The E & � � basedon the un�ltered 12­star
samplewereadoptedfor Table3. Thus,asin fn 5, we baseour work on Ptolemy's own sample­splitting.)If the
lastdateis correct,thentheAlmajestwascompletedc.160AD (ordmagadecadelaterthannow generallybelieved):
during the reignof MarcusAurelius (1st regnal year's Thoth 1 = 160/7/14),which is in fact theepochassignedto
Ptolemyin theSudavol.1 part4 (1935)p.254entry3033. (I wasinitially inclinedto a contingentcruderedatingof
theGD to c.170AD because,at thetimeof theAlmajest's �nal rendition,theGD — largelyacumbrouscollectionof
thousandsof places'longitudes& latitudes— wasevidently justat thepre­planningstage:seetheobservantremarks
of Toomer1984p.130n.109. However, the GD's sloppy dependenceuponprior authors— especiallyMarinosof
Tyre — hintsat oft­indiscriminatehigh­speedborrowing: seeRawlins 1985Gx10. SotheGD's compilationcould
have takenalot lessthan10y. Thus,I' ll let standmy earlierroughestimatedGD date:c.160AD.) Notethatthevery
ideaof stellar­epochwould bemeaninglessfor Timocharis& Aristyllos if stellarprecessionwasthen­unknown, as
mostscholarsnow accept.(Rawlins 1999producesevidencethatprecessionwasknown to Timocharis'& Aristyllos'
contemporary, Aristarchosof Samos.)

46 ThatHipparchos'rôle in ancientastronomyhasbeenoverestimatedis somethingthatMuf�osi & DR canagree
uponin general,whatever thedisagreementonparticulars.For Hipparchos'debits,seeDIO 1.1z6 (Rawlins 1991H)
xE5,DIO 1.3 xxN8, O1,R14,S1,fnn 224,226,235,253,288. For his credits,seebotharticles,passim, especially
DIO 1.3xS2.

47 In thesouthernpartof theCatalog,thereis a correlationbetween[a] inaccuracy of data,and[b] frequency of
whole­degreeZ . No surprise(xE4).
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thescience.” Shadesof Newton's conspiracy theories!!
C2 ProbablythemostenthusiasticjumperontheBabylonianbandwagonis G.J.Toomer
who, in achapterentitled`HipparchusandBabylonianAstronomy' in avolumecommem­
orating A.Sachs,28 shows himself to be so obsessedwith the idea that Hipparchusused
variousBabylonianvaluesfor periodrelationshipsof the moonandplanetsthatnot only
doeshenot believe Ptolemy's clearaccountin Alm. iv,2,29 but heactuallyinvents(p.359)
an entirely imaginaryvisit of Hipparchusto Babylon, which by the end of the chapter
he hasdeludedhimself into statingas fact!! No doubt `evidence' for this mythical trip
will be adducedin future publications(cf. note 32 below). Both in this chapterand in
an earlier paper30 Toomermakes greatplay with F.X.Kugler's work, Die Babylonische
Mondrechnung(Freiburg im Breisgau,1900).31 In thisbookKuglerexaminesa cuneiform
tablet(no.272in hisclassi�cation,no.122in Neugebauer'sAstronomicalCuneiformTablets
[ACT], 3 vols., 1955),which hedescribes(pp.9­10)asa “RechnungstabelledesKidinnu”
andwhich lists new moonsfor theyears208 to 210of theSeleucidEra= � 103to � 100
or 104to 101B.C. (theepochof theSeleucidErabeing311B.C.);32 thetabletcomprises
18 columnsof numbers,andby analysing12 of these(the remaining6 “were explained
by Schaumberger in 1935” accordingto Neugebauer)33 Kuglerwasableto show thatthey
werebasedon SystemB so­calledof Babylonianlunar theory.34 Not only this, but they
imply a seriesof astronomicalparametersfor meanlunarmotionswhich arefundamental
in Babylonianastronomyandwhich turn out to be exactly the sameas thoseknown to
Hipparchus. Seizingon thesecoincidences(which arenot all that surprising,given that
bothBabylonianandGreekastronomers,althoughusingentirelydifferentmethods,were
examiningthesamephenomena— `themoonbelongsto everyone',asaoncepopularsong
putit), Kuglerleaptto thetotally unwarrantedconclusionthatHipparchushadsimplytaken
his valuesfor the variousperiodrelationshipsfrom Babyloniansourcesto which Kugler
assignsthepriority of discovery in eachcase.Thusherefusesto acceptPtolemy's account
in Alm.iv,2 whereit is clearlyexplainedhow Hipparchusobtainedhisresultsby comparing
his own observationsof eclipseswith earlierones.
C3 Now Toomertalksof “Theenormoussigni�canceof thisdiscovery”, “themisleading
impressionwhichonederivesfrom theAlmagest”,35 “this truly astonishingrevelation”and
“how neglectedit hasbeenamongclassicalscholars”,36 all in connexion with Kugler's
work. Perhapsit is worth spellingout a few of thereasonswhy someof ushave not been
ableto accordKugler's conjecturesthesameuncriticalacclaimthatToomerdisplays.To
startwith thereis thedateof thetablet;despiteToomer'sclumsyattemptto backdateit (see

28 Seenote8 above.
29 And it is a clearaccountdespitethe “inconsistencies”that A.Aaboe(in Centaurus4, 1955, pp.122­125—

followed by Toomer, p.99 of note30 below) claims to �nd in it. Of these“inconsistencies”the �rst is trivial (a
discrepancy of 11 in the 4th sexagesimalplacefor the value of the meansynodicmonth,which amountsto less
than1/12thof a second!),and the secondcanreadily be explainedasthe resultof a Ptolemaiccorrectionfor the
effect of precession(supposedto be1� in 100years)for theperiodbetweentheearlyBabylonianeclipsesusedby
Hipparchusto comparewith his own observationsandthe datesof the latter. In fact, Aaboehimself suggeststhis
perfectlyfeasibleexplanation,but perverselytakesit asadditionalproof thatHipparchus,aswell asmakinguseof
Babylonianobservationsfor purposesof comparison(whichnobodyis goingto deny — seebelow: xC2),knew and
usedtheBabylonian�gure for thesiderealyear, which Aaboedescribes(p.123)as“perhapsthemostfundamental
parameterin Babylonianastronomy”,but which “ is nowhereattestedin theAlmagest” [my emphasis].

30 `Hipparchus'EmpiricalBasisfor hisLunarMeanMotions', Centaurus24 (1980),pp.97­109.
31 Theconjecturesin Kugler's bookweretakenup equallyuncritically in two publicationsby F.Cumont,in Neue

Jahrbücher für das Klassische Altertum (Leipzig), 14, 1911, pp.1­10,and in Florilegium ou Receuilde travaux
d'éruditiondédíes �a M. le MarquisMelchior deVogüe(Paris)1909,pp.160­165.

32 Incredibly, Toomer(in theSachsvolumep.354— seeabove,note8) datesthis text as“computedfor theyears
185to 188of theSeleucidEra in Babylon”, i.e. 126 to 123B.C. — this presumablyin orderto bring it within the
possiblespanof Hipparchus'lifetime (seemy GFH, p.2ff.) andsobuttresshisown arguments.

33 ACT, vol.1, p.145.
34 Treatedby Neugebauerin HAMA, II B, p.474ff., andelsewherein this eccentricallyorganisedwork.
35 Cf. note30 above,pp.99& 100.
36 Cf. note8 above p.354.
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(150), 3 (200), 4 (240), 6 (300), 3 (360), 1 (400), 5 (450), 2 (480).
F5 Second,wemayusethefactthat3otherancient astronomers— all of whomprobably
observed in Alexandria(� = 31� 120N) — alsoleft usdeclinationdata. In thesecases,we
know at the outset(within a few arcmin)the degree­fractionfor � . So, we may usethis
knowledge,asa check,to seeif thesametest(which we just usedherefor Hipparchos)is
consistentwith reasonable� for theother3 ancientobservers. Keepin mind thattheonly
possibleaccurateAlexandria� which follow ancientroundingconventionare: 31� 100N,
31� 120N, and31� 150N. Each� entailsgiveaway nulls: 120 & 150 (31� 100N), 100 & 150

(31� 120N), and120 & 200 (31� 150N).
F6 The most obvious caseis Timocharis(c.300BC: Rawlins 1982Gp.263),who is
directlyattested(Almajest7.3)ashavingobservedin Alexandria.Heleft us12declinations,
which cometo usvia Ptolemy(idem) throughHipparchos.If heusedthecorrectvalue,�
= 31� 120N, thenwe would expectnull � cellsfor 100, 150, & 450. And we indeed�nd null
cellsat100 & 150, thoughasinglestar39 possessesthedisallowed450 fractionalending.
F7 From Aristyllos, a 260 BC40 follower of Timocharis,we have only 6 data(Alma­
jest 7.3). It is generallypresumedthat he too observed in Alexandria. His resultsare
consistentwith his having used� = 31� 150 — which would requirenull � cellsat 120, 200,
& 480. All 3 of thesecellsarein factempty. Indeed,all the� dataheleft usareroundedto
thenearest1/4degree.41

F8 Finally, we turn to the Anonymousfrom whom Ptolemylifted the declinationshe
presentsashis own in Almajest7.3. As in the caseof Aristyllos, it seemslikely that the
adopted� = 31� 150N — sincethis impliesthesamenull � cells(120, 200, & 480), andthey
areindeedagainfoundto benull.
F9 Somecomments.Firstly, in eachof the foregoing cases,were the � observations
exactlyaccurate& unrounded(includingtheeffect of refraction,which theancientsdidn't
correct for), someof the � cells hererequired(by rounding& choiceof � ) to be null
would insteadbe �lled. (Threestarseachfor Hipparchos42 and Timocharis.) This is
furtherevidencefor theeffect of rounding,which is thebasisof theforegoingconclusions
from nulls. Secondly, therehaslong beena controversyregardingthereality of thelargely
inaccuratesixdeclinationswhichPtolemyuses(atAlmajest7.3)toproveprecession.(Were
they faked? — or just convenientlyselected?)The fact that not oneof thesesuspicious
starsbreaksthenull­cell requirementof xF8 suggeststhatperhapsthey arereal. (Rawlins
in­prepD tentatively took this positionabouta decadeago. DR remainsagnosticon the
point, but wishesto note that this latestevidenceis somewhat43 in favor of Ptolemy.)
Thirdly, least­squaresanalyses(Rawlins in­prep D) of the threeAlexandrianobservers'
data(including refraction)have producedestimatesof eachobserver's error � � in his
adoptedlatitude(� ). All these� � arequitesmall44 andareroughlyin agreementwith the
foregoing. Timocharis(11 stars,droppingspuriousArcturus): � � = � 20� 30. Aristyllos

39 For � = 31� 120N, a null � cell is requiredat 450, but this is �lled by Aldebaran,whose� = 8� 3/4. However,
given [a] the 3rd handnatureof the Timocharis� data,& [b] the outsizedAldebaran� residual(� 120), onemay
hypothesizethat the Aldebaran� is affectedby an ancientscribalerror. (Possibly, a highly accurateNorth Polar
Distance� = 81� 1/15waslaterinadvertentlymiswrittenas� = 81� 150. Similarerrors:DIO 1.3xO3,[GD 8.3.4XZ
mss].)Note: nootherAlexandrian� (xF5) producesadistribution that�ts betterthanthatfor � = 31� 120N.

40 Rawlins 1982Gp.263 (fn 17). (Basedupon Rawlins in­prep D; seehereat xF9.) So Aristyllos' correct
declination­deduceddatewasprominentlypublishedby DR someyearsbeforeY.Maeyama's1984paper(Centaurus
27:280), which is unfailingly cited by Hist.sci in this connection,despitethe paper's exceedinglyodd statistical
treatmentof data.(SeeJ.HystericalAstron1.2fn 126.)

41 This point haslong sinceled DR to reject(seeJ.HA 1.2fn 53) thecommonassertionthatdegreesdid not exist
in 3rdcenturyBC Greekscience.Thecurrentpaper's �ndings (nulls in thefractionaldistributionsof Timocharis'&
Aristyllos' declinations)addyet moresupportfor this conclusion.

42 Seefn 33.
43 Theprobabilityisabout35%thatall 6starswouldaccidentallymissthe3 null­expectationcells. Notstatistically

signi�cant, but: at leastit' s betterthan50%.
44 By contrast,inaccurate� valuesfor Alexandria are: Eratosthenes'31� 040N (Rawlins 1982G eq.10)and

Hipparchos'31� 050N. Strabo2.5.39(Hipparchandata):25400stades(fn 34)minus3640st= 21760st= 31� 050N.
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note32 above), tablet272(Kugler)or 122(ACT) is datedby bothKuglerandNeugebauer
to 104 B.C. at the earliest,i.e., some20 yearslater thanHipparchus'probablelife­span
(seemy GFH pp.2­3). So,asfar asthedateis concerned,theBabylonianscribeis more
likely to have beencopying Hipparchusthantheotherway round.37 It is all very well for
Toomerto say(p.98in note30 above) “Althoughhecouldnot show that the tabletsfrom
whichtheaboverelationshipswereextractedpredateHipparchus,Kuglerrightly concluded
thatthepriority belongedto theBabylonians(ashasbeenamplycon�rmed by subsequent
investigationsof thecuneiformmaterial)”,but notasinglereferenceis givento substantiate
this claim,andevenin his laterchapterin theSachsvolume(seenote8 above) all Toomer
cando is to reiteratehis misguidedbelief andweave a webof implausibleinferences,still
withoutadducingany hardevidence.
C4 Thenthereis the matterof the actualformat of this type of Babyloniantablet; it
consistsentirelyof listsof numbers,anddetailedknowledgeof theworkingof SystemB is
necessarybeforethesenumberscanbeinterpretedin any meaningfulway. Kuglerhimself,
in a work38 published10 yearsafterhis Die BabylonischeMondrechnungin which here­
peatstheclaimsmadein theearlierbookaboutGreekborrowing from theBabyloniansand
thelatters'priority, neverthelessintroducesonewelcomenoteof caution:onp.121hesays,
“ZunächsthatmansichvoreinerirrigenVorstellungzuhüten.DieobigenWertesindin den
babylonischenTafelnnicht etwa alseinfacheBeobachtungsergebnisseaufgef̈uhrt; siesind
vielmehrmit einerReihevon andernGröszenzueinemhöchstsinnreichenRechnenmech­
anismusverbunden. So greifenin derTafel SH.272die numerischenElementevon nicht
wenigerals18 Kolumnenwie RädereinerMaschineineinander.” [“First of all onehasto
beon one's guardagainstanerroneousrepresentation.Theabove valuesarenot presented
assimpleobservationalresults;ratherthey areconnectedwith aseriesof othermagnitudes
to a highly ingeniouscalculatingmachine.Thusin tabletSH.272thenumericalelements
aredistributedinto no fewer than18columnslike wheelsof amachine.”] Quiteobviously,
without a comprehensive knowledgeof how the`Machine'worksno onecouldderive the
periodrelationshipssimply from thenumbersin thecolumns.Yet evenKugleragreesthat
HipparchusandPtolemydid not know thedetails of theBabylonianSystemB39 — but in
thatcase,how couldthey possiblyderivetheexactperiodswhichthey aresupposedto have
copied?Kugler'sveryshaky reasoningin thesepagesnotonly involvesdenying Ptolemy's
explicit testimony, but is logically inconsistentin itself. Equallysuspectis Kugler's claim
(op.cit. pp.85­86)that the Babylonianswerethe �rst to discover the inequalityof the as­
tronomicalseasons,a claim he insistson despitesaying(p.86) “Es ist angesichtsdieser
Verhaltnisseallerdingsrechtmerkwürdig,dasskeinedieserbabylonischenJahrespunkt­
bestimmungenauf unsgekommt ist” [“It is in thefaceof thesecircumstancessurelyquite
remarkablethat none of theseBabylonian determinations of the seasonalpoints has
comedown to us” — my emphasis],andactuallyagreeingthatHipparchusandPtolemy
reliedon theGreekobservationsof EuctemonandMetondespitetheir inaccuracy, andnot
onBabylonianones.Theseandotherinfelicities40 afford goodreasonto doubtthewisdom
of Toomer's apostolicfervour in promotingKugler's conjectures.

37 SeeRawlins, Vistasin Astronomy28 (1985)p.256,for otherinstancesof transmissionfrom Greeksourcesto
Babylonian.[SeealsoDIO 1.1 z6 xA7 & xB10­xB11, J.HystericalAstron.1.2 xE1­xG4 & fn 73, DIO 1.3 fn 266,
andHughThurstonEarly Astronomy(Springer, NYC, 1994)pp.123& 128.]

38 Im BannkreisBabels, 1910.
39 Die BabylonischeMondrechnung, pp.52­53.Thereis, in fact,nogoodevidencewhatsoeverthatHipparchusand

Ptolemyknew any moreaboutBabylonianastronomythantheoccasionalborrowing of someeclipseandplanetary
observations;certainlythereis nohint in theAlmagestor elsewherethattheGreeksknew anythingaboutthestructure
of Babylonianlunartheory.

40 E.g., his suggestion(p.51) that Hipparchuswas not astronomicallyactive beforethe mid 2nd centuryB.C.
(on this, seemy GFH, p.2) or that (pp.103­104)the Babylonianswere aware of the phenomenonof precession
(categoricallydeniedby Neugebauerin HAMA, pp.369& 543note13,who, incidentally, throwsdoubtonanotherof
Kugler's cherishedbeliefs,namelythattheauthorof SystemB wasKidinnu — in HAMA, p.611weread“It is notat
all evidentthatthecolophonsin questionmeanthatKidinnu is thearchitectof SystemB”).
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& at 150, just aswe �nd 33 in xF2. However, a 100 endingfor � would producea null � cell
at480, whichis in fact�lled (seexF2). And 090 is toounroundedfor Hipparchos.So,since
Hipparchosis known to have usedeighthsof degrees(0701/2, evidently interchangeably
with 080: seeDIO 1.3fn 251),thenaturalconclusionis thathismainobservatory'sadopted
� endedin 080. Ontheislandof Rhodos(whereHipparchosobserved: Almajest5.3&5,6.5),
this hasto be36� 080N. GoingclockwisearoundRhodosIsland,its 4 majorcitieswere:34

Kamiros(� = 36� 200N), Ielysos(� = 36� 240N), Rhodoscity (� = 36� 260N), & Lindos(�
= 36� 050N). Thus,our result(� = 36� 080N) unambiguouslyidenti�es Hipparchos'city as
Lindos. Accordingto theArmy Map Service35 thereis a hill 371m high, just (3 1/2 nmi)
NW of Lindos,at � = 36� 080N, neartheancienttown of Kalathos(modernCalato).
F4 Thereare several simple ways to con�rm our �nding for Lindos. First, we turn
to HipparchosComm(his solesurviving work), where— thoughmany stars' positions
aregivencrudely(to wholedegrees)— 10 declinations36 show fractions(R.Newton 1974
p.339).Again,we �nd null37 � cellsfor 120 andfor 150. Adding (to our previoussample)
these10 starsfrom HipparchosComm, we have (dropping38 the000, 100, & 500 cells,asin
fn 37) a Hipparchansetof 24 stars,theactualfractions­distribution of which is: 0 (120), 0

into the200 cell (for � ), we mustaddtheassociatedprobabilities(xF2): 1/24+ 1/10= 17/120.Thefull � expected
distribution is generatedin thesamefashion(displayingnullsat120 & 150): 17/120(000), 1/6 (100), 0 (120), 0 (150),
17/120(200), 1/15(240), 19/120(300), 1/20(360), 1/20(400), 1/12(450), 3/40(480), 1/15(500).

