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NewsNotes
From the International Herald Tribune 2008/1/12­13p.1 obit for EdmundHillary,

1953/5/29co­conquererof Mt.Everest:“In theannalsof greatheroicexploits,theconquest
of Mt.Everestby Hillary2 and[Tenzing]Norgayrankswith the�rst trek to theSouthPole
by Roald Amundsenin 1911 and the �rst solo nonstoptrans­Atlantic�ight by Charles
Lindbergh in 1927.” In the eraB.D. (BeforeDIO ) this would insteadsurelyhave read:
Peary­N.Pole& Lindbergh­Atlantic. Popularhistory takesfar too long to reachaccurate
equilibrium. And all­too­oftennever does.But we maysavour justiceasit blossoms.

[Note added2008Dec.] DIO 's newestwinnersof its $1000R.R.Newton Award for
Scienti�c History areS.Albers& G.Graßhoff, honoringtheir originality andfruitfulness.

Steve Alberswas�rst to propose(Sky & Telescope1979March)theingeniousnotion
of investigatingthemsrecordsof earlier­eraastronomerswhohadsearchedfor satellitesof
any known planetattimeswhenit hadbeennearconjunctionwith then­unknown planets—
in orderto �nd out whetherthelatterhadbeenaccidentallyrecordedaspossiblesatellites.
Albers' nominationfor this DIO prize was due to the R.R.Newton Award Committee's
CharlesKowal, who (with Stillman Drake) hadin 1980taken up Albers' suggestionand
madethe sensationaldiscovery of Galileo's 1612­1613observationsof planetNeptune.
The remarkable1980history will be told by Kowal for the �rst time in DIO volume15.
(Beforethecommitteeexisted,theDR­selectedwinnerof the�rst RRNAwardwasKowal
himself,for this verydiscovery.)

GerdGraßhoff 's1986Universityof Hamburg thesis(SpringerVerlag1990)wasbased
uponhis novel, ultimately successfulexperiment(which no one[including R.Newton &
DR] hadthoughtof) to detectmass­statisticalcorrelationsbetweenthe hundredsof star­
positionsin Hipparchos'Commentary& Ptolemy's Almajeststarcatalog.This wasa cru­
cial contribution to eventual conversion of what had seemeda needlesslyever­undead
controversyinto agenuinelydeadone— avaluedrarity in cemental­cult­infestedacademe.

1 [Noteadded2009.]An 1165AD report(Proc.Brit. Acad.19:277­292[1933]pp.280&282­283)has
thePharos­�ame­replacementmosque'sbase31+ 15+ 4= 50fathomshigh,or (contraPBAconversion)
300ft. (Six ft = 1fathom� outstretchedhands'tip­to­tipspan,oneof theleastin�rm ancientmeasuring
units.) ThemostdetailedeyewitnessPharosimagewe have (late1st centuryAD Alexandria)shows
like proportions:seeinsetin z1 Fig.1. Of oldestfew extantPharos­heightreports(Thiersch1909p.66
& PBA), mostarein therange300­to­306units. For oldestof all, seeInductionQuake atp.12within.

2 When in 1999 the body of 1924 Everest­challengerGeorge Mallory was found 2000 ft below
Everest's summit,thequestionarose:washegoingup? — or comingdown, afterattainingthe top?
Hillary respondedby opiningthatnoconquestshouldcountunlesstheconquererreturnedto base.
Hmmmm.And just wherewould thatleave Brit ultra­polarheroRob't Scott?
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z1 Eratosthenes'Too­BigEarth & Too­Tiny Universe

PharosReality Behind the Alexandria­Aswan Myth
LighthouseFlame Exactly 3000 High = 1/2 Stade
Ultimate Geocentrist's SunSmaller Than Earth
High­PrecisionAncient ScienceDoubly Veri�ed

Dedicatedto the Memory of
Our Irr eplaceableFriend

HUGH THURSTON
1922/3/28­2006/10/29

A Big­Science'sDawn: Pharosas1stPreciseEarth­Measurer

A1 More than22 centuriesafterEratosthenes'legendarymeasureof theEarth,newly­
minedancientsourceshave�nally permittedarrivalatthenon­astronomicaltruthbehindthe
mostfamousof ancientgeographicaltales,thelong­suspectmythof his 600­mile­travel to
compare(xxA4[a]&D3) theSun'snoonaltitudeatAlexandriavsAswan. Theactualmethod
insteadusedhometown measuresof theheight& night­visibility­distanceof Alexandria's
famousLighthouse,which explainswhy theresultwastoo high by a factorof 6/5 (eq.28),
thatbeingjust theerror(xB3) expectedfrom air'sbendingof horizontalsealevel light.
A2 Rawlins 1982N(p.217& n.26)discussed2 easystay­at­homemethodswhichwould
accountfor theoverlargenessof Eratosthenes'Earth­size,onebeing:measurehow farover
the seaa known­heightlighthouseis visible at night. (Near­attestationat xA4[c].) But
neitherDR nor anyoneelsenotedthe coincidencethat the tallest lighthousein theworld
debutedright atEratosthenes'time&place, 3rd centuryBCAlexandria(xD5)— the“Pharos”
(Greekfor “lighthouse”),2nd mostdurableof theancient7 Wondersof theWorld,surviving
for 1 1/2millennia. until ultimatelyfalling to earthquakesandtheiraftershocks.
A3 With this glimmer of wherewe're headed,we now plungeinto solving the entire
EratosthenesEarth­measuremystery:method,place,all his data(terrestrialandcelestial),
andwe evendevelop (xI) the1st credible(if quitespeculative [at leastuntil p.12's �nale])
�gure ever modernlyproposedfor the preciseheight of the Pharositself. Further, we
�nd (xF) that royals­cateringEratostheneswasa geocentristwho rejectedobvious visual
counter­indicia,topromulgatetheanthrocentricdelusionthattheEarthisappreciablybigger
thantheSun. Finally, it will be shown (xK2) thatair­bending(“atmosphericrefraction”)
of horizontallight explainsboth of the equallyerroneousbut extremelydisparate(fn 8)
ancientstandardEarth­sizes(Eratosthenes& Poseidonios)within c.1%in eachcase(xK4).
A4 Before beginning, it' s best to recall the four optionsavailable for ancientEarth­
measurement,andeach's respective atmospherically­inducederror:
[a] Kleo Method: compareSummer­solstitial noon Sun's measuredaltitude at different
latitudes.Thisis thestill­famousandoft­repeated“Eratosthenes”method(Rawlins1982G),
given at Kleomedes1.10 for Alexandriavs Aswan, which we will variouslyshow (xD3,
xG2,xH2, fn 7) is perfectlymythical. Negligible inherenterror(xK2) for thecitedcities.
[b] MountainMethod: measurethesea­horizon's angular“dip” (below 90� from zenith),
asseenfrom a mountainpeakof known height. (Rawlins 1982NApp.A.) Error factor6/5.
[c] PharosMethod: measurehow far out to seaa lighthouseof known heightis visible at
sealevel. (Ibid.) Error factor6/5. Like ancient­experimentationhint: Pliny 2.164.
[d] SunsetMethod:measuredifferencein sea­horizonsunset­timesfor two known heights
above sealevel. (Rawlins loc cit & 1979;www.dioi.org/cot.htm#bsqq.)Error factor5/6.
Summarizingtherespective methods'errors:c.0%,+ 20%,+ 20%,� 17%.
(All theseerrorswould beappreciablyweaker for greatheights'thinnerair: fn 1.)
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Figure1: Pharosof heighth, sealevel­visibleatdistancev, over Earthof radiusr .
(Heighth [andthusv] greatlyexaggeratedfor illustrative clarity.) TheactualPharoswas
constructedin 3 diminishing(asoneascended)sections,of square,octagonal,& circular
cross­section,crownedbylight & Poseidonstatue.InsetimagefromAlexandriacoinminted
underDomitian90­95AD. (H.ThierschPharos1909pp.v&7, Tabl.I #10,Tabl.III #130.)

B LighthouseMath

B1 The mathof the PharosMethodis so easythat it doesn't even requirea diagram,
thoughwe supplyFig.1anyway. At whatever distantpoint thePharos'�ame starts(dueto
Earth­curvature)becominginvisible to arecedingobserveronthesea,is wherethePharos'
light­raysskim (aretangentto) thesea.Let v bethis observer's distancefrom thePharos,
and r his distancefrom the Earth's center, while the Pharos'�ame is r + h from that
center— h being the Pharos'heightand r the ideally­sphericalEarth's radius. At the
observer's position,it is obviousthattheanglebetweentheskimming­light­rayvectorand
theEarth­radiusvectoris a right angle.
B2 Assumingan airlessEarth (which permits straight­line light­rays), we can use
Pythagoras'Theorem:

v2 + r 2 = (r + h)2 = r 2 + 2r h + h2 (1)
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N16 Substituting(into the above equation)T = 63 (Thule) and S = 24 (southern
tropic), thehypotheticalancientcomputer(of theY thathascomethroughto us)found

Y = 34 (17)

(Barelylessthan341/2withoutPtolemy's rounding[eq.5]of R to 115;or about34 1/8, if
thatroundingis adopted.)
N17 But GD 1.24.4­5deniesthatMarinosusedthe fan­scheme.If this reportis to be
trustedand if the Split­hypothesisis valid, then: at an early stagein the history of the
developmentof the fan­approach,a scholar(working sometimebetweenMarinosandthe
�nal versionof GD 1.24) tried out a simple(no­kink) fan usingMarinos' southernlimit
(S = 24).
N18 However, hadheadoptedS = 16 5/12without58 kinking his projection,hecould
easilyhave found(usingeq.16)that for this casetheappropriateY = 36,which would in
facteffectaperfect­Splitcircumscriptionof the(non­kinked)fanbythepreferredsymmetric
2­1 rectangle.
N19 So, if the Split­theoryis valid, Y musthave beenfrozenat 34 beforeany steps
weretakento abandoneither
[1] assumptionof S = 24(Marinos: fn 48),or
[2] thesimplenon­kinkedfan­scheme.
N20 If PtolemyadoptedY = 16 5/12beforekinking his fan,thenhecouldeasilyhave
arrived at Y = 36 by the samemeansthat 34 wasarrived at. (As alreadyshown above:
xN18.) Since36 is not whatsurvived,it would follow thatPtolemyinsteadkinkedhis fan
beforebringinghis southernboundaryfrom Y = 24up to 16 5/12.
N21 However, eitherway, heatsomepointwouldbefacedwith theproblemof �nding
out what Y would most closely effect The Split if the kinked version of his ekumene
projectionwereadopted.For this search,he hadbestbe awarethat the eq.11Split­ratio
(Z=B) is extremalwhen(on Fig.1)a line drawn from � to � is perpendicularto theradial
line � ­� . Thus,thebest�t to TheSplit occurswhen:

Y =
H 2

E
(18)

For S = 16 5/12, this equationyields, as noted previously (xN10), Y
:
= 21, which

corresponds(eq.9)to fan­spread132� . For S = 24, Y
:
= 20 — correspondingto fan­

spreadF = 135� .
N22 Evenif theforegoingSplit­theoryisn't historical(andtheprior xM development—
much­preferredby DR — obviously assumesthatit is not), themathematicaldevelopment
of it herehasbeenthoroughlyenjoyable.

58 B&J p.87n.69pointout theoddity thattheGD 1.24discussionrefersonly to pt.� notpt.� , though
they areidentical. (Both areshown in Fig.1.) This would appearto indicatethat, at somemoment
duringdrafting,beforearrival at the�nal versionof the�rst projection,pts.� & � wereseparate.This
could have happenedduring experimentserethe kink (whenthe 2­1 rectangletouchedpts.� & � ) or
oneswheretheprojection's southernparallelwastheEquator(xI2) or theTropicof Capricorn(fn 48).
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Cancellingr 2 from eachsideanddroppingrelatively trivial h2, we have thenä�ve Airless
LighthouseEquationwhich ancientswould have usedto determineEarth­radiusr :

r = v2=2h (2)

B3 But to �nd the Real LighthouseEquation(basedon Earth­with­atmosphere)at
sealevel, one must accountfor horizontalatmosphericrefraction,which stretchesv ar­
ti�cially by thesquareroot of 6/5 sincehorizontallight is bentwith curvatureequalto 1/6
of theEarth'scurvature(S.Newcomb1906pp.198­203)sov2 in eq.2isaugmentedby factor
6/5, producingan Earth­radiushigh by 20%. (Curvatureis de�ned asinverseof radius.)
To returntheproblemto thestraight­rayPythagoreanmathbehindeq.2requiresundoing
theeffect of theray's curvature. Ancientsmayhave suspectedatmosphericrefraction(z2
fn 56),but noevidencefor quantitativecorrectionsexist until Tycho(c.1600AD). Sincethe
radius­estimateanancientscientistwould compute(via goodPharos­Methoddata)would
behigh by factor1.2,theReal­EarthLighthouseEquationis (usingeq.2):

R = r =1:2 = v2=2:4h (3)

— from which onecangetanaccurateestimateof theEarth's realradiusR, insteadof the
20%­exaggeratedr onewould getfrom theancients'refraction­innocenteq.2.
B4 Rawlins 1979appliedvery similar elementarystraight­raymath& diagramto the
xA4[d] SunsetMethodof Earth­measure.(Thoughthatmethod's resultingEarth­radiusis
low by factor5/6, from air­refraction.) The pre­refraction­correctionmathof thexA4[b]
MountainMethod(resulthigh by 6/5, like thexA4[c] PharosMethod)is muchthesame.1

B5 Applicationof thePharosMethodwould have beenparticularlysimplebecausethe
shorealongtheAlexandriaregionis straightenoughthatonewouldnotneedto botherwith
ships: v could've beenfound by simply wheel­odometeringthe distancealongthe shore
(checkingby triangulation)until thePharoslight wasnolongervisible. ThePharos'height
h wasknowablevia trig or by measuringropeshungfrom �ame, to successive sections,to
sea;though,assuggestedbelow (xI1), theexactheightwasprobablyalreadyknown.
B6 K.Pickeringnotesthatonthenearly­linearcoastjustwestof Alexandria,atdistance
c.20nmi, thePharos(slightly off saidcoast)is seenover theseaat azimuthc.40� . In this
direction,the R correspondingto thesea's real curvaturecanbeshown to be6371km =
3440nautical(geographical)miles= 3959statutemi

:
= 34400stades,sowetake thisasthe

effectivevalueof R in thediscussionsbelow, whereweusethestandard185m Greekstade
(embeddedin all our �ts, which therebycon�rm conventionalopinion[xJ1]on thestade).

C Pharos' ApproximateHeight

C1 JosephusJ.War 4.613saysthe�ame of thePharoswasvisibleto shipsfor 300stades
(obviously a round �gure for v), which would by eq.3make it the world's then­tallest
building(exceedingtheGreatPyramid);yetit wasneversodescribed.SolutiontoJosephus'
datum:thecrow's­nestsof tall ancientshipswereroughly1/4of thePharos'height, meaning
(eq.3) that approximately1/3 of Josephus'300 stadeswas due to ship­height;so v �
200stadesis anadequateroughestimatefor thePharos'visibility­distancev at sealevel.

1 While seekinganexplanationof Eratosthenes'result,DR hasin recentyearsbeeninexplicably
distractedby thexA4[b] MountainMethod.(Thurston2002p.66evidencedbettermemoryandsense.)
Yet it is obviously inferior (to the xA4[c] PharosMethod): it involves measuringa small angle—
andthe1%precisionof agreementwith Eratosthenes'actualEarth­radiuswould require10 measuring
accuracy underdif�cult seeingconditions. (Also, the greatheight requiredto get an angle large
enoughto renderobserver­error negligible would lead to weakening of refractiondueto decreased
atmosphericdensity­gradient,yet theerrorin CN is closely[xI3] consistentwith virtually full­strength
sealevel refraction.)Advantageously, thePharosMethoddoesnotevengetinvolvedwith anglesatall,
andthe requisiterelative precisionis attainedwith ease.Note: theMountainMethodwould leadto
two­signi�cant­digit results;thePharosMethod,three.SotheveryfactthatEratosthenesexpressedhis
Earth­radiusto three(eq.13)providesyet anotherindicationthatit wasbasedon thePharosMethod.
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N9 When the Fan Fit The Split
Sothe2­1theoryhasexplodedin disaster:nochoiceof Y will satisfyPtolemy'sS = 165/12
andallow the fan­projectionto �t the symmetric2­1 rectangle.Indeed,the maximumS
thatwill permitsatisfactionof TheSplit (for anychoiceof Y ) is foundvia theequation:

Smax = T

p
1 + cos2T � 1
1 � cos T

(13)

which for T = 63 (fan's northboundatThule)yieldsSmax
:
= 11 1/3.

N10 Thingsgetevenmoreintriguingif weassume(assomenon­adamantlyhave: xN1)
thatY = 34wasanempiricaladjustmentto TheSplit (the2­1rectanglecondition:eq.11).
Wecantestthetheoryby �nding (xN21) thevalueof Y whichbestsatis�esTheSplit.
Answer:Y

:
= 21— a valuenotevencloseto 34.

Y
:
= 21 satis�esThe Split to within 5%: that is, Z=B < 1.05. But Ptolemy's Y = 34

cannotsatisfythe2­1 rectangleconditionto betterthan11%,i.e.,Z=B > 1.11.
N11 However, let's keepexploring thetheorythat the34 waschosenfor TheSplit. (If
Ptolemywasseekingany othertypeof symmetry, theobviousandnearbyalternativewould
have beento make thefan­spreadangle[� ­� ­� ] equalto exactly 90� — not theseemingly
pointlessandpeculiar[roughly 98� ] spreadwe actually�nd: seefn 55 or Fig.1.) A 90�

spreadwouldmake all longitudeslicesneatly1/2 their realangularthickness.56

N12 Ourmathfor anattemptedSplit­inspiredreconstructionof theprocessbehindY =
34will, up to a point,bethesameasPtolemy's — only simpler.
WeroundR = 115.4to 115(justasin eq.5or GD 1.24.4)but thenuseasimplefan— i.e.,
without57 Ptolemy's equatorialkink.
N13 Oncewe dispensewith Ptolemy's clever kinky­projectionscheme,we mayeasily
�nd theS thatproducesY = 34:

S = H 2

p
1 � (Y=H)2 + 1

Y
� R (14)

SubstitutingPtolemy's values,Y = 34 (xM5 or GD 1.24.2)and R = 115 & H = 52
(eqs.5&6or GD 1.24.4),we �nd:

S = 24:7 (15)

A provocative result,sincethatis virtually right on thesoutherntropic (24� ).
N14 However, asnoted: S = 24� is Marinos' value— accordingto Ptolemyhimself
(GD 1.7.1­2& 9.6). Thus,we have founda potentiallyfruitful alterate­possibilityfor the
sourceof the problematicY = 34: a non­kinked fan­ekumene, with Marinos' latitudinal
breadthof theknownworld, thoughMarinosissaid(xN17)nottohaveusedafan­projection.
N15 Having thus found an S that could have led to GD 1.24.2's Y = 34, we may
simply invert the processto follow in thehypotheticalmath­footstepsof thehypothetical
ancientscholarwho hypotheticallydeducedsaidY . If we alsodispensewith intermediate
variables,to show dependencepurelyupontheekumene's northern& southernlimits (T &
S, resp),theinverseof thepreviousequationgivesuswhatwe need:

Y = 2
S + T=(1 � cosT )

1 + [ 1+ S [1 � cos T ]=T
cos T ]2

(16)

56 ThecorrespondingY = H =
p

2 = 37,obviously notPtolemy's choice.
57 That is, we do not immediatelyfollow Ptolemyin suddenlybendingall meridiansinward after

southward­crossingtheEquator. Thatstepeliminated(for Ptolemy:xM3) theextreme­outsidepoints
� & � . But we instead(xN13) keepit simpleby letting lines� ­� and� ­� in Fig.1extendright straight
out to � and� , respectively — andleave thembe(i.e.,nokink) — just asthesetwo pointsareshown
(slightly outsidethe2­1 rectanglein Fig.1).
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C2 Thuseq.3givesusa prettygoodideaof theLighthouse's heighthL:

hL = v2=2:4R
:
= 2002=(2:4 � 34400)

:
= 0:48 stade � 1=2 stade � 90m (4)

D EusebiosBequeathsUsEratosthenes'Exact Earth­Radius

D1 Eusebios,Bishop of Caesarea­Palestine,is most rememberedfor leaving us his
invaluableEcclesiasticalHistory of theChristianchurchat its time of triumph.
D2 Wewill henceforthalsoowehimfor thelongcast­aside,herevindicatedcluerelayed
in his Præparatio Evangelica, which unlocksthe full truth behindthe mostenduringof
ancientgeographicallegends,Eratosthenes'measurementof the Earth. The key data
(EusebiosPE 15.53):2 Eratostheneshad the Moon 780000stadesdistant; and the Sun,
4080000stades.We formally list thesetwo Eratosthenesdistances:

M E = 780000stades (5)

SE = 4080000stades (6)

D3 The traditional EratosthenesEarth­circumferenceCK is basedupon the famous
xA4[a] Kleo “experiment” (Kleomedes1.10): SummerSolsticeApparentNoon Sun's
zenithdistance(90� minusaltitudeh) was1/50of acircleatAlexandriabut null atAswan­
Elephantine(very nearTropic of Cancer)where legendhad vertical sunshinereaching
well­bottom(thoughseeRawlins 1985Gp.258)— 2 cities 5000stadesapartin latitude.
(NB: Kleomedes1.10doesn't saythatthe5000stadedistancewasmeasured,merelycalling
it a “premis”.) So:

CK = 50 � 5000stades= 250000stades (7)

If onechecksthis vs theBishopEusebios­reportedsolardistanceSE, we �nd ratiopBK:

pBK = 2� SE=CK
:
= 103 (8)

muchtoo unrounda number, given ancientconvention (z2 fn 37) of usingpowersof 10
for loosely­determineddistances. (This habit is the earliesthistorical evidencefor use
of order­of­magnitude[ordmag]estimationof that which is too uncertainfor moreexact
gauging.In this tradition,Poseidoniosmadethesolardistance10000Earth­radii: z2 xF2
eq.15.) If we insteadadopttheEratosthenescircumferenceCG = 252000stades(which
he'd presumably[vs fn 6] adjustedslightly for geographicalconvenienceto aroundratioof
700stadespergreatcircledegree:Strabo2.5.7),a freshcheckinsteadproducesratio pBG:

pBG = 2� SE=CG
:
= 102 (9)

but this is alsounacceptablynon­round.
D4 However, yearsago,DR analysedthe Nile Map which Strabo17.1.2attributesto
Eratosthenes,andshowed(Rawlins 1982Np.212)thattheunderlyingmeasurewas

CN = 256000stades (10)

Whenwe checkthis vs Eusebios'SE = 4080000stades(eq.6),theSun/Earth­radiusratio
pBN providesa pleasantshock,aswe begin our realizationthat CN unleashesthe long­
dormantEusebiosdata­treasureof eqs.5&6:

pBN = 2� SE=CN
:
= 100:1 (11)

2 Seewww.tertullian.org/fathers/eusebius pe 15 book15.htmor H.DielsDoxographi GraeciBerlin
1879pp.362­363.Eq.6's SE is so startlingly small (entailinga SunsmallerthanEarth: eq.16)that
Heath1913p.340justcan't believe it. Suchinertiahaspreventedentertainmentof thehypothesis(xF3)
thatpol's­polEratosthenesfoundit advantageous(& healthy:z2 fn 69)tobeageocentrist's­geocentrist.
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Figure2: Left: Trajanaureus,ViennaKunsthistorischesMuseum.
Right: AntoninusPiusaureus(mintedduringPtolemy's lifetime), DIO Collection.

N6 Ptolemyadmits(GD 1.24.1)thathis 2­1 rectangleisn't quiteexact(xN2): therect­
angle's width is only nearly[eggista] two­fold55 its width. But: why only approximately
twiceaswide?Why notadjustY suchasto make theratioexact?— sincethepriority here
issuspected(xN10)tobeTheSplit: asymmetric2­1rectangularly­boundedfan,for reasons
eitheraesthetic(symmetry)or practical. (A portablemapthat is convenientlysquareafter
oneprotective fold?)
N7 Thehitherto­unrecognizedansweris that,givenPtolemy'sspecsfor theprojection's
essentials(T = 63 andS = 16 5/12),the2­1 rectangle­boundcondition(xN2) for thefan
cannotbemet. Mathematicallyspeaking:for thecitedPtolemaicvaluesof T&S, theonly
solutionsfor Y thatcanresultfrom eq.12arenot real. This surprise�nding will now lead
usontounexpectedpaths.
N8 I.e., the ekumene­fan as Ptolemy ultimately constructedit cannot�t into a 2­1
rectangle,nomatterhow widely or narrowly theThule­boundedekumene­fanis fannedout,
so long asS = 16 5/12. Try it for yourself. As S is increased,we �nd (from eq.12)that
themaximumekumenesouthern­limitS thatallows Y = 34 andsatis�esthesymmetryof
TheSplit is aboutS = 6.

55 For the2nd projection,thereis no suchquali�er (GD 1.24.17),even thoughtheremight aswell
havebeen— sincefor bothprojectionsthe2­1rectangularboundis slightly wider thannecessary. But
for the 2nd projection,thereis no appearancethat an adjustmentmight renderthe ekumeneexactly
twice aswide ashigh. Its de�nition is quite different from the 1st, andresultsin a fan openedonly
about61� (vs the1st projection's 98� : xM1), with apseudo­north­polec.180unitsabove theEquator
(vs the1st's 115units: eq.5).
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D5 This is a hit that carriesus right into theheart of theEarth­measuremystery.
Theobviousconclusionfrom eqs.6&11is thatEratostheneshadtheSun'sdistanceequalto
100Earth­radii,so

SE = 100r E (12)

r E = 40800stades (13)

the only 3­signi�cant­digit Eratosthenes�gure for the Earth's sizedirectly basedon em­
pirical data. (Compareeq.13to eq.7.) All pre­Pharos C were 1­signi�cant­digit­rough:
400000stades(Aristotlec.350BC), 300000stades(Dikaearchosc.300BC). Yet(xI1) after
thePharos'debut, we�nd ordmag100timesgreaterprecisionin 3­signi�cant­digit eq.13.

E Eratosthenes'Moon

E1 While placing the Sun100 Earth­radiidistant,far shortof Aristarchos'solardis­
tance,Eratosthenesnonethelessadoptedthefarcicallunardistanceof pseudo­Aristarchos,3

19Earth­radii(Heath1913pp.339& 350;but seez2 xC5),aseq.13veri�es:

M E = 19r E = 775200stades
:
= 780000stades (14)

which matches4 eq.5,Eusebios'report. (Thematchis far betterthanthat �gured at Heath
1913p.340,where2� /19isdividedintothehitherto­conventionalEratosthenesC = 252000
stades,yielding about760000stades.)
E2 But if we try recoveringthelunardistancefrom theNile MapCN (eq.10):

19CN=2� = 774130stades
:
= 770000stades (15)

we �nd thatit doesnot checkwith eq.5.
E3 Comparisonof eq.15 to eq.14begins a linchpin realization: Eratosthenes'root
measurementwasEarth­radius, not Earth­circumference. The historical import of this
revelationwill becomeevidentbelow (xG2).

F Eratosthenes'Sun

F1 Remarkably, EratostheneshadtheMoon'sdistancealmost1/5of theSun's— which
goescounterto easyvisualchecks,sinceif his 19:100ratio weretrue,half­Moonswould
occurwith theMoonmorethan10� from quadrature.(Arcsin0.19

:
= 11� .)

3 DR haslongcontended(z2 xC1etc)thatAristarchos'supposedms“On theSizesandDistancesof
theSun& Moon” isnottruly hisbut isbyanuncomprehendingpedant(follower, detractor, distractor?),
sincethework is vitiatedby anerrorof a factor of four (mis­step's amateurishorigin explainedat z2
xC1),leadingto a2� ­wideMoonandthus(z2 xC5)a4� wideEarth­shadow attheMoon,whichwould
imply centrallunar eclipses'Entirety (partiality­startto partiality­end)lastinghalf a day, with c.4h

Totality (durationstoo high by factorsof about3 and2, respectively). Pseudo­A's 19e lunardistance
requiredtheMoon to visibly retrogradedaily, andthis joke­astronomybecametheroyally approved
lunar theory in the Alexandriathat elevatedEratosthenesto top academic. (Full incredibledetails
below atz2 xC.) Eratosthenes'adoptionof thisway­too­low lunardistance(vsDR's reconstructionof
c.60Earth­radiifor Aristarchos:z2 xC11)suggeststhat theacceptanceof pseudo­Aristarchos'work
asgenuinelyAristarchos'goesway back. (It alsosuggestslittle comprehensionby Eratosthenesof
his lunardistance's two mostludicrousimplications,asjust remarked. Perhapslunarparallaxwasnot
recognizedby somescholarsof the3rd centuryBC, thoughit is obviousthatHipparchoshadparallax
tablesonly a centurylater: Rawlins 1991Wfn 288.) Note that, by contrastwith Eratosthenes(and
modernscholars),Archimedesdidn't fall for any of pseudo­Aristarchos'bizarreastronomy:z2 fn 33.