33 It is worthnotingthat,hadthese20databeenobservedexactlycorrectly(& neverrounded),15%of themwould
haveendedup in the150 cell. SeexF9.

34 GD 5.3.34(Nobbe1843­52:16,Müller 1883&1901p.837,or E.Stevenson1932ed.p.114)givesfor Rhodos
Island(latitude& longitudeeastof the CanaryIslands): PanosAkra (35� 11/12& 58� ; Nobbe2:16 has58� 1/3),
Kamiros (35� 1/4 & 58� 1/3), Lindos (36� & 58� 2/3), Ielysos(36� & 58� 1/3). As revealedin Rawlins 1985G
(pp.261f),ancientscommonlyderived their geographicalmanuals'� lists from klimata datafor longestday M .
Presuming35� 150N (grosslyerroneous)is ascribalerrorfor 36� 150N, we�nd thatall four GD Rhodos� aremere
calculationsfrom M = 14h1/2(M /2 = 108� 3/4),usingtan� = � cos(M /2)/tan� , where� = 23� 510 (Eratosthenes),
� = 23� 11/12(earlyHipparchos),and� = 23� 2/3(lateHipparchos).The3 calculationsproduce,respectively (round­
ing to thenearest1/12thof a degree,astheGD alwaysdoes):� = 36� 000, � = 35� 550, & � = 36� 150. (Notethat
Straboattests� = 25400stades= 36� 1/4 for theHipparchosRhodosklima. SeeDiller 1934andRawlins 1985G.)

35 A.M.S. M506 Balkans1:250,000,“Scarpanto­Rhodos”SheetG18, (1948). (Originally compiledin Britain:
Royal Engineers,1944.)TheArmy MapServiceis now theUS“DefenseMappingAgency”.

36 Thereare12 fractionaldeclinationsin HipparchosComm, but two of thesestarsalsoappearin Almajest7.3.
37 Exceptfor 36� 080N andthe 35� 580­36� 010N interval, all otherpossibleRhodos� entail nulls in � ­fraction

cells which arein fact �lled. However, � = 36� 080N is nearera majorcity than36� 000N, andHipparchoswasa
manof the world (xG3). (Southof Lindos, the eastcoastof Rhodosswingssharplyto the west;so, any site near
36� 000N wouldbeabout10nmi from thenearestcity, Lindos. By contrast,at36� 080N, Hipparchoswouldbein the
city's northsuburbs.) Making a meaningfulstatisticalchoicebetween36� 000N and36� 080N is bestaccomplished
by thefollowing logic: beforeapplyingthenull­cell test,it wasalreadyknown that36� 000N would not betestable
(sincenonull cellsatall canresultfrom a000 shift of Z 'soriginal fraction­endingvia eq.1). However, Hipparchos'
�nest known precisionfor geographicallatitudesis 1� /12, sameasPtolemy's standardGD precision. (E.g., � =
23� 550 for ElephantineIslandatGD 4.5.70is probablyfrom Hipparchos,sinceit equalshis �rst adoptedobliquity:
fn 18.) Thus,36� 000N would have beenHipparchos'formal � — if hebelieved thathis latitudewasin the range
36� 000N� 20 (5 possiblewhole­arcminendingsout of 60). However, thea priori oddsarebut 5/60= 1/12thatsuch
anendingis true; in theother11/12of a largesampleof suchcases,thenull­cells­test�lter will reveal thegenuine
value(s)that � may take. And thereis furtherevidenceagainst� = 36� 000N, namely, thecomparisonof expected
distribution (for 36� 000N) vs. observed distribution (xF4 & fn 38), for the cells from 120 through480. The 000,
100, & 500 cell­countswereof courseruinedby roundingin theComm. Thus,we subtracttheir sumprobabilities
from unity anddivide into 10 to �nd the trueprobabletotal of Commstarsto addonto the previous sampleof 19.
This patchwork total is 34.79for � = 36� 000N. For � = 36� 080N, it' s 35.00. For � = 35� 580N, it' s 33.47. Sothe
expectedcell­countsare,for � = 36� 080N: 0 (120), 0 (150), 4.96(200), 2.33(240), 5.54(300), 1.75(360), 1.75(400),
2.92(450), 2.63(480). For � = 36� 000N: 1.42(120), 2.27(150), 2.55(200), 2.83(240), 3.40(300), 2.83(360), 2.55
(400), 2.27(450), 1.42(480). For � = 35� 580N: 2.20(120), 0 (150), 3.85(200), 1.38(240), 3.30(300), 3.99(360),
1.24 (400), 3.58(450), 3.30 (480). Vs. the distribution of xF4, we have � ­square:4.9 (� = 36� 080N), 10.7 (� =
36� 000N), 10.9(� = 35� 580N). TheassociatedprobabilitiesP are,respectively: P = 0.77(� = 36� 080N), P =
0.22(� = 36� 000N), P = 0.21(� = 35� 580N). The lastsolution(� = 35� 580N) survivesthenull­�lter test— but
it' s moreprecisethanany of hundredsof surviving Hipparchanexpressionsfor angles.Regardless,let usnotethat
all 3 solutionsresultingfrom our analysisarein therange35� 580N­36� 080N, andarethus: [i] in thesouthernpart
of RhodosIsland,& [ii] have Lindosastheirnearestcity.

38 Of theoriginal19Hipparchosdeclinations,5 werein thenow­droppedcells;thus,addingtenCommstarsto the
remaining14 starsyields24 starsin all.
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D Fits of Pan­Babylonianism

D1 The title of this paperrefersto a phenomenonin Germanscholarshipof the early
yearsof this century, well describedby Neugebauer:41 “The main thesisof this school
wasbuilt on wild theoriesaboutthe greatageof Babylonianastronomy, combinedwith
anallegedBabyloniaǹ Weltanschauung'basedon a parallelismbetweeǹ macrocosmand
microcosm'. Therewasno phenomenonin classicalcosmology, religion, literaturewhich
wasnottracedbackto thishypotheticalcosmicphilosophyof theBabylonians.A supreme
disregardfor textual evidence, wideuseof secondarysourcesandantiquatedtranslations,
combinedwith a preconceived chronologyof Babyloniancivilization, createda fantastic
picturewhich exercised(andstill exercises)a greatin�uence on the literatureconcerning
Babylonia” [my emphasis]. Ironically enough,Neugebauergoeson to praiseKugler's
Im Bannkreis Babelsfor demonstratingthe absurditiesof this `Pan­Babylonianism'(by
collecting“17 pagesof striking parallelsbetweenthe history of Louis IX of Franceand
Gilgamesh,showing that Louis IX wasactuallya Babyloniansolarhero”), andsuggests
thathis “exampleshouldbestudiedby every historianbecauseit demonstratesfar beyond
its original purposehow easyit is to �t a largebody of evidenceinto whatever theory
one has decided upon” [my emphasis]. It seemsto me that, at leastpartially in the
restricted�eld of the history of ancientastronomy, `Pan­Babylonianism'is in dangerof
beingrevived,andthatcertainlythetwo tendenciesI have emphasizedabove arestill very
much in evidence. My paperis an attempt(probablyforedoomedto failure, given the
entrenchedpositionof the Americanestablishment42 in the history of science)to protest
againstthesetendenciesandto entera pleafor a morebalancedview of the relationship
betweenGreekandBabylonianastronomy. Justbecausesomeparametersturnoutto bethe
samein both(or, to put it moreaccurately, parametersthatappearin Greekastronomycan
bederivedby modernmethodsfrom theBabyloniandatapreservedon selectedcuneiform
tablets),we arenot justi�ed in simply assumingthat the Greekscopiedthe Babylonians
(or vice versa), particularly as the textual evidenceof the Almagest speci�cally tells us
how the resultswere actually obtained. Over 20 yearsago in my EGAA (pp.165­175)
I discussedat somelengthpossibleborrowings by Greekastronomersfrom Babylonian
sourcesand“the dif�culties inherentin theutilizationof Babylonianmaterial”(p.171),and
cameto theconclusionthatanalysisof theevidenceshowedthat“astronomicalknowledge
developedindependentlyin accordancewith the different aims of the Babylonianand
Greekastronomers”(p.175).Giventhetotally differentstructureof thetwo systems(Greek
astronomy, right from Pre­Socratictimes,exhibitedanessentiallygeometricalapproachto
anoverall pictureof anorderedcosmos,whereastheBabylonianastronomersusedstrictly
arithmeticalmeansto manipulatethesequenceof the phenomenathey wereinterestedin
— mostly horizon phenomena[seeDIO ­J.HA 1.2 xE3 & xG3] suchas �rst and last

41 TheExactSciencesin Antiquity, 2nded.,1957,p.138.
42 Unfortunately, Toomeris a very in�uential �gure in this, andany ideahecaresto �oat is eagerlytaken up by

othermembers(eithersinglyor in pairs— seeabove: xC1)— evenhiserroneousones.Thus,in apaperin Centaurus
18 (1973)6­28,heattemptsto prove thatHipparchus'chordtablewasdifferentfrom Ptolemy's by beingbasedon a
circleof radius34380 (= 57� .3),asfoundin Indiansinetables,insteadof 36000 (= 60� ); hisargumentationis largely
circular (assumewhat you want to prove, andthenuseit to `prove' your assumption),the �gures do not support
his thesiswithout somewildly speculative assumptions[seeDIO 1.3 eqs.19,20, 23, 24 & especiallyxP2], andthe
comparisonwith Indiansourcesis far from convincing. Not only this,but Toomerhimself,sometenyearslaterin his
translationof theAlmagestp.215note75, actuallyrepudiateshis earliersuggestionby saying,“Thesecalculations
notonly vindicateHipparchus'computationalabilities,but castdoubtonmyclaimthathewasoperatingwith achord
table with baseR = 3438” [my emphasis].Yet Neugebauer(in HAMA pp.299­300)acceptsToomer's fallacious
thesisin toto, andsuchis theprestigeof this unwieldywork (seetherave reviews whenit �rst appeared,by Aaboe
in Isis69, 1978,by ChandrasekharandSwerdlow in Bull. Amer. Math.Soc.84, 1978,andby Hartnerin JHA9, 1978
— a slightly morejudiciousappraisalis givenby Mercier in Centaurus22, 1978)that it is likely that this errorwill
continueto berepeatedby futurehistoriansof science.[SeeDIO 1.3 xP4.] In thesameway, I fear thatToomer's
uncritical acceptanceof the falsenotion of wholesaleandunacknowledgedGreekcopying of periodrelationships
from theBabyloniansis destinedfor similar repetition— aswill be,no doubt,his inventionof a Babyloniantrip by
Hipparchus.

42 Rawlins Hipparchos' Sites 1994 August DIO 4.1 z3

options),24 andby 2 (numberof roughnorthboundsfor transitdata),25 still: theoddsare
hundreds­to­1againstthe�ndings herebeingdueto chance.

F Locating Hippar chos' Main Observatory: Lindos

F1 Havingusedtheforegoinglogic to locatethelatitude� of theobserverof thesouthern
partof theCatalog,DR next decidedto seeif onecoulddraw revealinginformationfrom
Hipparchos'surviving explicit declinationdata. These� (the error of whosemeanis
virtually null: fn 51& Rawlins 1982Gn.17)areof farhigherqualitythanthestarCatalog's
� &� . Thus,they presumablyrepresentwork doneat his mainobservatory, not a perhaps­
temporarysouthernoutpost.
F2 Thereareextant20high­qualityHipparchanvaluesof � : 18starsin Almajest7.3;also
Polarisin GD 1.7.4andSchedarin Strabo.26 Droppingthespurious27 valuefor Arcturus,
we have 19 data. Thereare12 permissibledegree­fractioncells, sincedegree­�fths are
usedfor ancientdeclinations. The cell­counts28 are: 3 (000), 2 (100), 0 (120), 0 (150), 1
(200), 3 (240) 1 (300), 3 (360), 1 (400), 3 (450), 2 (480), 0 (500). Thismaybecomparedto the
expectedfrequency29 distributionfor arandomsetof data:1/6(000), 1/10(100), 1/24(120),
1/15(150), 3/40(200), 1/12(240), 1/10(300), 1/12(360), 3/40(400), 1/15(450), 1/24(480),
1/10(500).
F3 On1993/4/8,I realizedthattheinformationfor locatingHipparchoshaslain before
oureyesfor two millennia— right therein the� ­fractiondistributionof xF2. Thekey clue
is thepair30 of nulls at � = 120 and150. Thesewould beexpectedif, whenZ observations
wereconvertedto � data(by eq.1), theautomaticdata­contraction,31 occurringaroundZ
whole­degreereadings,wascarriedinto the� fractions.With this thoughtin mind, it was
easyto seethatif � endedin 080­100, thennull � ­fractioncellswouldhave to occur32 at120

24 Themostpopularfractionsarethe8 citedatxB3. Using�fths aswell canbringthetotal to 12(xF2). If weadd
in eighths(xF3) andtenths& twelfths(DIO 1.1 z6 xD9), this bringsthetop possibletotal of allowableHipparchan
degree­fractionsto 24.

25 Theroughnorthern boundaryfor thesouthern transitdatais, a priori , not likely to beoutsidetheregion where
45� < Z < 60� . So,given thatboundariesextendingover 8� (xE7) all produce� > 4, onemustnotethat the
numberof 8� regionscoveringthis 15� rangein Z is merelyabout2. Dividing high oddsby this amountdoesnot
seriouslydegradethelargeunlikelihoodthatour resultsherearetheproductof chance.

26 From Strabo2.5.41,we have � Cas's North PolarDistance� = 31700stadesor 45� 1/4, so declination� =
44� 3/4.

27 Hipparchos'Arcturus� = 31� (Almajest7.3& HipparchosComm1.8.16),thoughthestar's real� = 31� 170 at
Hipparchos'epoch,� 127/9/24(Rawlins 1991Heq.28& xxF4­F5). The� 170 errorappearsto bebasedonHippar­
chos' falseAlexandrialatitude� plushis signconfusionfor thestar's AlexandriazenithdistanceZ . Strabo2.5.38
(partof his summaryof Hipparchos'geography)statesthatArcturustransittedslightly southof thezenith(positive
Z : seexE3), thoughthe truth is that it transittedabout50 north (Z = � 50) of Alexandria's zenithat Hipparchos'
� 127epoch.SinceHipparchostook Alexandria's latitudeto be� = 31� 050N (fn 44), this theoryperfectlyexplains
his curiouslyfalseArcturus� : takingHipparchos'Z = + 50, then,by eq.1, � = 31� 050� 50 = 31� 000. Arcturusis
droppedfrom thesamplefor all mainHipparchos(& Timocharis)analyseshere.(Regardless,inclusionof its whole­
degreeendingwouldupsetnoneof thispaper'sconclusions.See,e.g.,fn 49.) I notetheprovocativecoincidencethat
this worstdeclinationof theAlmajest7.3sethappensto haveby far thehighestdeclinationalpropermotion.

28 Throughoutthispartof theanalysis,it is importantto notethat(for reasonsof analyticconsistency) all degree­
fractionsfor negative � aresubtractedfrom 600 beforebeingenteredinto a � distribution.

29 Seethechancedistribution (without degree­�fths) givenatxB3.
30 Note that the500 null is accidentalby the36� 080N hypothesis.But this is not a problemsince: [a] only 1 hit

is expectedin this cell for a 19 stardistribution, & [b] hadthe actual19 declinationsof the samplebeenobserved
exactlycorrectly(no rounding),nonewould haveendedup in the500 cell.

31 I.e.,dueto ancientroundingconvention(xB3), all databetween550 & 050 aresuckedinto onecell: thatfor 000.
32 Take the (Hipparchos)caseof � endingin 080. By eq.1, thoseZ endingin 000 would produce� endingin

080, which roundsto 100. ThoseZ endingin 500 would produce� endingin 180, which roundsto 200. (I.e.,120 &
150 endingsareimpossible.)ThoseZ endingin 480 would produce� endingin 200 — addingmoreto the200 cell.
ThoseZ endingin 450 would produce� endingin 230, which roundsto 240. Continuingto proceedsimilarly, one
mayproduceanexpected� distributionexhibiting bothnulls aswell asshiftedand­ormergedprobabilitiesfrom the
Z distribution. E.g.,sincethe480 & 500 cells for Z were(via eq.1 & the080 endingof � , asjust noted)merged
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visibilities of the moon and planets,but also including eclipses— to enableaccurate
predictionsto bemadefor astrologicalandcalendaricpurposes),andin thelight of further
research,I seeno reasonto changethis assessment.It doesnot seemat all strangeto
me that the two systemsshouldarrive at identical resultsas regardslunar periods[e.g.,
HAMA p.310eqs.2­4],independentlyandperhapsevenat thesametime (althoughon the
availableevidenceI shouldgive priority to the Greeks);rather, it would be far stranger
if they differedto any signi�cant degree,if oneassumesanequallevel of competencein
thepractitionersof both,working on exactly thesamephenomena.43 Of course,therewas
someborrowing from Babylonianastronomy. PtolemymentionsBabylon,theBabylonians
or theChaldeans(synonymouswith theBabyloniansfor Greekwriters)abouttwentytimes
in the courseof the Almagest, including the passagein Alm. iv,2 wherehe explainshow
Hipparchusarrivedat his lunarperiodsby comparinghis own observationswith Chaldean
ones; Ptolemy also usesthree lunar eclipsesof 721 and 720 B.C. in his calculations
concerningthe �rst lunar anomaly(Alm. iv,6), othersof 491, 502 (Alm. iv,9), 383, 382
(Alm.iv,11),621,523(Alm.v,14),andafew planetaryobservations(of Mercuryin 237and
245,Alm. ix,9, andSaturnin 229,Alm. xi,7), all from Babyloniansources.44 Thepaucity
of Babylonianplanetaryobservations that might be of useto Hipparchusand Ptolemy
is particularly noteworthy; even the threecited above are all from the Seleucidperiod
(and Ptolemyis well aware of their shortcomings— cf. Alm. ix,2), and thereare none
at all for Venus,Mars, andJupiter. The reasonfor this is that the planetaryphenomena
that interestedthe Babylonianastronomerswere mostly horizon phenomena,which, as
Neugebauerremarks,45 were“leastsuitedfor [sic] Ptolemy'sneedsandfurthermoresubject
to thegreatestobservational inaccuracy”. Theeclipseobservations,too, that Hipparchus
andPtolemyborrowedfrom theBabylonians,obviously hadto beselectedwith greatcare
(Alm. iv,9), owing to the dif�culties of accuratetime measurementin ancientastronomy;
Ptolemyhimself draws attentionto this asit affectsGreekastronomyat thebeginning of
Alm. v,14, anda recentpaperby StephensonandFatoohi46 emphasizesthe inaccuracy of
Babyloniantimemeasurement— accordingto this(p.266),“themeandiscrepancy between
measuredandcomputedtime­intervals is some12 deg or almost50 [time]minutes”,and
they goonto remark(p.267),“Typicalerrorsof at leasthalf anhourin measuringintervals
of nomorethansix hoursrepresentsa poorperformanceby any reasonablestandards.”
D2 OtherGreekborrowingsfrom Babylonianastronomyareof a moregeneralnature:
the useof of the sexagesimalsystemitself is a certainexampleof suchborrowing, and
Herodotusmay be right whenhe saysthat the Greekslearnedaboutthe gnomonandthe
divisionof thedayinto hoursfrom theBabylonians;47 but theidea(espousedby Kuglerand
many others)thattheGreeksderivedtheir stellarnomenclature(especiallyof thezodiacal

43 I have never understoodthe aversionof scholarsto recognizingcoincidences;insteadthey go to enormous
lengthsto fashionhypotheticalconnexions in disparatesystemson the �imsiest of `evidence'. Thus,becausehe
�nds theratio 3:2 for thelongestandshortestdaylightplayinga rôle in Babylonian,Indian,andChineseastronomy,
Kugler (in Im BannkreisBabelspp.119­120)jumpsto theconclusion“wennwir nicht ein SpieldesblindenZufalls
bzw. menschlicher Willk ür annehmenwohlen” [“ if we do not want to assumean exampleof blind chanceor else
humanarbitrariness” — my emphasis]that“der Ein�usz derbabylonischenAstronomiebisnachChinahinüberund
bis ins Pandschabhinabgedrungenist” [“the in�uence of Babylonianastronomypenetratedright to Chinaandinto
thePunjab”]— which seemsto memuchmoreunlikely thansimplecoincidence.

44 Becauseof Ptolemy's words in Alm. iv,2, andbecausehe expresslystatesthat Hipparchusalsomadeuseof
the lunar eclipsesin 502 (Alm. iv,9), 383 and382 (Alm. iv,11), it is generallyacceptedthat Hipparchustoo had
at his disposalall the BabylonianobservationsthatPtolemymentions. [Ptolemycitesno Babylonianobservations
subsequentto Hipparchus.]

45 HAMAp.145.
46 `LunarEclipseTimesRecordedin BabylonianHistory', by F.R.StephensonandL.J.Fatoohi,JHA24pt.4(1993),

pp.255­267.[DIO 1.3fn 223estimatestheroot­mean­squareerrorof the� 382­381Babylonianeclipsetrio (Alm4.11)
asabouta half hour. (Idem: thermserrorof the� 200­199Greekeclipsetrio is ordmag10m.) All of which creates
anobviousproblemfor 1994Muf�a speculationthat5th centuryBC Babylonianspossesseda highly accuratelunar
theory. (SeealsoDIO 1.2fnn 81&87.)]
[Advice added1997:Consulttheperceptive conclusionof J.Steele& F.StephensonatJHA 28:119(1997)p.130.]

47 Herod.ii, 109— seemy discussionin EGAA, pp.165­166.
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waslargely observed at the southtip of the island,CapePrassonesi,which is at latitude
� = 35� 530N (longitude27� 460E of Greenwich),a �gure evidently setat 35� 5/6 by the
observer. (Hipparchosandotherancientastronomersnormallyexpressedtheir parameters
in conveniently roundedfractions. Seefn 37.) Given the large andvarying systematic
errorsaffecting this part of the StarCatalog,it is reasonableto supposethat the chosen
transitinstrumentwasportableandwasnotscrupulouslymaintained& checkedfor proper
orientation. This sloppinessis probablyrelated(fn 47) to the outsizenumberof whole­
degreeZ thattheobserver recorded.
E5 For randomobservationsof Z , we would expect the fraction­cellsto exhibit the
samefrequency distribution21 alreadysetout in xB3: 53 (000), 40 (100), 26 (150), 40 (200),
53 (300), 40 (400), 26 (450), 40 (500). Instead,for � = 35� 500N, theZ data,reconstructed
by the mathof xE1 & xE3, resultsin: 75 (000), 39 (100), 27 (150), 30 (200), 57 (300), 37
(400), 23(450), 29(500). For thewhole­degreeentry, standard­deviation � =

p
N pq= 6.64,

sinceprobability p = 1/6, q = 1 � p = 5/6, & N = 317 stars;n� = 75 hits is 24%,same
astheentireunprecessed(original Hipparchos)Catalog's � whole­degreefrequency. This
is far above the random­pro�leexpectednumber, N p = 53 (moreexactly: N p = 317/6=
52 5/6), 17%. Indeed,thenormalizeddeviation � = (n� � N p)/� = (75 � 317/6)/6.64=
3 1/3— which correspondsto oddsof morethan1000­to­1againstthewhole­degreetotal
n� = 75having occurredmerelydueto chance.
E6 DR later discovered(1993/4/11)that thereis an even morere�ned correlationbe­
tween[a] size(southerliness)of Z , and[b] thepercentageof whole­degree­cellZ . Exam­
ining the317southernstarsin cumulativestages(startingat thehorizon),one�nds thatthe
statisticalsigni�cance,of thesouth­sky whole­degreeZ excess,peaksat about� = � 18�

or Z = 54� . To beprecise:in thesouthernportionof theCatalog,of the209starswhich
aresouthof � = � 18� , 58 stars'Z fall22 into thewhole­degreecell,23 wheretheexpected
numberwould be209/6= 34 5/6. Since� =

p
N pq = 5.39then� = (58 � 209/6)/5.39=

4.30— thus,oddsof about60,000­to­1.
E7 Examiningthenumberof whole­degreeZ , fromthehorizonuptoanywherebetween
Z = 49� andZ = 57� : one�nds that � exceeds4 — which correspondsto oddsof over
15000­to­1.Whenevaluatingthesigni�canceof suchodds,onemustof coursetake into
accountthe rangeof option­choices(obliquity � , latitude� degree­fractions,transit­data
north­bound)that went into the hypothesizedscenario. But even if onedivides by 2 (�
options)and by 10 (ordmagthe numberof commonancient­rounded� degree­fraction

21 Actually, as we will seelater here(xF1), Z observationswere probablywritten more �nely than celestial
latitudes� (sinceancientsnormally used�fths of degreesfor equatorialcoordinates:Almajest7.3). But this will
haveno effectat all uponthecountin thecrucialZ whole­degree­cell.

22 Thefull 209stardistribution: 58 (000), 24 (100), 18 (150), 15 (200), 35 (300), 27 (400), 17 (450), 15 (500).
23 These58 transformations,from Catalog(� & � ) to � & Z , are the reverseof reality. Checkingthe real

transformations,from observedZ & � to Catalog� & � , one�nds that (primarily becausemost� cell­rangesare
smallerthan the whole­degreecell's) someof the 58 starsdo not succeed.However, sincethe latter part of the
slide&hidehypothesismerges150 longitudefractional­endingswith 200s, and450s with 400s, this makesfeasible
the transformationsfor, e.g.,PK728& PK859. Also, theCatalogertendedto avoid 450 fractionalendings(a point
notedat R.Newton 1977p.248& Graßhoff 1990p.85 with respectto � — andcon�rmed in the currentanalysis
asregards� ); this habit assistsa few morewhole­degree­Z placesto yield the Catalogposition— e.g.,PK790&
PK842. Permitting� to beexpressedto themostbasicstandardancientprecision(xB3), aswell asdegree­�fths &
(correspondingto half­timemins)degree­eighths,we canspecify54 starswith integral Z (000 ending)which could
have transformedto theCatalog's ecliptical coordinates(Almajest8.1). (If we allow degree­tenths,57 stars.) One
moreif PK964is added(fn 20). Accountingfor thesmallercell­rangesnotedabove,we would expectto loseabout
5 starswhenreversetransformationsarechecked(we areimplicitly assumingprecise,infallible Hipparchansphtrig
computers,whichisunrealistic);andthisis roughlywhathasbeenfound. Sothehighodds(againstchanceproducing
our results)persist,thoughthischeckis actuallysuper�uous,sincetheanalysesof xE5­xE6havealreadystatistically
establishedthecorrelationbetweentheCatalog'ssouthern partandZ whole­degreefractionsfor � = 35� 500N. The
strengthof the excessin our Z whole­degree­cellcanbe underscoredby noting that its memberscomprise58 out
of 209data= 28% (vs.17%expected:xE5 or xF2), similar to the(unprecessed)Hipparchos000 ratesfor north&
zodiac� ([95 + 94]/[359+ 344]= 27%)or north� (108/359= 30%).



David Dicks Pan-Babylonianism 1994 August DIO 4.1 z1 13

constellations)from the Babyloniansis almostcertainlywrong — rather, recognitionof
the zodiacis yet anotherexampleof parallelbut independent,andperhapscoincidental,
developmentin thetwo astronomies.48 Whatthis paperis concernedto stressis thatthese
borrowingsdo not include detailedknowledgeof thevariouslunarperiodsderivablefrom
Babyloniancuneiformtablets,assomany recentcommentatorsassume;beforethis myth
becomesestablishedfact,a caveatshouldbeenteredabouttheshaky groundson which it
is beingconstructed,andthedubious`reasoning'thatseeksto justify it. It took theGreat
War of 1914­1918to put anendto the�rst outbreakof Pan­Babylonianism— let ushope
thatanotherwar is not requiredto stopthepresentirruption!
D3 Finally, I shouldlike to draw attentionto somewisewordsby W.R.Knorr,49 which
shouldbetakento heartby all historiansof ancientscience(p.163):“Thesethreeexamples
from thestudyof Euclid turnaboutacommonmethodologicalrecommendation— thatthe
historianof mathematicsshouldgive priority to thecritical examinationof thetextsbefore
undertakingawiderexplorationof theirphilosophicalandmathematicalrami�cations. This
maysoundtoo obvious to warrantspecialcomment.But thecombinationof fragmentary
evidencewith a subjectareareadily associablewith modern�elds of mathematicsand
philosophyhasmadethestudyof ancientmathematicsan arenafor ambitious interpreta­
tion, where reconstructionoverwhelmstextual criticism. Theresulthasbeena striking
useof intentionalistterminologyin accountssoheavily dependenton the critics' special
predispositions(mathematicalor philosophical),that theancientauthors couldhardly
have actually intended what is claimed for them.” Substitutè astronomy'for `mathe­
matics' and`astronomical'for `mathematical',andthis describesthesituationin the�eld
of ancientastronomywith greataccuracy — particularlythewordsI have emphasized.50

Publisher's Note:
Exceptfor severalbrackettedinformationalreferencesto DIO & J.HystericalAstron.,

insertedbyDRattheauthor'ssuggestionand(asalsotheDR­insertedsubtitle,section­titles,
author­bio, & institutionalidenti�cationsof scholars)approvedby him at theproof­stage,
the foregoing text is effectively identical to that offered by the author(1994/1/5)to the
Editor­for­Life of the Journal for the History of Astronomy. The EfL, typically, refused
even to refereethe paper. (Furtherdetailsof this incidentwill appearin DIO 4.2.) I.e.,
if Muf�a controlof apthistory­of­sciencejournaldumwerestill asinescapablyubiquitous
asformerly, backin themedieval EraBD (BeforeDIO ), thenDicks' revealinginformation
& critical insights— andhis right to publishthem— mighthave beenlost forever.

48 Cf. EGAA, pp.163­165.
49 In achapterentitled`WhatEuclidMeant:OntheUseof Evidencein StudyingAncientMathematics',pp.119­163

of thevolumecitedin note5 above.
50 I wouldcommendtheseespeciallyto theattentionof Toomer, who,in histranslationof theAlmagest(Duckworth,

1984)on p.176note10, with breath­takingarrogancedismissesPtolemy's accountin Alm. iv,2 as“not historically
accurate”,andprefersinsteadhisown wildly speculativeviews.
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following test: [a] convert (by sph trig) all southernstars,from their ecliptical Catalog
positions, into the hypothesizedoriginal equatorialpositions(rt asc � & decl � ), and
[b] then(choosinganassumedvalue� for theobserver's adoptedobservatory latitude� )
recover the observed zenith distancesZ , and [c] �nally , in that setof data,look for an
empiricalexcess(xA1) populationin thewhole­degreeZ cell (i.e.,thereconstructedZ that
fall into therange550 to 050).
E2 SinceHipparchoshad used2 different obliquities18 during his career, both were
tried. It would transpirethattheearliervalue,� = 23� 550, wastheoneusedby Hipparchos'
mathematiciansfor thesphtrig equatorial­to­eclipticaltransformations(thereverseof the
sph trig transformationsof the modernecliptical­to­equatorialreconstructionperformed
hereat xE1) requiredto producethesouthernpartof theCatalogfrom theoriginal transit­
instrumentobservationsunderlyingthepublisheddata.
E3 It iswellknown19 thattheancientsdeterminedcelestialobjects'declinations� justas
modernastronomersdo: observe theupper­transitzenithdistanceZ (positive to thesouth),
andthensubtractit from theadoptedlatitude� of one's observatory. Simplearithmetic:

� = � � Z (1)
— which mayberewritten:

Z = � � � (2)

Thus,oncethedeclinations� areregenerated(sphtrig of xE1) out of theCatalog's eclip­
tical data,we needonly subtractthemfrom an assumedlatitude� , to �nd the fractions­
distributionof theraw Z datawhich areherehypothesizedto underliethesouthernpartof
theCatalog.
E4 Almost immediately(1993/3/23),DR found that, if theobserver's � endedin 500,
thereisaspectacularexcessof starsfallingintotheZ whole­degreecell.20 SinceHipparchos
workedontheislandof Rhodos,thenaturalsuggestionis thatthesouthernpartof theCatalog

18 Theearlierof Hipparchos'two long­adoptedobliquitieswas� = 23� 550 (fn 34); later, Hipparchosswitchedto
the muchmoreaccurateobliquity, � = 23� 400. Detailsin Rawlins 1982CandDIO 1.1 z6 fn 21, DIO 1.2 fn 104,
DIO 3 fn 70. (Explicit ancientattestationof 23� 550 citedat Rawlins 1985Gfn 6.)

19 Almajest1.12,5.12­13.A byproductof thecurrentpaperis veri�cation thattheprocedurePtolemyreportswas
indeedstandardfor ancientscientists.This is thebasisof a DR argument(fn 6) thatPtolemy'sdeclinationswerenot
hisown. (SeealsoxF9.)

20 As an example,we examinethe starPK805, � Eri. (The signi�canceof this star's hugeerrorsin position&
magnitudeareintelligently analysedby Graßhoff 1990pp.170­171.PK805's ratingas1stmagnitude— mindlessly
copiedby ClaudiusIndoor Ptolemy— wasobviously due to an early confusionwith Achernar.) Observed Z =
84� (sousing� = 35� 5/6 in eq.1 yields � = � 48� 100), andobserved � = 27� . Thus,for � = 23� 11/12(fn 18 &
fn 34), sphtrig calculation­transformationfrom equatorialto eclipticalcoordinatesproduces:� = 357� 330.9 & � =
� 53� 300.1 — which roundto � = Psc27� 1/2& � = � 53� 1/2;Ptolemyadded2� 2/3 to � , leaving: � = Ari 0� 1/6.
Thesearepreciselythecoordinateswe �nd in theStarCatalog(Almajest8.1; Manitius1912­32:57andToomer
1984p.386).
Anotherexampleis perhapsaffordedby PK964,astarlistedin theCatalogasm = 3, thoughnostarof suchbrightness
existsnearthegivenplace.(PK964hasbeennotedasanomalousfor over 1000years:PK p.112.)DR proposesthat
PK964mayactuallybea bungledversionof � Cen(real � 126.3coordinates:� = 157� 060, � = � 39� 080), a star
alreadylisted(uncontroversially: PK p.118)asPK960.Assumeobservedvalues(rathertypically­rounded)for � Cen:
� = 10h7/12,error � � = + 6m.6 at Catalogepoch(� 127/9/24,fn 27); andZ = 75� , error � Z = + 30 (� 126.3
transitat C.Prassonesi,� = 35� 530). Thus,� = 158� 3/4, while eq.1 gave � = 39� 1/6. Transformation(again,�
= 23� 11/12)gave: � = 179� 560 & � = � 43� 440, which roundedto � = 180� & � = � 43� 3/4. (Note that the
otherHipparchosCataloglisting for � Cen,PK960,doesgiveprecisely� = 180� : PK p.94.) Hipparchos,originally
expressing(or computing)the� in “steps”of 15� each(Neugebauer1975pp.302,669f,1049),correctlyput � at the
startof the13thstep.But, therewaslateraunit­mis­stepduringconversionof stepsinto degreesfor theCatalog:� =
13�15� = 195� . TheHipparchosCatalogpositionof PK964wasindeed(PK p.94): � = 195� & � = � 43� 3/4. And
PK964is theright magnitude(Catalogm = 3) for � Cen:pre­extinctionm = 2.60;� 126.3C.Prassonesiculmination
null­dustpost­extinction � = 3.12. (Onemight possiblyarguethat our � = 180� versionof PK964is � Vel, the
brightestseemingly­omittedstarin the Catalog: m = 2.69, � = 3.19. Real� 126.3coordinates:� = 140� 050, �
= � 39� 050. This star's � 126.3C.Prassonesi­transitZ = 74� 550 is in fact closeto 75� ; but, sincethe star's � is
nowherenear158� 3/4,onemustthenproposetheaccidentaloccurrenceof two largeHipparchos­calculationerrors,
not the � Cenhypothesis'singleslip. [But seeretractive conclusionat DIO 4.3 z14.]) Suggestionsimplicit in the
speculationthatPK964= � Cen: [a] At leastsomestar­observationsweredoubled.(Similaroccasionaldoublingsin
Ptolemy'sgeographicalrecordsarenotedby Rawlins 1985Gxx8&10 & fn 6.) [b] ThecountatxE5mayben � = 76.
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Table1: ColumbusLandfall TheoryScorecard

# Columbus's Description Pl Sa Co Wa Ca Eg Gr

1 Saw light 1492/10/11,10PM (LAT) 3 1 3 1 3 1 1
2 Islandis well watered 3 2 2 3 3 1 3
3 Largelagunain themiddle 2 1 3 2 1 3 3
4 WentNNE alongI . . . 3 0 3 3 2 3 2
5 . . . to other, E part 3 3 3 2 3 3 1
6 Islandis surroundedby a reef 3 3 3 1 3 2 3
7 Largeharborbetweenreef& island 2 2 2 3 3 0 3
8 Forti�able peninsula 0 1 1 1 3 1 2
9 Saw many islandsfrom I . . . 2 2 2 1 2 3 3

10 . . . andheadedfor largest 3 3 1 3 0 0 3
11 FromI to II is 5-to-7leagues 2 3 2 3 1 2 3
12 N-Scoastof II facesI 3 1 0 1 2 1 3
13 N-Scoastof II is 5 leagueslong 3 3 0 0 0 1 3
14 E-W coastof II is 10+ leagueslong 2 2 0 0 2 2 2
15 CanseeIII from II 1 1 3 3 0 3 0
16 FromII to III is 8 or 9 leagues. . . 3 3 1 1 1 3 0
17 . . . almostE-W 3 3 3 3 3 3 1
18 Coastof III runsNNW-SSE 3 3 3 3 2 3 0
19 Harbor2 leaguesfrom endof III . . . 3 3 0 0 3 3 3
20 . . . with two mouths 1 1 3 3 1 1 1
21 NW of harbor, partof III runsE-W 3 3 0 0 1 3 1
22 Coastof III is 20+ leagues 3 3 3 3 2 3 0
23 Six hourssailingfrom III to IV 3 3 3 3 0 0 0
24 N endof IV liesE of III 2 2 3 3 1 0 1
25 Coastof IV runsW . . . 0 0 0 0 2 2 1
26 . . . 12 leaguesto C.Hermoso 0 0 2 2 3 3 3
27 N endof IV hasmany pools 2 2 2 2 1 1 1
28 WSW, C.Isleoto C.Verde�x 2 2 2 2 0 0 0
29 C.Verde�x to Raggedis 23 leagues 3 3 3 3 0 0 0
30 W by S,C.Verde�x to Ragged 3 3 3 3 1 0 0
31 FromIV to I is 8 leagues 1 1 0 0 3 0 0

TotalScore: 70 63 59 58 52 51 47
AverageScore: 2.3 2.0 1.9 1.9 1.7 1.6 1.5

In this Scorecard,abbreviationsareadoptedfor obviousspacereasons.Thescoring
system(from 0 to 3): 0 = doesnot �t thelog (Columbus's Diario), requiresassumptionof
transcriptionerror; 1 = poor �t to the log, requiresunusualinterpretation;2 = reasonable
�t with the log; 3 = perfect�t with the log. (Furtherdetailsbelow at xD2.) Islands(in
orderof discovery): I = SanSalvador, II = SantaMaria, III = Fernandina,IV = Isabela.
(This paper's ultimateidenti�cations: Plana= I = SanSalvador, Acklins-Crooked = II =
SantaMaria, Long = III = Fernandina,Fortune= IV = Isabela.)Thesevenvying theories
(regardingthe identity of I = SanSalvador),which arebeingscoredin theabove Table1,
are: Pl = Plana,Sa= Samana,Co = Conception,Wa = Watlings,Ca= Caicos,Eg = Egg,
Gr = GrandTurk.