4 A lunardistanceof 19e implies3� Earthsemi­diameterasseenfrom theMoon,which itself was
ancientlygaugedashavingsemi­diameter1� /4asseenfromtheEarth;thatis,seenatthesamedistance,
theMoon hasmerely1/12theEarth's angularsd. Thus(by thesamesymmetryargumentwe'll useat
xF3), theMoon's radiusis 1/12 the Earth's so (in adoptingpseudo­Aristarchos'lunardistanceof 19
Earth­radii:z2 xC5) EratostheneshadtheEarth's volumeabout123 � 1700of theMoon's!
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N ImpossibleDream: Symmetric­Rectangle­BoundedEkumeneFan

N1 Thereis anattractivealternatetheoryof theorigin of Y = 34: thesuggestion(xN6)
thatthe2­1rectangle(xM1) boundingPtolemy'sekumenein�uencedtheopennessof thefan
(Fig.1): “The lengthof 34units: : : seemsto havebeenempiricallychosento accommodate
thelargestmapin thegiven[2­1] rectanglewithout truncationof thecorners[� &� ].” (B&J
p.86n.68.)Wewill now explorethis theory, which takesusin a verydifferent(but equally
fascinating)directionfrom theprevioussection,xM.
N2 Ptolemysayshis projectionnearly(xN6) �ts neatly into a 2­1 landscape­oriented
rectangle:seeFig.1.
Sincethefan­projectionis symmetricaboutthemid­vertical(� ­� ), therectangularcondition
can be equatedwith �tting the left or right half of the ekumeneinto a split­off square.
(Splittingtherectangleintohalves,wewill usetheleft squareduringthefollowinganalysis).
Fitting the half­ekumeneinto a squarewill henceforthbe referredto hereas: the split­
constraintor just TheSplit.
N3 Having arrangedthateachhalf of Fig.1's rectangularboundis a perfectsquare54 of
sideZ (fn 50), we take half of the horizontalstraightline between� & � andcall it B .
Note: if TheSplit­conditionis met,thenB shouldequalhalf of therectangle's top border
(� ­� ). But it obviously doesnot, for reasonsto beseen:xN7.
Ouraimisto(ascloselyaspossible:xN21)meettheSplit­condition,whichcanbeexpressed
simplyas:

Z = B (11)

N4 We thensearchfor thevalueof Y which ensuresthatPtolemy's ekumene­fan will
satisfyTheSplit. Theequationis (usingtheinputsalreadyde�ned):

Y =
E + (R=H)

p
R2 + H 2 � E 2

(R=H)2 + 1
(12)

N5 Ptolemystarts(xM5) by assumingthatthemeridian­radiatingcenterof thefan(the
pseudo­N.pole:point � in Fig.1)is Y = 34units(GD 1.24.2)abovethetopof therectangle
thatheproposesto containhis ekumeneprojection.(To repeat,we aresayingthat in Fig.1
thedistancefrom � to � = 34units.)

54 Noticeto thosechecking­via­rulertherectangleof theNobbe1843­5p.47illustrationof Ptolemy's
1st projection(reproducedat www.dioi.org/gad.htm#nobm,with theekumeneboundedin green): its
halvesareaccidentallydrawn not quitesquare,thoughvery close.Also, many moderndiagramshave
failed along the anti­Meröe parallel. Creditableexceptionsare thoseof Wilberg & Grashof1838­
1845Fig.8 [p.96c2],B&J p.36,S&G 1:122­123,2:748­749. The presentillustration (our Fig.1) is
perhapsthe1st rigorouslyaccurateillustrationof theanonymousancientcartographer's full intended
map­rectangleconcept. (Wherecompatiblechoiceof Y = 34 and fan­spread98� allows meaned
area­proportionalitywhile � & � lie on line � ­� : xxM14­M15.) Fig.1 is designedin purePostscript
(aswasz1's Fig.1).
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F2 This bizarrity seemslesslikely to be the resultof observation thanof patch­work
synthesis:melding two distancesfrom two distinct sources,regardlessof compatibility.
A possibletrigger: theSun's sizeshrankfor ascienti�c reasons(royally­oily Eratosthenes
wasa fave of thePtolemies'theocraticSerapicregime: Rawlins 1982Gp.265),theSun's
greatersizehaving beena likely sparkto theproscribedheliocentristheresy.
F3 From Eratosthenes'100 Earth­radiisolardistance(eq.12),we seethat the Earth's
angularsemi­diameterasseenfrom theSunwouldbe180� /100� = 0� .573,while thesemi­
diameterof the Sun(seenfrom the same100 Earth­radiidistance)waspretty accurately
estimated(z2 xC1) to be0� .25. Therefore,theimplicit solarsizes in Earth­volumesis:

s = (0� :25=0� :573)3
:
= 1=12 (16)

SoEratostheneswaspretendingthat theSunwas12 timessmallerthantheEarth!5 Such
cosmologydoubtlessdelighted(andofferedjustifyingcomfort to)gov't­cateringgeocentrist
priests,whoseanti­progressive view of the universedominatedthe world by force for
millennia, until moderntimes. This discovery widensour basisfor appreciatinghow
Eratosthenesclimbedto academiceminencein PtolemaicAlexandria,promotinga cozy
universetrillions of times smallerthan that alreadyproposedby Aristarchosof Samos.
(Notez2 fn 33& xH1.)

G Eratosthenes'Earth

G1 TheNile Map's Earth­sizeis now con�rmed by congruence(eqs.5­14)with Euse­
bios' numbers,sowe askhow well themap's underlyingCN (eq.10)generatestheradius:

CN=2� = 256000=2�
:
= 40700stades6= r E (17)

— no match.But thereverseprocessdoescreateamatchto eq.10.Startingfrom eq.13:

2� r E = 2� � 40800stades
:
= 256000stades= CN (18)

Thiscontrast(eq.17vseq.18)con�rmsthexE3�nding, sothatwenow havedouble­evidence
thatEratosthenes'radiusgeneratedhis circumferenceCN, not thereverse.
G2 Whatis thesigni�canceof thispriority? Simple: it kills thelegendthatEratosthenes
got thesizeof theEarthby thefamousKleo Method(basedonmeasuringthedistancefrom
Alexandriato Aswan: xA4[a]), becausethatmethod'smath(eq.7)producescircumference.
By contrast,thePharosMethod(xA4[c]) directlyyieldstheEarth's radius: eq.2.Thus,the
clearimplication of the radius' computationalpriority is that thePharosMethod(not the
Kleo Method)wasthatactuallyusedby Eratosthenesor his sourceto �nd theEarth'ssize.
(TheKleo Method's untenabilitywill beindependentlycon�rmed below: xK2 & fn 7.)

H Inventing the “Experiment”

H1 As notedat Rawlins 1982N n.10, Eratostheneswas possiblyunsureof whether
the MediterraneanSea's curvaturematchedthe world's. If so then(ibid p.216)he may
have unwittingly basedhis 5000 stadesupposed­meridian(Alexandria­to­Aswan) & his

5 NoteSun­shrinkerEratosthenes'Scylla­Charybdisnarrows: bringingtheSunnearenoughtomake
it smallerthanEarth,while putting theMoon not too closeto theSun(therebyin�ating z2 eq.4's 
 )
but not toocloseto theEarth,sincethatwould entailhugedaily lunarparallacticretrogrades.
(A contendedMacrobiuspassagehasEratosthenes'Sun27timesEarth'ssize: I.Kidd 1988p.454.Did
Macrobiusinvert theratio? If themathof xF3 usedsmallersolarsd(Heath1913p.312­314),perhaps
alsorounding� to 3, thenthecomputedEarth/Sunradii­ratiocouldbe� 3, thecubeof which is 27.)
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M11 Two obviousquestionsnow arise:
[a] Why didn't Ptolemyknow theorigin of Y = 34?
[b] What,then,is thetrueorigin of hischoice(xM5) of Y = 34?
M12 Theanswersare:
[a] BecauseasusualPtolemyplagiarized(fn 45)mathhedidn't understandtheorigin of.
[b] Wegetaclueto theactualorigin whenwesubstituteotherlatitudesL into theforegoing
equation: we �nd that Y reachesa minimum very nearRhodos— and is considerably
highernearthe Tropicsor the Arctic. The Y for Thule (L = T = 63� ) is the sameas
for theEquator(L = 0� ), sincesubstitutingeitherof thesetwo L ­valuesinto thegeneral
equation(eq.8)reducesit to:

Y = H cos[16200=(� R)]
:
= 37 (10)

M13 Noting that the meanof our last two resultsis (31 + 37)/2 = 34, we may now
commenceour solution­reconstruction(xM14) of theinsightsof theactualdesignerof the
fan­mapPtolemyswiped.
M14 The1st thing thetrueoriginatorpresumablynoticedwasthat,in orderto arrive at
a meaningfulaveragedY ­value, it madeno senseto use(asPtolemyclaimsto: xM6) a
mid­ekumeneparallel(Rhodos:xA2) — sincethesolutionsfor Y did not increaselinearly
or evenmonotonicallyin the latitude­rangeunderconsideration.Instead,if we go south:
thevaluesfor theY thatareapt (i.e., producecorrectlongitudinalproportion: xM6) start
at Y � 37 for Thule,dip to a minimum of about31 almostexactly at Rhodos,andthen
doubleright backup to 37 for theEquator. So theobviouscrudesolutionwasto average
31and37,yielding 34.
M15 Better: a meanY for all ekumenelatitudesalso = 34. With or without eq.5
rounding.If we go on to a truly propersolutionanduseweightingsby area(sincetropical
latitude­intervals containmoreareathan non­tropical),we still �nd that meanY

:
= 34.

(Again: with orwithoutrounding.)52 I.e.,theresultisa�rm one,encouragingthehypothesis
thatwe have heresuccessfullyinducedthetrueorigin of Ptolemy's strut­length:Y = 34,
an origin of which he was(xM14) evidently unaware. Moreover, the result is consistent
with (though it doesnot prove) ancientmathematicalmappers'competentattentionto
proportionalpreservation of areas(even if but imperfectly),a considerationfor which no
evidencehaspreviously beenin hand.53

52 If we eliminatethesouthernlatitudes,we yet �nd Y
:
= 34, exceptfor thenon­weightedaverage

with rounding,whereY
:
= 331/3 instead.

53 See,e.g.,B&J p.38.
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CK ultimatelyuponuseby anotherscholar(see,e.g,xI1) of theverymethodhequestioned.
It is also possiblethat he knew where the basic measurementcamefrom and himself
concoctedthe famous“experiment” as a useful illustration even thoughit was actually
foundeduponaroundingof CN (eq.10),astitularly notedby Rawlins 1982N— andwhile
doing so found that a round distanceof 5000 stadeswould nearly dovetail r E with his
(defective: Rawlins 1982Gn.19)gnomonobservation of the solstitial Sun's culmination
zenithdistance,7� 1201/2 (ibid n.20& Table3), theroundingof which to 7� 1/5 = 360� /50
becamethepurportedbasisof his ultimatelycanonicalCK = 250000stades.6

H2 WhatevertheexactdescenttoCK, theconclusionhereis thatthefamousAlexandria­
Aswan“experiment”wasa textbook­styleconstructbasedupontherealprior experiment,
which wasenormouslysimplerphysically— namely, using the nearbyPharos.That is,
insteadof walking 5000stadesor 500nauticalmiles (nmi), the measurerwalked merely
(eq.4)c.200stadesor 20 nmi. His resultwashigh becauseof atmosphericrefraction.Had
heknown of (corrective) eq.3,hewouldhave found

R = r E=1:2 = 40800stades=1:2 = 34000stades (19)

closeto thetruth (xB6), 34400stades.For nä�ve eq.2,perfectdatawould've given(xB3)

r = 1:2 � 34400stades
:
= 41300stades (20)

Thediscrepancy with eq.13is merely1%,on theorderof naturallyoccurringvariationsin
eq.20's 1.2 factor. Sotheancientmysteryof Eratosthenes'measurementhasa solution.

I Pharos' True Height: Was40800StadesSostratos' Earth­Radius?

I1 We next launcha speculative attemptat �nding thePharos'exacth. (Thefollowing
reconstructionof precisev originatedsubsequentto xC's roughestimateof it.)
ThePharoswasa pioneering,literally­superlative civic­scienceproject.So: wasits height
h a proudworld­lighthouse­recordroundnumberof Greekfeet? (Greekfoot

:
= 12001/7

English.) We alreadyhave evidence(xC2) thath equalledabouta half­stade,sowasthe
Lighthousedeliberatelyconstructedto be300Greekfeethigh, the�ame exactly(vs eq.4's
roughly)1/2stadeabove sealevel, makingeq.2's denominatorequal1 stade?

hL = 1=2 stade thus (in stades): r = v2 (21)

Soanyonecould�nd theEarth's radiusr in stades,justby pacingv in stadesandsquaring
it. Thebig metalring in Alexandria's SquareStoawasanequinox­detector(Alm 3.1), so
couldthesailor­beaconPharoshave doubledasa hugeEarth­measurescienceexperiment
(as the EmpireStateBuilding originally doubledasa dirigible­dock)? Wassucha neat
ideaplanned(c.270BC, the Museum's apogee:z2 fn 33) by Pharos­builder Sostratos&
fellow scientists,who thusmay (xA2) have establishedr = 40800stades(eq.24)before
Eratosthenes?Ourspeculationisn't discon�rmedif 40800turnsoutto benearthesquareof
a3­digit integralv: thereis only a25%a priori probabilitythatthe1/2­stade­Pharos­height
theorywill meetthis condition. (If Eratosthenes'r E hadequalled,say, 40600or 40700or
40900stades,our eq.21speculationwould beeliminated.)But if we root r E, we �nd

p
40800= 201:99 (22)

6 Once the 5000 stadesbaselineled (eq.7) to CK = 250000stades,it is possiblethat the
questionof parallaxwas raised. Parallaxcorrectionfor an AlexandriaS.SolsticeculminatingSun
at 100r would shave 1% off the zenith distanceand thus add 1% to the circumference,yielding
c.252500stadesor (roundinglow) 252000stades(700stades/degree)whichoffersanalternateexpla­
nation(vs xD3) for theorigin of thatfamousvalue. If 7� 1201/2 wasnot roundedto 7� 1/5, thenC =
(5000stades)�360� /7� 1201/2= 249711stades.Adding1%yields252208stades

:
= 252000stades.
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Letting S = thesouthlatitudeof anti­Meröe,Ptolemyfurtherde�nes

E = R + S = 115+ 16 5=12 = 1315=12 (7)

This establishesall thefan's dimensions.50 We next turn to themorepuzzlingquestionof
how wide­openthefanwill be.
M5 Theopennessof thefanis immediatelydeterminedwhenPtolemystates(GD1.24.2)
thathewill choosea verticalstrutY = 34units,extendingfrom � (thetopof therectangle
boundingthefan)to thepseudo­N.Pole� , which is thefan's radiatingcenter. And then—
a verystrangestepappears.
M6 SincePtolemyfollows Hipparchosand(GD 1.20.5)Marinosin takingtheRhodos
latitude(36� ) or klima (14h1/2)ascanonicalfor themid­ekumene, hechooses(GD 1.24.3)
the Rhodosparallel at latitude 36� N as the one along which he will (allegedly) adjust
longitudinaldistancesprecisely, just so that this parallel's curved length(west! eastarc)
hasthecorrectproportion(4:5� cos36� : GD1.20.5& 24.3)tothefan'salready­determined
north! southradialdistances(xM4).
M7 That stepis odd because,whenhe earlier (xM5) establishedY = 34 units, this
rigidly �x edthefan's openness,andthustheproportionalongtheRhodosparallel— i.e.,
thereis no fan­openness�exibility left, onceY is setat34 units.
M8 Well, you maysuppose:Ptolemymusthave chosenY = 34with thisverypoint in
mind — this of coursehasto betheprecisevaluefor Y whichwill ensureproperRhodos­
parallelproportionality. But, no. He didn't, andit isn't. We cantell soby just doing the
math.
M9 If welet L bethelatitudeof Rhodosor any otherplace,thefollowing equation�nds
thatvalueof Y whichwill guaranteethedesiredproportionalityat thegivenL 's parallel:

Y = H cos
16200cosL
� (R � jL j)

(8)

(L 's sign­insensitivity in this equationis dueto Ptolemy'skink­step:xM3.)
M10 But the truth swiftly revealsitself whenwe substituteRhodos'L (36� ) into this
equation: we get Y

:
= 31 units51 (nearly 32 without Ptolemy's eq.5 rounding)— not

34units. But Y = 31 correspondsto fan­spread106� (not the98� of xM1), since

F = Fan-Spread= 2 arccos(Y=H) = 32400cosL=[� (R � L )] (9)

sofor L = 36� , F = 32400cos36� /79�
:
= 106� .

50 A list for readyreference.If wegoup themid­verticalof Fig.1,we �nd:
o­� is of lengthH = 52 (asis � ­� );
� ­o is of lengthT = 63 (asis � ­� );
� ­� is of lengthR = 115(asis � ­� );
� ­� is of lengthS = 165/12(asis � ­� );
� ­� is of lengthE = 1315/12(asis � ­� ).
We recall that � ­� is of lengthY . Note that � ­� is of lengthZ (xN3), as are the sidesof the 2­1
rectangle:
 ­� & � ­� ; alsoequalto Z are: � ­� , � ­� , 
 ­� , � ­� .

51 This accountsfor the non­�tting & unintendedaggravation that points� & � lie above the top
(� ­� ) of therectanglein severalmoderndepictionsof thesituation. (Thediscrepancy haslong been
recognized;see,e.g.,Wilberg & Grashof1838­1845p.78.) Thescrewup is not by thedraftersbut by
Ptolemy, whodidnotrealize(xM12) thatY = 34unitsisnotfor theRhodosparallel(correspondingvia
eq.9to the106� fan­spreadusedby thenon­�tting diagramsjustcited)but wasdesignedasanaverage
�t (xM14) to all ekumeneparallelsL . Notethat for L = 0� (Equator)or 63� (Thule), fan­spreadF
would be90� by eq.9(Y

:
= 37 by eq.8).Theaverageof 106� & 90� is 98� , which �ts Y = 34 (the

averageof 31&37: xM13).
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I.e., the1/2­stade­high­Pharostheorysurvives. So,usingit, we'll computeout a determi­
nationof r on theassumptionthatEratosthenes'measured(xB5) sealevel Pharos­visibility
distancev was

v = 202stades (23)

(Not far from thecrudexC1 estimateusedin eq.4.)
I2 Whenthesevaluesaresubstitutedinto eq.2(or eq.21),theresultis:

r E = v2=2hL = (202 stades)2=(2 � 1=2 stades) = 40804stades
:
= 40800stades (24)

whichneatlymatchesEratosthenes'radius(eq.13).
I3 As anillustrationof theaccuracy of thework behindEratosthenes'value,we check
via eq.3,usingtherealEarth­radiusR = 34400stadesof xB6, and(somewhatover­ideally
takingtheequation's1.2factorasexact)�nd thataperfectPharosExperimentfor a1/2­stade
Lighthousewould have measuredv = 203stades.Not only doesthis (comparedto eq.23)
evidencethecareof theGreekscientistswho performedthenecessarymeasurements,but
it alsoremindsus that (becausev is squaredin eqs.2&3)the relative error in the ancient
experimenters'resultantr is aboutdoublethat of v, so that their �nding an Earth­radius
19%high(vs20%highexpected)showsexperimentalerrorof not1%but roughlyhalf that.
NB: Thispoint is independentof the1/2­stadePharostheory, andappliesalsoto theSunset
Method(xA4[d]), whoseresultingCP (eqs.26&28)likewisedependsuponthesquareof the
crucialmeasurement.(Inverse­squareof time­intervalbetweensunsetsin thatinstance.See
Rawlins 1979.)In any case,sincethe1.2factoris notrigidly precise,theproperconclusion
is thatthetwo widely adoptedancientEarth­measures,Eratosthenes'(r E = 40800stades:
eq.13)andPoseidonios'(CP = 180000stades:eq.26),areso close(eq.28)to the values
expectedfrom the PharosandSunsetexperiments,respectively, that we canregardboth
tiny discrepanciesaswithin experimentalnoise(xH2).
I4 So thematchesfor both famousancientEarth­sizevaluesprovide asprecisea vali­
dationasonecouldreasonablyrequire,for thesea­horizon­refractiontheoryof thevalues'
origins. They arethusa spectacularrefutationof & rebuke to theubiquitousmoderncult
thathasmisledgenerationsof youngscholarsinto acceptingthefantasythatancientscience
wasunempirical:see,e.g.,z2 xxA1, A6, B3, & especiallythepricelessgemat z2 fn 20.

J Playing­Accordion with the Stade

J1 Therehasbeenalong traditionof attemptingto forceagreementof theEratosthenes
andPoseidoniosvalueswith eachotherandwith realityby arguingfor whateverstade­size
would make­E&P­right. But it is encouragingto reportthatthis sortof manipulationis no
longertakenseriouslyby mostspecialists.(SuchscholarsasDicks,Neugebauer, Berggren,
andJoneshave never fallen for it.) Amusingdetailsof testimony­twisting (usedto carry
outsuchprogrammes)areexposedat Rawlins 1982NApp.B andRawlins 1996Cfn 47.
J2 Eqs.24­28's matchesgut not only thecredibility of stade­juggling­for­Eratosthenes
but eventhevery needfor it. (Seez3 fn 13.) We next adduceindependentsupportfor this
conclusion.
J3 Lackof seriousinstability in theHellenisticstadeis alsodetectablefrom Ptolemy's
geographicalevolution. In the 18th century, PascalGossellin1790notedthat the macro­
geographicallongitude errors of Ptolemy's Geography (GD) showed exaggerationsof
30%­40%.Rawlins 1985Gp.264usedleast­squaresanalysesto �nd themeanexaggeration
(factor1.36� 0.04)andexplainedthis astheresultof switchingEarth­sizes.
J4 In theAlmajestPtolemywasunderHipparchos'in�uence,sohepresumablyadopted
his C which was (Strabo2.5.34)Eratosthenes'CG (xD3). WhenPtolemyswitched(z3
fn 13 & xL3) to CP (eq.26) for his later GD, he obviously usedtravellers' east­west
distance­estimatesmorethanastronomicallybasedlongitudesandthus(in orderto switch

Ptolemy's GEOGRAPHY 2008 March DIO 14 z3 51

M Ptolemy's1st Planar World­Map Projection
From Where­in­the­World ArrivedThat 34­Unit Vertical Strut from Its
Top (e) to Its “North Pole” (h)? AncientAveraging. And Weights?
M1 In GD1.24,Ptolemytwiceattemptsto designaplanarportrayalof abroadspherical
geographicalsegment,representingthe known world — the ekumene— covering 180�

of longitudefrom the Blest Isles (0� longitude)to easternmostChina­Vietnam(180� E.
longitude)48 and79� 5/12(GD1.10.1)of latitudefromThule[Shetlands(Mainland)](63� N.
latitude)to anti­Meröe (16� 5/12S. latitude,aklima asfarsouthof theEquatorasMeroë is
northof theEquator).It is the1st of his two projections(GD 1.24.1­9)whichwill concern
us,sinceit involvesahitherto­unsolvedmystery. Thisprojection(pageopposite:Figure1)
is a fan, openedslightly morethana right angle: c.98� (xN11). Thus,all north­latitude
ekumenesemi­circlesarerepresentedby 98� arcs. (Versusfn 51.) Thefanis fairly neatly
placedwithin a rectangleabouttwice (fn 55) aswide ashigh,aswe seefrom Fig.1,where
thefour cornersof therectangleare(clockwisefrom upperleft) points� , � , � , 
 .
M2 For the1st Projection's conversionof thespherical­segmentekumeneto planarity,
thedegree­distanceT = 63� from EquatortoThuleismade(xM4) intoT = 63linearunits;
likewisefor theS = 16� 5/12from Equatorto anti­Meröe,etc. In Fig.1,representationsof
severallatitude­semi­circlesaredepictedasPtolemy'ssourceintended(fn 54):
theThulesemi­circle(latitude63� N) = � ­o­� ;
theRhodos(xM6) semi­circle(latitude36� N) = � ­� ­� ;
thesemiEquator(latitude0� ) = � ­� ­� ;
theanti­Meröe semi­circle(latitude16� 5/12S)= � ­� ­� .
(RepeatingxM1: thougheacharcin Fig.1 is only c.98� , it represents180� of longitudein
thePtolemyworld­projection.)
M3 Beyond the Equator, insteadof continuing to extend the radiatingmeridiansof
his fan­projection,Ptolemy decidesto bend all meridiansinward — resulting in the
oddly­shaped,dark­boundedekumeneof Fig.1. This kink­stepenablesPtolemyto force
(GD 1.24.7)thelengthof theanti­Meröeparallel(southof theEquator:latitude� 16� 5/12)
to beexactly49 aslong asits northernequivalent,theMeroë parallel(latitude+ 16� 5/12).
M4 Ptolemy's angular$ linearduality hereis effectedby two roughexpedients:
[a] De�ning the fan's units by forcing the distanceT from Equatorto Thule circle —
63degreesof latitude— to be63unitsof space.
(T = 63 is henceforthbotha distanceandanangle­in­degrees.)
[b] Making the distanceH , from the Thule circle to the fan's pseudo­N.Pole(point � in
Fig.1)proportionalto cos63� — i.e.,equalto cos63� in unitsof R, thefan's radiusfrom
“N.Pole” (point � ) to Equator. Simply put:

H
R

= cos 63� (4)

TheseconditionsproduceT = R � H = R � R cosT = R(1 � cosT ). Thus:

R =
T

1 � cosT
=

63
1 � cos63�

:
= 115:38: : : � 115 (5)

(The roundingis Ptolemy's.) Which producesthe radiusH of the Thule latitude­circle
(centeredat thepseudo­N.Pole� ):

H = R � T = 115� 63 = 52 (6)

48 Ptolemyrightly scaled­down (xL3) Marinos' easternlimit from c.225� (15h = 5/8 of circle) to
180� (12h = 1/2 of circle); southernlimit, from c.24� (Tropicof Capricorn)to 16� 5/12(anti­Meröe).

49 This length­�delity (perfectly re�ected in our Fig.1 — and creatingthe absolutemagnitudein
eq.8)rendersall othersouthernparallelsof theGD ekumenevirtually equivalent(in length,thoughnot
radius)to their northerncounterparts.
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his great­circlescalefrom 700 stades/degreeto 500stades/degree)hadto stretchdegree­
longitude­differencesbetweencities.SotheAlmajestlongitude­degreedistancefromRome
to Babylonwasincreasedby over30%(z3 fn 13),nearlytheratioof theprimeEarth­sizes,
plainevidencethatthestadewasaconstantin themidstof geographicaltransformation.

K How Atmospheric Refraction Fruitfully Explains
BOTH Standard Ancient Earth­SizeEstimates' PreciseErr ors

K1 As notedatxA4 & xB4, atmosphericrefractionmakesthexA4[d] SunsetMethodof
Earth­measure(Rawlins1979)givearesultlow byfactor5/6. Sincetheactualcircumference
of theEarthis virtually by de�nition 21600nauticalmiles(anmi is now de�ned asexactly
1852m,nearlyidenticalto 10 of great­circlemeasureon theEarth's globe),thengiventhat
a stade(185m)is almostexactly 1/10of a nmi, we know theEarth's realcircumferenceis:

Co = 216000stades (25)

(600 stades/degree). The Poseidoniosvalue (Strabo2.2.2) of the Earth's circumference
(whichcouldappearonly afterthe2ndcenturyBC adventof sphtrig: Rawlins 1979)was

CP = 180000stades (26)

(500 stades/degree), which agreesexactly with the xA4[d]­predictedSunsetMethod's
� 17%error;andwehavedoublyfound(eqs.10&18)Eratosthenes'empiricalcircumference

CN = 256000stades (27)

(711.11stades/degree),the + 19% error of which is almostperfectlyconsistentwith the
xA4[c]­predictedPharosMethod's + 20%error.
K2 While theKleoMethod(eq.7)shouldleadtoanearlycorrectcircumference­estimate
(for themethod'snear­zenithsolaraltitudes,refractionwouldbetrivial), thetwoactualstan­
dardancientvaluesfor theEarth'scircumferenceare6/5highand5/6 low, thuseliminating
theKleo Methodright off thetop— whichbacksup7 ourearliereliminationof it througha
differentapproach(xG2). Whenwe checkratiosof theoryandtestimony, we �nd virtually
exacthits on thehorizonal­light­rayatmospheric­refractionhypothesis'6/5 factor, for the
sourcesof bothattestedstandardC:

CN=Co = 256000=216000= 5:93=5 Co=CP = 216000=180000= 6:00=5 (28)

which shows how dramaticallysuccessfulthe refractiontheoryhasproven8 — an ideal
exampleof afruitful theory, it usesthesamemechanism(horizontalatmosphericrefraction)
andthesamestade(standard185m)to near­perfectlyexplain both of theonly two widely
adoptedancientEarth­sizeestimates.(NB: Rawlins1996Cfn 47.) Oddly, thespatattending
ancients'hugeshift from CG to CP is only vaguelyattested:Strabo1.4.1(& 1.3.11?).

7 Otherdif�culties in arguing for the Kleo Method's reality: Sincethe Nile is far from straight,
how wouldonereliablymeasurethelengthof apath(reallyc.10%lessthan500nmi) whichcouldnot
have beendirectwithout highly arduousanddangeroustravel over desert?Also, Eratosthenesplaced
(Kleomedes1.10)Aswan duesouthof Alexandria(seealsoRawlins 1982N),thoughtravel straight
from Alexandriato Aswanwouldhaveto beknowingly steered20� eastof southto hit Aswan. Finally,
thereis thefactthatif theKleo Methodwereactuallycarriedout (acrossawful Egyptianterrain)over
anorth­southstraightline, it would getanaccurateresult. (More than1000y latertheexperimentwas
actuallydone[elsewhere],andtheresultwasindeedaccurate.)

8 For thosewhocannotimmediatelyseewhy thetwo methodsyield suchdifferentresults(oneover
40% higherthanthe other!): seeDIO 2.3 z8 xA, whereextremeexampleseasilyillustratewhy one
methodleadsto atoo­highresultandtheotherto atoo­low result.(TheMountainMethodis examined
thereinsteadof thePharosMethod,but theatmosphere's effect on eachis similar for low mt­height.)
Thatis, if Earth'ssealevel atmosphere­densitygradientwerehighenough,horizontalPharos­light­rays'
curvaturecouldbethesameasEarth's, so(for null extinction) thePharoswould bevisible no matter
how far away onereceded,andthis in�nite v would (by eq.2)make computedr = 1 : a �at Earth.
For thesamedenseatmosphere,theSunsetMethodwould yield r = 0 (DIO loc cit).

50 Ptolemy's GEOGRAPHY 2008 March DIO 14 z3

x
p

q
l

r
t

m
n

a
b

g
d

h e o k s u z

Figure1: Ptolemy's1st projection.Ekumenedemarcatedby darkbound.Proceedingsouth,
wesuccessively encounterarcsrepresentingtheekumeneportionsof six latitudinalcircles:
Thule= � ­o­� , Rhodos= � ­� ­� , N.Tropic,Meroë,Equator= � ­� ­� , anti­Meröe= � ­� ­� .
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K3 But given thecascadeof startlingnew matchesabove [& at this page's end], little
doubtcanremainthattheunattestedPharos& SunsetMethodsunderlaytheonly2 standard
ancientEarth­sizes,CG & CP, resp.Whichtellsuswhathasoftenbeenshown in thesepages
(see,e.g.,fn 9, z2 fn 38,z3 xA3): muchof high ancientsciencehasbeenlost & sois only
recoverableby reconstruction, a �nding unsurprisingto mostof us,yetwhich nonetheless
eludesinduction­challengedchauvinistswho whenever convenientwill (DIO 11.1 p.3 &
z2 fn 7) pretendthatthey cannotacceptanything withoutextanttextualexplanation.
K4 But evenmoreimportantthansuchdetailsis theimplicit generalmessagecontained
in theforegoingprecisevindicationof theatmospherictheorythatcoherentlyexplainsthe
2 ancientEarth­measures:the fact thatboth agreewith the theoryto onepercent(xI3 &
eq.28)overturns9 the long­persistentdelusion(xI4; z2 xA1, fnn 20&31) that the Greeks
weremeretheoristswith little interestin or capacityfor empiricalscience.DIO hasbeen
contendingotherwisesinceits 1991inception,arguing that this “blanket libel of ancient
scientists”(DIO 1.1 z1 fn 24) is false— andobviously so,to thosepossessinga genuine
acquaintancewith theway scientiststhink andwork. We hopethat thepresentpaperwill
helpdiffuseamoreappreciativeview of thepriorities,ingenuity, andperfectionismof those
ancientGreekpioneerswho laid thebaserock­beginningsof high­precisionscience.
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InductionQuakeAfterShock
This paperwas1st postedandrefereesalertedon 2008/3/12. But on 2008/3/15,DR

happenedupontheobscuresoleextantancientestimateof thePharos'heighth: 306fathoms
(Steph.Byz735a[1825ed.3:1251];Strabo[H.Jones]8:24n),taller thanany building ever.
UnlessGreekfeet weremeant. If so, h is within 2% of our eq.21,andv = 204 stades.
But it' s suggestive that306& 40800arebothunroundby factor1.02. Did a laterscholar
try estimatingh by putting r G = (252000stades)/2�

:
= 40000stades(Neugebauer1975

p.654)andv = 202stades(eq.23)into eq.2to �nd h
:
= 0.51stades= 306ft? Regardless,

afteryearsof exaggerations,we now have doubleevidencefor a conservative estimate:

Pharos�ame's heighthL = 93m� 1m

9 Suchachievementsaseclipse­cycle determination(z2 xF9) of all threeof theGreeklunarperiods
(to aprecisionof onepartin ordmagat leastamillion) might've triggeredparallelenlightenment.
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L Brief Comments& Hypotheseson Several Subjects

L1 Partsof theGDshow familiaritywith theEuphratesRiverbyname.(E.g.,GD1.12.5,
5.20.1­3&6.)So: why doesGD 5.20.6referto Babylonasmerelybeing“on theriver that
goesthroughBabylonia”? This appearsto be just an unconsideredquick­info­transplant
from anuncitedsource— andyetanother(seexD3, etc)hint of patch­workery.
L2 B&J p.44notesthatfrom GD 5.13on,themosttrustworthyms(X) bearsnocoordi­
natedata.Sincethedatalesslandswereacquiredlate(after100BC) if atall by theRoman
Empire,onemight wonderif this oddity re�ects dependenceof theGD's data(up to that
point)uponearlyGreco­Romanlists,maps,or globes.Perhapsof Hipparchos'epoch.
L3 Marinos' ekumenewasoverbroad:a 225� ­wide known­world, 5/8 of a wrap. This
wasjustly revisedat GD 1.12­14to a smallerandmuchmoreaccuratehalf­wrapbreadth
of 180� (seefn 48or GD 1.14.10),thoughB&J n.53(p.76)rightly notetheover­roundness
here:Ptolemyaimedto get180� — “by hookor by crook”.
Had Marinos­Ptolemynot implicitly trusted(z1 xJ4; Rawlins 1985Gn.14) E­W stade­
measuresovereclipse­measuresof longitude(contrapriority promo­announcedatGD 1.4)
and thus alteredall degree­longitudesby a constantEarth­size­shiftfactor (fnn 13&25;
Rawlins 1985Gp.264)whenswitchingfrom 700stades/degree(xL6) to 500stades/degree,
thenthe known­world's GD breadthin degreeswould have beenquite closeto the truth
— aswasPtolemy's breadthin distance(errormerelyordmag10%high): 90000stades=
9000nmi from BlestIsles­W.Europeto Java­E.China­Vietnam.
L4 Thus,strangely(sincelatitudesweremucheasierfor theancientsto measureaccu­
rately: xD6), thePtolemyekumene(Fig.1) longitudinalstades­distance­acrossis not less
trustworthythanhis latitudinal stades­distance­across.
L5 We meta similar surpriseearlierin �nding (xD6 [2]) original longitudeerror­noise
notworsethanthatin latitude.Theupshotof both�ndings is animportantbroadinsight:
themeritsof theGD aremoregeographicalthanastrographical.
L6 Somescholarsaver that an ambiguousdiscussionat Strabo2.1.34­35shows that
Hipparchosknew Babylon's truelatitude,32� 1/2. But theargumentis vitiatedby thehigh
sensitivity of itskey triangles'north­southsides,toslightuncertaintiesof ordmag100stades
in othersides.Con�rmatorily lethal: Strabo'sverynext paragraph(ibid 2.1.36)unambigu­
ously, unsensitively reportsthat HipparchosplacedBabylon over 2500 stadesnorth of
Pelusium(D150),whichwaswell­known (in reality[31� 010N] & atGD 4.5.11[31� 1/4]) to
benearthesame31� parallelasAlexandria(GD 4.5.9). (Oppositesidesof theNile Delta:
Alexandria­Canopuson the west,Pelusiumon the east. Contiguousentriesin GD 8.15:
items10&11= D149&150,respectively.) At Hipparchos'700/1� scale(Strabo2.5.34),this
putsBabylon(D256)rathernorthof 31� 1/4 + 2500stades/(700stades/1� ) = 34� 5/6­plus
— i.e., at 35� N, just the grosslyerroneousvaluewe �nd at GD 5.20.6and(effectively)
at GD8.20.27(fn 16) andon all otherextant ancientGreekImportant­Citylists.46 More
germaineto thepresentinvestigation:this �nding leavesstill­uncontradictedour proposal
(Rawlins 1985Gp.261)thatHipparchoswas(fn 10)theultimatesourceof thecorruptstate
of theGD'snetwork's key latitudes.47

46 A considerationwhichalonecouldservetoguttheentirelong­orthodoxNeugebauer­groupfantasy
(xD4) that high or even low Greekmath­astronomywasderived from Babylon. Note that the same
Strabopassageshows thatEratosthenes'latitudefor BabylonwasaserroneousasHipparchos'but in
theotherdirection.I.e., theentireGreektraditionhadnoaccurateideaof whereBabylonwas,despite
by­thenlong­standingcontactsthathadtransmitted,e.g.,invaluableBabylonianeclipserecords.

47 It hasbeenremarkedthattheStrabo2.5.34intro to hisdiscussionof Hipparchos'klimataappears
to statethatHipparchoswascomputingcelestialphenomenaevery700stades(i.e.,everydegree)north
of theEquator. But sincethe lengthyklimatadataimmediatelyfollowing areinsteadalmostentirely
spacedat quarter­hour andhalf­hourintervals, DR presumesthat theoriginal (of thematerialStrabo
wasdigesting)saidthatHipparchoswasproviding latitudes(for eachklima) in stadesaccordingto a
scaleof 700stades/degree,akey attestationthatHipparchoshadadoptedEratosthenes'scale.
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z2 Aristar chosUnbound: Ancient Vision

The Hellenistic Heliocentrists' ColossalUniverse­Scale
Historians' ColossalInversionof Great & PhonyAncients

History­of­Astr onomyand the Moon in Retrograde!

I amrestless.I amathirstfor faraway things.
My soulgoesout in a longingto touchtheskirt of thedim distance.

O GreatBeyond,O thekeencall of thy �ute!
I forget,I ever forget,thatI have no wingsto �y ,1 thatI amboundin thisspotevermore.2

Summary
Genuineancientastronomersmaderepeateduse of the fact that the humaneye's

vision­discernmentlimit is ordmag1/10000of a radian. Useof this key empirical�gure
is connectable(xF9) to all 3 of the hugeastronomicalscalesattributed to the schoolof
Aristarchosof Samos,the1stcertainpublicheliocentristvisionary. Evidencealsosuggests
Poseidonios'sympathywith (andenhancementof) this samevastheliocentricworldview
(xF2),whichentaileda universea trillion timeslargerthanthegeocentrists'.3

A Muf�a Vision

A1 Today, it' swidelysupposedthattheastronomyof Aristarchosof Samos4 (c.280BC)
was mostly theoretical;i.e., he is viewed within the constraintsestablishedby the �ab­
ulously logical reasoningof modernhistory­of­astronomy(hist.astron)on Greekscience.
Forexample,Neugebauer1975(pp.643)presumesthatall theworkattributedtoAristarchos
has“little to do with practicalastronomy”. The famous“AristarchosExperiment”based
its ratio of the distancesof the Sun&Moonupon the half­Moon's occurring3� sunward

1 Likewise, the historianof things ancienthasno temporalwings to �y into the past. He can
experiencebygonetimesonly in his imagination.Risingfrom anevidentialground,hesoarsabove it
only by thestrengthof his inductive skills.

2 FromtheIndianpoetR.Tagore.This particularpoeminspiredViennesecomposerAlexandervon
Zemlinsky to his mostdramaticmusicalsuccess:the �rst songof his 1923Lyric SymphonyOp.18.
It shouldbe statedexplicitly that DR sharesnoneof the mysticismof eitherartist. And I notethat
Dionysiosthe Renegade(c.300BC), for whom I suggest(DIO 1.1 z1 fn 23) Aristarchosnamedthe
365d1/4 Dionysioscalendar, basedhis philosophyultimately uponhedonism. (Anotherpart of the
sameTagorepoemcontainsthefamousphrase,“strangerin a strangeland”, now perhapsbestknown
asanR.Heinleinsci� title. Thephraseis notoriginalwith eitherTagoreor Heinlein. It is from Exodus
2.22& 18.3. It alsoappearsin Twain's 1870satire,“Goldsmith's FriendAbroadAgain”.)

3 [Note added2011: Trillion­factorbasedon cubingresultof fn 72's concludingordmag­rounded
calculation. (Without rounding: saidfactorwill be anordmagless.)] Rawlins 1985K proposesthat
thehighly accurateVenus& Marsmeanmotion tables(major improvementsto Aristarchos'tables),
underlyingtheAlmajest9.3 tablesof those2 planets,wereoriginally designedfor epochKleopatra1
(� 51/9/5). Chronologically, this is consistentwith Poseidoniosbeingamongthepromulgatorsof the
original tables,whetheror notbasedonhisown work.

4 Unlike mostwritersonancientscience,I usetheGreekending“os” (insteadof theRomanending
“us”) for Hellenisticindividuals' names.(E.g.,Hipparchosinsteadof Hipparchus. Of course,otherDIO
authorsarefreeto spellasthey wishin theirown articles.)Theparticularsituationthatcausedmeto do
thiswasthequestion:if scholarsaresocasualaboutendingsthatthey unblinkinglyreferto “Aristarchus
of Samos”,then: is it equallyOK to use“Aristarchosof Samus”?(GivenAristarchos'revolutionary
contributions,wenotein passingthatSamoswashistoricallynotoriousfor rebelliousness.)
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K8 GD 7.3.3refersto Kattigara(which hasa 1st syllablelike Cathay's) asa Chinese
harbor, nearwalledcitiesandmountains.Soit is on theAsianmainland.
[Note: Therestof this explicitly speculative reconstructionwasnontrivially re­analysed&
revisedin 2009.SeeDIO 5 fn 68 for numerousSEAsia site­identi�cations.]
Our interpretationof GD 1.13.9(B&J p.75): Marinosis sayingthatanancientseavoyage
from Malay's Sabara­Tamalaregion (Phuket, Malay) to theGoldenPeninsula(Sumatra's
NW tip) is roughly 200 mi, which is aboutright. (Marinos' sailing direction [c.SE] is
ignoredhere,sincebasedon his distortedmap.) GD 1.14saystherestof thetrip to Zabai
(Singapore)takes20d. GoingaroundSumatra(insteadof sailingbetweenMalay&Sumatra)
would requirec.20d. (Speedc.100mi/day:alreadyestablishedat B&J p.76via GD 1.14.4:
Aromatato Prason. Made moreexact by checkingPhuket­to­Singapore.)The original
report is due to “Alexandros”(geographer?explorer?admiral?) who saysthe trip from
Zabai acrossto Kattigara (Saigon) takes merely “some days” (GD 1.14.1­3), roughly
consistentwith thec.6d it would've takenat thepreviousspeed.
K9 TheGD'ssupposeddirectiontoKattigara(left [east]of south)isobviouslyconfused.
I suspectthattheancientcausewasacommonland­lubbermisinterpretation:“southwind”
(which meanswind from the south)was taken as towards the south— thus, the report
of going somewhat eastof a “south wind” (GD 1.14.1; B&J p.75) was mis­taken45 (at
GD 1.14.6)to meansailingwith a wind blowing southward. (Compareto B&J p.76.)
K10 Kattigara(D356)wasprobablyaboutwhereresidestheharborlongcalledSaigon.
(Re­namedHo Chi Minh City. For now.) TherealSaigon's latitudeis just northof 10� N,
so the GD is off by c.2� , which is aboutasbig an errorasonewill �nd caused(xD5) in
this region by computinglatitudes(eq.1)from 1h/4­interval klimata. Whoever originally
cubby­holedSaigonsofoundthatitsL didn't fall exactlyonaklima: thenearestsuchklima
for roundedL = 10� wouldin aregionroundingto1� /4putL at8� 1/2. This,in microcosm,
is the secretof why the GD's meanlatitudeerror is so poor: ordmag1� (xD5), despite
contemporaryastronomers'achievementof knowing their latitudesordmag100timesmore
accurately. (Seecitations:Rawlins 1982G,Rawlins 1982C,Rawlins 1985G.)
K11 For the four above­citedSE Asia cities with klima­af�icted latitudes,our tenta­
tive identi�cations follow. Barely­inlandAspithra(D354, L : 16� 1/4) = ThailandGulf's
Chanthaburi (real L : 12� .7). moredeeplyinland Thinai (D355, L : 13� ) = Cambodia's
PhnomPenh(realL : 11� .6). Kattigara(D356,L : 8� 1/2) = Saigon(realL : 10� :8). Zabai
(D348,L : 4� 3/4)= Singapore(realL : 1� :3). TheGD'sfailureto noticeprominentHainan
Island(which nearlyblocksoff the eastsideof the broadTonkin Gulf) suggeststhat the
reportMarinosuseddid not extendbeyond Saigon(which is in fact the farthestpoint of
Alexandros'narrative),soAlexandros& thustheGD never reachedHanoior HongKong.

45 Would linguistic problems(in thebabelof antiquity)have contributedto theseerrors?(Marinos
likely wrote in Greek;otherwise,Ptolemycouldnot have usedhim for a wholebook.) For Ptolemy,
it probablywouldn't have beenthe 1st time. He appearsto have sloppily misordered(GD 1.4.2)
simple, well­known dataregarding the famouslunar eclipsethat occurredshortly beforethe Bat­
tle of Arbela (D261 [modernIrbil, lately a north Iraq hot­spot])also seenat Carthage(D131), by
(www.dioi.org/cot.htm#xptx)screwing­up Latin text of (or like) Pliny's accuratedescriptionof that
� 330/9/20event, therebyattachingArbela's eclipse­timeto Carthage! Despitelunar eclipseafter
lunareclipseoccurringin Ptolemy's lifetime (threerecordedatAlexandriain under3y atAlmajest4.6:
133­136AD), this antiquerecordwashis soleexample(!) of how to determinelongitudeastronom­
ically. (Seefn 25.) Furthersuggestionof patch­workery (alsoxL1): the Ptolemyaccountof these
eclipsesis in grossdisagreementwith not just therealsky but just asgrosslywith his ownluni­solar
tables. Seesimilar situationsfor Polarisat fn 31 andfor Venusat Rawlins 2002VxB3 (p.74). And
his solarfakesalsoshow thesamepropensityto swift­simple,not­even­tabular fraudandplagiarism.
(AnyoneresearchingPtolemyshouldkeepever in mindthathewasshamelesslycapableof everybrand
of deceit.See,e.g.,fn 8; alsoThurston1998z1 � 2 [p.14].) Thiseclipsewassofamousthatonewould
supposeit waswidely­written­of. Thus,it is doublyweirdthatPtolemycouldmakesuchanerror. The
suggestionhereis that,asanastrologerfor a Serapictemple,hewasisolatedfrom realscientists.(As
perhapsHipparchoshadalsobeen:xB1.)
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of quadrature(eq.4 below); but hist.astron­donNeugebauer1975(pp.642­643,quotedby
VanHelden1985pp.6&167n.8) claims5 that this is “a purely �ctitious number”(part of
a “purely mathematicalexercise”),andthatthedataof a supposedloneextantAristarchos
ms, “On Sizes& Distances”— which DR ascribesto an otherwiseunknown soon­after
indoormathematicalpedantpseudo­Aristarchos— “are nothingbut arithmeticallyconve­
nientparameters[xC3], chosenwithout considerationfor observationalfactswhich would
inevitably leadto unhandynumericaldetails.” (Onemightaswell straight­outcall Aristar­
chosan idiot. Suchponti�cations by the ever­intolerantly arrogantNeugebauer­cult —
formerly known hereas the Muf�a — themselves ignore the crucial signi�cance of a
glaringly “unhandydetail”, thedemonstrablefalsity of thelongtimeattribution to Aristar­
chosof pseudo­Aristarchos'grosslyoverblown unempirical2� solardiameter. It is not a
JHA­scornedmodernnovitiate,but nootherthantheimmortalArchimedes,whosays[and
seeadditionalcon�rmation at fn 33] that therealAristarchosgot­it­right:6 xC1 item [a].)
Similarly, on 1984/6/28,O.Gingerichastonisheda small Zürich gathering(includingvan
derWaerden,myself,my wife Barbara,andothers),by supposingaloudthatAristarchos'
heliocentricitywasnot reallya full­�edged theory: perhapshe'd merelybroachedtheidea
onedaywhile chattingwith anotherscientist.
A2 SeeOG's similar 1996/8remarks(12y aftertheZürich meeting)at Gingerich1996
— projectinghisown bizarreAristarchos­demotingfantasy7 ontoHughThurston,whohas
informedme,in furtherastonishment(plusDIO 6 z3xH1) attheJHA'soldhabitof careless
mentalism(Rawlins 1991WxxB1&B2, DIO 2.1ddag3 xC9),thatthatthis is naturallyjust
Gingerich's imaginationat work. Art Levine's satirecomesto life yet againin theunique
JHA!8 Whatfollowswill suggestthattheseNeugebauer­Muf�a appraisalsareascorrect&
perceptive asever. (Seealsofn 70.)
A3 But I mustcall a brief interludeat this point, in orderthat the readernot missthe
weird inversiongoing on herein xxA1&A2, the Neugebauer­overall­ancient­astronomy­
conception's perversity­pinnacle: rebel&heliocentrist­pioneerAristarchos was a non­
observingfabricator, while go­along­geocentrist&data­faker9 Ptolemywas antiquity's

5 Indoor­Neugebauer1975p.642astonishinglyclaimsthat “one would be lucky to determinethe
night on which dichotomyfalls”. Contrathis (& fn 19), sharpeyescandiscernlunar non­halfness
whenever 
 > Aristarchos'3� , asDR & K.Pickeringhave 1st­handveri�ed outdoors100sof times.

6 DR deliberatelychoosesthevery phrasebannedfrom the JHA by Lord Hoskin& O.Gingerich,
whosepolitical circle is dedicatedto handingoutAAS medalsto thosewhogot­it­wrongonPtolemy's
fraudulence.(Seethetypically entertainingJHA editorial statementcitedhereat fn 17 & fn 64 [and
speciallyplacedon­lineby DIO atwww.dioi.org/fff.htm#hgss].And noteits debtsto O.Neugebauer&
O.Gingerich:fn 20.) Evans1992p.68still takesthepseudo­A2� solardiameterbunglesoseriously
that this authorof Oxford Univ Press'History andPracticeof AncientAstronomydraws overcertain
— not to mentionindefensible— conclusionsabouttheevolutionof ancientastronomyduringits two
mostproductive centuries.(The usualfor cultistswho think greatancientastronomyonly �o wered
with thefaker Ptolemy.) Seealsofn 16.

7 If heliocentricityaloneis heldnot to prove thatAristarchoshada planetarytheory, we mayask
what Plutarchmeantby (Heath1913p.304)heliocentricity“saving the phenomena”?If we merely
considerEarth& Sun,heliocentricitycausesno simpli�cation of theory— but (xA5) theelimination
of epicyclesdoesaccomplishthis. For years,suchanobviouspointwasimplicitly understoodby able
historians.But, with modernpol­archons'advent,acceptanceof (or merelygrasping)evenelementary
ideashascometo requireawesomementalstruggle.

8 SeeDIO 6z3 fn 11,whichrelaysLevine'sspoofof hisownWashMonthly'spenchantfor projection,
chucklingthat fellow writers readingWM accountsof their output“�nd themselvesespousingideas
they've never evenheardof, muchlessagreewith.”

9 Ptolemy's fraudulenttendenciesdid not endat merefabricationof data. He hadalsoa proclivity
for suppressingall mentionof inconvenient facts. E.g., whenhe pretended(Almajest3.1) that the
solsticesof Aristarchos& Hipparchoswereconsistentwith theHipparchosPH solartheory(Rawlins
1991WxK10) adoptedfor the Almajest, he suppressed(DIO 1.1 z6 xA5) the time of eachof these
2 solsticesandno other, of thescoreof equinox­solsticedataprovidedthereabouts— therebyhiding
the fact thateachdisagreedwith saidtheory. (Eachby thesameamount:minus1d/4.) Likewise, to
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K Landlubber Ho! Wrapped China Negatesthe Paci�c

K1 It is well­known that the farthest­eastregion of the GD, China, portraysa non­
existentcontinuousroughly­north­to­southcoast(blockingany routeto thePaci�c) beyond
theSouthChinaSea,nearlongitude180� (12h) eastof theBlest Islesor 120� (8h) eastof
Alexandria,stretchingfrom nearthe Tropic of Cancer, all the way southto Kattigaraat
8� 1/2 S. latitude— effectively wrappingChinaaroundthe IndianOcean's easternoutlet.
Latitude­longitudecoordsfor 18Chinasitesarefoundin GD 7.3(Renou1925pp.62­65).
K2 But, accordingto thepreviously­broachedxD1 theory, all of this geographyhinges
upontheunderlyinggrid­network: GD 8 and­orits kin. If we look at theGD 8.27.11­14
Chinadata,we�nd thatthesituationof all Chinahingesuponjust3cities' hour­data(longest
day& longitudeeastof Alexandria,accordingto Diller 1984's XZ mss):Aspithra[D354]
(13h1/8, 7h2/3), Thinai [D355] (12h5/8, 8h), Kattigara[D356] (12h1/2, 7h3/4). Anything
wrongwith GD's Chinais wrongin this trio.
K3 For Thinai (D355), GD 7.3.6's latitude(3� S) jars with GD 8.27.12's longest­day
12h3/4north,whichwould becorrectfor aboutlatitude12� 1/2 N.
K4 Fortunately, Vat 1291's ImportantCities (fn 17) lists the same3 cities (only) for
China. (Honigmann1929p.206: cities #443­#445;no Chinalistings in Leid.LXXVIII.)
And onThinai, it providescon�rmationof GD 8 (notGD 7), listing Thinaiat13� N. Which
suggeststhatthe3� S of GD 7 is eithera scribalerror(missingtheiota for ten)or perhaps
is differential: 3� southof Aspithra(16� 1/4N). Eitherway, it seemsthat13� N is correct,
aslistedby Vat1291.44 (S&G 2:734for Thinai hasGD 7.3.6's 13� latitude.)
K5 Finally, weobserve thatKattigara's latitudein degreesis thesamein bothVat1291
andGD 7.3.3— but in the former it is north latitude(which makesway moresensefor a
Chinesecity), correctlycontradictingtheimpossiblesouthernlatitudeof bothGD 7.3.3&
GD 8.27.14.Themattergetsevenmoreinterestingwhenwe checkour correctedposition
for Kattigara: 177� W (of the Blest Isles) & 8� 1/2 N — that is preciselythe GD 7.3.2
positionof Rhabana.Therefore(not for the1st time: xH5), theGD mayhave usedtwo (or
more)namesfor thesameplace.
K6 Thus,whenweexaminetheunderlying­gridtrio for China,thetwo negative(south­
ern) latitudesbothappearsoshaky thatwe candispensewith all negative signsfor China
— which eliminatestheabove­citedfantasticN­Scoastal­barto thePaci�c.
K7 Thereis a disturbingpatternto the GD 7 latitudesof the only four cities in the
SoutheastAsiaregionwhicharelistedin GD8(in orderN­to­S):Aspithra,Thinai,Kattigara,
Zabai.Thesecities' GD 7.2­3latitudesare,resp,aboutequalto: 16� 1/4,13� , 8� 1/2,4� 3/4
— which aresuspiciouslyclose(thoughnot exactly equal)to what onewould compute
indoorsvia sphtrig (eq.1)from aquarter­hour­interval klimatatable:Aspithra(D354)13h,
Thinai (D355)12h3/4,Kattigara(D356)12h1/2,Zabai(D348)12h1/4. (And, indeed,these
arethevaluesDiller found in GD 8's UNK mss­tradition.)This looks even �shier when
onerecalls(above) thatthesearetheonly four SEAsia citieseastof theGoldenPeninsula
whicharelistedin GD 8, whereonly longest­days(thestuff of klimata­tables)areprovided
for N­Sposition.(Eventheprecise13h1/8variantdiscussedin fn 44for Aspithra,perfectly
matchedwhatmay[idem] have beenmerelya scribalerror: 18� 1/4.) Obviously assuming
exactly­correctlatitudeshereis risky whendealingwith suchroundeddata. Conclusion:
we mustalsouseverbaldescriptions,if wewish to have any chanceof solvingthissection
of theGD.

44 ThesameVat1291list gives18� 1/4N latitudefor Aspithra(notthe16� 1/4N latitudeof GD 7.3.2,
correspondingto longest­day13h1/8 (xK7), thevery Aspithralongest­dayvaluelistedin Diller's XZ­
traditionmss.(Oneis temptedto askif 18� 1/4 latitude[idem] wasthetrueoriginal latitude— or was
laterforcedto agreewith M = 13h1/8? But it couldhave just comefrom a scribalerror.) In Nobbe,
GD 8 listsAspithraat longest­day“about” 13h, whichcorrespondsto latitude16� + , agreeingwith the
GD 7.3.5Aspithralatitudein NobbeandRenou:16� and16� 1/4 N, respectively.
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ABLE observer.10 For once,analogiesfail me. No other fantasyin scienti�c historical
analysishasever beensoOrwellianlywild.
If someodditiesaremoreuniquethanothers,thenthis oneis uniquelyunique.
A4 Only in recentyearshave glimmersbeendetected(e.g.,van derWaerden1970&
Rawlins 1987)indicatingthatanancientheliocentristempirical11 programmeexisted.The
analysespresentedbelow are part of the �eshing­out of this realization. We have just
(xA) samplednow­acceptedMuf�a Wisdomon this subject,but the depth& persistence
of thecomedymaynot have beenfully appreciated.Thus,desiringnot to deprive readers
by inadequatelymining this rich vein, I will herequotefrom the widely­acclaimedbook
of history of astronomyarchonA.van Helden, Measuringthe Universe (1985), which
embodiesanddisseminatesMuf�a orthodoxyin suchmatters(pp.9­10,emphadded):

[theAristarchosExperiment]addressedonly theproblemof thesizesanddis­
tances12 of thetwogreatluminaries[Sun& Moon]. Nocomparablegeometric
methods,however inadequateby ourstandards,wereathandfor determining
thesizesanddistancesof theotherheavenlybodies.. . . he[Aristarchos]chose
convenient[DR: this astoundinglyuncomprehendingword is taken straight
from Neugebauer:xA1] upperlimits for cosmicdistances[eq.14 here]. . . .
very little astronomywas involved . . . . however, [Muf�a] scholarshave
discoveredmuchaboutHipparchus'sachievements. . . andhow heimproved
on Aristarchus's approachto theproblemof sizesanddistances.