Note: Figures1-8, referredto throughoutthe text, will be foundbelow at pp.25-28.
Theseeight illustrationsarebaseduponmodernmapsand-orDiario descriptionsof the
areasin question.
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� 2 = 13. Eitherway, thediscrepancy is statisticallysigni�cant for df = 5.
C5 The upshot: using the RN slide&hide hypothesis,we �nd for the northernand
southernstars,compatibility betweenthe longitudesand latitudes. The exceptionis the
zodiac. However, it wasproposedyearsagoby DR on completelyindependentgrounds
that the zodiaclongitudesandlatitudesarenot from the samesetof observations. (See
Rawlins 1982Cpp.369­371.)
C6 Follow­up: � 2 tests15 show thatall threelongitudepro�les (north,zodiac,south)are
statisticallyincompatiblewith eachother, andall threelatitudepro�les arelikewise,except
thatthediscrepancy is tooweakto bestatisticallysigni�cant for zodiacvs.south(� 2 = 11
for 7 df, soP = 1/6). However, we alreadyfound (xB5) that the latter is consistentwith
randomnesswhile theformeris not. Thereasonableconclusionis, then,thatall 3 portions
of theCatalogwereobservedunderdifferentconditions;thus,thenorth,zodiac,andsouth
portionsof theCatalogrepresentindependentsamples,perhapstakenby 3 membersof the
sameRhodosteamof astronomers.

D Randomness:Hippar chos' Possessionof SphTrig

D1 The explanationfor randomness'domination(xB5) of the southernportion of the
Cataloghasbeenaroundfor years. It is simply: thesestarsweremostlyobserved with a
transitinstrument(thesortdescribedat Almajest1.12),not thearmillary astrolabe(Alma­
jest5.1)thatwasusedfor themajorityof theCatalog'sstars.Rawlins 1991Hfn 25already
suggested16 this theoryfor a few patchesof southernstars.
D2 Thereasonthiswill producerandomCatalogfractionsis that,whensphtrig is used
to transformequatorialcoordinatesto eclipticalcoordinates,theresultingfractionswill not
be subjectto eyeballing's naturaltendency (xA1) to producewhole­degreemeasurments.
(Thisproclivity is thebasisof theRN fractions­frequency pro�le for thenon­southsections
of theCatalog.)Thus,randomnessin thesouthernpartof theCatalog'seclipticalcoordinate­
fractionsprovideshitherto­unperceived evidencefor the existence17 of sphtrig in the 2nd

centuryBC.
D3 This is alsoevidenceagainstthelong­attractive theory(e.g.,Graßhoff 1990pp.182,
190­191)thatHipparchosmight have useda globeasananalog­calculator(equatorial­to­
ecliptical transformationin the presentcase)— perhapsin preferenceto computinghis
Catalog's ecliptical coordinatesvia sphtrig. Useof a globewould entail eyeballing the
eclipticalcoordinatesthatwentdirectly into theCatalog;andthis wouldproducea notable
excessof whole­degreeeclipticaldata,anexcesswhich(aswesaw aboveatxB5,xC2,xC3)
is not foundin thesouthernpartof theCatalog.

E Hippar chos' Southern­Outpost Observatory Located

E1 Thetheorythatthesouthernstarswereoriginally observed& recordedin equatorial
coordinatescould be expectedto have certainconsequences.So, DR decidedupon the

15 Thelongitude� 2 (df = 5) are: 11.5(north­zodiac),17 (north­south),& 15 (zodiac­south).Thelatitude� 2 (df
= 7): 17 (north­zodiac),27 (north­south),& 10.8(zodiac­south).Thelast is not signi�cant (P > 0.15).

16 DR �rst proposedthis theory in privatecorrespondencenot later than1987/12/20. The sparkthat launched
his suspicion: therearehugegroup­errorsin somesouthernconstellationswhich appearto be impossiblewithout
presumingequatorialerrors.Doesthis paper's �nding (southern portionof AncientStarCatalogoriginally takenin
equatorialcoordinates)partly vindicatetheMuf�a opinionscitedat DIO 1.2 xI1? DR's view: it is by now obvious
(especiallygiven the non­Ptolemaic� = 23� 11/12of xxE2­E7)that virtually every star in the Catalogcamefrom
Hipparchos(Almajest7.1;rareexceptions:DIO 2.3z8 fn 20) to Ptolemy, alreadyrenderedin eclipticalcoordinates,
no matterwhetheroriginally observed via armillary astrolabeor transitcircle. (Seealsothe Almajest7.3 passage
notedatDIO 1.2xI1.) Thus,resemblanceof Muf�a opinionandthepresentpaper's resultsis but partial.

17 Therefore,thispaperwill hopefullydampentheabsurdlongtimeMuf�a passionfor denying thatsphtrig existed
in Hipparchos'time. (SeeRawlins1984Ap.982andDIO 2.1z3 xA2 & fn 3.) DR �rst realizedtherandomnessof the
fractionalendingsin thesouthernsectionof theCatalog(& exploredtherandomness­equatoriallink) on 1993/3/12.
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z2 Columbus'sPlanaLandfall

Evidencefor the Plana CaysasColumbus's SanSalvador

by Keith A. Pickering1

A Intr oduction

A1 In recentyears,themajorityof thosescholarsactivein therobustColumbus­landfall
controversyhaveenthusiasticallypointedouthow theirrespectivetheoriesareabettermatch
with theDiario (the log of Columbus's �rst voyageto theNew World) thantheWatlings
Islandtheorysupportedby many historians,mostnotablySamuelEliot Morison.2 Among
thetheoristsareArne Molander3 with EggIsland,JosephJudge4 with SamanaCay, Pieter
Verhoogwith Caicos,Dr. StephenMitchell with Conception,RobertH. Power with Grand
Turk, andRamonDidiez Burgoswith the PlanaCays. All thesetheorieshave, as their
purpose,the determinationof the locationof SanSalvador[Columbus's 1st “landfall” —
i.e.,sightingof land];and,astheirmethod,thetracingof Columbus'strackto and­oramong
SanSalvador& its neighboringislands. All tracksproposedto datehave inconsistencies
(oftenseriousones)with thedistances,directions,anddescriptionsprovidedin theDiario.
TheDiario itself is anabstractof Columbus'scenturies­lostoriginallog,preparedby (Fray)
Bartoloḿe de Las Casasin the early 16th century; this situationhasgiven rise to a hive
of speculationsonpossibletranscriptionerrors,oftenconvenientlylocatedjust wherethey
will doa particulartheorythemostgood.
A2 In thispaper, I will proposeanew trackwhichhasfewerinconsistenciesandgreater
�delity thanany proposedthusfar;andI will — in anequitable5 ColumbusLandfall Theory
Scorecard(Table1, p.14)— comparethis track to othercurrentlypopulartracks,with an
eye towardratingthevarioustracksvs.thedescriptionsin theDiario; andI will show how
theDiario is far moreinternallyconsistentanderror­freethanmany now suppose.

1 Keith Pickering is a scholarof exceptionalmathematical­technicalabilities & knowledge,who sharesDIO's
interestin bothhistorical& hystericalastronomy. He & his wife Nathlive undertheclearskiesof rural Minnesota.
(Address:10085CountyRoad24,Watertown, MN 55388;phone612­955­3179.)

2 SamuelEliot Morison,Admiral of theOceanSea, 1942;Little, Brown, & Co.,Boston.
3 My knowledgeablefriend ArneMolander(whosecriticismshave contributedmateriallyto theimprovementof

thispaper)disagreesstronglywith many of theviewsexpressedhere.Thosewhowishto hearhissideof theongoing
landfall debatemaycontacthim at19131RomanWay, Gaithersburg, MD 20879(telephone301­948­7341),whence
ArnefrequentlycirculatesausefulColumbusLandfallRoundRobin, featuringaspectrumof viewpoints.TheRound
Robin's printedlist of ContributorsincludesJoeJudge(SeniorEditor emeritus,NationalGeographic),Jim Kelley,
& thepresentwriter. The list of ObserversincludesCharlesBurroughs(WashingtonAreaExplorersClub), Dennis
Rawlins (DIO), Bradley Schaefer(Yale University, PhysicsDepartment),& JohnRussell­Wood (JohnsHopkins
University, History Department).Micro�lm copiesof muchof theRoundRobincorrespondenceareavailablefrom
David Henige,Memorial Library, 728 StateStr., Madison,WI 53706(phone608­262­6397;fax 608­265­2754).
[Note by DR: Correspondence­fallout from thepresentpaperis at leastaslikely to appearin theRoundRobinasin
DIO. In fact,somehasalreadyappearedin theRoundRobin— becauseaversionof thispaper(subsequentlyrevised)
hasbeencirculatingprivatelysince1992.]

4 [Noteby DR: muchof thecomputerwork for Judge's importantNationalGeographicstudies,on theColumbus
landfall question,wassupervisedby my late friend, theMinnesotascientist­explorerRobertLillestrand,of Control
DataCorp. (Lillestrandwasalsothescientistprimarily responsiblefor the1968­1969precisedeterminationof the
northernmostpointof landin theworld, KaffeklubbenIsland,which hadbeen�rst reachedby thepremierUS arctic
explorer, RobertPeary, in 1900May.)]

5 SeexD2.
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necessitatedPtolemy's knowing destruction of data. For that substantialfractionof the
Catalogwhoselongitudeswereexpressedwith 150 or 450 endings,hefudgedthem(by50) &
thushid­mergedthemwith otherdata— with theresultthatwhenwenow try to reconstruct
Hipparchos'longitudes,we cannotknow for surewhich stars(of thosewith 00 or 200 end­
ingsin Ptolemy'srendition)havebeenalteredby 50. Again: understandthatwearetalking
aboutthedeliberate& clandestineannihilation— forever — of someof thescienti�c data
in a classic,legendaryscienti�c opus.All this, in orderto hideone's own theft of another
scientist'sgreatestwork: theHipparchosstarcatalog,whichPliny 2.95justly refersto as“a
legacy to all mankind”. Question.If Historians­of­sciencedo not regarddata­destruction
& data­theftasscienti�c crime,then:whatARE they willing to call criminal?13

C2 Oncethe latitudedistribution's consistency with randomnessis realized,we apply
the“hide” partof theforegoingslide&hidetechniqueto the400­slide­displacedlongitude
distributionof xC1(random);i.e.,wemergethe250 & 550 countswith the200 & 000 counts,
respectively. Theresultis the following predictedpro�le of probabilities:5/24 (000), 1/6
(100), 5/24 (200), 1/8 (300), 1/6 (400), 1/8 (500). In short,this is theexpectation­pro�leif
RN's hypothesisis correct. For 317 southernstars,the expectednumberswould be: 66
(000), 53 (100), 66 (200), 40 (300), 53 (400), 40 (500). Theactualnumbersof starsin each
cell are(Table1): 79 (000), 66 (100), 55 (200), 34 (300), 51 (400), 32 (500). Theresulting
� 2 = 10, which is not a signi�cant discord(P = 1/13)for df = 5. (Thesamecomputation
for thezodiacal& northernCatalogstarswill produce� 2 = 38 and29, respectively, both
grosslysigni�cant.) Incidentally, if we jettisonRN's slide&hidehypothesisandsimply
testthesouthernstarfractionspro�le for straightrandomness(which would theoretically
produceequalnumbersof starsfor eachfraction: 53 stars),we get � 2 = 31 for df = 5
— which is almostexcessively signi�cant (probability P = ordmag1/100,000). Thus,
thesouthernlongitudefractionsarewildly incompatiblewith straightrandomness,though
they are compatiblewith a randomdistribution, after application(to it) of the Ptolemy
slide&hideprocessdiscoveredby RN. (Virtual fractions­randomnessin thesouthernpart
of theCatalogwasestablishedabove: xB5.)
C3 Another test: slide by 400 the actual (not random­theoretical)latitude­fractions
pro�le (xB5 or Table 2) and then hide­merge the 250 and 550 entries(xC2), in order
to predict the longitudepro�le. This transformationresultsin the following expected
distribution for thesouthernstars:72 (000), 55 (100), 55 (200), 40 (300), 52 (400), 43 (500).
Comparingto the actualdistribution (xC2 or Table1), we �nd 14 � 2 = 3. So the discord
is not remotelysigni�cant. (For df = 5, P > 2/3.) Thus,thesouthernstars— which the
extremelyhandsomeJHA hadadducedto teardown its RN­satanby splitting theCatalog
sampleinto �ner portions(lowerstatisticalsigni�cance)— haveironicallyprovidedinstead
a lovely vindicationof his slide&hidethesis: showing thatRN's theoryis correctfor the
Catalognotonly in­the­largebut in­the­�ne.
C4 We mayapply thesameempirical­expectation­pro�letestto zodiacalandnorthern
portionsof theCatalog,aswell. For thenorthernstars,theactuallatitude­fractionspro�le
is (Table2): 108(000), 29(100), 33(150), 39(200), 75(300), 36(400), 10(450), 29(500). The
slide&hideprocesstransformsthis into anexpectedlongitude­fractionspro�le: 72 (000),
75(100), 46(200), 29(300), 108(400), 29(500). Theactuallongitudenumbers(Table1): 62
(000), 61(100), 67(200), 29(300), 95(400), 45(500). Whichyields� 2 = 10; thus,for df = 5,
thediscrepancy is not statisticallysigni�cant. For thezodiacalstars,the latitudepro�le is
(Table2): 68 (000), 30 (100), 28 (150), 33 (200), 82 (300), 49 (400), 20 (450), 39 (500). The
slide&hideprocesstransformsthis into anexpectedlongitude­fractionspro�le: 61 (000),
82 (100), 69 (200), 39 (300), 68 (400), 30 (500). Theactuallongitudepro�le (Table1): 81
(000), 52(100), 58(200), 36(300), 94(400), 23(500), and� 2 = 16or (withoutTauinformata)

13 For anironic answer, seeDIO 2.1z3 xC10(& fn 32).
14 Theformulafor �nding � 2 for severalsamplesis providedat R.Burington& D.May Handbookof Probability

& Statisticswith Tables1970ed,p.234.W�odarczyk1990p.292givesamuchneaterversionof this formulafor the
specialcaseof two samples.(Proving thelatterexpressionfrom theformeris a fun studentexercise.)
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B The Transatlantic Track

B1 Therearetwo waysto tracethe track to SanSalvador: forward from theCanaries,
acrossthe Atlantic; andbackward from Cuba. The transatlantictrack hasbeentracedat
leastfour timesin the 20th century: �rst by JohnW. McElroy,6 in supportof Morison's
work; thenin 1986by Luis Marden,7 in supportof Judge's work. Mardenaccountedfor
leeway anddrift, which McElroy hadnot,moving theend­of­tracksouthto thevicinity of
SamanaCay;but ayearlater, RichardsonandGoldsmith,8 usingamorepreciseaccounting
for leeway anddrift, moved the endof track north againto the vicinity of Watlings. All
of theseanalyseswerebasedon an isogonicchart for epoch1500which wasdrawn by
Willem VanBemmelinin 1899.9 Van Bemmelen's studywasbasedon extremelysparse
data,however, andits validity is highly dubious(asVanBemmelenhimselfwascarefulto
point out). We know for examplethat archeomagneticstudiesarenot preciseenoughto
supportthiskind of application;themostrecentwork available10 indicatesthattheposition
of thenorthgeomagneticpole(NGP)for epoch1500canbeplacedonly within a radiusof
some400nauticalmiles(nmi) at the95%con�dencelevel. This meansthat thestandard
deviation of directionfor a magneticvectorat a meanpoint on theEarth's surfaceis about
8 degrees;which in turn impliesthata singlestandarddeviation for thetransatlantictrack
is about6 latitudedegrees,northor southof themeanend­of­track.11 In 1991,Goldsmith
andRichardsontried again,creatingtheir own isogons(basedon the known landfall of
Columbus's secondvoyage in 1493) and using a shorterlength league;this placedthe
end­of­trackin thevicinity of GrandTurk Island.12

B2 It is clearfrom thisevidencethatregardlessof whatmeanend­of­trackonechooses,
theuncertaintiesareatpresentsolargethatthereis no islandin theBahamaswhichcanbe
eliminatedfrom considerationon thebasisof thetransatlantictrack.

C The Backward Track

C1 The transatlantictrack beingunhelpful (without, e.g.,moreaccurateisogons),we
areleft with the backward track from Cuba. Columbus spenttime at four islandsin the
Bahamas,which hecalledSanSalvador, SantaMaria de la Concepcíon, Fernandina,and
Isabela;thenativenamesarerecordedonly for the�rst andfourth,GuanahaniandSaometo,
respectively. (It iscommonfor Columbusscholarstorefertothesefour islands, respectively,
by RomannumeralsI throughIV. Seeabbreviation­key attachedto Table1.) After leaving
islandIV, Columbusstoppedat whathecalledtheIslasArenas, whicharetodayknown as
theRaggedIslands.
C2 TheRaggedIslandsconstitutethe�rst stepin thebackwardtrackfromCuba;Ragged
is theonly Bahamalandfall acceptedby all (or nearlyall) Columbusscholars,andincluded

6 JohnW. McElroy, “The OceanNavigationof ColumbusonHis FirstVoyage”,TheAmericanNeptune, I (1941),
pp.209­240.

7 Luis Marden,“The First Landfall of Columbus”, NationalGeographic, November1986,pp.572­577.
8 Philip L. RichardsonandRogerA. Goldsmith,“The Columbus Landfall: VoyageTrack Correctedfor Winds

andCurrents”,Oceanus,30 (1987),pp.3­10.
9 W. Van Bemmelen,“Isogonen­kartenfür die Epochen1500,etc.”, Appendix to “Die Abweichungder Mag­

netnadel”,a supplementto Observationsof theRoyalMagneticalandMeteorological Observatoryat Batavia,XXI
(1899)Batavia. Mardendid not quotethereferencedirectly. He apparentlyusedtheisogoniclinesasreproducedin
McElroy's1941article,asVanBemmelendid not continuehis isogonspast60� W andMcElroy extrapolatedthem.

10 RonaldT. Merrill andMichael W. McElhinney, TheEarth's MagneticField, 1983;AcademicPress,London
andNew York, pp.84­86& 99­101.

11 Merrill & McElhinney 1983. This study(amongothers)alsosuggeststhat the 15th centurywasa periodof
rapidmovementof theNGP;thus,evenif we hada betterunderstandingof thepositionof theNGPat epoch1500,
its positionmerelya decadeearliermight have beennontrivially different. (Curiously, our knowledgeis sofuzzy in
this connection,thatColumbus's reportsmaycontributeasmuchto it, asit cantell usaboutColumbus's reports.)

12 RogerA. Goldsmithand Philip L. Richardson,“Numerical Simulationsof Columbus' Atlantic Crossings”,
WHOI­92­14,February1992.
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Table1: FractionalEndings:StarCatalogLongitudes

Region Totals 000 100 200 300 400 500

North 359 62 61 67 29 95 45
Zodiac 344 81 52 58 36 94 23
South 317 79 66 55 34 51 32

Sums 1020 222 179 180 99 240 100

Table2: FractionalEndings:StarCatalogLatitudes

Region Totals 000 100 150 200 300 400 450 500

North 359 108 29 33 39 75 36 10 29
Zodiac 349 68 30 28 33 82 49 20 39
South 317 52 43 33 39 55 38 17 40

Sums 1025 228 102 94 111 212 123 47 108

(300), 38 (400), 17 (450), 40 (500). The expectedrandompro�le — alreadygiven at xB3
— is strikingly similar. Comparingthe two distributionsstatistically, we �nd � 2 = 5 for
df = 7, not a signi�cant discrepancy. (ProbabilityP > 50%.) By contrast,thesametest
(alsodf = 7) for the latitude­fractions(Table2) of thezodiacalandnorthernstars(vs. the
randompro�le of xB3) yields,respectively, � 2 = 22 (probabilityP = 1/300)and70 (P =
forget­it) — highly signi�cant in bothcases.Soonly thesouthernsectionof theCatalog
revealsa randompro�le. Later, below (xD), we will seethat thereis a simple,revealing
explanationfor why thesouthernstars'latitudesexhibit randomfractions.However, before
comingto this, I wish to con�rm the randomnesshypothesisby examiningthe southern
stars'longitudes.

C Ptolemy'sSlide&Hide Sleight: Final Con�rmation of R.Newton

C1 RN wasthe�rst to discoverhow Ptolemyhadsolvedapotentially­embarrassingdif­
�culty implicit in his methodof stealingtheCatalog.Ourstandardeightfraction­endings'
frequenciesarelisted in xB3; whenPtolemy's theft (xA1) slid eachof thesefractionsup­
ward by 400, the resultingfractionshada displacedsetof frequency rates: 1/8 (000), 1/6
(100), 1/8 (200), 1/12(250), 1/8 (300), 1/6 (400), 1/8 (500), 1/12(550). Obviously, the250 &
550 fractionsjarredwith the otherfractions(especiallywith no 150 or 450 fractionsat all
resultingfrom the400 shift!), andso— if left unaltered— would have revealedPtolemy's
plagiarismof the Catalog. Thus,he hid his trail by changingall 250 fractionsto 200 and
all 550 fractionsto 000. Sneeakeey. (Note: This RN hypothesis12 was thus the �rst to
explain the virtual lack of 150 & 450 fractionsin the Cataloglongitudes,a de�cit which
— beforeRN — hadpreviously seemedparticularlyodd,sincetheCataloglatitudeshad
plentyof thesefractions.) For brevity, we will call the full (2 stage)Ptolemyplagiarism­
procedure:“slide&hide”. Two comments:[a] This is deliberate,consciousfraud. [b] It

agreementwith PK & Manitius1912­32:50.) Of the1028starsin theCatalog,3 redundantstarsareheredropped:
PK147(= PK96),PK230(= PK400),PK670(= PK1011).(Which leavesa total of 1025separatestars.This correct
count�rst appearedatRawlins 1982Cp.359.)Of the349zodiacallongitudes,5 exhibit 150 endings— thusthey are
not includedin Table1. (SeeDIO 2.3z8 fn 20.) No otherCataloglongitudeshaveeither150 or 450 endings.

12 R.Newton1977pp.250­254.RNconcludesthisdiscussionwith thecomment:“Ptolemywouldsurelybestartled
if hecouldknow how muchwecanlearnabouthisfabricationsimplyfromstudyingthefractionsin thestarcatalogue.”
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on the track of nearlyevery theory. The reasonfor this wide acceptanceis easyto see:
theRaggedIslandsarein theright directionfrom Cuba;they areat theright distancefrom
Cuba;andthey matchColumbus'sdescriptionof theIslasArenaperfectly— sevenor eight
islandsin north­south13 line. The RaggedIslandspasswhat I call the “3­D test”: right
distance,right direction,right description.Any islandalongthe trackthatpassesthis test
canbeconsideredascloseto beingprovenasit is possibleto get.
C3 Thenext stepbackfrom theRaggedIslandsis to Columbus'sIsabela,islandIV. But
herewe seemto bestymiedalmostbeforewe getstarted:Columbustells usthedirection
hesails(west­southwest)whenleaving islandIV, but heomitsthedistancehemakesduring
thedayof October24. However, at duskColumbusreportsthatheis 7 leaguessouthwest
of “CapeVerde”(which is “in thewesternpartof thesouthernpart”14 of islandIII). This
establishestheso­calledCapeVerde�x, andallowsusto plot hismovementsfrom islandIII
insteadof islandIV. Duringthatnight,hemakesonly two leaguesbecauseof badweather,
thenmakes5 moreleaguesthefollowing morning,continuingWSW. At 9 a.m.,he turns
straightwestandmakes11leagues,atwhichtimeheseestheRaggedIslandslying 5 leagues
aheadof him.
C4 We now have enoughinformationto computethedistance& direction(backward)
from Columbus's RaggedIslandslandfall to CapeVerdeon island III, using a simple
summationof vectors: from islandIII, we go seven leaguessoutheastto the CapeVerde
�x, thenfollow the �eet seven leaguesWSW, andanother16 leagueswest. Thesummed
vectoris 19.1 leagueslong at a direction23.5degreesnorth of east,which is quiteclose
to east­northeast.We can now plot this on a map, if we know how long a leagueis.
The shortestleaguementionedby modernscholarsis the 16,240foot GeometricLeague
(GL) advancedby JamesE. Kelley,15 while thelongestcommonlyusedis the19,400foot
PortugeseMaritime League(PML) usedby Morisonandothers.We will usethese�gures
asoutsidelimits in ourplot. In Figure1, I haveplottedaboxwhichincludesall pointslying
23.5degreesN of E from (i.e.,nearlyENEof) theRaggedIslands,atany distancewhich is
between19.1GL and19.1PML. If we believe Columbus,CapeVerdeon islandIII must
lie insidethisbox.
C5 Only Long Islandlies insidethebox. Columbus tells us thatCapeVerdeis in the
southernpart of islandIII, andonly the southernpart of Long Islandlies insidethe box,
which is goodcon�rmation. But, just to beabsolutelysure,thereis onemoretestto apply:
doesLong Islandmatchthe descriptionColumbus givesof islandIII? DoesLong Island
have a coastat least20 leagueslong? DoesLong Islandhave a coastthat runsNNW?
Doespart of the coastrun east­west?The answeris Yes to all thesequestions. Long
Islandmatchesthedescriptionin theDiario, it is in the right directionfrom the previous
landfall, andit is at the right distancefrom the previous landfall; Long Islandpassesthe
3­D test.This runstheEggIslandtheoryaground,which hasAndrosasislandIII (Andros
matchesthedescription,but is in thewrongdirectionandis hopelesslytoofaraway). Both
theCaicosandGrandTurk theorieshave Acklins asIslandIII, but Acklins hasthewrong
distance,wrongdirection,and wrongdescription,asit hasno NNW coast.
C6 Having determinedthe identity of islandIII, we now work backto islandII, using
thesametechniqueandapplyingthesamecriteria. Thedistancefrom Long Islandto the
westerncapeof islandII is 8 or 9 leagues,andthedirectionis east— or “almosteast­west”.
In Figure2, I haveplotted8 GL and9 PML asthelimits of thesearchbox,andhaverunthe
box eastwardalongthecoastof Long Island. Thebox includespartof RumCay, but not

13 Throughoutthis paper's tracingsof Columbus's inter­island route, we will implicitly identify his compass
headingswith true ones— i.e., we arepresumingeffectively zerocompassvariation in this region in 1492. For
transatlantictracking, the zero­variation assumptionwould be disastrous;but the errors it introducesover short
Bahamiandistancesaretri�ing.

14 OliverDunnandJamesE.Kelley, Jr. TheDiarioofChristopherColumbus'sFirstVoyagetoAmerica,1492­1493,
1989:Universityof OklahomaPress,Norman(OK) andLondon,p.113.

15 JamesE. Kelley, Jr. “In theWakeof ColumbusonaPortolanChart”,TerraeIncognitae, 15(1983),pp.102­107.
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B RandomnessUnperceived: JHA Wetdream­Comes­Nightmare

B1 As Thurstonhasscrupulouslyremarked (in his 1993/1/10letter), the fact that the
southernpart of the Catalogdoesnot exhibit the usualdominanceof 400s had already
beenpointedout by Shevchenko 1990p.195andW�odarczyk1990pp.290­291.Unlike
Thurston,bothof thesecontributorsto theextremelyhandsomeJournal for theHistory of
Astronomyattemptedto usethisdiscrepancy to attackthecredibility of theJHA­hatedRN's
entireCataloganalysis.We areaboutto discover thevery reverseof this JHA wetdream,
oncewe observe a remarkablyelementarypointwhich ourJHAauthorsoverlooked.
B2 RN's critics appearto have forgottenthat thewholebasisfor RN's expecteddistri­
bution wassimply: the latitude­fractions'frequency­pro�le with 400 added. So, for any
portion of the Catalogwherethereis no unusualstatisticalexcessof latitude000s, there
needbeno excessof longitude400s. Whenwe examinethesouthernpartof theCatalog,
this is preciselywhatwe�nd. Thus,thenonexistenceof anexcessof 400s(for thesouthern
stars)has— with deliciousperversity— providedcompletevindicationfor RN, insteadof
thelonged­forrefutationwhich our judiciousJHA sofervently desiredwhenit spotlighted
thesouthern400 nonexcess.(SeexC3.)
B3 Both to understandthis point andto seewhy it hasnot beenpreviously discovered,
we must �rst examinethe peculiarancientconvention for writing fractionsof degrees,
which wasaccomplishedvia “unit fractions”, i.e., inverseintegers. (E.g.,150 waswritten
as1/4degree,and450 or 3/4of adegreewasexpressedas1/2+ 1/4.) TheCataloglatitudes
were entirely expressedin whole degrees,halves, thirds, quarters,sixths. The result is
that all the Cataloglatitude fractionsare (if we expressthemin arcmin): 000, 100, 150,
200, 300, 400, 450, 500. However, note that theseeight possiblefractionsdo not cover
equal empirical ranges. Taking midpoints(betweenthesevalues)as bounds,the eight
correspondingranges'upperboundsare,respectively, 050, 1201/2,1701/2,250, 350, 4201/2,
4701/2, 550; thus,the sizeof the eight rangesare,respectively, 100, 701/2, 50, 701/2, 100,
701/2, 50, 701/2. Dividing by 600, we have the expectedfrequency9 of eachfraction in a
randomcase:1/6 (000), 1/8 (100), 1/12(150), 1/8 (200), 1/6 (300), 1/8 (400), 1/12(450), 1/8
(500). For the317southernstars,thepredicted(randomcase)10 distributionwould thusbe:
53 (000), 40 (100), 26 (150), 40 (200), 53 (300), 40 (400), 26 (450), 40 (500).
B4 Previousresearchers,glancingat thelatitude­fractionsdistribution for theCatalog's
southernstars(Table2), noticedthatthe000 & 300 fractionswereslightly morenumerous
thanotherfractionsandsonaturallyassumedthattheCatalog'ssouthernlatitudesfollowed
theRN meanpro�le for thewholeCatalog.(Thustheseemingmysteryof why thesouthern
longitudesdidn't do so.) But, what hasbeenpreviously overlooked is that a completely
randomsetof starobservationswouldalsodisplay(xB3& xB5)amodestexcessof 000 & 300

fractions— merelybecauseof thelarge100 ranges(550 to 050 & 250 to 350, respectively)
associatedwith thesetwo fractions,a resultof nothingmore than the range­inequalities
(xB3) inherentin the ancients'fashionof usingunit fractionsfor degree­division. This
situationis in contrastto themeantotal000 plus300 excess(of theentireCatalog)foundby
RN, which for 000 wasclearlyover&above therandom­pro�lefrequency of xB3, andwas
dueto a commonobserver's bias(xA1) towardroundingdatato wholedegrees.
B5 To attackthequestionof thefractionsin theCatalog's 317southernstars,we start
with a straight� 2 testupontheobservedsouthernlatitudesvs. therandom­casepro�le of
xB3. The observed11 pro�le is (seeTable2): 52 (000), 43 (100), 33 (150), 39 (200), 55

9 I note that theseprobabilitieswere earlier computedby R.Newton 1977 p.247. Incidentally, there is little
evidencethat300 HipparchosCatalogendingsweremorelikely thantherandomprobability (1/6). True(xA4), as
seenin Table2, for zodiac� , 23% have 300 endings,which is well (3.4� ) above chance;however, zodiac� is a
separatesamplefrom therest(xC5), presumablyolder (seeRawlins 1982Cp.369&DIO­J.HA 1.2 fn 152,1992/12
bracket). Possiblyzodiac� wereobservedwith anastrolabegraduatedin half­degrees.SeeNeugebauer1975p.699.

10 Compareto thedistribution if degree­�fths areallowed: xF2.
11 To avoid needlessdisagreementswith theMuf�a, I haveherethroughoutrigorouslyadoptedthefractionsgiven

in thescrupulousrenditionby Toomer1984. (His misprintedfractionfor PK575's latitudeI have takento be1/6, in
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thewesterncape.Sincetheremaybeuncertaintiesin Columbus's distanceestimates,16 we
cannotpositively eliminateRumCaywith this evidence;but thewesterncapeof Crooked
Islandis within thebox,whichshouldleadusto preferCrooked. Justto makesure,wewill
applyour �nal test.ColumbusdescribesislandII ashaving anorth­southcoast�v eleagues
long andan east­westcoastof ten leaguesor more. In Figure3, I have superimposedan
F­shapeddeviceoveramapof RumCay, andover theAcklins­CrookedIslandgroupat the
samescale;theF showsa10­by­5­leaguecoastlinein bothGL andPML. RumCayis only
a third (or less)thesizeof islandII; while it is clearthatif thenorthcoastsof Crookedand
Acklins areconsideredacontinuouscoastline,wehaveanearlyperfect�t. As GustavusV.
Fox haspointedout,17 theAcklins­Crookedgroupis theonly coastin thecentralBahamas
thatmatchesthis descriptionsoperfectly. Acklins­Crooked thereforepassesthe3­D test:
right distance,right direction,right description.
C7 RumCay is in theright direction,but is at somewhat thewrongdistanceanddoes
notevenremotelymatchthesizedescribedin theDiario. Mitchell argues18 thattheDiario
distancesaretranscriptionerrorsof leaguesfor miles: thatColumbuswrote the lengthof
thesecoastlinesas�v e milesandtenmiles,the“miles” beingmistranslatedinto “leagues”
byLasCasas.However, wehavetwowitnesseswhobothsaw theAdmiral'sowncopy of the
log andreportedon its contents:LasCasas,who transcribedtheDiario, andtheAdmiral's
sonFernandoColon,who wrotea biographyof his famousfather. Fernando's biography
recordsmany detailsof the�rst voyagelacking in theDiario, showing thatFernandowas
relying on the original log (not Las Casas's rendition); and Fernando's biographyalso
recordsthelengthof thesecoastlinesas�v e leaguesandtenleagues.Thusthesuggestion
of transcriptionerrorby LasCasasis untenablein this instance.
C8 The �nal stepin the backward track is from Acklins to islandI, Columbus's San
Salvador. Therearetwo estimatesgivenin theDiario for thedistancefrom SanSalvadorto
islandII: whensettingsail on the14th, Columbusestimates�v e leagues,but whenarriving
the next day, he revisesthis to seven. And the directionis clear: thereis only oneplace
in the Diario in which Columbus mentionsthe directionto SanSalvadorfrom any other
point. The �eet wasdetainedby tideson themorningof the15th, andarrivesat islandII
aroundnoon. Columbus describesthis islandashaving a coastrunningnorth andsouth
for �v e leagues,anda coastrunningeastandwestfor morethantenleagues.But herewe
arrive at a vital passagethat is unaccountablymissingfrom nearlyevery articleandbook
written aboutthe1st landfall: for Columbusalsosays,in thatvery samesentence,that the
coastwhichrunsnorth­southfacesSanSalvador. For anyonesearchingfor thelocationof
SanSalvador, this is arguablythesinglemostimportantdescriptionin theDiario, because
this is theonly placein theDiario thatrecordsthedirectionto SanSalvadorfrom any other
point: dueeastof that�v e­league­longnorth­southcoast.
C9 Returningto our backward track,we plot 5 GL and7 PML, working eastfrom the
eastcoastof Acklins. As seenin Figure4,only thePlanaCayslie within theplot box. Only
Planais at theright distanceandin theright directionto beSanSalvador. Thewesternend

16 Kelley 1983pp.94­97. Kelley's paperbrilliantly demonstratesthat Columbus's distance­estimatesalongthe
northcoastof Cubawerein�ated becauseof thehalf­knotcurrenthewasworkingagainst.It wasthesesamein�ated
estimateswhich earlier led Morison to postulatethatColumbus usedanultra­short“land league”whenmeasuring
coastlines.