Commentson thesepreciousVanHelden1985remarksfollow:
A5 Thereis nosignhereor elsewhere(e.g. fn 70)of Muf�a appreciationfor thecritical
point (madeprominentin Rawlins 1987andassertively detailedin Rawlins 1991P)that
heliocentristssuchas Aristarchosobviously knew the planets'meandistancesfrom the
Sunin AU (merelythe ratio of epicycle/deferentradii for inner planets,inversefor outer
planets),sincetheeliminationof epicycleswas,afterall, theprime(Occamite)motivation
for converting to heliocentrism!(Seefn 7.) This is perhapsthemostcrucialachievement
of concept(asagainstmeasurement:z1 fn 9) madeby anyonein ancientastronomy. (See

prevent heliocentristheresyfrom sullying his readers'minds,Ptolemyat Almajest9.1 discussesthe
questionof whetherMercuryandVenuscircuit pointsaboveor below theSun— but notthepossibility
(alreadyentertainedby AristarchosandTheonof Smyrnaamongothers)that theseplanets'orbital
centerwasvirtually at the Sun. (Similarly, whendispensingwith theoriesthat the Earthmovesor
spins,Almajest1.7doesn't mentionheliocentrism.)

10 See,e.g.,thebizarreattemptatNeugebauer1975p.284(shamelesslyfollowedby, e.g.,Evans1992
andEvans1998pp.273­274& n.32andevenbyDambis& Efremov 2000p.133[whichwasrefereedby
Evans])thatPtolemywasabetterobserverthanHipparchos. Obliviousto the2 mens'relative errors,
random& systematic:Rawlins 1999xxE3­E4.This particularhyper­inversion(startedby Vogt 1925)
is basedmerelyuponthefact thatsemi­popularHipparchosCommcommonlyusesroundingswhich
aremuchmorecrudethanthosein the Catalogor thosein Hipparchos'declinations(Almajest7.3).
Furthermore,theseapologiautterly andentertaininglycon�ict with thoseemittedby Huber(DIO 2.1
z2 xH), Swerdlow 1989,Graßhoff 1990,& Gingerich2002,who contendthatPtolemy's greatnessin
data­reportagewasshown not at all by his allegedobservations' superioraccuracy but ratherthrough
the intellectualprojectionby which he either fudgedhis inferior observationsor replacedthemby
forgeriesfrom theory! Question:Doesanintellectuallyhealthyandopencommunityleave itself open
to too­easyspoo�ng by gettinginto suchpretzel­thought?

11 DespiteRawlins 1991PxF1,Gingerich1992Kp.105nonethelesspersistsin statingthattherewas
“an absenceof proof” of heliocentricityevenaslateasthe16th century. This thoughGingerich1992K
(earlieron thesamepage)notesthat the outerplanets'motion exhibiteda peculiarityascohesive as
theinnerplanetodditycitedatRawlins 1991PxB1. (Uncitedby Gingerich1992K.Naturally.)

12 But distancesare never computedin pseudo­A's “Sizes & Distances”. (SeeNeugebauer1975
pp.636,639, & 643. Also Rawlins 1991W fn 220. Scrupulousand able mathematicalanalyses
of this work areavailableby Heath1913andBerggren& Sidoli 2007.) Perhapsrealizationof the
contra­outdoor­sky results(xC1) of suchcalculationsstoppedpseudo­Afrom continuinghisms.

46 Ptolemy's GEOGRAPHY 2008 March DIO 14 z3

all­toousualin theancient­sciencecommunity, Müller'snovelandobviouslyvaliddiscovery
hasbeendoubtedon groundssotenuous(in comparisonto thecompellingevidencein its
favor) asto make onewonderwhetheranything evergetsresolvedin this �eld, nomatter41

the power of relative evidence. AgainstMüller, it hasbeenargued(seesourcescited at
B&J p.28n.34)thatTacitusAnnwaspublishedin 116AD, whichis afterthe(inexplicably­
widely­believed)upper­limit date(110AD) for Marinos. (But the110dateis sofar from
�rmly establishedthat one should reverse42 the situation: insteadof using the date to
excludeH.Müller's �nding, usetheHM �nding to helpestablisha lower limit for Marinos'
date.) Sowe recognizethatH.Müller's discovery contributesimportantlyto theevidence
suggestingthat conventionalwisdomon Marinos' dateis suspect,and thus that thereis
little trustworthy evidenceagainstour proposalthat MarinoswasmuchnearerPtolemy's
contemporarythanis now generallyunderstood.

J Tyre: Missing Home­City of Book 8'sOnce­SupposedSource

J1 Themostpeculiarcoincidencein the history of ancientgeographywill turn out to
bea lucky breakfor scholarsof theGD: incredibly, Marinos' native Tyre is absent43 from
GD 8. (Curiously, thistelling pointhasbeenoverlookedin theliterature.)And, in acontext
of questionableauthorship,wemustlikewisenotice(xE4)thatPtolemy'sallegedhome­city
(Alexandria)is missingfrom GD 1.
J2 Marinosis clearlyidenti�ed asof­Tyre(GD 1.6.1). Indeed,Tyre(Phoenicia)is cited
doublyandwith accuratelatitude— highly exceptionaloneachcount— atGD 5.15.5&27:
67� E of Blest Isles,33� 1/3 N of Equator. (Thelatitudeis correct[seesimilarly at xK11]
if we accountfor refractionof pole­starlight and50 rounding.)
J3 Thus,weconcludethatGD 8 (in theform wehaveit) wasnotcompiledby Marinos.

over­imaginative latermis­readof a fragmentaryancientstoneinscription(foundin thecatacombsof
Romeon1802/5/25):“LUMEN PAX TECUM FI”, whichwas“restored”asareferenceto FILUMEN
or Philomena.This wasenoughto launch(startingc.1805in thesuper­religiousKingdomof Naples)
a cult, specialnovenas,theusual“miracles”,and(from devotees'revelations)a detailedbiographyof
her life & martyrdom.TheRomanchurchcreditablyremovedher from the list of saintsabouta 1/2
centuryago.

41 Whatsaysthis aboutthe�eld? SeeDIO 7.1 [1997] z5 fn 40 [p.33] (www.dioi.org/vols/w71.pdf).
NotetheVelikovskiancontext.

42 Similarly, when(1999/10/1)dim atmosphereproponentB.Schaeferimpartedto DR his intention
of testingtheAncientStarCatalog's authorshipby assuming0.23mags/atmopacity, DR immediately
suggestedthat it would be far morefruitful to useHipparchos'authorship(which hadby thenbeen
obviousto seriousastronomersfor centuries)to testfor ancientatmosphericopacity. BS didn't listen,
so this importantandrevealingproject— proving beyond any questionthat man(not nature)is the
prime causeof presentatmosphericopacitiesominouslyhigher than ancientskies' — was instead
masterfullyandindependentlyestablishedby Pickering2002AxxD2­D5 [pp.11­12].

43 Tyre's absencefrom GD 8 hasseveral non­neatnesses.While Tyre is also missingfrom the
ImportantCities lists in latecopiesof Ptolemy's HandyTables(Halmaed.),Tyre doesresidein two
9th centurycopies(publishedin Honigmann1929),which arefar older thanour earliestmssof the
GD, andeachcontains(fn 17) c.100moresites(thanGD 8): Tyre is city #307in Vat 1291,#160ain
Leid.LXXVIII. In the latterms,Tyre is countedsecondarily;which suggeststhat, if paringoccurred,
Tyrewasexpendable.Thesuper�cially attractive interpretationis to wonderif GD 8 is aByzantine­era
add­on,which re�ectedashrinkingof thenumberof sitesfrom nearly500to just 360.
Theproblemwith that theoryis format: GD 8 differsgenerically(from all othersurviving Important
Citieslists,whichuniformly arein longitudedegreeseastof theBlestIslesandlatitudedegreesnorth
of theEquator)by: [1] usingAlexandria(fn 14) asprimemeridian(astrologerPtolemy's preference);
and[2] providing dataentirely in hours,just asancientastrologerspreferred(xG2 [a]). This argues
stronglythatGD 8 goesbackin timeat leastasfar asPtolemy.
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xG2 item[c], Rawlins 1987,& Rawlins 1991P.) Yetonelooksin vain for mention13 of it in
classicMuf�a output,includingNeugebauer1975& VanHelden1985.Centristhistorians
have long insistedthatGreekephemeridesdid notexist until at leastHipparchos'time. By
contrast,DR suggeststhat it wasthe onsetof planetarytablesin Greekscience,possibly
even asearly as4th centuryBC, which causedthe conversionof intelligent scientiststo
heliocentrism,sinceplanetarytablesinevitably exhibited— with rigid �delity — elements
of the“solar” motionin eachandeveryplanet's model. (SeeRawlins 1987pp.237­238.)
A6 We�nd (asatNeugebauer1975pp.643& 646) notahint of thesourceof Aristarchos'
10000AU distanceto the�x edstars(eq.14),namely, theinvisibility of stellarparallaxfor
a heliocentricEarth­motion(xB2). This is obviousto any scientistworth thename.(Most
understandthepoint immediately.) It is implied in theancientwork, the“Sand­Reckoner”
(Archimedesp.222). The point is regardedas too obvious for elaborationby, e.g., van
derWaerden1963(p.203). (By contrast,Neugebauer1975p.643saysthat the10000AU
radiusAristarchanuniversereportedby Archimedesp.232has“aslittle to dowith practical
astronomy”asAristarchos'Experiment: eq. 4.14 B.Rawlins wondersif selling putative
Babylonianoriginality andgeniushasled Muf�osi into denigratingGreekempiricalwork
occurringbeforethe centralBabylonianastronomicaltexts' era.) And this realizationis
(alongwith xA5) anotherpoint which is absolutelycritical to understandingAristarchos'
vision, aswell as representingthe crux of the two­millennium­long(!) heliocentrist­vs­
geocentristdebate— the greatestcontroversy in the history of astronomy, rankingwith
the (far briefer) natural­selection�ght as one of the focal points of the rise of science
andrationalism. (I.e., the Muf�a' s obsessive pretense,that geocentristastrologerswere
brilliant, is glorifying thesidethatsuppressedtheactualgreatscientistsof their time. Even
theRomanchurchisn't trying to castthosepopes& cardinalswho suppressedGalileoas
theactualtop intellectsof themedieval helio­vs­geocentristdispute.SotheMuf�a' sbrass
in upside­down historical­revision­apologiaexceedseventhemaster's.)
A7 The claim that Hipparchos“improved” heliocentristAristarchos'measureof the
universeis particularlycurious,sinceHipparchosandothergeocentristsprobablyput the
starsat roughlyPtolemy's distance(ordmag10 AU), vs. Aristarchos'ordmag10000AU.
(SeexE5. Actualdistanceof ProximaCentauri= 270000AU.) In brief, Muf�osi 15 regardit
asjustameaninglesscoincidencethatheliocentristsproposedthebiggestancientuniverse.
This achievement,of the �nest ancientscientists,is passedoff asjust primitive, perhaps

13 [Recently, O Gingerichhasbeentrying to copewith thispoint. Withoutcitationof DIO. Again.]
14 Van Helden 1985 p.19 appearsto credit Hartner with the discovery that Ptolemy's 19­to­1

Sun/Moondistanceratio was taken from Aristarchos,by quoting Hartner1980 p.26 beforequot­
ing R.Newton 1977p.199(seealsop.173andR.Newton 1973­4pp.382& 384)with thesameresult.
(Actually, the discovery of this revealing coincidencegoesback at leastto Delambre1817 2:207.
As suggestedhereat xF5: the coincidencemay meannothingmore thanthat the resultingr S was
the lowestvaluethencurrentamongcompetent[read: heliocentrist]scientists,which madeit current
enoughevenwith geocentriststhatit survived. It is alsoafun coincidencethattheAristarchanratio19
[eq.9] helpssetup a neat�t for Ptolemy's geocentricnested­spherescheme.Regardless,the implied
solarparallaxstill survived in Tycho's work — at thedawn of modernastronomy. Given thatTycho
openlybrandedPtolemyaplagiarist[DIO 1.2fn 154]: whichof the2 men[Aristarchos& Ptolemy]is
morelikely to havebeentheoneTychotrusted,whenTychoadoptedthis [inaccurate]ratio?)
The Hartner­RN citation sequencemight be accidental.What is certainlynot accidentalis the total
omission,from theVanHelden1985discussionof Eratosthenes,of 2 prominentlypublishedDR dis­
coveriesregardingthatancient's work. (DR's namedoesnot foul a singlepageof VanHelden1985.
Standardfor Muf�a archons'output.)VanHelden1985p.5: “Sincewedonotknow thepreciselength
of thestade[Eratosthenes]used,it is fruitlessto speculateon the`accuracy' of his result.Suf�ce it to
saythatbeginningwith Eratosthenesthesizeof theEarthwasknown to theright orderof magnitude.”
Suf�ce it alsoto saythatVanHelden1985's discussionis densewith misunderstandings.I regardthe
failureto citehereeitherRawlins 1982Gor Rawlins 1982Nasaconscious,Muf�a­kissing misleading
of thereader, by suppressionof evidenceagainsttheMuf�a view propounded.I.e., theusual.

15 E.g.,Swerdlow (fn 70),Neugebauer(xA1), & VanHeldenfaithfully following (fn 70& xA4).
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n.53(p.76)notean even morerevealingcarelessretention:36 Marinos' Aromatalatitude.
So,whatshouldbetestedisn't whetherall but whetheranypost­Trajangeographyappears
in theGD.
I5 Especiallysinceit doesn't seemthat there'd likely bemany changes.After all, it' s
well­known that Daciawasthe last solid additionto the RomanEmpire. (It may not be
coincidentalthat aroundthis time the Romanarmy wasbecomingpredominantlyalien­
mercenary.) Trajan's armywasof coursestrongerthanDacia's. (So,we know who ended
upwith Dacia'sgold,someof it possiblypicturedin Fig.2.) But it wasn't strongerthanthat
of theParthianEmpire;thus,theattempted­rape37 victim got in all thePart'n shots,andthe
puppetrulerwhomTrajanhadplacedintopoweratthethen­capital(Ctesiphon[D262],near
Babylon[D256])passedonsoonafter, asdidTrajan(117AD). Trajan'sadventurein Parthia
having beenanexpensive failure,histwo successorschosenotto try expandingtheempire.
Hadrian(117­138)did not sharecertaincurrentwarlords' �scal pro�igacy. Similarly for
AntoninusPius(138­161— whichtakesusupto thetimeof Ptolemy'sgeographicalwork).
Thesepointsrecommendsomecautionbeforewedraw conclusionsonMarinos' datefrom
lackof the­very­latestParthianinformation.
I6 Next, we note that the most notoriousexception to the non­expansionpolicy of
Hadrianoccurredin Palestine.In 130AD, hevisitedJerusalemandorderedits re­building.
SinceHadrian's family namewas Aelius, he re­namedJerusalem:“Aelia Capitolina”.
(His supervisionevidently triggereda local revolt — put down in 132­134,with Hadrian
sometimeson the scene.) So, doesthe GD re�ect the change? Yes: GD 5.16.8 lists
“Ierosoluma[Jerusalem],which is calledAilia Kapitolias”. And GD 8.20.18lists “Ailia
KapitoliasIerosoluma”without furthercommentbut obviously re�ecting thesameup­to­
date38 information.Therefore,wehaveindicationthatboththeGD'sdata­sections(GD 2­7
andGD 8),previouslyadducedto dateMarinosto c.110,actuallycontainmaterialfrom the
130sor later.39

I7 An exampleof thefruitfulnessof theforegoing:
Almost2 centuriesago,H.Müller madethebrilliant observationthataGD­listedN.German
town “Siatoutanda”,wasprobablynon­existent,just (another:fn 45)Ptolemy­compilation
mis­readof a foreign language:Tacitus' Latin description(Annals4.73) of a N.German
battle­retreat(“ad suatutanda”).Thisdoesnotstopourancientgeographerfrom providing
(xC1) highly speci�c40 coordinates:longitude29� 1/3, latitude54� 1/3 (GD 2.11.27).As is

36 Thesesituationsremindoneof thecommonmodernmis­interpretation(Rawlins 2002Bfn 7[p.12])
of Almajest3.7 to meanthat no Babylonianastronomicalrecordscamethroughto Ptolemyprior to
747BC, thoughtheactualstatementis ratherthatcontinuousrecordswentbackthatfar.

37 Over4 centuriesof botheration,ParthiarepelledthreeRomaninvasions:[1] swallowing thearmy
of Crassus(suppressor& cruci�er of Spartacus,andmemberof the 1st triumvirate),[2] exhausting
emperorTrajan, and (after a temporarysetbackat MarcusAurelius' hands)[3] slaying last pagan
emperorJuliantheApostate(unlesshewasfragged).And, yes,“partingshot” is thoughtto comefrom
Parthianarchers'tacticof shootingarrows evenwhenretreatingor pseudo­retreating.

38 Suchanexplicit updateis rarein theGD'sdata­body. Anothersuchpassage,evenmoreunusually
discursive, is foundat GD 7.4.1,whereit is statedthatTaprobane(modernSri Lanka[thoughknown
asCeylon in Diller's & DR's youth]) wasformerly calledSimoundoubut is now calledSalike by the
natives. Commentsareeven (very atypically) added,describingSalike's womenandlocal products
rangingfrommeal& goldtoelephants& tigers.It seemslikely thatthementionof bothAilia Kapitolias
andSalikewerelateadditionsto theGD, apointwewill shortly(fn 39)makeuseof. (Note: Taprobane
[GD 8.28]is thelastmapin theGD, though[givenits location]it shouldobviouslyhavebeencovered
beforetheGD listingsgetto China. I.e.,wehave hereyet anothersymptomof a lateadd­on.)

39 Following therevolt's suppression,Judaeawasre­named“Syria Palestine”andRomehenceforth
(c.135)eliminatedtheterm“Judaea”.Thefactthatit is retainedin boththebody(G2­G7)andBook8
of theGD, takentogetherwith there­namingof Jerusalemleavesuswith abracket­argumentin favor
of datingMarinosto about135,which is indeedof Ptolemy's time— ashesaid.

40 The “Siatoutanda”goof remindsoneof St.Philomena,of whose“life” whole booksusedto be
written (DR possessesacopy of one),thoughshenever existed: “Philomena”turnedout to bejust an
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numerologicalguesswork — evenwhile theworthless& demonstrably(xF7)falsenumero­
logical speculationsof a successionof geocentristsand­orastrologers(seetablesof Van
Helden1985pp.27,30,32)arepalmedoff on themodernscholarlycommunityasthebest
scienceavailablein antiquity,16 withoutevenreferencingdissentingliterature.
A8 How could sucha mix of innocenceandprejudice(e.g., fn 14) adorna standard
(gov' t funded) history­of­astronomysurvey volume, written by historian (& sometime
JHA Adv Editor) A.VanHelden? Theansweris found in the ancientastronomyarchons
he dependedupon. Van Helden1985 p.vii (seealso p.168n.2): “In the courseof this
projectI incurredmany debts.. . . A ResearchFellowship from the [NEH] . . . . For the
medieval andespeciallythe ancient[episodes]of this story I have relied heavily on the
researchesof [Neugebauercapos]BernardGoldstein[alsosometimeNEH bene�ciary]and
NoelSwerdlow.” (VanHelden1985waspublishedby Swerdlow'sUniversityof Chicago.)

B The CohesiveMyriad Factor

B1 Justaftermidnightof 1992/1/25­26,DRhappenedtoaskhimselfthefollowingques­
tion: sinceeq.45of Rawlins 1991Wexplained17 “Aristarchos'Experiment”by presuming
thatAristarchoshadregardedtheangular­discriminationlimit of man's vision to beabout

� = 1=10000of a radian (1)

then(for null visiblestellarparallax),shouldn't hisdistancer s to thestarsbe10000Astro­
nomicalUnits?After notingthisin mydiary, I consultedthe“Sand­Reckoner”(Archimedes
p.232)andfoundthatit reportsthatAristarchos'universehada limiting radiuswhich was
indeed10000timesbigger18 thananAU.

16 Thecauseof thisimposition(andpresumablyof thewho­cares­who­was­right­or­brave­or­ethical­
or­original idée­�xeof themodernancient­astronomyestablishment:fn 67) is simply thatthenumber
of extant ancienttexts createdby competentscientistsis tiny comparedto the lot of superstitious
pseudo­sciencethat survives. Thus,realisticgrantsmanshipvirtually forcesa coherentpretensethat
thelatter is respectablescienti�c material,requiringdecadesof well­fundedresearch.(SeexH4; also
Rawlins 1984A pp.984­986& Rawlins 1991Wfn 266.) [Fortunately, someprofessionalhistorians'
evaluationof Ptolemyhaslatelybeenlessdefensive andmorerealistic.]

17 For theterminatorto deviatemorethan1/10000of aradianfrom straightness,theline connecting
theMoon'shornsmustdeviate1/5000of a radianfrom themiddleof theterminator(xC4). Thearcsin
of the ratio of this to Aristarchos'lunar semi­diameter(1� /4: eq. 3) equals2� 380 � 3� . (Rawlins
1991WxR9'sanalysesused00.4 insteadof 1/10000of aradian,yielding2� 570 by thesameequation.)
NotethatDR hasnot arbitrarily conjured­up� � 00.4 for thepurposesof this paper:Rawlins 1982G
(p.263,in aquitedifferentcontext) notedthatthemeanangularseparationof theretina's fovealcones
is 00.4­00.5. (Thearcsinof 00.45/150 is 3� 260 � 3� ). I foundby experimentlong agothat theeye's
primitive visual limit is about10/3. (Thearcsinof this divided by 1� /4 is 2� 330 � 3� .) Aristarchos
presumablyperformedjust suchan experimentto arrive at his value for � . Theseestimatesagree
closelywith Dawes' limit (consistentwith diffractive Airy disk) for a humaneye's pupil­size,and
all �utter around� = 1/10000of a radian,thevalueunderlying(xB2) all Aristarchancelestialscales.
[Noteadded2010:Was87� computedfrom anull experiment?Seewww.dioi.org/cot.htm#nxhm.]

18 The“Sand­Reckoner”developmentis foundin Archimedes(pp.221f) orNeugebauer 1975(pp.643­
647). Aristarchoswould (asalsoPoseidonios:Heath1913p.348)likely call 10000AU a lower not
upperlimit, but Archimedesprefersthelatter(to countsand­grains).Thesamefactor­of­2 ambiguity,
whichweencounteredin a previouspaper(Rawlins 1991WxxR9­R11),alsoexistshere(Archimedes
p.222& Neugebauer1975p.646).Realizingthatthefull stellarparallaxbaselinewasreally2AU (xE4),
weseethat,by analternateinterpretationherethroughout,wecouldfoundAristarchos'universescale
uponthelimit of humanvision being1/5000(not 1/10000)of a radian.Againstthis is not only fn 17
but alsotheobviouspreferabilityof wholeordmags— soobviousfromArchimedes'“Sand­Reckoner”
(which alsonotesthat, at the myriad­markof 10000,the Greeknumericalnotationstartsrepeating
itself). On the otherhand,if Aristarchos'developmentemployed moreexact ratios thanpowersof
10, these�gures might have beenroundedto thenearestordmagby Archimedes.Theevidenceis not
certain,but I leanto believing thattheoriginal useof 10000in eq.13wasAristarchos'.
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[www.dioi.org/fff.htm#csvv]ever­visible latitudefor all of UMi at theGD's epoch,since

 UMi' s NPD was11� 560+ in 160AD.)32 As noted,theforegoingstronglysuggests(see
alsoxD4) that the samepersondid not write GD 1.7.4andGD 8.2.3. And several other
featuressuggestindependentlythattheGDisapatch­work33 opus.Thus,theaboveanalysis
of GD 1.7.4providesanotherpowerful augmentationof thatevidentialcollection.34

I Marinos Mis­Dated?

I1 Nowadays,it seemsto bealmostuniversallyassumed(e.g.,Neugebauer1975pp.879
& 939)thatMarinos�ourished veryearlyin the2nd centuryAD, sometimeduringTrajan's
reign,around110AD.35 Which is curious,sincein c.160AD (or perhapseven later: xI2)
Ptolemyrefersto Marinosas(GD 1.6.1emphadded):“ themostrecent[of those]of our
time” who have attempteda large geography. Now, if you were currently writing of a
geographerof the mid­1950s, would you speakof him so? (GD 1.17.1hasbeentaken
to indicatethat Marinoswasretiredor deadby Ptolemy's day, but the passageis hardly
unambiguouson thatpoint — andwould make moresenseif Marinos' latestpublication
wasmerely5 or 10 yearspast.)
I2 Moreover, Alex Jonespointsout (2007/5/23conversation)that the forward dating
of Marinoswould help solve a problem�rst emphasizedat Schnabel1930p.216: when
did Ptolemybecomeawarethatpeoplelivedsouthof theEquator?Almajest2.6 saysthe
S.Hemisphereis unexplored, thoughMarinossaysotherwiseand (xM1) the GD agrees.
This implies,sincetheAlmajestmight have beencompiledduringMarcusAurelius' reign
(Rawlins 1994LTable3 & fn 45 [p.45]), thatMarinos' datecouldbeaslateasc.160AD.
I3 TheargumentadducedtodateMarinostomuchearlier(thanPtolemy)is thatMarinos'
work took into accountnamesof sites re�ecting the changingEmpire, e.g., Trajan in
Dacia(GD 3.8,8.11.4[roughly modernRomania])up to c.110— but not later in Parthia
(GD 6.5,8.21.16­18[roughlymodernIran]) andnorthAfrica. But how sureis suchtenuous
reasoning?How stronglyshouldit rank?— in thefaceof:
[a] GD 1.6.1's plainstatementof Marinos' contemporariness,and
[b] the incredibility of the long­orthodoximplicit assumptionthat, in a busy mercantile
empire,a successionof macro­geographers(GD 1.6.1implies plurality) suddenlyceased
for 1/2a century!
I4 Moreover, why assumethatMarinosadoptedall the latestname­changes?Ptolemy
didn't: his preface's criticismscomplain(GD 1.17.4)that Marinosmisplacedthe Indian
tradingtown Simylla(D330)anddidn't realizethatthenativescall it Timoula. YettheGD's
data­listings(GD 7.1.6& 8.26.3)bothretainMarinos' name:Simylla, not Timoula. B&J

32 Likewise, 1000nmi to the southwestof Okelis: regardingthe locationof the two lakes feeding
theNile, theGD astutelymakesa majorcorrectionto Marinosin placingbothlakesmuchnearerthe
EquatorthanMarinoshadthem.(In reality: theEquatorrunsthroughtheeasternsource,LakeVictoria.
And the westernsource,lake­pairEdward & Albert, straddlesthe Equator.) Remarkably, the GD's
mapsof Africa werestill consultedby geographersin the mid­19th century, whentheselakeswere
�nally 1st reachedby Englishmen.(SeeJ RoyGeogr Soc29:283,35:1, 7, 12­14;ProcRGS10:258.)

33 Also fn 45. SeeRawlins 1985Gp.260(On vs Heliopolis: fn 6) and p.266& fn 6. We �nd
similar hints of patch­workery throughoutthe GD, e.g., at GD 1.24.11­vs­17,as the lettering for
two consecutive projection­diagramsareneedlesslyshuf�ed. (SeeB&J p.91n.80.) Seealsoanother
Ptolemy­compiledwork, the Almajest, where,e.g.,the meanmotion tables'Saturn! Mercury order
of theplanets(Alm 9.3­4)is the reverseof theMercury! Saturnorderfollowed in their fraudulently
(Rawlins 1987pp.236­237item 5; Rawlins 2003JxK) allegedderivation at Alm 9.6­11.8. For more
suchpatch­work indications,seefrequentlyhere,andat Thurston1998end­note17 [p.17] & Rawlins
2002VxC [p.76].

34 Indiciaof suchpatch­workery in theGD arefrequentlynotedhere,dueto theinexplicably­repeated
modernclaimof coherentunity for eachof Ptolemy's works.

35 Quiteasidefrom thepresentdiscussion:for compellingevidenceagainstthisdate,seeH.Müller's
clever discovery: xI7.



18 Aristarc hos: Ancient Vision 2008 March DIO 14 z2

B2 Thus,I realizedat a stroke thatall thefamousAristarchosastronomicalscalemea­
surescouldturnoutto beconsistentwith theverysameempiricalbase, namely, thelimit of
humanvision wasexperimentallyrealizedby Aristarchosto beabout1/10000of a radian,
or a little over 1/3of anarcmin.(And this is aboutright for raw humanvision: seefn 17.)
NB: It is attestedthatAristarchosinvestigatedoptical science. (Thomas1939&412:3.)
B3 It mayseemremarkablethatnoonepreviouslynoticedthis. But suchanastonishing
oversightis, in fact,precisely19 whatonewould expectof thehistoryof ancientastronomy
communityasnow constituted,sincethe enterpriseis primarily into detailing­repeating
thecontentsof ancientsources(andothersafe­predictablesabbatical­lengthprojects),and
“original” researchlargely involvesrelatingsourceA to sourceB — with but very occa­
sionalsuccessat inducingthe science20 behindeitherA or B. (Muf�a disability hereis
seasonedwith nakedcontempt21 for nonMuf�a scholarswho try.) Suchwork is moreapt
to encyclopedist­bibliographers,thanto thinking scholars. (Few Muf�a caposarescien­
tists. They nä�vely presumethat somemathematicsbackgroundwill suf�ce to protect22

themfrom misperceiving ancientmethods;but: this presumptionis just onemoreMuf�a
misperception.Theideathatpracticalexperiencein relatingempiricaldatato theorymight
beof usein doinghistoryof sciencewould seemto beself­evident. Not to Muf�osi.)