17 GustavusV. Fox, “An Attemptto Solve theProblemof theFirstLandingPlaceof Columbusin theNew World”,
Reportof theSuperintendentof the U. S.CoastandGeodeticSurvey (AppendixNo. 18, June1880). Washington:
GovenmentPrintingOf�ce, 1882,p.47.

18 StevenW. Mitchell, “Columbus's Trackfrom SanSalvadorto Cuba:a New Conception”,unpublishedlecture
notesfrom U. S.Naval Instituteseminarof 24 April 1992,Annapolis.It is truethat,atseveralpointsin LasCasas's
transcription,heoriginally wrote“leagues”andthencrossedthis out,substituting“miles”. (Columbus's “mile” was
considerablysmallerthanourmodern1852meternauticalmile.) It seemsto methatthesefalsestartssimplyreinforce
theideathatall measurementsin theoriginal log werein leagues,andLasCasaswasconvertingto milesashewent
along.Sincethepossibilityof transcriptionerroris enhancedwhenthecopyist mustpausefor suchacalculation,the
fact that all suchinstancesoccurduring the recordingof miles suggeststhatmiles (not leagues)werethe resultof
thesecalculations.
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at leastto me)I decidedto checkfor myself.. . . thesouthernconstellations:
RN effect absent.. . . [As to whetherI think it] likely that Ptolemyadded
2� 400 to mostof the[Cataloglongitudes]theanswerwould [be] yes; in fact,
not somuchlikely asalmostcertain.. . . If you hadasked “Do you believe
thatPtolemyadded2� 400 to thelongitudesof all (or almostall) of thestarsin
thecatalog?”theanswerwould have beenno. Reason:thestrongargument
for this suggestion,namelythe [RN] arc­minutedistribution [excessof 400

fractions],doesnotapplyto thewholecatalog.. . . theorigin of thesouthern
partof thecatalogis acompletemystery. . . . Presumablyit wasnotobserved
by Ptolemy, unlesshecorrectedhis error6 in thelatitudeof Alexandria.

A4 A few weekslater(3/20),Thurstonadded:

Two oddfactsmaybesigni�cant in someway. Thenorthernconstellations
have a hugepreponderanceof zeroendingsfor latitudes. . . . The zodiac
latitudeshavesubstantiallymorehalvesthanzeroes. . . . [However, Ptolemyat
Almajest5.1]saidthathis[astrolaberings'] scalesweregraduatedin fractions
of adegreeassmallaspractical.7 Thiscannotmeanwholedegreesnor, unless
we interpretit extraordinarily liberally, half­degrees. So if the scaleswere
graduatedin wholeorhalfdegreeshereisanotherbit of evidencethatPtolemy
wasnot telling thetruth. . . . Finally, a quotationfrom BishopBerkeley that
youmight think appliesto themuf�a: “I observedhow unaccountableit was,
thatmensoeasyto confuteshouldyetbesodif�cult to convince.”

A5 It will beseenthatthepaperwhichfollowsheregrew outof Thurston'squeries(xA1
& xA3) onthesouthernpartof theCatalog.After completingthecoreof themathresearch,
DR wroteThurston(1993/5/5):

Thanksfor your lettersof 1993/2/25& 3/20, which werenicer than I de­
served.. . . I amjust �nishing upthecomputerwork for aDIO paper(whose
underlyingnew �nds commenced1993/3/9­10),the upshotof which may
interestyou. An oddity: thoughoneof the main programsis ratherlong
. . . andoccasionallyintense,nonetheless,its key discovery (1993/4/8)is so
simplethat a [gradeschooler]shouldbe ableto follow it. Even a Muf�oso
might. Might.

As noted,the paperin questionis the sameoneyou arereading— which owesits very
inceptionto Thurston's frequentlyfruitful skepticism.8

6 This refersto DIO 2.3 z8 xC22 item [f] (Rawlins 1987p.236item 2): the discovery (Rawlins 1982Cp.367)
that the Catalog's indicatedlatitudeerror � � is incompatiblewith Ptolemy's � � = � 140. (Cataloger's � � =
00� 10: idemTableV, zodiacstars,columny. SeealsoxG3 & fn 19 here.)It shouldbenotedthat thereis a reverse
incompatibility for Ulugh Beg's starcatalog: thoughUB estimatedhis latitudecorrectly, the meridianring of his
astrolabewasmis­setordmag0� .1 high. (As accuratelycon�rmed in 1992by K.Krisciunas. SeeBullAAS24.4
& JHA 24.4:269. I disagreewith the explanationgiven for the discrepancy.) This is lesssuspiciousthanthe case
of Ptolemy, whosedefendersmustassumethat, thoughhe hadthe wrong latitude for his nonexistentAlexandria
observatory, heaccidentallyhappenedto sethis equallynonexistent(fn 7) astrolabe's meridianring right smackon
thecorrectlatitude.(Suspicionindependentlycon�rmed at xF9 via stardeclinations.)

7 DR comment(expandinguponThurston's observations): Canoneimaginean astronomerdescribinghis own
astrolabein sucha vaguefashion?An instrumenton which hehaspersonallymeasuredthe� & � of 1000+ stars?
(Would not an observer, so intimatewith the instrument,specifypreciselythat its long­familiar­to­him rings were
graduatedin quarter­degreesor sixth­degreesor whatever? Doesn't heevenknowwhich it is?) Suchconsiderations
long ago revealedthe phoniness,of Ptolemy's pretensions,to the perceptive (& highly competent)astronomer
Delambre18171:xxvii.

8 SeeThurston's eruditesurvey of thehistoryof yearlengthmeasurements,which theGrif�th Observerdeserves
commendationfor runningastheleadarticlein its 1993/6issue.(I wouldaddonly 2 smallobservations:[a] Ancients
preferredsolsticesto equinoxesfor estimatingtheyear's length. And they werewise— at leastin theory— to do
so. SeeR.Newton1977pp.81­82,DIO 1.1z5 fn 20,& DIO 1.3xK4. [b] TheGO's diagramat thetop of p.5makes
theWinterSolsticenoonzenithdistanceof theSunin ancientAlexandriaequalto 55� .2 insteadof thecorrectvalue,
54� .9. SeeRawlins 1982Gpp.261& 264.)
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of thebox bisectsWestPlana,but giventheaccuracy of his estimates,this is unimportant.
Theactualdistancefrom his anchorageoff the westernpoint of Planato NortheastPoint
on Acklins is 4.6 to 5.6 leagues,dependingon theleagueonechooses.As a �nal test,we
checkthedescription.DoesPlanahave acoastthatrunsnorth­northeast?DoesPlanahave
a laguna,reef,andharbor?Yesto all questions;Planapassesthe3­D test. SamanaCayis
at theright distancefrom Acklins, but it is in thewrongdirectionanddoesnot matchthe
description,sinceit hasno north­northeastcoastline.Only Planais in theright direction,
at theright distance,andmatchesthedescription.Only PlanacanbeSanSalvador.
C10 SinceColumbushadpreviouslystatedhis intentionto sailsouthwestwhenleaving
SanSalvador, this implies thatColumbus changedhis mind. As we shall see,Columbus
wasunsureof his destinationon thefollowing day, sothis makesperfectsense.Whenwe
have sucha caseasthis — whenColumbus's before­the­fact intentiondisagreeswith his
after­the­factdescription— thepreferredinterpretationshouldalwaysby theafter­the­fact
description.This is especiallytruewhen,asin thepresentinstance,Columbusshowsdoubt
in theinterim.
C11 Also notethattheDiario doesnot saythat theentireeastcoastof islandII is �v e
leagueslong. The Diario addressesonly the lengthof the coastthat facesSanSalvador.
Southof CreekPoint, the coastof Acklins turns southwestand no longer facesPlana.
Accordingto the Diario, the coastof islandII facingSanSalvadormusthave two inde­
pendentqualities: [a] it must run north­south;and [b] it mustbe �v e leagueslong. Of
thoseislandsthatarepossible�rst­landfall sites,only PlanaandGrandTurk passbothof
thesetests. Samanapassesneithertest;ditto Watlings;ditto Conception;ditto Egg. It is
astonishingto �nd thatthis critical cluehasbeenignoredby almostevery landfall theorist
of the20th century, including(but not limited to) Morison,Judge,Molander, andMitchell;
it is distressingto �nd thatmosttheoristsnot only do not attemptto solve theproblem,in
mostcasesthey fail evento inform their readersthatthediscrepancy exists.
C12 Fox wasoneof thefew landfall theoriststo dealwith this problem;in his original
paperadvocatingtheSamanalandfall, heattemptedto disposeof this inconsistency.19 Fox
relied on R. H. Major's suggestionthat what Columbus really meantwasthat the north­
southcoastfacesin thedirectionthatColumbusarrivedat Acklins while sailingfrom San
Salvador. Thisisoneof thefew timesthattheSamanatheorydipsinto whatDavid Henige20

derisivelycallsPresumably­Columbus­Meant­To­Saythinking— anin�nitely �e xible form
of logic capableof explainingany discrepancy. Fox furtherassumedthatColumbus was
sopoor a sailor thathecouldnot compensatefor tidal currents,anotherhighly debatable
point.

D KeepingScore

D1 Many of thedescriptionsof SanSalvadorin theDiario aretoovagueto beof much
usein comparingthevarioustheoriesagainsteachother. For example,Columbusdescribes
SanSalvadoras“green” and“�at”, but comparedto his previous landfall in theCanaries,
any islandin theBahamascouldbeconsideredgreenand�at.
D2 Question:canthestrengthsandweaknessesof themany landfall theoriesbeobjec­
tively evaluated?Theprospectsfor sucha delicateenterprisewill beenhancedif we write
down eachimportantdescriptionin the Diario and thencomparethe several competing
theorieswith eachdescription,assigninga scoreor rankingto each. I have donethis in
Table1, printedat thestartof thisarticle(p.14): theColumbusLandfall TheoryScorecard.
In 1986,Arne Molander21 performeda similar numericalevaluation,whencomparingthe

19 Fox 1880,pp.47­48.
20 David P. Henige,“SamuelEliot MorisonasTranslatorandInterpreterof Columbus'sdiario dea bordo”, Terrae

Incognitae, 20 (1988),p.85.
21 ArneMolander, “Egg Islandis theLandfall of Columbus”, SanSalvadorConference(1st: 1986;Collegeof the

FingerLakes,BahamianFieldStation),pp.161­169.
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Summary
From theAncientStarCatalogandHipparchos'stellardeclinations,we discover his

RhodosIslandastronomicalobservingsites' preciselocations,unknown for 2000y. The
mainobservatory, wherehis high­precisionstardeclinationsweremeasured,waswithin a
mile or two of hisadoptedlatitude� = 36� 080N — perhapsuponahill in Lindos' northwest
suburbs. The lessaccuratesouthernportionof his famouseclipticalAncientStarCatalog
wasobservedby crudetransitinstrument,at RhodosIsland's southerntip (� = 35� 530N),
whichhetook to beat latitude� = 35� 500N.

A Thurston' sSkepticism

A1 On 1993/1/10,HughThurston(Dep't Math,Universityof British Columbia)wrote
DIO a letter which would shortlyprove fateful for historiansof the immortal ancientas­
tronomer, Hipparchosof Nicaea.Werecallthatoneof thetwo4 mostcompellingarguments
for Hipparchos'authorshipof theAncient StarCatalogis the �nding by R.Newton (RN)
that,while theCatalog's latitudefraction­endingsexhibit theusualempiricalexcessof 000s
(dueto nä�ve observers' naturaltendency to rounddata)and300s (xB4), the longitudes'
fractionsshow adifferentpattern:400soutnumber000s,and100soutnumber300s— justas
onewould expectif (as1st publicly chargedby Tychoin 1598,on othergrounds)Ptolemy
hadstolenHipparchos'starcatalogbymerelyupdatingit for precession:adding2� 400 onto
all thelongitudes,while leaving thelatitudesunchanged.Commentingon this famousRN
fractionsargument(R.Newton1977pp.245f;summary:DIO 2.3 z8 xC7),Thurstonsaid:

Many thanksfor DIO [2.3]; I' ve beenwonderinghow you'd reactto Swerd­
low. . . . I testedthe [RN fractional] distribution for myself. (Yes, I'm a
skeptic.) For thenorthernconstellationstheRN distributionshowedupwell;
for thezodiac,weakly;5 in thesouth,notat all.

A2 DR responded(1/28):

Does“skeptic” meanthatyou don't believe it likely thatPtolemyjust added
2� 400 ontomostof theCatalogstars'longitudesto get theplaceshereports
as[his own] “observations”? If so, I'm surprised— but will want to hear
your reasoninganyway, andwill evenpublishit if you wish.

A3 Thurstonreplied2/25:

A skepticis someonewhodoesnottakeeverythingontrustbut likesto check
thingsfor himself or herself. Aren't you a skeptic? Anyway, whenI read
RN'saccountof thearc­minuteendings(waybackbeforehewaswell known,

4 For theother, seeDIO 2.3z8 xxC10­C15.
5 Therehavebeenanumberof attemptsto split theCatalog'szodiacalstars,in orderto show thatonly partof this

sampleexhibits theRN distribution. Shevchenko 1990p.194suggeststhatonly SgrthroughGem(7 constellations)
doso,while CncthroughSco(5 constellations)don't. A friendof minesuggeststhatthesplit oughtto be: the6 north
constellations(Ari throughVir) don't, while thesouthernones(Lib throughPsc)do. Thecatchwith suchschemesis
thatthedeviationfrom theRN distribution is soweakthat,whenonetakesinto accountall thewaysonemaysplit the
sample,the full­contextual probability is not statisticallysigni�cant. (Thefundamentalsample­splittingunderlying
the currentpaper's start is merely: north, zodiac,south. But thesearePtolemy's divisions,not DR's. Seesimilar
approachat fn 45.) Also, while it is truethat, for thenorthhalf of thezodiac,000s outnumber400s (contratheRN
distribution), this result is dueto the eleven Tau informatastars,which areso peculiar(the �rst 9 areall 000s, an
anomalynotedby W�odarczyk1990p.294)thateventheShevchenko 1990attackonRN throws themout. Usingthe
numbersof Shevchenko 1990(Table4, p.193,which containssomesmallerrors,anda JHA typo of 11 where1 is
meantfor thePsc500s): we have more400s than000s AND (themostdramaticcontrast,notedat DIO 2.3z8 xC22
item [e]) far, far more100s than300s. And theseRN­pro�le patternshold bothfor thenorthern andsouthern half of
thezodiac.Notethat,thoughincludingtheTauinformatawill (for thenorthern zodiac)permitthe000s to outnumber
the400s, thiswill havenull effect upontheenormous100 vs.300 contrast.
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WatlingsandEggIslandtheories.Thecurrentevaluationis differentin that: [a] it includes
seventheories,and[b] thecluesarenotrankedasto weight. Also, therearequiteanumber
of differencesin whichcluesareincludedandwhichareexcluded.I have concentratedon
quantitativedescriptionsin theDiario: distances,directions,andexistenceof �x edfeatures;
andgenerallyexcludedthosecluesfor which only circumstantialevidenceis availablefor
evaluation.For example,MolandergivesWatlingstheedgeoncultivationof cotton;I have
excludedthis clue,on thegroundsthat thebestcurrentevidenceis very spotty, regarding
thedistribution of native cottonin thepre­Columbianera.22 Also, I have assigneda score
to eachclue for eachtheory, not just to that theorywhich is superior. Thesescoresare
necessarilysubjective,andthereforeopento debate.I canonly statethatI havemadeevery
effort to beasobjective andfair aspossible,andhave tendedto give theoriesthebene�t of
thedoubtwhenever possible.
D3 Towin thedebate,atheorymustshow itsclearsuperiorityovereveryothercompeting
theory, and throughthe entire track from SanSalvador to the commonlyacceptedlater
RaggedIslandslandfall. As theScorecardshows, theonly theorythatcando this is Plana.
In orderto �nd out why, let usagaintraceColumbus's track,this time goingforwardfrom
SanSalvador, evaluatingthevarioustheorieswith respectto theDiario.

E SanSalvador asColumbusSawIt

E1 Oneof themostfamouspartsof Columbus's accountis his sightingof landon the
night of October11 in the form of a dim light in the west. This sightinghasgenerated
controversyamongColumbusscholars,primarilybecausethesightingtookplaceat10p.m.,
four hoursbeforelandwasactuallysighted— at 2 a.m.on the12th (by RodrigodeTriana
of thePinta, which announcedthehistoricmomentvia pre­arrangedsignal). At thespeed
the�eet wastravelling thatnight,Columbusmusthave beenabout35 or 40 nauticalmiles
from SanSalvador:animpossibledistanceto seesucha light, in spiteof attemptsto prove
otherwise. Someislandshave an advantagein this regard,however, sinceit is possible
that the �eet passedcloseby anotherislandearlierin thenight, from which the light was
seen.Proposedlandfalls which have suchan islandto theeastratea 3 on theScorecard;
thosewhichdonot areforcedto rely on Morison's explanationthatColumbus's eyeswere
playing tricks on him. Morison's explanationseemsunlikely, however, sinceat leasttwo
otherpersonssaw thelight at thesametime; but in theinterestsof mercy, we will evaluate
theselandfall­theorieswith a 1, insteadof a 0. [After spottingland at 2 AM of Oct.12,
Columbus held position, a few miles to the eastof SanSalvador, until dawn. It is a
historian'sprivilegeto empathizewith thediscoverer's ecstaticframeof mind in these�rst
post­uncertaintyhours,duringwhichhecouldat lastsavor therealizationthatthevisionary
successhesodeservedhadactuallycometrue. Onedoubtshespentany of thesehoursin
sleep:indeed,his diary entriesfor Oct.11&12run together. Finally, asthegrandmornof
Oct.12broke,his party— spying a �ock of curiousnativeson thebeach— wentashore.]
E2 The importantquestionof SanSalvador's sizeposesa knotty problem,sincethe
Diario doesnot give thesizeasa quanti�ed measurement;andbecausetwo othersources
(LasCasas'sHistoria delasIndiasandFerdinandColumbus'sbiographyof hisfather)each
describethesizeof the islandas15 leagues.Morisonhasspeculatedthat the15 leagues
actually refers to the size of island II, and somehow was attachedto SanSalvador by
mistake. [A mistakewhichmightberelatedtoColumbus'sor afollower'sdesireto magnify
his �nd.] I nonethelessprefera quitedistinctspeculation:that the15 leaguevaluerefers
to thesizeof Cat Island,which is aboutthatsize,andwhich is identi�ed as“Guanahani”
or “SanSalvador” on many 16th and17th centurymaps.Underthis assumption,thename
Guanahani(or a similar name:native namesarenotoriousfor near­homonyms)appliesto

22 RichardRose,“LucayanLifewaysat theTime of Columbus”, SanSalvadorConference(1st: 1986;Collegeof
theFingerLakes,BahamianFieldStation),pp.328­329.
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z3 Hippar chos' RhodosObservatoriesLocated:
Lindos & CapePrassonesi

SphericalTrig' s Existence
in the 2nd Century BC

Claudius Ptolemy's Stellar Sneak­Thievery Established:
R. Newton's Star CatalogTheory Utterly Vindicated

by Rawlins1

Themoreoutré. . . [evidence]is, themorecarefullyit deservesto beexamined;andthe
very point which appearsto complicatea caseis, whenduly consideredandscienti�cally
handled,theonewhich is mostlikely to elucidateit.2

Dedication
ToNoelMichelsonSwerdlow (JHAAdvisoryEditorandHistory­of­scienceMacArthur

Fellow), whocouldn't havebettertimedhisprominentJHA“moratorium”­proposal(Swerd­
low 1992p.182),3 whichsuggeststhat,sinceresearchontheAncientStarCatalogis (NMS
believes)gettingnowherein discovering the Catalog's authorship,scholarsshouldcease
wastingfurtherlaboronsucha barrenmine.

1 Rawlins is: Impossible. [The succinct& infallible judgementof no lessthan the dearJ.Hist.Astr.'s dearer
Editor­for­Life. SeeDIO­J.Hyster.Astr1.2xxB1, C2,& G6.]

2 A.C.Doyle Houndof theBaskervilleslastchapter. SeealsoDoyle's Studyin ScarletChap.7.
3 Swerdlow's preciousJHA paperis critiquedatDIO 2.3z8 xC. Oneis similarly gratefulfor Evans1993,which

appearedat the very time the presentpaper's discoverieswere being accomplished. (Evans1993 arrived at the
JHULibrary only 2 daysafterDR's1993/3/17�nding of thexC2&xC3 evidencewhichcon�r medRN'sslide&hide
explanationof the StarCatalog— hithertoattacked by JHA authors,including Evans1987.) Consideringthat it
appearedin theJHA, Evans1993is downrightfriendly, merely(warming theJHAputativeeditorship'sputativeheart
by) accusingRN of “ahistorical”work. (Evans1993at leastcreditsRN with stimulatingsomecurrentinvestigations.
SeeDIO 2.3 z6 xE1 & P.Huberat DIO 2.1. So: why's therestill no symposiumdebateof thesematters?— this
despiteDR's variouschallenges,including materialdistributed to Hist.sci worthiespreceding& even during the
Muf�a' s 1994/5/6­8Dibner Instituteconferenceat M.I.T.) Evans1993concludesby croc­tearfullyregrettingthat
RN “squanderedhisconsiderabletalent”. In thecontext of theHist.scicommunity, oneis temptedsaynomorethan:
at leastRN hadtalentto squander. But themorerelevantpoint is that,asalways,the Muf�a cannotadmit that the
RN­DRaxishasmadeany substantialdiscoveriesin ancientastronomy. Suchbehavior is notscholarly. It' s religious.
Oneusedto supposethat theocraticdictatorshipshadwitheredaway sincethe demiseof Austria's Franz­Josef&
Russia's Nicky 2. But, luckily, the extremelyhandsomeJHA hasclone­resurrectedthesepiouscaesars'spirits, in
orderto thrill uswith asociologicalcounterpartto JurassicPark — asgov' t­fed,idea­eatingbehemothslightfootedly
(DIO 1.1z5 fn 12 & DIO 2.1p.2Info­Note) roamacademe,permittingno heresyto escapetheir eyeandtooth.
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morethanoneBahamianisland. Cat Islanditself hasnot beenseriouslyadvocatedasthe
siteof the�rst landfall sincetheDiario becamewidely known in the19th century, because
of its seriousinconsistencieswith theinter­islandtrack. TheDiario itself is of noparticular
help,with Las CasasdescribingSanSalvadorthreetimesasan “ isleta” [“small island”],
andlaterquotingColumbuscallingit an“ isla”, anda“biengrande” 23 oneatthat. Yetit was
apparentlysmall enoughfor Columbus to have exploredsubstantiallyall of it by a small
boat in a few hours. What we are left with, then, is little if any solid contemporaneous
evidenceon thesizeof SanSalvador. For this reason,I have excludedthequestionof size
from theScorecard.
E3 Plana,Egg,andCaicosaremultiple islands;theothercontendersaresingleislands.
It is truethatColumbusnowheresaysthatthereis morethanoneislandatSanSalvador. Is
it equallytrue thatColumbus nowheresaysthat thereis only oneislandat SanSalvador.
ColumbusgivesSanSalvadoronly onename,yet it is commonpracticeamongnavigators
andcartographerstogiveonenametomorethanoneisland:Midwayisanexample,Andros
(in theBahamas)is anexample.And Planaitself is anexample: �v e hundredyearslater,
still only oneof�cial namefor thesetwo closelyspacedislands. Columbus's useof “ la
isla” is no help, sinceif SanSalvador is multiple, the singularcould simply denotethat
particularisland to which Columbus is referringat the time. We are thereforeleft with
Columbus'ssoledescriptionof theSanSalvadorcoastline,in asinglesentence:“I . . . went
north­northeastalongtheislandin orderto seewhattherewasin theotherpart,whichwas
easternpart,which it has.” 24 The �nal codicil quehabia, asMolanderhaspointedout, is
almostuniversallyomittedfrom translation;yet it is importantbecauseevery islandhasan
eastcoast,but SanSalvadorhasanotherpart, which is the easternpart. And in orderto
reachthis easternpart, it is necessaryto go north­northeastalongtheisland. Planaful�lls
theserequirementsof theDiario perfectlywell.
E4 Columbus explored SanSalvadoron the 14th, usingboth the boat from the ship,
and the launchesfrom the caravels. Much hasbeenmadeof this exploration by some
smallislandadvocates,principallyJudge,25 whonotedthatatWatlingsthetrip to Graham's
harbor, proposedby Morison, is too long to row. However, we know from the Diario
entryof October24 thattheship's boatcarrieda sail; andwe have goodreasonto suspect
thatthecaravels' launchesdid, too. On January1, thelaunchmadea roundtrip of 28 nmi
(Navidad­Amiga­Navidad)betweenmidnightandvespers,tocollectrhubarb. Sunset(hence
compline)occurredat about5:30onJanuary1, sovesperswasat about4:30. Allowing an
hourashore(for therhubarb)leaves15.5hoursof travel timefrom amidnightdeparture,at
anaveragespeedof about2 knots.Thisimpliesthatthelaunchwasbeingsailed,notrowed.
But regardlessof whetheroneassumesrowing or sailing,theJanuary1 trip makesit quite
clearthattheboattrip of October14,for bothWatlingsandPlana,is within thecapabilities
of thelaunch,in termsof bothspeedandendurance.I amassumingabout9 hoursof boat
travel on the14th, which seemsreasonableconsideringtheniggling distancemadeby the
shipsbeforenightfall. Sinceall proposedboattripsfall within theparametersof possibility,
I have evaluatedall theoriesequallyby excludingthis cluefrom theScorecard.
E5 Columbus'sdescriptionof goingNNE alongSanSalvadorgivesahugeheadacheto
SamanaCaysupporters,sincethereis no comfortableway to make this descriptionmatch
Samana.Theentireislandof Samanalieseastandwest;andsincetheendsaresharppoints,
thereis no north­northeastcoastat all. Judgesupposesthat Columbus may have spenta
few minuteson a north­northeastcourseduring �v e or six hoursof rowing eastandwest
alongthesouthcoastof Samana.And whenhegot backto his ship,he thenwrote in his
log thathis mostnotabledirectionof travel wasnorth­northwest,andconvenientlyignores

23 ThecorrectEnglishtranslationof biengrandeis muchin dispute.For whatit' s worth, I prefer“goodsized”—
which nicely re�ects theambiguityof theSpanish.

24 Following Dunn& Kelley 1989,p.73;with the�nal threewordsaddedby this author.
25 JosephJudge,“Columbus's First Landfall in the New World”, National Geographic, 170 (November1986),

pp.589­590.
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BecausetheIndians,whichhehadtakenin the�rst islandof Guanahanior
SanSalvador, told him andindicatedthroughsignsthattheislandof Saometo
[IV], whichhadbeenleft behind,waslarger38 thanFernandina[III], andthat
they shouldreturnto it (andthey musthave donethis in orderto getcloser
to their land, from wherehe hadtaken them),the Admiral decidedto turn
aroundtowardtheeast. . . .

H6 Two thingsareclearfrom this: �rst, thatSaometohadbeenleft behindduring the
trip from island I to island III; and, second,that returningto Saometowould bring the
nativesof Guanahanicloserto theirhome.PerezhasspeculatedthatLasCasashadaccess
to Columbus's mapat thetime hewrotethis,which would accountfor thesegeographical
conceptswhich arenot immediatelyobvious in theDiario. In any case,this startlingnew
evidenceprovidesanotherheavy burdenfor all theoriessave PlanaandSamana.

I Conclusions

I1 Regardlessof which theoryonesupports,the importantpoint is this: any theory, to
beviable,mustat leastapproximately�t theinternallyconsistentcycleof distancesamong
thefour islands.Any theorythatcannotis in trouble.Of all landfall theoriesthathavebeen
advanced,only two, Plana& Samana,areevenremotelyconsistentwith this internalcycle.
I2 And of thesetwo, Planamustbepreferredfor threereasons.First: Columbussaw a
light on thenight of October11 at 10 o'clock. FromPlana,the islandof Mayaguanalies
about40 mileseast;the light hesaw wason Mayaguana,somewhat to thewestof south.
[Note: since“landfall” refersto sighting,then,technically, thispaperis actuallysuggesting
thatMayaguanamight have beenColumbus's �rst landfall. Or: lightfall?] FromSamana
thereis nosuchislandto theeast,andthusnowhere39 for thatlight to be.
I3 Second,Planahasacoastthatrunsnorth­northeast,asColumbusdescribesthecoast
of SanSalvador. Samanahasnosuchcoastline.
I4 Finally, andmostimportantly, Planaagreeswith Columbus's descriptionof islandII
(xF6) that “the facewhich is toward SanSalvador runs North­South”: the single most
importantdescription(xC11) in theDiario �ts Planaperfectly, but it doesnot �t Samana,
norany otherpossiblelandfall site.
I5 In contrast,thereis hardlyonedescriptionin theDiario thatcanbedecisively said
to �t SamanabetterthanPlana. The objectionthat Planais two islandsis basednot on
any �rm evidencein theDiario, but ratheron a presumption(contraxE9), in thesupposed
absenceof suchevidence. The biggeststrengthof the Samanatheory is the track after
SanSalvador, which Planashares;andthe biggestweaknessof the Samanatheoryis the
descriptionof SanSalvadoritself, whichPlanawinseasily. Clearly, Planais by far thebest
�t to thedescriptionsin theDiario, andsetsa new standard— by which all othertheories
musthenceforthbejudged.

38 [If so,andif thePlanatrackis true,then“Saometo”refersnotonly to Fortunebut to Crookedandperhapseven
Acklins, in combination.(If Columbus, too, sometimesmentallycombinednearly­contiguousFortune& Crooked,
this helpseasetheIII­to­IV directionalproblemof xF12: Figure6 vs. Figure8. NotealsoxxF11&F13: netsailing
directionnot dueeastward.)]

39 WhydidColumbusnotseeMayaguanabut laterdidnoticePlana?AssumingthePlanatrack,wenote:[a] Plana's
distanceatdiscoverywaslessthanthatof Mayaguanawhenthelight wasreported.[b] TheMoonrose(i.e.,apparent
terminatoron sealevel horizon)at 10:30PM, Local ApparentTime — thus,thewell­risenmoon's light uponPlana
wasstrongerandmoredirect thanthe obliquerising­moon's light falling uponMayaguanaearlier. [No irresistible
alternateoculartheoriesexplain the10 PM light; but, to try our best,we checkout thesky: The2ndmagnitudestar
RasAlhagueset(azimuthA = 284� = 14degreesnorthof duewest)at9:51PM LAT (sealevel); at9:30PM,apparent
h = 4� 270, A = 282� , zero­aerosolpost­extinction magnitude� = 3.6;at9:40PM, h = 2� .3, A = 283� , � = 4.3;at
9:45PM, h = 1� 1/4, A = 284� , � = 5.0. (Theh citedherearesealevel: unenhancedby 70 dip, for height15 m.)
Morison(fn 2) 1:297is understandablyskeptical: for theclaimedlight­sighting,Columbus“demandedandobtained
theannuityof 10,000maravedispromisedby theSovereignsto themanwho �rst sightedland.”]
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theremainingsix hours.Frankly, thisscenariois completelyunconvincing. I gaveSamana
a 0 on this point in theScorecard.
E6 GrandTurk hasthe oppositeproblem: the entire islandlies north­south,so while
thereis a little bit of NNE coast,the islandhasno appreciable“easternpart”, it hasonly
northernandsouthernparts.I gave GrandTurk a1 on this point.
E7 At WatlingsIslandit is possibleto gonorth­northeastalongthecoast,which ratesa
3 on thatpoint. However, if you go north­northeastalongWatlings,you do not get to the
easternpartof theisland;you get to thenorthernpartof theisland. Watlingsis somewhat
wider thanGrandTurk, though,soI gave it a 2 on the“easternpart”.
E8 Look at a mapof Plana,however, andColumbus's words requireno explanation
becausethemeaningis soself­evident. Columbuswasanchoredoff thesouthwestpointof
WestPlana(thelogicalanchoragein theprevailingNEtrades).Hewantedtogoto“theother
part,which wastheeasternpart”; and,to get there,hewasrequiredto go north­northeast
alongtheisland. EggIsland,andConceptionto a somewhat lesserextent,alsofollow this
coastlinepattern.I gave 3's to each.
E9 By theway, this sentenceis the�rst of two instanceswhereColumbusrefersto the
duality of SanSalvador. Columbus usesthe word “part” often in the Diario to describe
islandshaving easternparts,northernparts,southernparts,and so on. But this is the
only placein theBahamaswhereColumbusdescribesanislandashaving an“other” part:
other, implying separateness.And whenColumbus arrivesat this “other part”, how does
he describeit? He describesit as “that island”. Not “the island”, not “this island”, but
“ that island”,againimplying separateness.Columbussaysthathewasafraidto goashore,
because“that island” was completelysurroundedby a reef; and EastPlanais in fact
completelysurroundedby a reef,just asColumbusdescribes.
E10 Of coursereefsareubiquitousin theBahamas,but thereefdescribedby Columbus
mustentirelysurroundtheisland,which is a moredif�cult requirement.Most of thepro­
posedislandsfareprettywell, but thereefat Watlingsclearlydoesnot encircletheisland.
Further, thereefmustbeoffshore,sincethelargeharboris betweenthereefandtheisland;
this requirementfoils theEggIslandtheory, whose“reef” is anonshorecoralbarrier.
E11 Oneof theenduringcontroversiessurroundingthe identity of SanSalvadoris the
correcttranslationof theword laguna. ColumbussaysthatSanSalvadorhasa very large
laguna in the middle, which hasbeenvariously renderedas “lake” and “lagoon”. The
modernDiccionarioof theRoyal SpanishAcademyde�neslagunaas“A naturaldepositof
water, generallyfreshandcommonlyof smallerdimensionthanalake.” TheHarper­Collins
Spanishdictionaryagrees,translatingthetermas“pool”. But thesearemodernusages;do
they conformto 15th centuryusage?And, speci�cally, doestheword lagunaimply either
freshor saltwater, anddoesit imply any kind of size?
E12 Otherthanthecaseat hand,thereareeight timeswhenlagunaor lagunasis used
in the Diario. In onecase,Columbus usesthe phraselagunade mar (“pool of the sea”)
to describea saltwaterfeature,even thoughit is obvious from thecontext that the feature
is partof thesea.It is thereforereasonableto supposethat if the lagunaon SanSalvador
waspartof thesea,or anarmof thesea,Columbuswould have usedthephraselagunade
mar to describeit. Theothersevenusagesof lagunaall take placeat thenorthernendof
Isabela,andit is clearthatthelagunastherearefresh,sinceColumbus�lls his watercasks
from them. Also, Columbusdescribestheselagunasasbeing“grande”,yet they aresmall
enoughto walk aroundandshallow enoughto wadeinto. Therefore,Columbusappearsto
beusinglagunain thesameway asthemoderndictionary: to describea featurewhich is
bothfresh(or at leastunconnectedto thesea)andfairly small. Thelagunaon WestPlana,
at three­fourthsof a mile long, �lls both requirementsperfectly. But theDiario alsosays
thatthelagunais in themiddleof theisland.ThelagunaonWestPlanais not in themiddle
whenviewedfrom above, but is in themiddleof thecoastwhenviewedfrom thevantage
point of Columbus's anchorage.I have beengenerousin thescoringof this point to allow
roomfor alternateinterpretations.
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G6 With thesecorrections,the log readsthat from Cabodel Isleo, the northernpoint
of Isabela,thecoastrunssouthwesttwo leaguesto CaboHermoso,andCabodel Laguna
lies nearbyat thesouthwesternendof theisland.ThisdescriptionmatchesFortuneIsland,
islandIV of thePlana­Samanatrack.

H The Cycleof Distances

H1 Oneof theargumentsagainstthePlana­Samanatrackis thatColumbuswould have
had to return to a placewhich he had visited before(sinceCrooked lies quite closeto
Fortune);andsincethereis no explicit mentionof Isabela(islandIV) beingcloseto Santa
Maria(islandII), theimplicationis thatthetwo islandsarefarapart.This ideais countered
by anotherbeautiful internalconsistency in the Diario, asshown in Figure7. Sincethe
distancefrom III to II is 8 or 9 leagues“almosteast­west”(xC6),andthedistanceeastalong
II is “ten or more” leagues,andthe east­to­westdistancefrom islandII (SantaMaria) to
islandI (SanSalvador)is 5 to 7 leagues,thismeansthatthetotalE­W distancefrom I to III
is 23+ to 26+ leagues.Sincewepreviouslydeterminedfrom internaldescriptionsthatthe
distancefrom III to IV is 17 leaguesor less,we now have animportantresult:

Distancez, from Isabela(IV) to SanSalvador(I), is 6+ to 9+ leaguesE­W, or more.
H2 Thisresultis critical becauseonNovember20,while sailingnorthof Cuba,Colum­
bustellsusthedistancefrom Isabela(IV) to SanSalvador(I): 8 leagues.
H3 Bingo again! We now have a beautifulandinternallyconsistentcycle of distances
amongthesefour islands. To restatethe case,the Diario givesus two differentwaysof
�guring thetotaleast­westdistancefrom islandI (SanSalvador)to islandIII (Fernandina):
one way via island II and anotherway via island IV. Both of thesemeasurementsare
substantiallyconsistentwith eachother. But this internalconsistency of theDiario breaks
down if we assumethat any one of thesedistancesis in miles insteadof leagues;so
the Conceptiontheory, which measurescoastlinesin miles, founders. And this internal
consistency of the Diario alsobreaksdown if we assumethat Columbus wasusing two
different lengthsfor a league;so the Watlings theory, which measuresin two different
leagues,alsofounders.Thereareonly two theoriesleft: PlanaandSamana.
H4 Theactualdistancefrom Fortune,thePlana­SamanaislandIV, is 11 to 13 leagues
in eachcase(Planaor Samana),dependingon the exact length taken for a league. For
the Plana­Samanatrack we mustassumethat Columbus did not actuallyseethedistance
from SanSalvadorto Isabela,but insteadcalculatedit, perhapsin a mannersimilar to the
way I have donein Figure 7; and further, that his computationwas somewhat in error.
This explanationis not entirely satisfactory, and I have given it a 1 on the Scorecard.
Nevertheless,thisdistanceis muchcloserfor PlanaandSamana(anerrorof 3 to 5 leagues)
thanfor any othertheorysave Caicos.At WatlingsandConception,thedistanceis a huge
25 to 30 leagues.Mitchell accountsfor this distanceby supposingthattheentiresouthern
half of Long Islandsomehow slippedfrom Columbus'smindashewrotethisentry35 — an
ideasostrainedthatthetheorycouldsinkon thatbasisalone.
H5 In additionto this internalinconsistency, theColumbus­couldn't­have­returnedar­
gumenthasbeendemolishedby arecentdiscovery. Alex Perez36 hasnoticedaremarkable
descriptionin LasCasas'Historia delasIndias;37 therelevantpassagetakesplacejustprior
to Columbusleaving Fernandina— in searchof Saometo,thenative namefor islandIV.