C Moon & Historians in Retrograde

C1 For roughly 2 millenia, sinceEratosthenes(z1 fn 3) andPappos(Rawlins 1991W
fn 220),theallegedlyAristarchoswork, “On theSizes& Distancesof theSun& Moon”,

19 E.g., Van Helden1985p.7 on Aristarchos'Experiment: “his methodproved to be impractical.
Even if he would have tried to measurehis numericaldataaccurately, he would have found that
determiningtheexactmomentof dichotomy[half­Moon] andthenmeasuringtheangularseparation
of thetwo luminariesis ahopelesstask.” Mereechoof Neugebauer's equallyindoorignorance:fn 5.

20 Sincea hallmarkof theNeugebauersales­cultis its consistentconfusionof superstitiousravings
(e.g.,xxA3&A7) with genuinescience,onecanreadilyunderstandhow this cliquegot into thehabit
of scof�ng at the very ideaof attemptingto relatereal scienceto ancienttexts. See,e.g.,Gingerich
1976'shyperagnostic­alibi­quotesdefendingPtolemy(takenfrom Neugebauer1975pp.107­108),e.g.,
“It makesnosenseto praiseorcondemntheancientsfor theaccuracy or for theerrorsin theirnumerical
results. What is really admirablein ancientastronomyis its theoreticalstructure”. (Comparesuch
addledarchonalnä�vete to the realitiesof xF9 andz1 xI3.) This astonishingbit of mis­megahistory
(de�niti vely vaporizedat z1 xxI3&K4 andfn 9) was dishedup to excusePtolemy's Almajest5.14
analysis,a fudgepotso incrediblethat even genialcentristW.Hartnercalls it a “f airy­tale” (Hartner
1980p.26). O.Gingerich's promotionof ON's rationalizationappearedin the AmericanAssociation
for theAdvancementof Science's mainorgan,Science. And it re�ects of�cial editorialpolicy atOG's
extremelyhandsomeJournal for the History of Astronomy(seefn 6). It would be pleasant,even if
nä�vely visionary, to imaginethat DR might somedayinducean astronomy­historianto attemptan
experimentin empathy:imaginingthatheis theresurrectedshadeof agenuineancientastronomer. In
life, thisscientisthadspentdecades[a] scrupulouslytesting(againstobserveddata)variouscompeting
theories,and[b] empiricallyre�ning orbitalelements& otherastronomicalquantities.Henow returns
to �nd 20th centuryarchonsslightingor ignoringthishonestlabor, insteadpreferringastrologers'lazy
fake­observations& otherplagiarisms,mayberipoffs of theshade's own original genuinework. Just
thesortof appreciationscientistspourout their livesfor. (Seefn 67& Rawlins 1993DxB3.)

21 Oneamongnumerousinstances(Neugebauer1975p.655n.1): “The famouspaperby Hultsch
[1897] on `Poseidonius̈uber die Grösseund Entfernungder Sonne' is a collection of implausible
hypotheseswhich are not worth discussing.” However, I urge nonMuf�osi not to emulatesuch
arroganceand to insteadappreciatethat even illmanneredbigots can make genuinecontributions,
whichshouldbetreatedstrictly on their merits.

22 Thereisalsoanimplicit notionthatavoidingoffendingarchonswill protectonefrommisadventure.
Perhaps,but thelevel of scholarshipresultingfrom sucharti�ciality hasbeena contributing factorin
judgement­degenerationthathascursedmodernhistoryof ancientastronomy.
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H Precessionand Aristar chos

H1 Precessionis the differencein the lengthof the tropical andsiderealyear, caused
by a gradualshift of the Earth's axis — an ancientdiscovery which we caneasily trace
back to Aristarchos(not­so­coincidentallyalso the 1st astronomerto publicly announce
thattheEarthmoved),since27 heis theearliestancientcitedto two differentyear­lengths.
Aristarchos�ourished c.280 BC: 1 1/2 centuriesbeforeHipparchos,hitherto generally
regardedas precession's discoverer. Both of Aristarchos' yearlengthsare provided at
Rawlins 1999xB7 [p.33]; seealsoRawlins 2002Afnn 14&16 [p.8].
H2 Precessionwasknown to theauthorof GD 8.2.3.28 Thus,theGD 1.7.4discussion
seemsawfully strange,29 sinceit herequotesthestatementof Marinosof Tyre (c.140AD:
xI1) thatall theconstellationsrise&setin thetropicalgeographicalregions— with thesole
exceptionof UMi, which becomesever­visible after a northward traveler passeslatitude
+ 12� 2/5, Hipparchos'long­precessionally­obsoleteNPD (North PolarDistance= decli­
nation's compliment)for � UMi. (I.e., modern“Polaris”: the brighteststarin UMi, and
themostnortherneasily­visibleUMi starfor us; themostsouthernfor Hipparchos.)And
� UMi' sNPDactuallywas12� 270 (Decl= 77� 330) atHipparchos'chosenepoch,� 126.278
(128BC Sept.24RhodosApparentNoon: Rawlins 1991Heq.28[p.58]). Marinosfurther
statesthat this parallel is 1� north of Okelis, which hemis­places(xC1) at 11� 2/5 N lat­
itude.30 (A poor estimate,sinceOkelis (D281) [modernTurbah,Yemen]is actually at
12� 410N, 43� 320E.) Yet, by Marinos' time (xH2), � UMi' s NPD hadprecesseddown to
about11� : in 140AD, 10� 590. So,his statementsprove hedidn't accountfor precession.
But themostpeculiaraspectof this matteris that GD 1.7.4makesno commentat all on
Marinos' �agrant omissionof precession— andthis thoughPtolemyis (asusual)in full
critical mode(alertly questioning[GD 1.7.5]whetherany of Marinos' discussionis based
upontheslightestempiricalresearch),andthoughthewriter of theAlmajestcertainlyknew
(Alm7.2­3)themathof precession.Comments:
H3 Therecanbe little doubt that the authorsof GD 1.7.4andGD 8.2.3werenot the
sameperson.
H4 If Okelis were whereMarinos placedit, � UMi' s ever­visible circle would have
beensouth,notnorthof Okelis.
H5 Hasit beennotedthat,by the time of Marinos& Ptolemy, � UMi was(thanksto
precession)no longerthemostsouthernof UMi' s seven traditionalstars?!— � UMi and
especially3rd magnitude
 UMi were much more so. Indeed,for the time of the GD,

 UMi wasover a degree(1� 040 at 160AD) moresouthernthan� UMi. (Shouldn't the
“GreatestAstronomerof Antiquity” [z2 xG2] have known this? — especiallysincehe
pretendedhe'd catalogedthewholesky's stars:Almajest7.4. I.e., theGD 1.7.4statement
on � UMi disagreesnotonly with thesky but with Ptolemy'sown tables.31 Similarcaseat
fn 45.) Thus,
 UMi hadlong sinceassumedthedistinction(oneinterjectedby Marinos,
ironically) of beingtheoutrider­starwhoseNPDdeterminedwhetherageographicalregion
was far enoughnorth to attain UMi­ever­visibility. (Note that GD 6.7.7 puts Okelis at
latitude12� N [and false­Okelis at 12� 1/2]; so, creditably, the GD's Okelis latitude was
closer to reality than to Marinos. Note also that 12� is almostexactly the theoretical

27 Note: not a singlehistorianhasyet indicatedpublicly thatheunderstandsthis ratherself­evident
point. (Though somehave privately.) Which gives us hope that sociologycan yet attain to the
predictivity of astronomy. (Seez2 Epilog [p.31].)

28 GD 8.2.2by thearrangementof B&J or 8.B.2in Diller 1984(theonly reliableEnglishtranslations)
at DIO 5.

29 Thoughsomeexpertsdisagree:B&J p.65n.23& p.120n.3.
30 Is this a revised&multibungledre­hashof anoriginal HipparchosestimatethatOkelis wason the

arctic(ever­visible) circleof � UMi? — whichwouldhavebeencorrectin 170BC andOK to ordmag
0� .1 duringhiscareer.

31 EvenPtolemy's veryinsuf�ciently precessedplagiarismof Hipparchos'starcataloghas
 UMi 90

southof � UMi.
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hasbeenuniversallyaccepted23 asgenuinelyhis. Rawlins1991P(fn 6) andRawlins1991W
(xR10& fn 220)havechallengedthisincrediblemythbyexposingseveralinternalproblems
of the pseudo­Aristarchostreatise. Perhapspseudo­A's hazyperceptionof Aristarchos'
astronomyis relatedtohisresentedcorpus'near­extinctionbythegeocentristestablishment
of his day. (Seebelow: fn 69.) If we take “Sizes” astruly beingAristarchos',we must
acceptthatoneof themosteminentastronomersin historybelievedall of thefollowing �v e
nonsense­propositions(Heath1913pp.329f& 352f;Neugebauer1975pp.635f):
[a] TheSun& Moon are1/15th of a zodiacalsignor 2� wide in angulardiameter(nearly
4 timesthecorrectvalue),thuspseudo­A's semi­diameterwas:

� p = 1� (2)

obviously false& explicitly contradictedby Archimedes,who reported24 thatAristarchos'
solardiameterwasinsteadtheveryaccuratevalue1� /2 (vsactually320), thussemi­diameter

� A = 1� =4 (3)

Rawlins 1991Pfn 6 eliminatedthecontradictionby proposingthatthefactor­of­4 errorwas
basedonmisreadingtheGreekwordmeroV(“part”) asazodiacalsign(30� ) ratherthanthe
Greek­measureunit called“part” (7� 1/2: Neugebauer1975pp.652& 671).
[b] Lunareclipsescanlasthalf a day(vs4h in reality: xC8.)
[c] Meanlunarparallaxis c.3� . (Actually under1� .) Soanequatorialobserver would see
theMoonmove (net)barelyits own diameterfrom rising to setting,a hint of [e] to come.
[d] TheSun's parallaxis 90 (60 timesthe truth), which would causea parallaxfor Venus
(nearinferior conjunction)of over 1� /2.
[e] In Mediterraneanclimes(or nearertheEquator),theupper­culminationMoon MUST
DAILY BE OBSERVED MOVING IN RETROGRADE25 againstthe backgroundof the
stars.(Alreadynotedat z1 fnn 3&5.) Thoughthis is aninevitableconsequenceof pseudo­
Aristarchos'work, it hasnotbeennoticedby centuriesof commentators,from Eratosthenes
(c.230BC) & Pappos(c.320AD) throughNeugebauer1975,VanHelden1985,& Evans
1998. (Note the precisionof the irony herein the context of ON's arrogantattackupon
P.Duhemat Neugebauer1957p.206,emphadded:“Duhem. . . hasgiven a description
of Ptolemy's lunar theoryaccordingto which the moon would becomeretrogradeeach
month. . . . �a grantnonsense. . . . Duhem's total ignoranceof Ptolemy's lunartheoryis a
goodexampleof therapiddeclineof thehistoryof science.”) 26

C2 However, to givecreditwhereit' sdue:theNationalGeographicSocietyhasgoneso
farasto publishphotographicproofof moonrisein thewest27 (Our World's Heritage NGS
1987pp.238­239,adorninganarticleby longtimeLibrarianof CongressDanielBoorstin).
But thephotois so ineptly faked that it providesunconvincing (not to mentionirrelevant:
fn 30)supportfor pseudo­Aristarchos'implicitly revolutionarylunartheory.

23 The failure of prior historians,to facethe outlandishabsurditiesof the pseudo­Aristarchosms,
is a mystery. (None haspreviously realizedthat it entaileda retrogradeMoon, despiteour broad
hints [fn 25] on earlier insidecovers.) See,e.g.,Heath1913p.350,Neugebauer1975pp.634­643
(whichcamenearestto fully realizingthems' folly — but thenattackedAristarchosinsteadof thems'
attribution); alsoEvans1992p.68.

24 “Sand­Reckoner” p.223. With respectto the strangecontroversy (Rawlins 1991Wfn 53) as to
whetherAristarchos(also Timocharis& Aristyllos) useddegrees: note that the variousempirical
magnitudessurelyconnectedto Aristarchosareall easyfractionsor multiplesof degrees:1� /2 (solar
diameter),3� (half­Moonvs quadrature),& 10� 2/3 or 32� /3 (sarosremainder:Rawlins 2002Aeq.6).
[Noteadded2011.Archimedes'(p.224)sunwidthlimits, rt.anglefractions1/200&1/164:1� /2� 1� /20.]

25 The“Upcoming” lists (inside­cover) of DIO 2.2& DIO 2.3publishedwarningsof thisbombwell
over a decadeago(1992): “Hist.sci accepts,asgenuine,famousancienttreatiseputting Moon into
retrograde!”TheJHA­H.A.D. crowd never pickedupon theclue. Is anyonesurprised?

26 Seethe equally­ironiccommentsat DIO­J.HA 1.2 fn 284. The Neugebauer1957p.196passage
(therecomparedto p.206)was�rst broughtto DR's attentionby thelateR.Newton.

27 In this handsomephoto,theMoon is seenin its rising aspect(obviousto anoutdoorastronomer)
low behindtheSphinx,which is looking at thecamera.But theSphinxfaceseastward.
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G Hours asthe Route of All Evil in Ptolemy'sGD

G1 Looking at GD 1­7 andGD 8 asseparatesectionsof theGD, onemustnoticethat
eachof thetwo sections'cross­citationsof theother's primemeridianis paltryatbest(and
couldwell have beenfrom later interpolation)— so let's keepour eye on themainpoint:
thereis no mentionof the Blest Islesin the prefaceto GD 8, any morethanthereis any
mentionof Alexandriain theforward (GD 1) of GD 1­7. It wouldbehardto askfor better
evidencethatneither(xD1) sectionwastheimmediatedirectsourceof theother's totality.

G2 But let us returnto the essenceof the DR theory(xxD1&D5, fn 12) that the data
of GD 2­7 werebasedupondataof the typefound in GD 8, and�x uponthemainpoints
regardingthesourceof GD 2­7's major­sitedata:
[a] Whereasall latitudeswereoriginally measuredangles(method: Almajest1.12), the
inaccuracy of thelatitudesin GD 2­7show thatthesedatahadbeencorruptedby subjection
to cruderounding(xD5) for astrologers'longest­daytablesin hours, beforebeingcompu­
tationallyconvertedinto thelatitude­degreedatathatendedup in GD 2­7.
[b] All astronomically­basedlongitudesin GD 2­7 wereoriginally in hours,25 asnotedin
GD 1.4. This,becausebaseduponcomparisonsof lunar­eclipselocal­times.26

[c] Thuswehavearrivedatahitherto­unappreciatedrealization(obviousexampleat fn 16):
ironically, every jot of the astronomically­determineddataof the basicnetwork of cities
underlyingGD 2­7'sthousandsof degree­expressedpositions,wasatsomepoint(duringits
mathematicaldescentfrom its empiricalbase)renderedin time­units: hours.As proposed
in Rawlins 1985G.

G3 And, as a result of roundedlongest­days(xD5) and Earth­scaleshifting (xL3),
thesehour­databecamethe semi­competent­occultistconduit (xD1) for data­corruption
which tragically destroyed a sophisticatedcivilization's laboriously accumulatedhigh­
qualityastronomically­basedancientgeographicaldata.

25 Wrongly(fn 45),Ptolemybelieved(GD 1.4&12­13)thateclipse­basedlongitudeswererare.(The
methodof �nding longitude­differences betweensitesby comparinglocal timesof simultaneously­
observedlunareclipses,wasobviouslywell known. See,e.g.,Strabo1.1.12orGD1.4.2.Least­squares
testsonancientlongitudesshow thattheeclipsemethodhadbeenextensively usedby genuineancient
scientists: Rawlins 1985Gxx5&9 [pp.258­259& 264­265].) And so he assumedthat generally­
acceptedlongitudeswereprimarilybasedupontravellers'stade­measureddistances(terrestrial)instead
of eclipse­comparisons(celestial)— acrucial,disastrouserror, whichundidgenerationsof competent
scientists'eclipse­basedaccuratelongitudes­in­hoursandtherebywrecked (xL3) theGD's longitude
macro­accuracy in angle. (Thoughnot in distance:idem.) Note: saidmis­stepmusthave occurred
beforethehypotheticaldovetailing(fn 21)of GD 2­7andGD 8, perhaps(xD1) in the1st centuryBC.

26 A numberof network­cities'GD2­7longitudescouldhavebeencalculateddirectly fromGD8or its
source,usingAlexandria(D149)longitude(east­of­Blest­Isles)60� 1/2(GD4.5.9)or60� (GD8.15.10).
Someexamples:
London(GD2.3.27,8.3.6,D4),Bordeaux(2.7.8,8.5.4,D21),Marseilles(2.10.8,8.5.7,D26),Tarentum
[Diller 1984CodicesXZ Europe­Map6 site #5] (3.1.12,8.8.4,D53), Brindisi (3.1.13,8.8.4,D54),
Lilybaeum(3.4.5,8.9.4,D67), Syracuse(3.4.9,8.9.4,D68), Kyrene(4.4.11,8.15.7,D146), Meroë
(4.8.21,8.16.9,D165),Kyzikos(5.2.2,8.17.8,D176),Miletos (5.2.9,8.17.13,D181),Knidos(5.2.10,
8.17.14,D182),Rhodos(5.2.34,8.17.21,D189— allowing for common[Rawlins 1994LxF3] ancient
roundingof 1h/8 to 8m), Jerusalem(5.16.8,8.20.18,D247),Persepolis(6.4.4,8.21.13,D271).
However, thesecould as easily have beencomputedin the other direction. The majority of less
grid­critical sites' degree­coordinatescouldn't (xxD1&D5) have beencomputeddirectly from those
of GD 8 (at leastin its presentstate),but could've gonetheotherway; e.g.,Smyrna(5.2,7,8.17.11,
D179)& Pergamon(5.2.14,8.17.10,D178).
Given the GD as it stands,if GD 8 is contendedto be the direct ancestorof GD 2­7's longitudes,
onewould have to arguethat the underlyingnetwork­basiswasfar lessin numberthanGD 8's 360
sites— which, if we arespeakingof siteswhoselongitudes(vs Alexandria)hadbeenastronomically
determined,would not (in itself) beanunreasonablecontention.
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C3 Letusseehow thedeliciouslyzany retrogradingconsequence(xC1[e])comesabout.
Pseudo­Aristarchos'implicit28 meanlunar distanceis (eq.5) r M = 20e.10 (where1e =
1 Earth­radius).But it is well­known thattheMoon'ssiderealperiodis & was27d.32(mean
siderealmotion 0� .549/hr)or 27.4siderealdays. So an observer on the Earth's Equator,
watchingtheMoon(with meandistance& motion),transitingin thezenith,musttherefore
betravelling 27.4/20.10= 1.36timesfaster29 thantheMoon,which will thusappearto be
moving in reverseatabout0� .2/hr— thepeak­speedof a(diurnal­synodic)retrogradeloop
(similar to theannual­synodicretrogradeloopsfamiliar to planet­watchers).30

C4 Recallanotherseriousproblemwith the pseudo­Awork. We will de�ne 
 asthe
half­Moon's angulardistancefrom quadrature.Rawlins 1991PxC1 suggested31 that the
famousAristarchosvalue


 A = 3� = arcsin(r M=rS)
:
= arcsin(1=19) (4)

wasanupperbound,notaprecise�gure. (Thenotation:r M = theMoon's distance,andr S
= theSun's distance.)Evenallowing this,32 Rawlins 1991Wfn 272showedthatasmerely

28 Heath1913p.339& Neugebauer1975p.637performthe samemath,understandablywith less
precision.

29 Thepseudo­AristarchosMoon, at meangeocentricdistance20e.10,will travel 20.1timesfarther
perEarth­circuitthanwill anobserver on theterrestrialEquator. But this circuit will take 27.4times
longerto perform. Thus,asnotedabove, themeangeocentricspeedof theequatorialobserver must
be 27.4/20.1= 1.36timesgreater. Whenthe Moon is in the equatorialobserver's zenith,he is only
19e.1 distantfrom pseudo­A's Moon,sotheMoon's relative hourlyangular“topocentric”or observer­
centeredmotion is (20.10� 27.4)/(20.10� 1) timesthe meangeocentricsiderealhourly lunarmotion
(0� .549)or: � 0� .2. (Obliquity's cos= 92%,ignorablefor roughmean­situations:[a] whentheMoon
is on the celestialEquator, its motion is not parallel to the terrestrialobserver's equatorialmotion;
[b] whentheMoon's geocentricmotionis parallelto theEquator, theMoon is not on theEquator.)

30 Maximumapparentretro­motionwould alwaysoccuraroundlunar transit(which is onereason
why xC2 calls NationalGeographic's faked rising­Moonphotoirrelevant to the presentdiscussion),
analogouslyto anouterplanet's motionnearopposition.This entireeffect maysoundasif it is purely
theoretical,whereasthereis in facta readily­discernableslowdown of topocentriclunarangularspeed
whenthe actual(not ancient­theoretical) Moon is high. I.e., thereis a retrogradetendency, dueto
theEarth's spin;but in reality this superposedparallacticmotion's speedis — dueto theMoon being
about60e (not 20e) away from the Earth's center— not fastenoughto overcomethe Moon's own
siderealmotion. For therealoverheadequatorialMoon at meandistance& meansiderealspeed,the
equatorialobserver will betraveling only 27.4/60.27timestheMoon's siderealspeed,sotheMoon's
absolutetopocentric0� .56/hr speedis slowed to a relative angularspeedof about0� .3/hr. (When
theMoon is neartheequatorialnadir, this relative speedwould beseen— if it werevisible — to be
0� .8/hr. Over time, thespeedmustof courseaverageout to themeanlunargeocentricsiderealspeed:
0� .549/hr.) Thisgenerally­neglected effect(whichI havefrequentlyobserved�rsthand— andwithout
opticalaid— duringtemperate­latitudehighMoon­starappulses)couldeasilyhavebeenmeasuredby
theancients,to yield a usefulestimate(xC11)of theMoon's distancer M. Yet anotherreasonfor the
incredibility of thewildly falsevaluesfor r M entailedby pseudo­Aristarchos.Without, that is, both
theemendationsheresuggested(in � & � ), which leadto thereasonablevaluesfoundin eq.11.

31 A weird variantof DR's upper­boundapproach(to explainingAristarchos'3� ) appearsin Evans
1998p.72. (With nocitationof Rawlins 1991P.)ThoughEvansspeaksof “leastperceptible”inequality
in crescentandgibbousportionsof the month(without askinghow the 
 A = 3� boundarybetween
theseportionsisdetermined! — adif�culty whichthrowsusrightbackintothemireof theveryproblem
allegedly beingsolved), he saysAristarchos“simply madeup the value” — faithfully converting a
physicalargument(“perception”)into theorthodoxNeugebauerismcitedabove atxA1.

32 As early asArchimedes(p.223),Aristarchoswascited asclaiming that the Sun/Moondistance
ratioisbetween18& 20(prop.7).At �rst glance,it mightseemthatthisbracket re�ectsdata­precision.
Hardly. [a] Therangeindicatedis purelymathematical(not empirical). (SeeHeath1913pp.376­381.
The math is a geometricapproachto a problemmoreaccuratelydoneby eithersimplecircle­math
[like that of xC5] or by trig, which could suggestthat trig did not yet exist c.280BC. For contrary
evidencec.275 BC, seeRawlins 1985Gp.261 & fn 9. The two evidencestogethermay indicate
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allegedly (Almajest3.1) AlexandrianPtolemywould write a preface to his Geography
which never mentionshis own city, when it is the prime meridianfor his astronomical
works,for his earlier­announced(ibid 2.13)forthcominggeography, andfor GD 8?

F Blest IslesIgnored& Identi�ed: the CapeVerde Islands

F1 Conversely, the Blest Isles,the GD ekumene's westbound(andGD 2­7's implicit
primemeridian),have noGD 8 entry. In GD 8, this linch­pinsiteis only mentionedat two
places,ratherin­passing: at GD 8's prime meridianAlexandria(GD 8.15.10)andat the
GD ekumene's eastbound,Thinai (GD 8.27.13),whereit is notedthatThinai is 8h eastof
Alexandriaandthus12h eastof theBlestIsles.
F2 Yet anotheroddity: theGD repeatedlystatesthattheBlestIslesarethewestbound
of the ekumene. (Though,curiously, not at GD 7.5.2, even while soonafter sayingso
at GD 7.5.14.) Yet the writer of GD 1 doesnot explicitly statethat all the longitudesof
GD 2­7 will bemeasuredfrom theBlest Isles;andtheBlest Isles' hasno entry in GD 8.
Its positionappears23 underAfrica atGD 4.6.34.Additionally, onenotesthatthereis nota
singleabsolutelongitudein GD 1 — everylongitudinalvalueis givenin strictly differential
terms.Now, if oneiswriting aprefacetoacompendiumthatprovidesthelongitude­east­of­
Blest­Islesof 8000sites,onewould think thattheeast­of­BIpartjustmight getmentioned
somewhere. Instead,GD 1 is completelynon­committalregardingwhatwill betheprime
meridianof thework. And GD 2.1 (theprefacelaunchingthe readerinto the8000sites)
is likewise. (If onewerejust grabbing— virtually unedited— a prefaceto anotherwork,
somethinglike this couldeasilyhappen.)
F3 In the GD, there are a few islandsnearMauretaniaat about the latitude of the
Canaries,which are the hitherto­standardidenti�cation of Ptolemy's Blest Isles. (E.g.,
S&G 1:455n.200,which scrupulouslynotesthat the identi�cation of theBlest Isleswith
theCanariesis uncertain.)But theseislandsarenot GD­listedat longitudezero;nor is the
centerof therealCanarieslongitudinallybeyondtherealwesternhumpof Africa, which is
how thewestern­mostanciently­known landobviously oughtto lie.
F4 GD 4.1.16 lists a few non­zero­longitudeislands(Paina & Erytheia) at latitude
c.30� N andc.3� westof Mauritania,whichwouldbetheCanaries.But theseareroughlya
thousandmilesnorthof Ptolemy'ssix “Blest Isles”whicharelistedby him atGD 4.6.34,at
longitudes0� (four) or 1� (two), at northlatitudesrangingfrom 10� 1/2 to 16� — which is
aboutright for theCapeVerdeIslands.(ActualCVI latitudes:c.75nmi N&S of 16� N.) The
sameislesarealsovisible24 on GD maps,strungalonga longitudeof about0� — 300nmi
westof thewestern­mostpoint (hump)of Africa (Dakar, on CapVert) at a latitudethat is
againa convincing matchfor theCapeVerdeIslands,which are therefore �rmly identi�ed
astheBlestIsles.
F5 The GD's knowledgeof the CapeVerdeIslandsstandsas a testamentto ancient
explorers' courage:they arec.300nmi from themainland.(By contrast,theCanariesare
barelyoff theNW­Africa shore.)Sothe islands'discovererwashimself thenearestthing
to an ancientEriksenor Columbus. Over 1000y beforesailorsdiscoveredtacking, trips
therewerepresumablyextremelyrareandhazardous.Possiblygalley­slave rowing­power
was the key to the ancients'knowledgeof the CapeVerdeIslands. And perhapsthey
wereregardedasBlestbecauseEuropeancivilization hadnot yet signi�cantly uplifted the
inhabitantsby theintroductionof its ever­brewing wars& theirever­resultantslavery.

23 Thanksto Alex Jonesfor remindingDR of this.
24 E.g., B&J plate6 (c.1300AD); samein plate1, marked as“Fortunainsula”. Also S&G 2:838

& volumes' inside­covers. Online at http://en.wikipedia.org/wiki/Image:PtolemyWorldMap.jpg, the
samesix “Fortunate”islandscanbeseenat thewestendof Ptolemy's world map,againat a position
prettyconsistentwith thatof theCapeVerdeIslands.Theastonishinglypersistentpreviousconfusion
presumablyoccurredbecausethe5th of the6 islandslistedatGD 4.6.34is called“KanariaNesos”.
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anupperbound,said3� �gure dependsuponvisualdiscernmentof ordmag1/10000of a
radian— c.10/3, verynearthelimit of humanoculardiscernment.(I amof coursetakingit
for grantedthatthe�nenessof humanvisionhasnot changedsigni�cantly since280BC.)
C5 Wehaveseenearlierfrom Eusebios(z1 eq.14)thatEratosthenesplacedtheMoonat
a distanceof 19 Earth­radii,a �gure presumablygottenfrom pseudo­Aristarchos.(Unless
universe­shrinkingEratostheneswashimselfpseudo­A.Thedocument's curiosities[e.g.,
z1 fn 4] cannotbe tracedbackbeyond Eratosthenes.)33 And this is the �gure computed
from pseudo­A's propositions11&17 at Heath1913 pp.338­339. Yet Heathbasesthis
uponaveragingdepressinglycrudebracketsassociatedwith needlesslypedanticgeometric
proofs. By contrast,anexactcomputation(e.g.,Neugebauer1975p.637)�nds 20 Earth­
radii insteadof 19:

r M =
1 + sin 
 A

(1 + � p) sin � p

:
= 20e:10 (5)

usingpseudo­A's falsedata(xC8 & eq.2): shadow­Moon ratio � p = 2 andsolar semi­
diameter� p = 1� . Question: if you wished to �nd 1/sin 1� or (virtually the same)
the distance/sizeratio for somethingsubtending1� , wouldn't you just �gure that the
circumferenceis 2� timesthedistanceand1� is 1/360of that,sodistance/semi­diameter
= 360/2� = 57.3? (Thepseudo­Abracketsinsteadcanonly put thenumbersomewhere
between45 & 60! It' s hardto acceptthatAristarchoswasthis limited.) Is therea more
reasonableexplanationfor why averysimplecomputationwhichshouldhaveproduced20
insteadgot 19? [Our next speculationparallelsknown Hipparchanresearches:Alm 5.11.]
Try this: sinceDIO hasfor yearspointedout(xC4)that
 = 3� is probablyanupperbound
(notanexact�gure), why notexploretheobviousconsequenceof thisassumption,namely,
thatAristarchos(not knowing where
 wasin therange0� to 3� ) simply madeit null for
solardistancer S � 1 (


:
= 0� ). In thatcase,eq.5becomes:

r M =
1 + sin 0�

(1 + � p) sin � p

:
= 19e:100 (6)

(More ef�ciently: r M
:
= 60/�

:
= 19.1.) So, Eusebios'veri�cation that a lunar distance

of 19e wasan accepted�gure turnsout to lend potentialif as­yet­speculative supportto
the common­senseDIO theorythateq.4's 
 = 3� wasindeed(xC4) an upperboundfor
Aristarchos,showing hisopennessto thepossibilitythattheuniversewasmany timeslarger
thanthatimpliedby takingthe3� �gure asexact.

that theearly3rd centuryBC wasthe transitionperiodwhennewly­inventedtrig waswidely but not
universallyusedby mathematicians.Or, Aristarchosmaysimply have opinedthatgeometricclothing
for hisdemonstrationwouldenhanceits academicimpact.) [b] Theimpliedvisualprecisionwouldbe
impossible,anyway. Therange(18 to 20) correspondsto 
 equalling3� � 0� .16 — which in terms
of visualdiscriminationcorrespondsto half (fn 17) of 1� /4 (lunarsemi­diameter)timessin 0� .16,or
barely100, clearlynotvisible. Rawlins 1991PxC1regarded3� asanupperbound.No otherempirical
interpretationmakessense.And we now �nd herethat this seeminglyspeculative interpretationhas
led straightinto realizationof its consistency with Aristarchos'othercosmic­measurework: xB1.

33 Hasit beenpreviously notedthat Aristarchos'near­contemporaryArchimedes(probablya few
yearsolderandlight­yearsbrighterthanEratosthenes)reportsnoneof thefolliesofpseudo­Aristarchos?
(Whichperhapssandwichesthetimeof pseudo­A's origin into the2nd half of the3rd centuryBC.) The
nearesthecomesis in referringto Aristarchos'Sun/Moondistance­ratioasbeingbetween18&20, a
mereconfusion(identi�ed elsewhere: fn 32) of geometricmethodwith precision. But Archimedes
doesn't repeatany of thekey giveaway screwupsof pseudo­Aristarchos:2� ­wideSun(indeed,hecon­
tradictsit), lunardistance19e, Earth­shadow/Moonratio= 2. NotealsotheclashbetweenArchimedes­
Aristarchos(eq.15)andpseudo­Aristarchos(Heath1913pp.339& 350) on r S: 10000e vs 360e, re­
spectively. WereAristarchos'works morewelcomein Archimedes'Syracusethanin Eratosthenes'
Alexandria(by thenof less­Greekrulership,and�scally strainedfrom funding wars,e.g.,Pyrros')?
Seez1 xF3. (WhatAlexandriainstrumentalstardatasurvive from the100y afterAristyllos, 260BC?)
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D6 SuggestedSolution to Two Mysteries As shown in the tablesof Rawlins 1985G
p.262,GDlatitude­errorsfor majorcitiesareoftensph­trigonometricallyconsistentwith the
xD1 theory. Seeeq.1or Rawlins 1985Gp.261,for therelevantmath. Seealsodiscussion
(ibid p.259)of afurtherrevealingpoint: withouttheDRtheorypresentedthere& here(xC2),
how couldonereasonablyexplain two shockingoddities(whichhadevidently escapedthe
noticeof previous commentators):[1] GD latitudes(asalreadynoted)are two ordmags
cruderthan ancientastronomers'latitude­accuracy. (Roughly: a degreevs an arcmin.)
[2] TheGD latitudeerrors' largesize(again:ordmaga degree) is comparableto thatof its
pre­expansion(fnn13&25)sources'longitudeerrors— this,though:[a] Theformershould
be30timessmallerthanthelatter. (Or41timessmaller, if eclipse­observationsaren't taken
asraw­datapairs.) [b] Again,realastronomersknew their latitudeto ordmaganarcmin.19

E GD 8'sDisconnect:GD a Hybrid

E1 Theorderof data­listingfor GD2­7andGD8aresimilar. (Andtheformer's26local
mapscorrelatein designationandsequencewith the latter's.) This suggests(xD4) some
sort of inter­causationor co­causation.(GD 8.2.1's statementthat GD 8's dataarefrom
degree­listsdoesnotsaythatthey werethoseof GD 2­7,thoughthatmaybetheimplication
and­orthetruth.)
E2 However, throughouttheGD, we �nd repeatedinstancesof differencesin order­of­
listing.20 WhicharguesagainstGD 8 beingcomputeddirectlyfrom21 GD 2­7or vice­versa.
E3 Decadesago,Aubrey Diller pointedout to DR thattheGD never mentionsBook 8
— until thereaderarrivesthere.
E4 DR hasnotedsomethingsimilar: throughoutGD 1, thereis no mentionof Alexan­
dria,22 Ptolemy'sclaimedhomeandhisAlm'sprimemeridian.By contrast,GD 1 mentions
suchsitesas: Thule (D1), Ravenna(D56), Lilybaeum(D67), Carthage(D131), Rhodos
(D189), Canopus(Ptolemy's true home),Syene(D154), Meroë (D165), Arbela (D261),
Okelis (D281), Kattigara (D356), amongmany others. Since Ptolemy is a multiply­
convicted plagiarist (Pickering 2002A; Duke 2002C),one may ask: is it credible that

19 Rawlins 1982Gp.263fn 17. Note that GD 1.2 shows awarenessthat astronomicalobservation
is themostreliablebasisof latitude­measure.This returnsus to thequestion:if sophisticatedcities
knew their latitude(xB2), how did mostof thesedatagetcorruptedby astrologers?Wastherea long
astrologicaltradition(xC1) of geographicaltables,which Marinos(noteGD 1.17.2's semi­connexion
of astrologers'klimatato Marinos)and­orPtolemyfelt forcedto assentto the�a wedimportant­cities
latitudesof? Justasusually­equant­preferring Ptolemymay'vefelt forcedto goalong(in theAlmajest)
with Hipparchos'�a wedbut long­pagan­sacredeccentric­modelsolartables.

20 E.g.,N�̂mes(D29) & Vienne(D28): GD 2.10.10­11& 8.5.7. (B&J p.106vs p.122.) Kasandreia
(D101) & Thessalonike (D95): GD 3.13­14& GD 8.12.10&4. Pergamon(D178) & neighborhood:
GD 5.2.14& 8.17.10.Hierapolis(D237)& Antioch (D236): GD 5.20.13&16& 8.20.8&7. Teredon
(D259) & Babylon(D256): GD 5.20.5&6& GD 8.20.30&27. Kattigara(D356) & Thinai (D355):
GD 7.3.3&6& GD 8.27.14&12.

21 SeexG1. For theconsistentsites,eithertherewerecalculationsof onesection'sdatafromtheother
(in oneor bothdirections)or scrupulousattentionwaspaid (fn 25) to math­consistency betweenthe
two sections(whetherattheoutsetorduringlatereditors'touchings­up)— thoughthereareoccasional
inconsistencies,e.g.,thelongitudeof Rome(D49): GD 3.1.61putsRome36� 2/3westof theFortunate
Isles, while GD 8.8.3 puts Rome1h5/8 eastof Alexandria. (Itself 60� 1/2 west of Blest Isles by
GD 4.5.9,or 4h [60� ] by GD 8.15.10.SeeRawlins 1985Gn.25.) But (60� 1/2 � 36� 2/3)/(15� /hour)
� 1h7/12< 1h5/8. Similar incompatibility: Salinae(GD 3.8.7,8.11.4,D79). SeealsoxK3.

22 Nobbe1:46insertsAlexandriaatthe14h klima(GD 1.23.9),but it is clearfromMüller 1883&1901
(1883)1:57,B&J pp.85&111,andS&G 1:116n.4thatthiswasnot in theoriginal,which(in GD 1.23)
namedonly four klimatanorthof theEquator:Meroë [D165] (13h), Syene[D154] (13h1/2), Rhodos
[D189] (14h1/2), Thule [D1] (20h). SelectionrepeatedGD 7.5: B&J p.111. Note that Alexandria
[D149] is mentionedat GD 7.5.13­14.
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C6 In additionto the�ock of pseudo­Adif�culties citedabove (xC1& fn 32),Rawlins
1991WxR10alsorevealedahitherto­unnotedinternalcontradictionin thepseudo­Awork:
the explicit (and false) statementthat 1/3960 of a rt angle is too small to be visually
discerned(Heath1913p.370,Neugebauer1975p.640). However, 1/3960of a rt angleis
4 timesbiggerthan1/10000of a radian. So,this pseudo­Astatementwipesout theentire
visualbasis(fn 17)of Aristarchos'Experiment!
C7 Theforegoingshows(in overkill proportions)thatthepseudo­Atreatiseis not to be
acceptedastheoutputof acompetentastronomer. Onemayassumeeither: [a] Aristarchos
wasa fool (fn 34), or [b] the work is not by him. I preferoption [b]. However, more
importantthantheauthor's identity,34 is theastronomybehindpseudo­A.
C8 Having thusalready(xC1[a]: “meroV”) cleareduppseudo­Aristarchos's mostobvi­
ousabsurdity(eq.2:1� lunisolarsemi­diam� p), wecheckanotherhighly suspectpseudo­A
statement,namely, that, at the Moon's distance,the pseudo­Aristarchosratio � p of the
Earth's umbra(shadow­width) to the lunar angular­diameteris just 2. (Computingwith
accurate� is crucial for �nding thelunardistance:eq.11.)But this � would (eq.10)cause
centraleclipses'Entirety(Partiality + Totality) to be3 timeslongerthanTotality. Letting
� standfor theEntirety/Totality ratio, we have pseudo­A's � p = 3 (eq.10). But it is well
known thataneclipse'smaximumpossibleEntiretyis insteadjustunder4h, whilemaximum
possibleTotality is slightly morethan1h3/4 — that is, roughly2h — creatingan Ent/Tot
ratio � of barely2 (far shortof Ent/Tot = 3). For themeandistancesituation,the actual
shadow/Moonratio� is2.7(correspondingtoEnt/Tot ratio� = 21/6: fn 35). Andweknow
thatHipparchosused� = 2.5(Almajest4.9),while Ptolemyused� = 2.6(Almajest5.14).
So,how couldanobservingastronomerset� = 2 ?! Thebasisfor estimating� is eclipse
records.(And Aristarchosmayhaveresearchedanddrawn wisdomfrom suchrecordsmore
thanany otherGreekof hisday: DIO 11.1z1.) Thesimplestmethodwouldbeto usecen­
tral eclipses(Earth­shadow & Moon concentricat mid­eclipse):thosefor which thelunar
pathvirtually bisectstheshadow. By averaginga few empiricaldurationdatafrom such
centralevents,onemay(eq.7)compute� from theratio � of thetime of anEntireumbral
eclipseto time of Totality (for centraleclipses),which is (crudely)4h/2h :

= 2, a �gure that
reveals(via eq.7)� to bemuchnearer3 than2. Evenasidefrom Aristarchos'accessto cen­
turiesof Babylonianeclipserecords,hecouldhave observed�rst­hand the21­digiteclipse
of � 286/5/20(� = 2 1/5); and­orthe 19­digit eclipseof � 279/6/30(� = 2 1/4), which
occurredjust a few daysafterhis famousS.Solsticeobservation. Sucheasyobservations
would make it clearthat � wasnowherenear2. Onepossiblecauseof pseudo­A's wacky
� = 2 is amateurishconfusion:pseudo­Acarelesslytook � (somethingaboutin­shadow,
wasn't it . . . ?) to be� . (We alreadyknow from xxA1&C1 how easilyconfusedpseudo­A
was.) Keepin mind: theEntire/Totality ratio � is an easyraw­empiricalnumber, while �
is derivative. Anotherpossibleexplanationof thepseudo­Aristarchos� ­vs­� fouluparises
quitenaturallyfrom anexaminationof theneatinter­relationshipbetween� and� :

� =
� + 1
� � 1

� =
� + 1
� � 1

(7)

C9 Eq. 7 is a specialcase(whereconstanta = 1) of what I' ll call the “Reversible
FractionalFunction”(RFF):

y = R(x) = (x + a)=(x � 1) (8)

34 It is possiblethatpseudo­Awasanuninformedhyperpedant(asNeugebauer1975p.643speaksof
Aristarchos,believing himtobetheauthorof “Sizes”)— aspolitically powerfulashewasincompetent.
Poseidoniosis alsoconnected(Neugebauer1975pp.654)to � = 2,perhapswhile assumingcylindrical
shadow (whichON nä�vely relatesto null parallax).Did � = 2 evolve from suchmis­geometry?
Alternateroute: if a key pseudo­Aslip miscontruedr S=rM = 19 (eq.4)asr M=REarth = 19 (eq.6),
theneq.6couldhave produced� = 2. (Lesslikely: eq.10andr M = 19e [into eq.6]caused� p = 1� .)
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grid­network of Important Cities' latitudes(xD5) — a grid which typically misplaced
geographically­key cities by ordmaga degree, grosslymislocatingtheir latitudes,e.g.,
Byzantion(D87 [Istanbul]) by 2� (though,asB&J p.29n.37rightly marvel, thefalseGD
latitudecontinuedto bebelievedat religiouslynon­empiricalByzantionuntil c.1000AD!);
Carthage(D131)by 4� , a hugeerror(revealedat Rawlins 1985Gp.263asdueto falseL )
thatenormouslydistortedmapsof N.Africa (up to theRenaissance,over 1000y later). Not
to mentionBabylon(D256)by 2� 1/2 (fn 10;Rawlins 1985Gn.13)— a discrepancy which
is dif�cult 16 to reconcilewith a modernhistorian­cult's non­empiricalinsistence(fn 46)
thatGreecehadhigh­astronomydebtsto Babylon. DR suspects(xA4) that the latitudinal
shortcomingsof theGD's basicgrid­network derive primarily from astrologerHipparchos
(not Marinosor Ptolemy): seeat GD 1.4.2(& 8.1.1)on Hipparchos'listing­clumpingof
citiesof differing latitudesunderthesameklimata(xA3), for astrologers'conveniententry
(xA4) into commonlongest­day­basedtablesof houses.Thisdegenerativesteptypi�ed the
fatefullaxity (www.dioi.org/cot.htm#twvr)whichDR'sxD1 theoryproposeswastheprime
source17 of latitude­accuracy's corruptionin GD 2­7.
D5 Roundingklimata to fractionsof hours(GD 8's practice)correlatesto FAR cruder
precisionthanroundinglatitudesto twelfthsof degrees,which is theprecisionof Books2­
7'sdata.Ancientlongest­daytablesoftenroundedM tothenearest1h/4. (See,e.g.,Alm2.6,
Neugebauer1975pp.728f.)Butwhenusingeq.1in theMediterraneanregion,a longest­day
error of merely 5 timeminwouldcausean error of nearlya full degree. And ordmag1� is
theactual(terribly crude)accuracy of thedataof Books2­7. (Exampleof degeneracy [SE
Asia] tracedin detailatxK10.) Thisis (alongwith theplethoraof placeswhoselatitudesfall
conspicuouslyuponexactklimata)oneof thebestargumentsfor theRawlins 1985Gtheory
that roundedlongest­daydata(GD 8's or its type) were the basis(xG3) for the key­city
latitudesof GD 2­7. Notethehistoricallyvital (if paradigmist­verboten)18 lessonimparted:
competentancientgeography's heritageto uswascorrupted— crippled(xG2) might bea
moreaccurateindictment— by thesocietalubiquityof a pseudo­science, astrology(xD4).
But keepin mind (DIO 4.3 z15 xC3) that Ptolemyworked for the newly­cosmopolitan,
astrology­saturatedSerapicreligion, anddoing horoscopesinternationallyrequires(then
& now) 3 manuals:astronomicaltables,geographicaltables,& interpretationalhandbook.
Ptolemy's primeworkswere:Almajest, GD, & Tetrabiblos.

16 It is commonknowledge(xL6) that the longest­dayvalue (GD 8.20.27)for Babylon (D256),
14h5/12,is aroundingof 14h2/5— which is 3/5of adayandtheM basisof computation(xG2[c]) of
therevealingly inaccuratelatitudeL = 35� N (GD 5.20.6),2� 280 (148nauticalmiles)too far north.

17 Thereremainsthequestionof whetherHipparchoswasresponsiblefor thefatefulstepof converting
(via eq.1)crudetabular longest­dayM valuesfrom hoursto degreesof latitudeL . In thelight of DR's
2007realization(www.dioi.org/cot.htm#hrbc)of just how admirablyaccurateHipparchos'longitudes
may've been,the oddsthat he was not the culprit are enhanced. Has the remarkableirony been
notedthat the Geographical Directory(at GD 8.1.1) itself scoffs at the commonfolly of clumping
citiesunderparallels?Or that this contradictsGD 1.4.2,whereHipparchosis praisedfor his alleged
alonenessin performingthevery sameclumping? Of course,theGD 8.1.1complaintis merelythat
parallel­lists[like thepre­Ptolemyoneof Pliny (77AD): analysedatRawlins 1985Gp.262]wastetime
andspace,but the statementis valuablein its suggestionof ancientcurrency of the very lists upon
whichtheDR theoryis founded.(Saidcurrency couldhelpadefenseof Hipparchosasnot­necessarily
the uniquesourceof the GD's macro­errors;however, his attractive fameand his citation by both
Marinos[GD 1.7.4]andPtolemy[Almajest, passim] arguein favor of his culpabilityhere,thoughsee
speculationabove [in this fn], on his longitudes.)We needn't speculateanyway, on theexistenceof
lists of a few hundredkey cities' coordinates.Justsucha list survives,e.g., in the PtolemyHandy
Tables, theImportantCitiestableof which (N.Halma1:109f[1822]),appearscloselyrelated(xK4) to
GD 8 in bothquantityandsequence:364sitesin all, with 12 not in GD 8, and8 missingin HT. See
alsothetwo ImportantCitieslists(fn 43)providedin E.Honigmann1929[pp.193f]: Vatican1291[493
sites]andLeidensisLXXVIII [a comparablenumberof sites].Theselists' positionsare[like GD 2­7]
givenentirelyin degreeseastof BlestIslesandnorthof theEquator.

18 Seez2 fn 67& DIO 2.1z3 xC10[p.31].
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It is not immediatelyobvious that the deceptively simpleexpressionR(x) bringsout the
fun in function— by thefollowing cuteproperty:

If y = R(x), thenx = R(y).

C10 HadtherealAristarchosgenuinelybelieved� = 2, hemusthave realizedthatthis
correlated(againvia eq.7) to � = 3 — which wasplainly false,asanyoneof theslightest
experiencewith eclipserecordswouldknow. Butwerecall(xC8)thatactual� just35 exceeds
2, andno lunar eclipsedatumis easierto �nd. Thus, it is not crediblethat Aristarchos
wouldoptfor � = 3 — avaluenearly�v etimesasfarfrom thetruthasthatwhichI will here
suggestwasactuallyhis original,namely, a roundingof thecrude� = 4h/2h ratio notedin
xC8 astoo plain to miss,that is: � A = 2. And this entails(via eq.7) a comparablybetter
valuefor theshadow­moonratio � A, sowe canbeprettysureAristarchosused:

� A = 2 � A = 3 (9)

Note that, if we acceptpseudo­Aristarchos,eq.9's roughly valid valuesbecamereversed
into ridiculousfalsity:

� p = 2 � p = 3 (10)

Thus,in brief, inspiredby ourxC1 revelationsof pseudo­A's unreliability, I amsuggesting
(xxC8­C10)thatpseudo­A,throughsloppinessor ensnarementby symmetry(of theeq.8
RFFunction),either:
[a] misunderstooda referenceto � (commonlyknown to beabout2) asareferenceto � , or
[b] simply confusedAristarchos'� A = 2 & � A = 3 with eachother! (Easymix­up for an
amateur, since,aseqs.7&9­10 have revealed: wheneitherof the two variablesequals3,
theotherequals2. Notealsocylindrical­shadow confusionat fn 34.) Let usnow explore
theconsequencesof this simple(thoughspeculative) hypothesis.
C11 We substituteeqs.3 & 9 into theusualeclipsediagramequation36 (e.g.,eq.5)and
thusobtain:

r M =
1 + sin 
 A

(1 + � A) sin � A
� 60e or 57e (11)

for 
 A = 3� (eq.4)or 
 A = 0� (eq.6), respectively. Both r M arecorrectwithin c.5%.
(Moon's actualmeandistance:60e.27. It shouldbe kept in mind that r M

:
= 60e might

alreadyhave beenindependentlyrealized[roughly] by measuring:[a] the slowing of the
Moon's motionneartransit,asdescribedhereat fn 30;or, [b] rising­vs­settingparallax,as
hintedat in xC1 [c].) It is by no meansimprobablethat r M wasknown to within a few
Earth­radiiin 280BC — afterall, it dependscritically (in eq.11)only upon� (or � ) and� ;
andbothof theseareeasyto �nd accuratelyenoughfor thatpurpose.(Keepin mind that
Aristarchosknew theMoon's periodto aprecisionthatcertainlydoesn't soundlikea mere
“theoretical”math­pedant:xF9 vs.xA1, fn 20,& fn 34.) In fact,the ideathatAristarchos
wasso ignorantasto mistake r M by a factorof roughly 3 (20e: xC3 & eq.5)— or even
a factoraslargeas4/3 (80e: Rawlins 1991Weq.31)— is dif�cult to countenance,since
theseblunderswould requirealmostimpossiblylargeerrorsin � and(especially)� .

D Solar SystemScale

D1 We next �nd whattheforegoingimpliesfor solardistancer S. Fromeqs.4 & 11:

r S = r M=sin 
 A � 60e=sin 3� = 1146e (12)

35 In reality, mean�
:
= 21/6,asonewill �nd fromaglancethroughaneclipsecanonorbysubstituting

� = 2.7(xC8) into eq.7.
36 Almajest5.15 or Rawlins 1991Weq.27. This equationdependsuponsettingthe solar& lunar

semi­diametersequalto acommon� .
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westward not eastward, wasmuchin�uenced by Marinos' over­tiny Earth.) Conversely,
thereareplenty of hints (e.g.,Memphis' 13h57m: fn 7) that the majority of GD 8's non­
major cities may have beendirectly computed(via eq.1) from dataof the sort found in
GD 2­7. (Notestrongevidencethatneithersectionwasdirectly computedfrom theother:
xE2.) E.g., thegreaterprecisionof GD 2­7 datais obviously often impossible(fn 26) to
derive by computingfrom GD 8 — while the reverseis frequentlypossible(seexD5 for
cause).Further, late copiesof Ptolemy's HandyTables(a work probablyearlierthanthe
GD) containa list of c.360ImportantCities' (364in Halma'sed.) latitudesandlongitudes
in degrees,very similar (thoughnot identical)in selection,bulk, andsequenceto GD 8. It
maybethatPtolemysimply computedthenon­key sitesof GD 8 from somethinglike this
list, asa handiest­possible(xA4) add­onto crown his GD.
D2 However GD 8 was accomplished,it was an astrologer's­dreamHandiestTables
(xA4 [2]), theonly exampleof its typethat survivedfromclassicalantiquity:
[1] All latitudesexpressedin longest­day, for (xA4 & eq.2)easyentryinto tablesof houses.
[2] All longitudesexpressedvis­�a­visAlexandria,and
[3] in hours— for converting local time to Alexandriatime, to enterAlexandria­based
tablesfor computationof thezodiacalpositionsof Sun,Moon,& planets.
D3 B&J p.29 notes(asdid Rawlins 1985Gpp.261f)speci�c caseswherekey cities'
latitudesmusthave beencomputed14 from longest­day. Regardingtheprefaceto GD 8:
[a] Thepreface'scommentsonmap­distortionsbelongwith parallelmaterialbackin GD 1.
[b] Oneof themostobviousargumentsagainstGD 8'sdatabeingfor (non­warped)mapsis
thatlongest­daydataarenot linearly related(xA4) to latitude. (Noteshrinkingof klimata­
bandswith recessionfrom theEquatorat,e.g.,S&G 2:748­751.)
[c] The GD's regional mapshave comedown to us. Granted,they are not originals;
nonetheless,their �delity to theGD's regionaldividersstronglysuggestthat thesearethe
originals in essentials.Thoughthe maps' margins bear longest­daysmarks(inevitably
at largelatitudeintervals),thedensely­marked,dominantnorth­southco­ordinate(linearly
relatedtoup­down distanceoneachmap)is latitudein degrees. Whichisnecessarybecause
thesemapsdepictthelocationsof thousandsof cities(not thehundredsof GD 8), thegreat
majority of whosepositionsarenot given at all in GD 8, while all their longitudesand
latitudesarein GD 2­7. More indicative yet, the mapsmeasurelongitudenot in GD 8's
hours eastor westof Alexandria, but in GD 2­7's degreeseastof theBlestIsles.
(Seethebeautifulreproductionsof severalsuchmapsbetweenpp.128&129of B&J.)
So: why would GD 8's prefacebe discussingthe constructionof regional mapsactually
baseduponthe dataof GD 2­7? Is this moreresidualevidence(seefurther yet at fn 17)
of patch­work authorship?WhatevidenceconnectsMarinosto theconstructionof GD 8?
Theabsence15 of his native coastalPhoeniciafrom GD 8 proveshis non­authorshipof it.
D4 Tyre's absencefrom GD 8 only addsto theevidence(xE & xG1) thatGD 8 is not
directly connectedto Marinos­of­Tyre's Books2­7. So it would be wrong to over­claim
thatGD 8 is the fatherof GD 2­7. Uncle or cousinmight benearerthe mark: xE1 xG2.
For, longest­daydata(thestuff of GD 8) areobviously thebasisof the full work's �a wed

ever­reappearingattempts(see,e.g.,Rawlins 1996CxC14& fn 47 [p.11]) to claim thatEratosthenes
got­the­right­answerfor theEarth's circumferencebut expressedit usinganundersizedstade.

14 A semi­ambiguity:Almajest2.13predictstheupcomingGD andrefersto degreesvs theEquator
for latitudes(like GD 2­7) but speaksof placingsitesby degrees(the measureof Books2­7) while
using(fn 43 [1]) theAlexandria(D149)meridianof Book 8 (andof E.Mediterraneanastronomers&
astrologers);soit conclusively favorsneithersideon therelationbetweentheGD's two data­sections.

15 In Nobbe'sedition,atGD8.20.18(JerusalemD247)thespellingof “east”changesfromanatolas
[anatolas]to eo [eo] for mostof the restof GD 8. If theswitch (which occursonly in somemss)is
meaningful,it is possiblethatit is connected:[a] to thecompiler's departure(ataboutthispoint) from
a mapof theRomanEmpireto anextra­empiremapof differentformat(andlessreliability), andthis
perhapsled [b] to theaccidentalomissionof coastalPhoenicia,possiblyduethetwo maps'different
orderof site­listingaroundthenearbyseam.Morepatch­workery?
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(Due to the obvious uncertaintyin 
 , this resultcould justi�ably be rounded37 to 1000e.)
Sucha stepcouldhave triggeredthelatertradition— discoveredateqs.23&24of Rawlins
1991W— of dividing38 theAU into unitsof thousandths:1 AU = 1000a.)
D2 About 900 AD, Al­Battani's solar work, explicitly building upon the remainsof
Greeksolartheory, exhibitedpreciselyr S = 1146e (andfailedto supplycoherentjusti�ca­
tion for thechoice:fn 39). Thissuggests(thoughit hardlyproves)39 that1146e hadbecome
a standardvaluein someGreektraditions.
D3 Previousattemptsto deduceAristarchos'r S (from eq.11)ledto valuessuchas384e

(Heath1913p.339or Neugebauer1975p.637eq.20,computingexactly) and,quadruple
that, 1536e (Rawlins 1991W [xQ5]). (The �rst value was basedon unalteredpseudo­
Aristarchos;the Rawlins 1991Wvalue wasbasedupon only 1 of the 2 emendationsto
pseudo­Aadoptedhere,namelyeq. 3.) However, neitherof these2 valuesis directly
attested. Thus, given Al­Battani's use(xD2) of 1146e (eq. 12), we may concludethat:
[a] thevalue1146e is thepreferredchoice(of thosediscussedhere)for Aristarchos'early
r S (seealsofn 37), thus[b] our2 emendations(eqs.3&9) arenot­discon�rmed.

E Aristar chos& the Seagoat:
Expanding the Universea Trillion Times

E1 The irony is thatAristarchos'famousExperimentwasfar inferior40 to his greatest
heliocentristscale­contribution. As remarked hereat xB1, Aristarchosthoughtout the
implicationsof heliocentricityto their astonishingandhistoricconclusion:theabsenceof

37 The hypotheticalroundingof r S = 1146e (to 1000e) would producea slight inconsistency in
eq. 12, but (for r M = 60e) would yet imply 
 A = 3� 260 � 3� . Note that 1146e is much nearer
1000e thanany previousscholar's estimateof Aristarchos'valuefor r S: xD3. Fromfn 18 or eq.13,
we seethat Aristarchosultimately may have ordmag­roundedr s/r S to 10000. In any case,Rawlins
1991Weqs.23&24prove thathe(at leastinitially) and­orlaterfollowersrounded1146e to thenearest
ordmag,1000e, or divided theAU into a thousandmilli­AU: 1000a. Whetheror not theseancients'
micro­measurewasEarth­radii,the1991analysisshowsthattheirmacro­measurewasheliocentrically
AU­based.

38 Whatever its origin, this standardizationdoesnot imply perpetualconsistentidenti�cation of 1a

with 1e, thoughsuchanequationmaywell have hadat leastpassingpopularity. It seemsthat,during
the3rd centuryBC, r S wasinitially (from Aristarchos'Experiment)setatordmag1000e; andthenlater
(dueto failure to observe planetarydiurnal parallax,asnotedhereat xF), heliocentristastronomers
(contrageocentrists:xF5) enhancedr S an ordmag,up to 10000e — the sameArchimedianmyriad
ratioalsoadoptedfor r s/r S ateqs.13& 14.