35 Mitchell 1992.
36 AlejandroR.Perez,“Did LasCasasHaveColumbus'sMap?”,August20,1992.Letterto Molander'sColumbus

Landfall RoundRobin(fn 3).
37 TheHistoria wasthemajorwork of LasCasas,in preparationfor which hecopiedandparaphrasedtheDiario.

Sincetherelevantsectionsof theHistoria areclearlydrawn from theDiario, landfall­disputehistorianshavemostly
ignoredtheHistoria, rightly preferringthemoreoriginal source.However, theDiario wasnot theonly sourcethat
LasCasasdrew uponin preparationof theHistoria.
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E13 Oneof themostvexing cluesfor any landfall theoryis thepeninsulathatColumbus
describesasbeinga goodplacefor a fort. No candidateislandhassucha peninsulaat
thepresenttime. Proponentsof Watlings,Samana,Egg,andConceptionpoint to islands
separatedfrom their mainislandby shallows,which aresupposedto have beensand­�lled
in 1492andsincewashedaway by storms.ThePlanatheoryproposesthereverseprocess:
the far endof thepeninsulahasbecomeattachedto themain islandby sanddepositionin
theinterveningcenturies,forming aninlandlagoon.Therearecurrentlytwo suchlagoons
atPlanawhichmayhavebeenthesiteof suchdeposition,oneat theeastendof EastPlana.
Eachlagoonhastwo isthmuseswhich, if eitherwereeliminated,would make therequired
peninsula. Core samplingscould determineif any of the four isthmuseswere a recent
feature.SincethePlanatheoryis opento criticism on this point, I have givenit a 0 on the
scoresheet,pendingde�nite geologicalevidence.It is interestingto notein thiscontext that
Judge's original peninsulacandidate,on thesouthernshoreof Samana,hasbeenprovena
recentfeatureof non­cementedsediments.It thereforeseemspossiblethatthefeatureseen
by Columbuscouldhavebeenentirelysand­based,andcouldhaveentirelywashedaway in
theinterveningtime,without leaving any cluefor modernscholars.

F Thr ough the Islands

F1 After exploring SanSalvador, Columbus returnsto his ship,andtherefollows one
of themostintriguing passagesin theDiario. “I . . . setsail andsaw somany islandsthat
I did not know how to decidewhich oneto go to �rst . . . . Finally, I decidedto go to the
largest,andsoI amdoing. It is about�v e leaguesdistantfrom this islandof SanSalvador,
andtheothers,somemoreandsomeless.” 26

F2 First, it seemsstrangethatColumbusdid not know how to decidewhich way to go,
sincethepreviousdayhehadstatedhisintentiontosailsouthor southwestto �nd thesource
of thenatives' gold. And how far would Columbushave hadto sail from SanSalvadorin
orderto seeanotherisland�v e leaguesaway? Theansweris, nodistanceatall. Columbus
couldhave seenthis secondisland,at a distanceof �v e leagues,anytime while at anchor
duringtheprevioustwo days(assuminganaverageheightfor a Bahamianisland).
F3 Theseapparentinconsistenciesareresolvedwhenwe realizethatColumbus's ships
possiblydid not have ratlines. Sendinga maninto themastheadwasthereforea dif�cult
operation;themastheadwasnotanormalwatch­standingposition,andnoonewassentup
themastwithout a speci�c reasonsuchassearchingfor a landfall. It seemslikely to me
that therejust wasn't anyonein themastheadbetweenlandfall on themorningof the12th

andsettingsail againon the14th. Settingsail providesa goodopportunityto put a manin
themast,becausea lookout canride up on theyardarmasit is hoistedinto place. When
Columbus setsail that afternoon,he senta manup — andwhile still only a few dozen
metersoffshore,hehadamajorshock.Hediscoveredto hissurprisethatSanSalvadorwas
partof ahugeandpreviouslyunimaginedarchipelago.Uponquestioninghisnativeguides,
hefoundthatthereweremorethana hundredislandsin thesewaters.
F4 That is why Columbusdid not know how to decidewhich directionto take. Even­
tually, hedecidednot uponthesouthernmostnor thesouthwesternmostisland,nor on the
islandclosestto the gold; he decideduponthe largest. In otherwords, facedwith this
discovery, hetemporarilyputasidetheideaof gold,andsailedinsteadto �nd new landsfor
his sovereign.
F5 Columbus'sdescriptionof hisdilemmaonthe14th certainlyis interestinganduseful,
but nowherethat day doesColumbus tell us the directionin which his destinationisland
lies. This turnsout to be a minor point, however, becauseafterarriving the next day, he
neatly�lls in thegap.

26 Dunn& Kelley 1989,p.77.
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thesouthernpartof islandIII, andtheEggIslandtheorymusthereput CapeVerdein the
easternpartof thenorthernpartof islandIII. In otherwords,onemustassumetheexistence
of threeseparatetranscriptionerrorsin thesamesentencein orderfor the theoryto �t the
Diario.

G The Inconsistenciesof Isabela

G1 TwiceourPlanatheoryratesa0 ontheScorecardregardingColumbus'sdescription
of islandIV, Isabela,calledSaometoby thenatives.WhenColumbusarrivesatthenorthern
tip of islandIV, Cabodel Isleo,henotesthatthecoastfrom thererunswest[which sounds
prima facieunlikely if thereis a northtip] for 12 leagues,to a capecalledCaboHermoso.
Hereit provesimpossibleto take theDiario at facevalue.Considerthefollowing: [a] The
northpointof islandIV is on awest­to­eastcoursefrom islandIII, or maybe(assuggested
by thesailingdirectionsfrom III to IV: xF11) rathersouthof east;[b] Columbus reached
thispoint in lessthan6 hours,sailingapproximatelyeast­southeast(idem), suggestingthat
theactualIII­to­IV distanceis mostlikely in therangeof 10to 12 leagues(which is indeed
aboutthedistancefrom Longto Fortune:Figure8); [c] from thenorthpointof Isabela,the
coastrunswestfor 12 leagues.Soit seemsthatthecoastthatrunswestfrom Isabelamust
intersector almostintersectFernandina,yet it took3 hoursof sailingevento seetheisland.
G2 Clearlythereisanerrorhere,andtherehavebeenmany attemptstoexplainit. Oliver
DunnandJamesE. Kelley have suggested32 thatgueste(west)is amistranslationof sueste
(southeast),which supportsthe Watlings­Conceptionidenti�cation of Crooked Islandas
islandIV.
G3 Thereis furtherreasonto believe thatthecoastcannotactuallyrunwestfrom Cabo
del Isleoto CaboHermoso.First, if thecoastactuallyrunswest,how is it thatColumbus,
on an easterlycourse,arrivesat islandIV at Cabodel Isleowithout �rst comingto Cabo
Hermoso?Second,if thecoastrunswestfrom CabodelIsleo,how is it thatwhenColumbus
departsfrom Cabodel Isleo on the24th, hesailsWSW, andyet doesnot run agroundon
thatcoast?Yet ColumbussaysthatCaboHermosois in thewesternpartof theisland.
G4 This is oneof the few timeswhentheDiario shows an internalinconsistency, and
thebestway to resolve it is to supposethat thecoastrunssouthwest,not west,from Cabo
del Isleo to CaboHermoso.This solvestheproblemsof theapproachandthedeparture,
while allowing CaboHermosoto remainin the westernpart of the island. The idea is
reinforcedby aninterestingobservation: on theeveningof the19th Columbusanchorsfor
thenightat CaboHermoso,yeton thefollowing morning,the20th, heweighsanchorfrom
anothercape,CabodelLaguna.DunnandKelley havepointedoutthatthebestexplanation
of this is thesuppositionthatCaboHermosoandCabodel Lagunalie very closeto each
other;33 andCabodelLaguna,Columbustellsus,is at thesouthwesternendof Isabela.We
thereforerequireatranscriptionerrorin theDiario, not to make theDiario matchthePlana
theory, but insteadto make the Diario matchitself. The coastfrom Cabodel Isleo runs
southwest,notwest,to CaboHermoso.
G5 Planaalsoratesa 0 on theScorecardin thedistancefrom Cabodel Isleo to Cabo
Hermoso,givenby Columbusas12 leagues.Here,for the�rst andonly time in thispaper,
we requirea numericaltranscriptionerror to make the Diario matchthe theory. Perez34

suggeststhatdoze(twelve) is a mistranscriptionfor dos(two); this �ts if you believe that
Isabelais themodernFortuneIsland,sincethesouthcoastof Crookedextendswestfrom
the north point of Fortunefor aboutthis distance. In otherwords,a single letter of the
original log wasmiscopiedor illegible to a transcriber.

32 Dunn& Kelley 1989,p.99.
33 Dunn& Kelley 1989,p.103.
34 AlejandroR. Perez,Columbus's First Landfall in AmericaandtheHiddenCluesin his Journal, 1987: ABBE

Publishers,Washington,D.C.,p.68.
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F6 After arriving at islandII onthe15th, Columbussays,“I foundthatthefacewhichis
in thedirectionof SanSalvadorrunsnorth­southandthatin it therewere�v e leagues;and
theother, which I followed,runseast­west.” 27 If thenorth­southcoastfacesSanSalvador,
and the east­westcoastby implication doesnot faceSanSalvador, it is clear that San
Salvadorcanlie in only onedirection: dueeastof that �v e­league­longnorth­southcoast.
Only PlanaandGrandTurk receive full markson this point. RamonDidiez Burgos,the
�rst to proposePlanaasSanSalvador, hasColumbus's anchorageon thenight of the15th

on thenorthshoreof Crooked.28 I preferJudge's routearoundBird Rockto LandrailPoint
(seeFigure3), in view of thewind shift to thesoutheastwhich threatenedtheanchorage.
F7 Columbus sails from island II, which he namesSantaMaria, to an even larger
islandIII that he calls Fernandina.He estimatesthe distancebetweenthe two islandsat
nine leaguesat �rst, thenrevisesit to eight leagues“almost east­west”. He sayson the
16th that this coastline“may” bemorethan28 leagues,but on thenext day, afteractually
exploring it, he saysthat he saw only 20 leagues,and “it did not end there”. The east
coastof Long is 22 leagues,usingJamesE. Kelley's 2.67 nmi league. The GrandTurk
theoryrequiresusto believethatColumbussailedfrom Mayaguanato Acklins,acrosssome
40 milesof openocean,andmistook it for a coastline.29 This is thekind of explanation
thatratesa0 on theScorecard.
F8 Oneof theobjectionsto thePlana­Samanarouteis thatColumbussaysthatislandIII
is visible to him while heis still at islandII. This seemsto bein contradictionto his later
assertionsthatthedistancebetweenthetwo islandsis 8 or 9 leagues.However, this is not
necessarilythecase.If ColumbusanchoredalongLandrailPointon thenight of the15th,
he would have hadto sail aroundthe westernendof Crooked Island. Sincethe caravels
werefastershipsthantheSantaMaria, it is possiblethatoneof themwentfar enoughinto
theCrooked IslandPassageto make out the island. Or, Columbus might have learnedof
theislandfrom theIndians:at onepoint, hesayshehasan“indication” (amuestra) of the
island's presence.
F9 DidiezBurgosshowsColumbuscircumnavigatingLongIsland,whichseemspartic­
ularly unconvincing to me;again,Judge's trackalongtheeastcoastof Long is farsuperior.
Columbus describesa harbor2 leaguesfrom the endof island III. The harborhastwo
narrow entrancesseparatedby anisleo, or smallisland:adescriptionthat�ts Little Harbor
(Figure 2) passablywell, althoughLittle Harbor hastwo small islandsin the entrance.
Fox identi�ed Burrows Harbor, slightly farthersouth,asthis harbor. Fox's harborhastwo
mouths,but it is only abouthalf thecorrectdistancefrom theendof theisland.In my mind,
eitherof theseharborsis abetter�t thantheNewtonCayharborat thenortherntip of Long,
which is thecandidateof theWatlingsandConceptiontheories;this harboris far tooclose
to thenorthernendof theisland.TheEggIslandtheoryhasthisharboratConchSoundon
Andros,which hasonly onewide opening.Caicos­advocatesuseLovely Bay on Acklins,
which hasmany wide openingsinsteadof two narrow ones;andthe GrandTurk theory
usesAbraham's BayonMayaguana,whichhastwo openingsbut no isleo. Columbussails
NW from this harbor“as far asthecoastthatrunsE­W”, which is anotherproblemfor the
Watlings­Conceptiontheories,sincethereis no suchE­W coast,nor any coastat all, north
of NewtonCay.

27 Dunn& Kelley 1989,p.77.
28 RamonJ.DidiezBurgos,GuanahaniyMayaguain, 1974:EditoriaCulturalDominicana,SantoDomingo,p.171.
29 Robert H. Power, “The Discovery of Columbus's Island Passageto Cuba”, Terrae Incognitae, 15 (1983),

pp.165­167.
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F10 On theeveningof the17th, theFleetrunsinto foul weather. Columbusheadsfor
thesoutherncapeof theislandto anchor;asthewind wasnorthwest,thiscapewould have
affordedshelter. Hespendsthe18th continuingaroundtheislandwhentheweatherallows;
he anchorswhenit doesnot, mentioningthat “I did not go ashore”. In moderatewinds,
Columbus would have reachedSouthEnd on Long Island aboutmidday, and spentthe
afternoon(or partof it) beatingnorthwarda few milesalongthewestcoastof the island.
This is slow, wind­in­your­facesailing,andColumbushadonly afew daylighthoursbefore
hewasforcedto give up andreturnto theonly availableanchorage,nearSouthEnd. The
Egg Islandtheoryrequiresus to believe that Columbus spentthis entireday out of sight
of land, sailing at top speedthroughthe treacherousshoalsbetweenAndros and Long,
anchoringin the JumentosCays. In a similar fashion,the Caicostheory also requires
Columbusto sail away from Fernandinaon the18th, in directcontradictionof theDiario.
The reason: thereare only 6 hoursof sailing from island III, Fernandina,to island IV,
Isabela,andthesetheoriesrequireextra time to make thedistance.No meretranscription
error can save thesetheorieshere; onemust insteadassumethat Columbus just did not
know whathewastalkingaboutwhenhewrotetheentryof the18th. This is againthekind
of discrepancy thatratesa 0 on theScorecard.
F11 Columbus setssail the next morning,spreadingthe �eet from ESEto SSE;after
threehours,he makeshis landfall at Isabela,islandIV. NowheredoesColumbus tell us
thedistancebetweenIsabela(IV) andFernandina(III). But let us make somereasonable
assumptions:themaximumspeedin thetransatlanticcrossingwas3 leaguesperhour, thus,
Columbuscouldhavebeennomorethan9 leaguesfrom islandIII whenhemadehisIsabela
(IV) landfall. Next, if we take theshortestreasonablelengthfor theleague(2.67nautical
miles)andthehighestreasonableheightfor a Bahamianisland(50 meters),then— using
15 m astheheightof theship's observer — we conclude30 that islandIV couldhave been
asmuchas8.6 leaguesdistantat landfall. So the maximumdistancefrom island III to
islandIV is 17.6leagues,althoughit couldwell belessthanthis.
F12 Now, Columbusmentionsthatthenorthernendof Isabela(islandIV) is onanE­W
line from Fernandina(islandIII); thereis reasonto doubtthatthisis preciselytrue,but let us
assumefor themomentthatit is. WhenColumbusdepartsIsabela(IV) onthe24th, hesails
WSW from its northernpoint, for an unspeci�eddistance,until he seesCapeVerde,the
southernpointof Fernandina(III), lying 7 leaguesto theNW (seeFigure6). All right now,
trigonometry31 fans: if theangleA in Figure6 is 22.5degrees,andangleB is 45 degrees,
andsideZ is 7 leagues,whatis thelengthof sideX ? Theanswer:16.9leagues.
F13 Striking. We have now calculatedthedistancefrom islandIII to islandIV in two
completelydifferentways(xF11 & xF12), andhave arrived at answersthat agreewithin
lessthana league:16.9leagues& 17.6leagues.I mustagain(asat xF11)point out that
this distancecould be lessthanthe meanresult,17 leagues(indeed,by our Planatrack,
it is c.10leagues,Long­to­Fortune: xG1 [b] or Figure8), sinceColumbussailedfrom III
towardsIV onaSE& thenE course,for under6 hours,andlikely hewasmakinglessthan
3 leaguesper hour. But it couldnot be greaterthan17 leagues,sincethis would require
Columbusto have sailedNE from III, in contradictionto theDiario, andat speedsgreater
than3 leaguesperhour, which is mostunlikely.
F14 It is thisbeautifulinternalconsistency of theDiario thatdoesin theCaicostheory,
theGrandTurk theory, andtheEggIslandtheory. Eachof thesetheoriesrequiresfar more
distancefrom islandIII to islandIV thantheDiario allows. TheEggIslandtheoryassumes
thatthe7 leaguesto CapeVerdeis a transcriptionerrorfor 70 leagues.And indeed,if one
assumesthat Columbus wasestimatingthe directionfrom a 16­pointcompassinsteadof
a 32­point,a portion of northeasternAndrosjust doesmeetthis criterion. However, this
doesnot help much,sinceColumbus alsosaysthat CapeVerdeis in the westernpart of

30 Computation:2.1[501= 2 + 151= 2 ]/2.67= 23 nmi, or 8.6 leagues.
31 Whethercomputedby planeor sphericaltrigonometry, theresults(for suchasmallsphericaltriangle)naturally

agreealmostperfectly.
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