39 It is alwayspossiblethatthevaluesbroachedabove(r M = 60e & r S = 1146e) actuallycamefrom
a completelydifferentsourcethanheresuggested.Swerdlow 1969hasmadea persuasive argument
thatHipparchos'r S = 490e wasbasedonanadoptedsolarparallaxof theroundedvalue70. Similarly,
if an ancienthadadopteda roundedsolarparallaxof 30, he would (as independentlynotedat Van
Helden1985p.31)deducer S = 1800�60e/(30� ) = 1146e (a �gure later usedby Al­Battani: xD2 &
fn 57) — andhe could then, from a rearrangedversionof eq.12, arrive (backwardly & shakily) at
r M = 60e. On the otherhand,it might be that, if Hipparchosconcludedfor r S � 490e (Swerdlow
1969),hedid so(ashedid somuchelse,e.g.,Rawlins 2002Afnn 14,16,& 17)following Aristarchos'
lead,whichin thiscasewouldprobablymeanbuilding upon
 ratherthansolarparallax.If headopted
r M = 60e from Aristarchos(eq.11), andbelieved hehadmeasured
 to be7� , thenhewould revise
eq.12 to yield r S = 60e/sin 7� = 492e � 490e. (Or, if Hipparchosindefensiblystuckby anearly
value[Rawlins 1991WxR1] r M = 77e [itself basedon 
 = 3� ] andthenshiftedto 
 = 9� , hemight
have inconsistentlycomputedr S = 77e/sin 9� = 492e � 490e. For Hipparchos'r S = 77e, see,e.g.,
Swerdlow 1969p.289.)VanHelden1985p.167n.8suppliessimilar speculations.

40 Theintimaterelationof Aristarchos'Experimentto heliocentricityis seldommentionedin modern
textbooks(perhapsdueto the ironic geocentrist­preferencenotedat fn 72), thoughobvious from the
Experiment's largeimpliedsolarvolume:Rawlins 1991PxC3. ThattheExperiment& heliocentricity
aredueto thesamescientistis thusimplicitly regardedasmerelya coincidence!
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andeffectively parallax­freelatitude­determinationmethodwhichmay(xB1)gobackto the
time of theGreatPyramid.10 Wasthepurposeof Marinos' geographynaval? Or natal?11

D Astrologers'HandiestTables,InterRelations,AccuracyDegradation

D1 GD 8.2.1statesthat the dataof Book 8 werecomputed(via eq.1)from latitudes
& longitudes.However, a detailedmathematicalcasehasbeenmadeby Rawlins 1985G
pp.260f that — though the remote­pastorigin of longest­dayM data were obviously
computedfrom latitudes— the highly (xxD5, K10, & L5) corruptedlatitudesof major
cities listed in GD Books2­7 musthave beencomputed(via eq.1)from conventionally
over­rounded longest­dayM­data (xA4) of just the sort12 we seein Book 8. Flagrant
examplesappearbelow, e.g.,Babylon(fn 16) & SE Asia (xK7). The suggestionhereis
that distortionsin GD latitudesgo back at leastto Hipparchos,while the distortionsin
longitudeprobablyoccurredlaterthanHipparchos,sincethey involveashift (fn 25;z1 xJ4)
from theHipparchos252000­stadeEarth­circumference(fn 47) to the180000­stadeEarth­
circumferencewhichfellow­RhodianPoseidoniosseemsto haveswitchedto (Strabo2.2.2)
during the1st centuryBC. (ThoughTaisbak1974eruditelywondersif this switchwasn't
muchlater.) TheAlmajestwasstill usingthelargerEarth­sizeduringthemid­2nd century
AD, andtheearliestrock­certainattestationof thesmallervalue'suseis byMarinos,around
thesametime.13 (Columbus' belief, thattheshortesttrip to China's Kattigara[D356] was

10 SeeRawlins 1985Gpp.255­256,aswell asRawlins & Pickering2001;seealsoDIO 13.1[2003]
(www.dioi.org/vols/wd1.pdf)[pp.2­11].Similarly, Hipparchosknew hisown latitude,but seems(xB1)
to have beenweakelsewhere,e.g.,placingAthensa degreesouthof its actuallatitude(Hipparchos
Comm1.11.3&8)andBabylon2� 1/2 north(xL6) of its — bothvaluescopied(fn 10)by theGD.

11 If latitudesbaseduponlongest­daydatawereMarinos', this would raisethesuspicionthathewas
anastrologer. (Possible,but — asalreadynoted[xC1] — his reckoninglongitudein degreesandfrom
BlestIslesis contrathis idea.)Werefamousancientastrologersanalogousto modernpopular­science
writers andpublications(www.dioi.sno.htm),whereubiquity, lucre, andhypeobscureinnumeracy,
therebynourishingblind­leading­blindmulti­generationalreplication(e.g.,www.dioi.sti56.html#rlbk)
of unreliablescholarship?

12 This is not to deny that someGD calculationswent in the otherdirection(xD1) — nor even to
rejectthedistinctpossibilitythatGD 8 wasentirelycomputedfrom GD 2­7 (datathemselvesalready
corruptedby calculationsfrom a prior pool of longest­daydata)as alleged. But somedifferences
(fn 7) in thetwo mss­traditions(Diller's XZ & UNK) occasionallyremindusthatpost­2nd­centuryAD
revisionsof theGD 8 valuesmayhaveattemptedarrangingconsistency, in thesamespirit thatlatitudes
in GD 2­7 wereadjustedat somepoint (at or beforeHipparchos'era),accordingto theDR theoryof
theGD. Notethat the latter theory(xD1) hasherebeenlimited to proposingthehigh likelihoodthat
dataof thesort (xD4) providedin GD 8 underlayGD 2­7's majorcities.

13 B&J p.14 n.10 show excellent judgementin rejectinga misguidedbut persistenttradition of
manipulatingthestade,toforcedisparateancientEarth­measurestoagreewitheachother orreality. See
alsoRawlins 1982N;Rawlins 1996Cz1 xC14& fn 47[p.11]. Theformerlyunpopularbut evidentially­
insistentfact (z1 xJ3) that Eratosthenes'Earth­circumferencewasgenuinely(not illusorily) high by
1/5,andMarinos­Ptolemy's too low by 1/6, is shown by at least4 considerations:
[1] Ptolemy'sexpansion(by over1/3)of theRome­BabylonlongitudinaldistancebetweenAlm& GD.
[2] TheGD's similarly large(33%­40%)systematicover­estimateof actuallongitudes.Seetheleast­
squarestestof Rawlins 1985Gp.264,leadingto p.265's tableof reconstructions.(The�rst scholarto
sensethatancientshadmultiplied longitudesby adjustment­constantswhenadoptingnew Earth­sizes,
seemsto havebeenPascalGossellinGéographiedesGrecs1790.Seehisseveral tablesexploring the
hypothesis;alsoRawlins 1985Gn.22,which creditsGosselin& vanderWaerdenfor this penetrating
realization.)[3] DR's neatcommonexplanationof bothC­values'errorsfrom atmosphericrefraction
of horizontallight (xz1 xA4 & xK) with 1/6 thecurvatureof theEarth. [4] Strabo1.4.1reportsthat
thelargenessof Eratosthenes'C cameunderlaterscholarlyattack.
All 4 of theseevidencesareconsistentwith eachotherandwith realizationthatMarinos& Ptolemy
(or their source[s])adoptedthe genuinelysmallerEarthentailedby the700! 500 stades­per­degree
shift. Thus (z1 xJ2), thereis not only no case­forbut no longereven any need­forthe literature's
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naked­eye­visiblestellarparallaxshowedthatthestarswereatvastlygreaterdistancesthan
geocentristshadrealized.
E2 How muchgreater?Well, accordingto Archimedes(d. 212BC), the previous (&
still then­current)de�nition of “universe”wassuchthat its radiuswas1 AU. Aristarchos
realizedthat,sincetheEarth(not theSun)wasmoving in a circle of this radius,then: the
invisibility of stellarparallaxdemandedthat r s, thecloseststars'roughmeandistance(in
AU, wherer S � 1 AU), beasgreator greaterthantheinverseof thelimit of humanvision
(in radians).From“Aristarchos'Experiment”,wehavealreadyshown independently(xB1)
thatheused1/10000of a radianfor thatlimit. Thus,from eq.1, hewould have set

r s = r S=� = 10000� r S = 10000AU (13)

So it is gratifying to �nd this resultis actuallytesti�ed to (xB1) asa limiting distanceby
Archimedes'“Sand­Reckoner”.41 But sucha scale,though(xE1) muchmore important
thanthefamous“AristarchosExperiment”,is far lessknown today. ExceptionsareHeath
1913(p.348)& Neugebauer1975(pp.646&656).But, following theusualmisconception
that Greekswere non­empirical,neitherauthorconsidersthe possibility suggestedhere
(eqs.1&13), namely, thatthis �gure wasfoundeduponsystematicscienti�c observations.
E3 Yetit is notdif�cult to reconstructtheempiricalbasis.Aëtios(alatesource)appears
to indicatethatAristarchosregardedthestarsassuns,42 saying(Heath1913p.305)thathe
“setsthesunamongthe �x edstarsandholdsthat the earthmovesaroundthe [ecliptic]”.
Aristarchoswould probablyregardstars' distancesasbeingas randomlyvariedas their
brightnesses.
E4 Thus,the simplestexperimentfor measuringstellarparallaxwould be that which
waslatervainly attemptedby W.Herschel(duringtheprojectwhich led him insteadto his
historicaccidentalbackyard1781/3/13discoveryof Uranus):look for annualoscillationin
therelativepositionsof falsedoublestars(i.e.,two starswhichhappenquitebychancetobe
sosituatedthataline throughthempassesverynearlythroughtheSolarSystem),whereone
of thestarsismuchnearertheSunthantheother. Somegoodexamples:Giedi,Mizar­Alcor,
andShaula­Lesath.Giedi (the easthorn of the SeaGoat,Capricorn)is probablythe best
example.In thetime of Hipparchos,theseparationbetweentheGiedi pair (� 1 & � 2 Cap,
respectively) wasmerely5 arcmin: 30.7 in longitude,30.3 in latitude.43 Thesearched­for
relative parallacticmotionwould bealmostentirelyin longitude.Yet it is certain44 thatno
suchrelativemotionwaseverobserved. An ancientmightalibi thisbysupposingthatGiedi's
2 starswereof similardistance;however, repeatedexperimentsall over thesky wouldgive
thesameresult. Which meantthatannualparallaxwasinvisible eitherfrom: [i] all stars
beingat same45 distanceor [ii] stars' remoteness& thus invisible parallax. The former
optionwould probablyberejected:46 if theseven“planets”wereall at differentdistances,
why shouldthousandsof starsall beatonly onedistance?47 If Giedi'snearerstar(� 2 Cap)

41 Archimedes(p.232): Neugebauer1975(p.643)calls this his most famouswork, even while not
realizingits empiricalsigni�cance.

42 PlanHyp 1.2.5 hassomespeculationson celestialbodies' volumes. Sun a bit larger than the
brighteststars,which themselvesexceededall theplanets.Jupiter& Saturnwerea little smaller, yet
still muchbiggerthanEarth. Notably for a geocentricwork, Ptolemyhadeven Mars slightly larger
thanEarth.(And c.60timesbiggerthanVenus.)

43 Fromtheexcellenteclipticaltablesof K.Moesgaard­L.KristensenCentaurus20:129(1976).
44 YaleBSCparallaxes: for 5� 1 Cap(HR7747)000.006;for 6� 2 Cap(HR7754)000.034.
45 Perhapsto refuteargumentssuchasthoseconsideredhere,Ptolemytaughtthatstarswereall at

onedistance(fn 47;PlanHyp1.2,Goldstein1967p.9,VanHelden1985p.24),but ancientopinionwas
notunanimous.(SeeJ.Evans'new editionof Geminos,or Neugebauer1975p.584n.37a.)

46 Seefn 45andconclusionof xE3.
47 Evenasidefrom its Earth­immobility:Ptolemy's conceptionhadall thestars'distancesthesame

(Almajest7.1, Van Helden1985p.27), so the Giedi experimentheredescribedwould doubly make
no impressionon him. But onesuspectsthathis demandfor uniform stellardistancewasdesignedto
defuse(by anticipation)heliocentrists'potentiallytroublesomeparallactic­questions.
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Acre(Ptolemais),Tyre(xC2)& Sidonhaveerrorsof onlyafew miles,notquiteasright­Onas
theEgyptiantrio, butnonethelessimpressivefor antiquity— andhighlyunusualfor theGD,
suggestingthatMarinosin Phoenicia(likeHipparchosatRhodos)gotparticularlyaccurate
latitudesfrom his own observations or from thoseof local astronomersor navigators,
evenwhile (fn 10) absorbingandrelayingordmag1� errorsfor regionsoutsidehis or his
associates'directexperience.Of these6 sites,only Memphis(D151)is listed7 in GD 8.
B2 Theimplication: thosemajorcitiesnot listedin GD 8 andcivilized enoughto desire
andafford astronomers(notexD6) show abetterchanceof having accurateGD 2­7latitudes
(xxJ2&K11) thanthosewhichdon't.

C The UnresolvedMystery of Marinos the Phoenician

C1 Why hasn't it beenpreviously notedthatGD Book 1's extensive critical discussion
of Mediterranean­region scholarMarinos' data fails to provide unambiguouslya single
Marinos latitude in degreesfor any Mediterraneancity? — or, indeed,any city within
theRomanEmpire.8 So,thoughMarinos' latitudefor theextra­Empirecity Okelis (xH2)
(D281)hintsatinferioraccuracy, wecannottell for surewhetherhisImportantCity latitudes
wereascorruptastheGD's. I.e., theGD's silence(fn 8) on Marinos' latitudeswithin the
Empireleavesopenthepossibility thathis latitudesfor Mediterraneanor RomanEmpire
siteswereaccurate(if so,GD data­degradationoccurredafterhis time) — andwerethus
suppressedfor disagreeingwith thoseof Hipparchos.(Similarly at fnn 8&19). But would
encyclopedistPtolemyexpendthe hugeeffort requiredfor shifting 8000datato dovetail
with an underlyinggrid­network's few hundredimportantcities? (Ptolemydoesreport
[GD 1.18] thatmuchof Marinos' datafor minor citieswereincompleteand­orscattered,
soseriouslabor [on someone's part] wasrequiredfor subsequentestimationof positions'
preciselongitude& latitude,whetheror no accurateor [xI7] even real.) Yet, if (fn 19)
Marinoswerean astrologer, why would he give longitudesin degrees— andworse,in
degreesfrom theBlestIsles,notAlexandria?(Yet,Ptolemy'sastrologer­faveHandyTables
did likewise.)9 With argumentsavailablein bothdirections,it is hardto besurehow much
responsibility(for thecorruptionof GD 2­7's latitudes)is borneby Marinos. In favor of
Marinosbeinga geographer, notanastrologer, is his measureof longitudein degreesfrom
the Blest Isles. Which in turn implies that key sites' latitude­corruptionfrom rounded
longest­dayklimatawasnotMarinos' doing.
C2 After all, how is it that an (apparently)eminentgeographerfrom Phoenicia(a
legendarynaval center, wherelatitudes& stellar declinationswould have beenvital for
navigatingcommercialvesselsif nothingelse)wasultimately— via hisown or others'sph
trig — depending,for his latitudes,uponcrudely­rounded(xD6) astrologicaltables?(Of
longest­daydata:seebelow atxD1.) If hewas.Note(xB1) thattheMarinos­of­Tyre­based
GD5.15.5&27latitudeof Tyreis justaboutexactlycorrect(to its1� /12precision)if founded
uponobservationsof circumpolarstars(affectedby c.20 of atmosphericrefraction),a wise

7 Memphis' XZ (ms­tradition)longest­day(14h) appearsindependent;but the ultra­preciseUNK
value(13h19/20)looks like it mayhave beenadjusted­to(computed­from:eq.1)anaccuratelatitude
— suggesting(fn 12) post­Ptolemytampering.Seethe learnedobservationsof B&J (p.44)uponthe
two ms­traditions'relative trustworthinessandpurity.

8 A deliberateomission? I have doubtson that point; however, suchsilencewould be similar
to the slyness(seealso fn 45) evident in his Almajest3.1 suppression­silenceregardingthe times
of the solstice­observationsof Aristarchos(truncated:Rawlins 1985H)& Hipparchos(goodto 1h!),
omissions1st stressedbythelateW.Hartner(lettertoDR). SeeRawlins1991HxxA5&B3­5 [pp.50­52].
Notethekey correlation:thesetwo solsticesaretheonly membersof Ptolemy's extensive setof times
of solstices& equinoxesthatdonotagreewith his (Hipparchan)tables,andthey aretheonly onesfor
whichhehidesthehour. (Eachdisagreedwith thetablesby 1/4 day.)

9 Theactualpurposeof usingtheBlest Islesaslongitudezerowasprobablyto eliminateeast­west
positionalsign­ambiguities— just asNPD(xH2) doesfor north­south.
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were,say, 1000AU distantand � 1 Capmuch48 moreremote,then, the 2 stars' relative
positionsin April vs.Octoberwouldcorrespondto baseline2 AU (seefn 18)— andthus:a
totaleclipticalparallacticswingof about2�34380/1000or 70. As notedabove,theecliptical
componentof the50 gap(betweenthe2 starscomprisingGiedi) was30.7 in antiquity. But
our hypothesis(1000AU stellardistancefor � 2 Cap)entails30.4 of eclipticalparallax—
which thuspredictsthe unmissablespectacleof � 2 Caposcillatingsemi­annually, from
ecliptical near­conjunction(October)with � 1 Cap, to being (April) distantby an angle
equalto c.1/2 the lunar semi­diameter!Obviously, no sucheffect wasobserved — and
carefulocularmonitoringof Giedi andsimilar star­pairswould have producedan ample
reservoir of null results.For heliocentrists,saidnull­parallaxreservoir would rule out the
premisthat the starsweremerely1000AU distant49 — andthussuppliedthe empirical
basisunderlyingancientheliocentrists'scienti�c (not“theoretical”)50 conclusionfor eq.13:
starswithoutannualparallaxhadto beat leastanotherordmagdistant,namely, 10000AU.
E5 But we neednot speculateon theexistenceof suchobservations,sinceit is obvious
from Almajest7.1(c.160AD) that,indeed,theancientshadcarefullymeasuredlineupsand
relative positionsbetweenstars. And the samesourceis clear that no suchstellarshifts
hadever beenobserved — which is why (until Halley) the stars' relative positionswere
regardedas“�x ed”.51 Sothelogicalconclusionfor heliocentricvisionaries52 wouldbethat
thestarswereroughly10000AU distant(or more),asalreadyexpressedin eq.13.

F Later Heliocentric Impr ovements

F1 Thereis a hint (Archimedesp.222,Neugebauer1975p.646eq.11)thatAristarchos,
ultimatelypromoteda provocative distance­limitsymmetry(RT = Earthradius):

r a=rS = r S=RT = 10000 (14)

This would, if true, representan abandonmentof eq.12. Regardlessof our speculations
as to whetherAristarchoshimself shifted from eq. 12 to eq. 14 (Archimedessuggests
otherwise),53 we know (xF2 & eq.14) thatastronomersdid soshortlythereafter.
F2 Kleomedes2.1 reports(Heath1913 p.348,Neugebauer1975 p.656, I.Kidd 1988
p.445) that Poseidonios(1st centuryBC) consideredthe possibility that the Sunwas (at
least:fn 18)10000e distant.54 This is alreadygivenin eq.14,namely:

r S = 10000e (15)

48 Apparentlydimmer� 1 Capis (fn 44) roughly6 timesmoredistantthan� 2 Cap.
49 To attainto an appropriateperspective on vying ancients'relative intelligence,recall from xA7:

[a] Geocentristswereclaiming the starswereordmag10 AU distant,e.g.,VanHelden1985pp.27f.
[b] Therealdistanceof ProximaCen,nearestextra­SolarSystemstar, is ordmag100,000AU: xA7.

50 See,e.g.,xA1 & fn 20.
51 Almajest7.1: becausethestars“maintain the formations[of their constellations]unchangedand

theirdistancesfrom eachotherthesame,weareright to call them`�x ed'.” I believe thatmostprevious
historianshave examinedthis statemententirelywith respectto propermotion,but have ignoredthe
parallaxquestionwhich wasof at leastequalinterestto ancientheliocentristobservers. Geocentrists
suchasHipparchos& Ptolemy, whohave suppliedmostof our links to seriousancientastronomy, do
not relaydiscussionsof star­shiftsin this dangerousparallacticconnection.

52 Neugebauer1975p.657:Pliny&churchmen“grumbled”at nonutility of seekinguniverse's scale.
53 Archimedes(“Sand­Reckoner” p.223)connectsAristarchosto eq.12,not eq.15. Seefn 32.

Note: eq.14is basedonAristarchos'denialof thevisibility of bothsolar& stellarparallax,expressed
for thelattercaseby hisanalogythatstars'hugedistancesrenderEarth'sorbit punctalby comparison.

54 Heath1913p.348supposesthat the 10000e �gure (for which no sensiblePoseidoniosevidence
survives)is basedonArchimedes'“Sand­Reckoner” exercise.But this speculationwaslodgedbefore
1/10000of aradianwasfound(xC4or Rawlins 1991Wfn 272)to underlieAristarchos'Experiment—
with theattachedsuggestionthatit wasancientscientists'recognized� (eq.1). Thefurthersuggestion
is thatArchimedes'allegedly pure­mathexerciseactuallyre�ects prevailing heliocentristopinion,in
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simply easierto computationallyconstructin the1st place(mathprovidedat ibid 2.7), for
longest­dayvaluesthanfor latitudevalues,backin theultra­longhand­calculationdaysof
early useof sphtrig. The computationalutility of longest­dayis easyto show: for A =
Ascendant,andST = SiderealTime,onecancalculate:5

cot A = (cos[15M =2] � sin ST ) cos�= cosST (2)

— simplerthanusinglatitudeL with a formulacombiningtheforegoing2 equations:

cot A = � (tan L sin � + sin ST cos� )=cosST (3)

Thus,mostavailableancientastrologicaltablesof houses(e.g.,Almajest2.8)werearranged
(xD2 [1]) by klimata(xxA1&D4).
A5 Astrologers'otherkey invisiblecelestialpoint wasthe“Midheaven”. But theMid­
heaven M H is latitude­independent.So, for any latitude, one needonly consult (in
Alm 2.8's tables)the “SphaeraRecta”columns(Toomer1984p.100),which tabulatethe
relationtan M H = tan ST=cos� .

B The GreekGD'sBestLatitudes: Non­GreekEgypt & Phoenicia

B1 Fortunately, somecities' accuratelatitudesappearto have survived; two particular
groupsare consistent(if we include 20 stellar refraction & 1� /12 rounding) with that
optimisticconjecture.In Lower Egypt (Rawlins 1985Gp.260;GD 4.5.53­55):Memphis
(D151),Cairo[fortress“Babylon”], andOn[Heliopolis]. Note(in thecontext of astronomy­
basedlatitudes): these3 sitesclusteraroundthe mostaccurateastronomical­surveying­
orientedancientbuilding, theGreatPyramid,6 whoseroundedlatitudeiscorrectatGD4.5.54
(Cairo [Babylon], thusadjacentGiza): exactly 30� 000. In Phoenicia(modernLebanon):

5 It will helpto provideanexample,usingtheAlmajest2.8tablefor Rhodos(D189)atSiderealTime
(the Right Ascensionof the meridian,or Hour Angle of the VernalEquinox)21h23m36s = 320� 540

(which is chosento avoid interpolationin step1, aswill beevident):
Adding6h or90� gives50� 540(therisingpointontheEquator).Then,�nd 50� 540 in theAlmajest2.8's
“AccumulatedTime­Degrees”columnfor Rhodos(longest­dayM = 14h1/2,thebasisof thiscolumn's
ancientcomputationandarrangement):Almajest2.8 (Toomer1984p.101). The valueon the same
row in the column“10� Intervals” is zodiacally10� of Gemini or 10� GEM 000 = ecliptically 70� ,
so that is the Ascendant. The Descendant(ecliptical point that is setting) is opposite: 250� or
10� SGR000 (10� of Sagittarius).TheMidheaven(polarlongitudeof transittingzodiacpoint) is then
found by linear interpolationon Toomer1984p.100: in the “AccumulatedTime­Degrees”column,
underthe“SphaeraRecta”heading,we�nd 312� 320; 320� 540 (ST) exceedsthisby 8� 220 of the9� 580

interval correspondingto the10� interval between10� AQR000 and20� AQR000 (in thecolumn“10�

Intervals”), so: add10� (8� 220/9� 580) = 8� 240to10� AQR000, whichyieldsMidheaven= 18� AQR240

(18� .4 of Aquarius)on the zodiacor ecliptical longitude318� 240. The Nadir is opposite:138� 240

or 18� LEO 240. (This establishesthe four cardinalpointsof the astrologicalhousesfor the chosen
place& time. Divisionof eachquarterinto threepartsthenestablishesthetwelve astrologicalhouses,
but saiddivision differedfrom onehousesystemto another. Sphtrig­basedtablesof housesgo back
at leastas far asTheodosiosof Bithynia, 2nd centuryBC.) Note in passing: �nding Ascendant&
Descendant(andthushouse­divisions)is thesoleusemostmodernastrologershave for geographical
latitude. (Ancientsalsousedlatitudeto enterparallaxtables,but suchscrupulousnessis rareamong
today'sastrologers.)Geographicallongitudewasusedmerelyfor additively converting(xD2 [3]) local
time to ephemerides'standardzero­meridian,presumablythatof Alexandria.

6 All three latitudesare correct— perhapsa notableEgyptianachievment, since the GD lists
Heliopolis(theGreeknamefor On)at thewronglatitude(exhibiting a peculiarlyGreekerror: � 1� /4
from asymmetricgnomon),not realizing(similarly at xK5) that it is thesameplaceasthe holy city
called“On” by theEgyptiansandGenesis41.45. Suggestively, thecorrectlatitudeis associatedwith
theancientEgyptianname,not thelaterGreekone.DetailsatRawlins 1985Gp.260.
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As Heathnotes,this is in the right ballpark(only off by a factorof about2). It impliesa
solarvolumeof ordmag100,000Earths! Giventhesheersolarmassobviously indicated,
this would suggest(Rawlins 1991PxC3) to anyoneoutsidetheMuf�a 55 thatPoseidonios
wasteaching56 a heliocentricconceptionof theuniverse— asalsodid Seleukos. (Heath
1913p.305citesseveralof theancienttestimoniesonheliocentrists.)And Poseidoniosalso
suggestedthatthestarscanmatchor evenexceedtheSunin size(Neugebauer1975p.965).
F3 What canhave causedthe shift in heliocentrists'adoptedr S from 1146e (ordmag
1000e) to 10000e? The answeris obvious the momentonehasrecourseto observation,
which (if r S is assumedequalto c.1000e) producesa reductionto empiricalcontradiction,
similar to thatfoundvia Giedi (xE4)by assuminga stellardistanceof 1000AU.
F4 It is a striking fact that all 3 extant reportedancientplanet­staroccultationsare
Hellenisticandarenearor not long after Aristarchos'time. Oneis by his contemporary
Timocharis(Almajest10.4): Venusin � 271. Theothertwo areof Mars (Almajest10.9)
thesameyear, andof Jupiter(Almajest11.3)in � 240;botharerecordedaccordingto the
Dionysioscalendar. (DIO 1.1z1 fn 23identi�ed Dionysiosfor the�rst time,anduncovered
evidenceof thevery heliocentristconnection[to Dionysios] long suspectedby DR & van
derWaerden.SeevanderWaerden1984­5p.130.)
F5 From xF4, we conclude: it is not a wild speculationto supposethat Aristarchans
wereexaminingplanet­staroccultations— whichjusthappento havebeenthebesthopefor
ancients'gaugingr S in Earth­radii.In amoment,wewill show (xF6)how suchobservations
will swiftly eliminateAristarchos'initial ideathat r S = 1146e (eq.12). After this value
wasrenderedobsolete,it evidently lingeredon anyway amongpsychologically­receptive
geocentrists,e.g.,Al­Battani.57 He,likeHipparchos& Ptolemy, preferredr S to beassmall
aspossiblesotheSunwouldn't besoembarrassinglybiggerthanthetiny allegedterrestrial
Centerof the Universe. (And Eratostheneshad the universeeven snugger: z1 xF3.)
Ironically, thisgeocentristtraditionmisledthe�rst modernpublicheliocentrist,Copernicus,
who setr S = 1142e, closeto Aristarchos'initial 1146e value(& not far from Ptolemy's).
Later, public­geocentristTychoused1150e (Thoren1990pp.302­304).So: [a] Aristarchos'
Experimentwasthebasisof SolarSystemscalesfor nearly2 millennia,adopted(at least
roughly) by Ptolemy, Battani, Copernicus,Tycho, successively. [b] Poseidonios'r S =
10000e (eq.14)was,in accuracy, superiorto all theselater�gures.

its doubleuse(eq.14) of 10000asthe key scaleratio of the system. Note that Archimedesspeaks
of 10000asanupperlimit for bothratiosof eq.14; but Poseidoniosdoesnot do so. He insteadgoes
on (xF2) to proposethatstars'sizescanexceedtheSun's. (A similar statementregardingbrightness
would be more indicative. After all, even Ptolemytaughtthat starswerenearlyasbig asthe Sun:
fn 42, VanHelden1985p.27.) This slight alterationmay re�ect post­Archimedesre�nements(e.g.,
largerterrestrialbaseline)for theplanet­staroccultationobservationsdiscussedat xF7.

55 Seethe preciouspuzzlementof Toomer1984 (p.257n.66 emphadded): “There is no point in
estimatingthe relative volumesof the bodies,but it wasevidently traditional in Greekastronomy”.
The incomprehensionhere(by the very scholarwhom Muf�a satelliteP.Hubercalls “ the expert” on
theAlmajest: PH's emphasis)beautifully typi�es theMuf�a' s uncanny non­intuitionregardingwhat
realancientscientistswereabout.

56 Poseidoniostaughtseveral con�icting schemes:Neugebauer1975 p.656. One of his values,
r S = 1625e, is more consistentwith 1536e (xD3) than with 1146e (idem). An accurateancient
Earth­circumferenceis implicit in oneof Poseidonios'schemes:600stades/degree(Neugebauer1975
p.656n.3;or, with p.655eq.11:625st/degr). Yet hismathatNeugebauer1975p.656eq.20presumes
700st/degr; andPoseidoniosis known from Strabo2.2.2to have promoted500st/degr. Noteanother
600st/degr suggestionin Pliny: Neugebauer1975p.654.If someancientsgot­it­rightwith 600st/degr
(so 1 nmi = 10 stadeswasn't an accident?),hadthey — possiblysuspectingrefraction— averaged
standardCs,252000stades& 180000stades(z1 xxD3&I3) to �nd accurateC = 216000stades?

57 Seefn 39 & Swerdlow 1968pp.92­94. I offer a novel speculative explanationof Al­Battani's
contradictions:[a] He or a predecessorcomputedtheMoon's distancefor solardistance= 1 ; using
this andPtolemy's � = 1504000& � = 13/5 in eq. 11, he found (taking 1 radian= 57� 180): r M =
1e/0p5900300= 60e580. [b] Battanithencomputedr S=rM = 1146e/60e580 = 184/5,theratiogottenat
Almajest5.16via RS=RM = 330p330. (Only safeconclusion:big­coincidenceheresomewhere!)
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A2 Aubrey Diller was(1983/3/6letter to DR) the1st scholarto point out the360­site
total andto suggestits deliberateness.3

A3 Thelongest­dayM (in hours)atasiteis asphtrig functionof latitudeL (in degrees)
andthe Earth's obliquity � (alsoin degrees),by an equationknown at leastsincethe 2nd

centuryBC (BithyniansTheodosios& Hipparchos)— a remarkablehistoricalrevelation,
primarily owedto themathematicalinvestigationof Aubrey Diller 1934. [Readersnot into
sphtrig maynow skip from hereto xB.]
Theequationfor computingeachklima(xA1) attestedfor the2nd centuryAD atAlmajest2.3:

cos(15M =2) = � tan L tan � (1)

(whereobliquity � wasusuallytakento be23� 5/6or [thediscoveryof Diller 1934]23� 2/3).
A4 Why differentdata­formatfor GD 2­7vsGD 8? Two potentialanswers:
[1] Books 2­7, like the ImportantCities part of Ptolemy's HanTabl, are in the form of
Marinos' manualor map,presumablyafterhis (thoughseexC1)systematictectonicmass­
alterations(GD 1.4 & B&J p.46)to forcemacro­geographicalaccord(througheq.1)with
theabove­hypothesized(xA1) network­grid­basis,which hadbeenseverelypre­corrupted
by roundings(xxD1&D5) in tableslong usedby astrologers.Remarksat, e.g.,GD 1.18
suggestthat,like (following?) astrologerHipparchos,Marinosclumped(xD4) citiesunder
parallels. Also, Marinosgave primacy (GD 1.20.3& 24.3; andbelow at xM6) to Hip­
parchos'36� parallel(arc � ­� ­� in Fig.1 [p.50]) throughtheeast­Mediterraneanislandof
Rhodos,suggestingboth an astrological­traditionconnexion andeven thepossibility that
Marinos' tableof rounded­longest­dayparallels(for at leasttheMediterranean­region)was
ahand­me­down fromHipparchos,whosemainobservatorywaslocatedonRhodos(D149),
probablyjust northof thetown of Lindos. (SeeRawlins 1994LxF [pp.42­45].)
[2] The dataof Book 8 arenot for a map — but are in precisely(xD2) the hour­based
form for astrologers'convenientusein computingahoroscopefor asiteotherthanAlexan­
dria (D149), which wasobviously the standardmeridianfor astronomical& astrological
ephemeridesin theHellenisticworld.4 SoGD 8 couldhavebeencalledtheHandiestTables
— perfectlysetup for astrologers'convenience.Listing citiesby longest­daysuper�cially
appearsodd & cumbersome,and it gave no specialaid whenusingdatafor maps. (To
thecontrary: xD3 [b].) However, astrologicaltablesof theoutdoor­invisible “Ascendant”
(Almajest2.8)— thecorner­stoneof astrological“house”­division for horoscopes— were

3 SeeAubrey Diller 1984's scrupulously­wroughtestablishmentof thetext of theentirecontentsof
Book 8 at www.dioi.org/gad.htm.The total of his site­listsis 359. Nobbe's total is 358. But Nobbe
omitsTarentumandSousaleos,while Diller semi­omitsLimyra. (Though,seeendof thisfn.) Merging
thelists,wehaveexactly360sitesin 26sections,correspondingto GD 2­7's26maps.Sections:10of
Europe(118GD 8 sites),4 of Africa (52 GD 8 sites),12of Asia (190GD 8 sites).
I proposescholars'agreementupona conventionalnumberingof all 360,baseduponthesequenceof
Diller's XZ Codices,dovetailingwith theUNK Codices(to cover siteseitherskipped),which follows
Diller's desireto give primacy to the former. We usepre�x D, to numberevery GD 8 site, so that
“D x” refersto the x th site. Adding to Nobbe's edition of GD 8: Tarentum(GD 3.1.12,8.8.4)as
siteD53, Sousaleos(GD 3.3.4,8.9.3)assiteD63. (Note thatwe aredovetailing thesetwo sitesinto
Nobbein passagesthat [exceptionally] alreadylist more than onesite — which may help explain
thesetwo oversights.)To Diller's version,weaddLimyra (GD 5.3.6,8.17.25)assiteD193,Diller XZ
CodicesAsia­Map1 site#22! #22a:“Myra”, whosecoordinatesareidenticalto Nobbe's “Limyra” at
GD 8.17.25.D192is UNK'sitem#22,whosecoordinatesareidenticalto Nobbe'sGD 8.17.23,“Myra”
(GD 5.3.6).Notethatone�nds “22a” in Diller's handin theleft margin of hisp.X13,showing thathe
suspectedtheneedto addthis siteasthe�nal touchto perfectinghis epochaldocument.I.e., evenat
ageeighty­plus,hissharpeye wasstill missingnothing!

4 The very choiceof longest­day(insteadof latitude)asGD 8's measureof northerlinesstips us
off to the astrologicalconnexion. (Hardly a stretch: recall that Ptolemycompiledthe superstitious
horoscope­delineationbookthatis still astrologers'bible: theTetrabiblos. Notethatthegeographical
tablein hisastrologer­orientedHandyTableswasat thisstagestill inconvenientlyin degrees.)
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F6 We will next show that the superiorityof Poseidonios'conceptionwas probably
basedon observation, not “nä�ve” guesswork (Neugebauer1975pp.655­656).For solar
distance1146e (eq.12), theSun'sdiurnalparallaxis 30. Now, whenMarsreachesa station
andis roughlynearperihelion,it canbe lessthan0.5AU from theEarth— which means
thata 30 solarparallaxcorrespondsto about60 of Marsparallax.At Alexandria's latitude,
31� N, while Mars is visible during the night, an observer will be transportedwell over
1 Earthradius(transverselyto theEarth­Marsvector)by theEarth's axial rotation.So,for
r S = 1146e, Mars oughtto show ordmag100 of diurnal parallacticshift in onenight —
anangleeasilydetectableby eye (comparableto thelunarsemi­diameter).Meanwhile(as
could have beennotedby a transitobserver like Timocharis),Mars' apparentgeocentric
longitudewill vary by merelyabouthalf anarcminover the48h periodaroundthestation
(1d before&after).Suchstations58 musthave frequentlyoccurrednearenoughto starsthat
theinvisibility of thepredictedparallacticshift wasrepeatedlyveri�ed.
F7 Thereis anotherplanet­starmethodwhich requires(not the neattiming of hitting
on a stationbut) a wide geographicalrangeof observations. WhenVenusis nearinferior
conjunction,it canbe lessthan0.3 AU from theEarth. (About 1/3 of anAU at stations.)
I.e., Venus'diurnalparallax59 canbemorethantriple theSun's. But for 30 solarparallax
(xF6), Venus'greatestdiurnalparallax60 shouldbeashigh asabout100. If Venuspassed
neara star, thenoneneedonly compareobservationstaken, say, at Meroë (latitudeL =
17� ), vs.onestaken,say, atByzantion(L = 41� ). Thenorth­southangulardistancebetween
planet& staratconjunctionshoulddiffer by about50 — simplydetectedby thenakedeye.
F8 I proposethatourfragmentaryrecord(xF4)of ancientplanet­staroccultationsis part
of Aristarchans'systematicempirical61 testing— whicheventuallyconvertedheliocentrists,
c.270BC (sometimebetweenAristarchos'Experiment& the“Sand­Reckoner”) from r S =
1146e (eq.12) to r S = 10000e (eq.15). (Suchobservations,in proving solarremoteness,
alsoprovedsolarhugenessandthussupportedheliocentricity:xF2& Rawlins 1991PxC3.)
F9 Summingup the evidential situation: we have examinedall 3 of the surviving
astronomicalscalesconnectableto ancientheliocentrists(eqs.4, 15, & 13); andwe have
foundthateachof the3 is foundedon exactly thesameempiricalbase:eq.1, namely, the
correctassumptionthat the limit of humanvision is about� = 1/10000of a radian. This
pregnantcoincidencelendsmorecredibility totheempirical­basetheoryproposedhere,than
mostcurrentastronomy­historianarchonswill ever admit. However, thesearchons'own
standardmyth of theGreeksasmerenavel­contemplatingtheoristshasherebeenrevealed
asjust that: amyth— basedupon(implicitly) treatingsurviving documentationof ancient
work as a representative sample. And the slightestcommon­senseconsiderationof the
longprocessof �ltration of ancientmaterials(beforethey reachedus)will warnafreshman
historianagainstsuchnä�vete. (Which is spoofedat DIO 2.1 z1 xJ.SeealsoDIO 9.1 z3
fn 8.) SinceI expecttheold view to persistregardless,I merelyurge loyaliststo offer a
coherenttheoryexplaininghow allegedlyindoorGreek“theorists”cameinto possessionof
thesiderealyearandtheperiodsof theMoon (synodic,anomalistic,draconitic),Mars(&
probablyVenus)which areaccurateto 1 part in ordmaga million or better. (SeeRawlins

58 VenushashigherdiurnalparallaxthanMars,but themethodfails for Venussinceit rises/setsso
soonere/afterSun's rise/setwhenstationary. By contrast,stationaryMarsstaysupmostof thenight.

59 Almajest9.1 taughtthatplanetarydiurnalparallaxwasinvisible. (SeeRawlins 1991PxF3.) But
Swerdlow 1968 correctlynotes(p.102) that planetarydiurnal parallax“is too large to be ignored”
(ordmag1� for Mercury, in Ptolemy's system)— eventhoughPtolemycontinuedto insist(p.103)that
suchparallaxcannotbemeasured!Ptolemylateradmitted(PlanHyp1.2.5,Goldstein1967p.9) that
Mercury, Venus,& Marsmustshow somediurnalparallax,accordingto hissolardistance;but hedoes
notclaim heever observedsuch— or eventried to.

60 Hartner1980p.12pointsout that,by Ptolemy's scheme,evenlargerdiurnalparallaxesshouldbe
exhibitedby Venus& especiallyMercury. Seefn 59.

61 Ptolemyeventually acknowledgedthat nontrivial diurnal planetaryparallaxwas implied by his
system.Seefn 59,andtheusefuldiscussion& distinctionat Taub1993p.167.
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z3 The PtolemyGEOGRAPHY' s Secrets
[Which GEOGRAPHYSecretsWereSecretfrom Ptolemy?]

Distillate fr om 3 Decadesof DR Researchesinto
Ptolemy's GeographicalDirectory, 1979­20071

Zero Longitude Revealed: CapeVerde Isles
Old Egyptian Accuracy vsGreek
Marinos' Dateand Authorship
Astrologers' HandiestTables

In Memory of a Brilliant Friend
AUBREY DILLER 1903­1985

A Why a Network of Exactly 360Sites' GeographicalHours?

A1 ThefamousPtolemyGeographicalDirectory(henceforth“GD”), popularlycalled
“The Geography”or “Geographia”,is in eight Books. It wascommissionedin the 2nd
centuryAD for theuseof Serapicastrologers(xD5). We will hereadoptthe �ne English
editionof its text by Berggren& Jones2000(henceforth“B&J”). But don't missthelovely
new completeStückelberger & Graßhoff 2006edition (henceforth“S&G”). If you know
German. And even if you don't. The GD begins with explanatoryBook 1, which tells
of Ptolemy's incorporationof thousandsof sites' geographicalplacesfrom the work of
anearliergeographer, Marinosof Tyre. Then,Books2­7 list about8000sites' positions,
expressedconsistentlyin degreesto 1/12thdegreeprecision:longitudesin degreeseastof
the Blest Isles (CapeVerdeIslands: xF4), andlatitudesin degreesnorth or southof the
Equator.2 TheGD thenconcludeswith whatDR contends(xA4) resemblesand­orpartly
constitutesthe data­basegrid­network computationally(eq.1) underlying the precision­
corrupted(xxD1, D5, & K10) positionsof GD Books2­7,namely:Book8, whosedataare
expressedentirelyin hours (notdegrees),alist of 360sites'longitudesin hourswestor east
of Alexandria (not theBlest Isles);and,insteadof latitude,longest­daysM (for Summer
Solstice)in hours,whereparallelsat 1h/4 or 1h/2 intervals of M werecalled“klimata”.
E.g.,longest­dayM = 14h1/2wascalledtheRhodosklima whereL = 36� (via eq.1).

1 Theseinvestigationswerepostedon theDIO websitein 2006­2007,at www.dioi.org/gad.htm.
Unlessotherwiseindicated,GD section­numberingherefollowsthatof Karl Nobbe1843­5(henceforth
cited asmerely“Nobbe”), numberingwhich is alsofollowed ascloselyaspossibleby the excellent
new edition,Stückelberger& Graßhoff 2006(henceforth“S&G”).
Note that the presentpaperforgoesthe useof accentsfor Greekwords. Diller himself pointedout
accents'super�uity, sinceclassical­eraGreeklackedthem. Duringa DR 1987/6/1visit to theVienna
Papyruscollection,thesameview wasexpressedby thecollection's chief,aswell asby theableDutch
scholarPeterSijpesteijn,whohappenedto bevisiting thesameday.

2 DIO's peopleareamazedat a long traditionof suggestionsthat theGD may well be theearliest
geographicalworkevertousesphericalcoordinates.Thisis lessscholarshipthanarelicof Neugebauer­
salesmanshipfor Ptolemy. (Origin: Neugebauer1975pp.337,846,& 934;andseep.280for parallel
celestialsemi­claimsfor the Almajest, despitethe 2nd centuryBC HipparchosComm's listing of
dozensof stellarRightAscensions& Declinations.)LongbeforePtolemy, StraboreportedaNile map
consistent(Rawlins 1982N)with useof sphericalgeographicalcoordinates,andwhich goesbackat
leastto Eratosthenes(3rd centuryBC) — amapsoantiquethatit doesnot evenusedegrees.
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1984A p.984, Rawlins 1985K, Rawlins 1985Gx5, Rawlins 1991H fn 1, DIO 11.1-2,
DIO 13.1, www.dioi.org/thr.htm.) DR evidentlywasthe1st to publishthesestartlingfacts,
sincethe Muf�a had wilfully overlooked this remarkable62 achievement. After all, the
Muf�a hasdecreed63 in Sciencethataccuracy is irrelevantto ancientastronomy.
F10 SincetheJHA 1980/6editorialpolicy statementcitedelsewherehere(fn 64) calls
it “a mortalsin to judgethepresentsolely in the light of thepresent”,I offer theobserva­
tion that, by this unexceptionableJHA criterion, it would be mortally­sinful if a modern
academiccult projectedontoancientscholarsits own creativesterility, technicalignorance,
andconsciencelessamorality. This patentlyfantasticexampleis of coursepurely a DR
fabrication,innocentlyconcocted,like Ptolemy's fakes,entirely“for pedagogicpurposes”
— to borrow thebrilliant phraseologyof Gingerich1976.

G The Forceof Reasonand the Forceof Prison

G1 We recallO.Gingerich's suggestion(xA2) thatAristarchos'contributionsweremi­
nor andoff­the­top­of­the­head.Thus,Aristarchos'demotionmay be rationalizedin the
samefashionasthe Muf�a' s downgradingof the works of creative modernsof whom it
disapproves.Gingerich1985A(p.41): “For betteror worse,scienti�c creditgoesgenerally
not somuchfor theoriginality of theconceptasfor thepersuasiveness64 of thearguments.
Thus, Aristarchuswill undoubtedlycontinueto be rememberedas `The Copernicusof
Antiquity', ratherthanCopernicusas`TheAristarchusof theRenaissance'.”
G2 Themostobvious problemswith thesetypically anti­revolutionaryOG comments
(on2 brave revolutionaries):

[a] To suggestthat we slight Aristarchos,merelybecauseattackson his heresyand
on his intellectualfreedom65 succeededin virtually burying his work — despitehis high
ancientreputation(Rawlins 1991WxQ1) & achievements66 — is effectively to endorse
dictatorialbullying & idea­imprisonment.I cannotbegin to imaginewhy theMuf�a would
sympathizewith andeffectively endorsesuchbehavior.

[b] Mustwefollow Neugebauer&OGin lettingthebrilliance,boldness,& vindication67

of Aristarchosbelost in theceleb­spotlightbothmenshineinsteadonastrologer­quackser

62 The valuesfor the siderealyear and the synodicmonth— generallyknown as the “SystemB
Babylonianmonth” — aregoodto about2 partsin ten million, andDR hastracedboth to Aristar­
chos(Rawlins 1991H fn 1, Rawlins 1999, Rawlins 2002A). The earliestcuneiformrecordof the
“Babylonian”monthis decadesafterAristarchos.

63 Fn20. SeealsoGingerich1976(& evenvaluableGraßhoff 1990'spp.215­216),excusingPtolemy's
fudgingsto agreewith predecessors'theories.Shoulda �eld' s leadersbecomeautomaticprominent
apologistsfor themostnotoriousintellectualthief in thehistoryof astronomy?

64 Seesimilar excusingof discovery­misattribution in OG's JHA 11.2:145; 1980/6(statementby
Lord H & OG).Onesensesjust how upsettheJHAEditorshipgetsat plagiarism.

65 Fn 69. PlutarchMoralia 923,Gingerich1985Ap.39,Rawlins 1991PxG2.
66 Besidesthepresent�ndings, seee.g.,Rawlins 1991Pfn 1 andRawlins 1991WxN17& eqs.22­24.
67 If I wereasked to point to the singlefeaturethat mostclearly separatesscientistsfrom centrist

historiansin this areaof scholarship,it would be this: history of astronomyhasbecome(fnn 6, 20,
& 64)soknee­jerkanti­judgementalregardingits subjects(thoughnot its turf­competitors) that it has
lostsightof thefactthatvindication­by­future­experimentation is notanachro­twistedmis­historybut
ratheris: [i] what scientistsdreamof, & [ii] the standardtestof scienti�c theories'truth or falsity.
To tracehow hist.astronscholarshave becomesodivorcedfrom theserealities(of thevery �eld they
purportto chronicle)is a job I recommendfor anenterprisingyoungarchaeologistof strongstomach
& disfunctionalnose.(Is it coincidentalthatHist.sciwasthewombfrom which the“paradigm”alibi
for inferior sciencewasborn?Whethersymptomor cause:anunfortunatebackwardstepfor modern
Hist.sci may have beenits archonT.Kuhn's launchingof the buzzword “paradigm”. When I was
involved in anti­occultistefforts yearsback,I foundthat,while virtually no productive scientistshave
any usefor theword “paradigm”,it wasa favewith oxplocultistswho longedto obscureandalibi the
failures& fakeriesof astrologers& otherpseudoscientists.)
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(Rawlins 1984A pp.972,981) C.Ptolemy: supremefaker, sellout, lawyer­crank, i.e., the
idealMuf�a choicefor its “GreatestAstronomerof Antiquity”?68 (Neugebauer1957p.191
onPtolemy'sAlmajest: “oneof thegreatestmasterpiecesof scienti�c analysiseverwritten.”
CultistVanHelden1985p.41genu�ectsto Ptolemy:“the masterhimself”.)

[c] Above, we have foundevidencethat,evenundertheshadow of Cleanthes'notori­
ous69 threat,Aristarchosreasonedout& promulgatedtheepochalimplicationsof heliocen­
tricity. It is selfevident70 (xA5) that,e.g.,herealizedthatheliocentricitygave (in AU) the
correctdistancesto theplanets(not knowablefrom Ptolemy's crackpot71 astronomy),the
key step(Rawlins1987& Rawlins1991P)ultimatelyyieldingKepler's3rd Law (discovered
& suppressedin antiquity?)& soNewton's universalgravitation.

[d] And beyondthis,wehavetheAristarchosheliocentrictheory'smoreoverwhelming
implicationsfor thesizeof thestellaruniverse,aconceptionwhichdemonstrablyimpressed
thegreatestof ancientmathematicians,Archimedes— anin�uence which by itself earns
Aristarchos�rst rankevenby theJHA'sown corruptcriterion(fn 64). SinceOGhasraised
(xG1) thequestionof therelative superiorityof Aristarchos& Copernicus,I will notethat
Copernicus1543(De Rev 1.10)did not quantifyat all thecritical fact thatheliocentricity
necessitatedan expansionof the universeby several ordersof magnitude. But, as we
have seen(eq. 14), Aristarchosdid. Nonetheless,modernhist.astron(e.g., Van Helden
1985pp.41,46­47)pretendsthatCopernicus,not Aristarchos,wasthe �rst to realizethat
heliocentricityimpliedahugeuniverse.Well, whatelsewouldoneexpectfrom acultwhich
pretendsto salvage& purify ancientscholarship,even while trying (DIO 1.1 z1 xC5) to
destroy thereputationof any scholar(ancientor modern)whomit happensto disappoveof?

H Heroes& Zeros

H1 Since most great work is the tip of a pyramidal anonymiceberg, it is risky (&
usuallyunjust)to singleout one�gure asTheGreatest,in any �eld. However — despite
Cleanthes'worsteffortsatgroundinghim — Aristarchos'wingédmentalitysoaredbeyond
histerrestrialcon�nementsof physicalgravity andacademicbigotry. Andhestill glimmers,
throughthehazeof our indistinctrecord,astheancientastronomerwhoperceived,proved,
& publishedthe realizationthat the universe's volume is ordmaga trillion (1012 ) times
larger72 thanhithertounderstood,whichrevealshim to havedoneevenmorefor ourspatial
perspective73 thanwhat19th centurygeology& biology did for our temporalvision. His

68 DIO 1.1z5 fn 24,z6 xH7, z7 xB2.
69 Seefn 65. Heath1913p.304(alsoDIO 1.1z1 xD3) recountsCleanthes'attempt(parallelinglater

threatsagainstGalileo) to have a chargeof “impiety” broughtagainstAristarchos— which, in those
benightedpagantimes,could meanterminalconsequencesfor a career. (Socrateswasexecutedfor
“impiety”.) Of course,today, asour readersareaware(e.g.,DIO 4.3 z15, DIO 6 z3), we live in an
eraof free intellectualdiscourse;for example,even anoffenseasseriousasinsuf�cient brainkissing
of hist.astronarchonswill havenoeffect whatever uponascholar's career.

70 Neugebauer­Muf�a genii discernnoneof this. Swerdlow 1968 p.96: “There is nothing even
approachinga reasonabletheoryof planetarydistancesin pre­Ptolemaicliterature.” VanHelden1985
p.9: “Aristarchus's treatise[`Sizes'] . . . addressedonly [theSun& Moon]. No comparablegeometric
methods. . . wereathandfor determiningthesizesanddistancesof theotherheavenlybodies.Indeed,
eventheorderof theplanetswasaquestionwithout ade�nite answer.”

71 If this seemtoo strong,seeRawlins 1991PandThurston1998xM5 & � 16.
72 Cubing10000yieldsatrillion — and“Sand­Reckoner” (Archimedesp.232)saysthatAristarchos'

stellaruniversewasa trillion timesthe Earth­orbitsphere,but without explaining the observational
base.Geocentristspreferredr S = ordmag1000e andextant geocentristschemes(3 aretabulatedin
VanHelden1985pp.27,30,32) placedthestarsordmag10r S distant,while Aristarchos­Archimedes
held (eq.14) for 10000e and 10000r S distant, respectively; so the net heliocentrist­vs­geocentrist
stellar­universelinearexpansionfactoris ordmag(10000/1000)�(10000/10)� 10000.

73 Thetiny universe­scaledominantamonggeocentristsremindsoneof a joke told by Jake Lamotta
aboutfellow­pugRocky Graziano.Bothweregiftedactorsafter— andbefore— theirretirementfrom
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achievement,amongthemostextraordinaryin thehistoryof humanthought,meritsmore
thanits fateto now: a mere(largely­uncomprehending)footnotein sciencehistory.
H2 Thebrains(andtheir retinue& retinae),whichaccomplishedthis feat,arenow dust
in theground— still far from thesky they exploredand�rst comprehended.Thatdustis
evenmoreirrecoverablethantheexactdetailsof theiroriginalmanuscripts,alsolonggone
to dust.But theirgreatdiscoveriesshineon.
H3 Fornow, thislight is darkenedanddistortedby theturbid,twistedmediumof certain
moderncultists. (Who do not evenappreciatethelink betweenAristarchos'work andhis
vastvision: DIO 4.2z9xK13.) Sadly, “for theinde�nite future” (DIO 1.2xB3), intelligent
scholarsmustseepast(& calibratefor) thewarpscreatedby our grant­beggingera,when
[a] survival prioritiesswampconcernfor truth, and[b] power­�rst businessman­scholars'
intellectualdepthestablishesthelimit of (public) scholarlydebate& consensus.
H4 Themodernironic reality: Aristarchos'greatnessis still beingsubmerged— more
than2000yearsafterhis views' persecution!— largely because(fn 16) grant­raisingvia
Ptolemy's fatterextantcorpusis morepro�table. To put it crudely: thereare,numerically,
morePtolemytexts to write thesesabout. (The advantagethis givesto the pretensethat
geocentristsweregenii is, of course,DUE TO two millenniaof systematicsuppression&
banningof heliocentrismby Cleanthes,Ptolemy, the Romanchurch,etc.) This primitive
factorisespeciallycriticalwhentoomany of thescholarsdominatinga�eld arecomparably
primitivetechnically, andsoareall toooften74 incapableof goingbeyondwhatancienttexts
explainin termssimpleenoughfor literalmentalitiesto follow. So,I concludebysuggesting
that,in future,our evaluationsof scienti�c heroesbeguidednotby pre­packaging& (xG2
item [b]) hype­superlativesimposedfrom the(political) heights,by theCleantheaticidea­
killersof ourown era— but insteadbysimpleconsiderationsof evidence,logic,& decency,
mingledwith gratefulappreciationfor thelongagoadventurousmindswho bequeathedus
a heritageof high geniusandcourage,whichstandsfor thebestin humanity.

Epilog
Becauseof some(hopefullyever­more­anachronistically)strongcritiquesin theforego­

ing, oneshouldunderstandthatit (andotheralready­publishedpapersonthesamesubject)
evolved over morethan15y (germpublishedat Rawlins 1991Wfn 272),duringmuchof
whichtheNeugebauerclandid whatit couldto damntheresearch.But thatcult'scensorial
in�uence haswaned,while amongits prime presentlegaciesareG.Toomer's scrupulous
Almedition,andToomer'sprot́eǵe, thebrilliant andcreativeclassicist,Alex Jones,of New
York University's hugelyendowednew Institutefor theStudyof theAncientWorld.

Sadly, theMuf�a' sformermal­in�uencehasbeensomewhatreplacedby theGingerich­
pawn HistoricalAstronomyDivision(of theunsupervisingAAS), whosemembers'dissent­
courageresemblesthatdescribedin thelatestexpośeof sororities.(SeeAlexandraRobbins
PledgedNYC 2004on their dominatrices& shunnings,e.g.,p.128.)Evenat its worst,the
Muf�a at leastdisplayedscholarlydedication. By contrast,muchof the ancientastron­
omy scholarshippromulgatedby theHAD (usingthecredulous“sciencepress”whenever
possible)is just embarrassinglyamateurish.(See,e.g.,www.dioi.org/ggg.htm.)

Meantime,however, thanksto RobertHalleux,DennisDuke, MargaretRossiter, and
HughThurston(amongothers),thehistoryof sciencecommunity(which wasnever com­
fortablewith theMuf�a' sarrogance)andDIO havecometoappreciateeachother, aprocess
which culminatedwith thecontributionsto Isis (History of ScienceSociety)by Thurston
andDRin 2002­2003.Weherethankall thosewhohelpedeffectthisproductiveamicability,
whichmostof usthoughtmightnever cometo passin our lifetimes.

boxing. Jakeandprofessionally­punchyRocky leavethegymtogether, andJakepointsupinto thesky
andasks: “Hey, Rocky, what's thatbig bright thing — the Sunor theMoon?” Rocky: “Aaaah.. . .
Aaaah.. . . Aaaaah.. . . Awww, Jake,how would I know? I don't live in this neighborhood.”

74 Thereareexceptions,for whichourgratitudeis frequentlyexpressedin DIO.


