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In the2002Marchlsis (HistSciSoc)Harvard's O.GingericlhtriescounteringH. Thurstorby
defendingfraudulent “observations” (Ptolemys Venusdata,incl. 2 differentdatesfor the
sameevent!), claimingthemathwassohardthatPtolemywasforcedto hoax Thepresent
DIO is comprisedof demonstrationshata problemwhich stumpedGingerichs Greatest
ancientastronomers easilysolved: evenby a highschoolerasthe belonv programproves.
[Thurstons geocentrianethod(z7 xE) nds identicalorbital elementsven moreeasily]

The “Essentially Insoluble” — Solved by 10th Grade Math

10Q$="Q":IF Q$<> “C’'THEN F=2 ELSEF=1:REM“Q"equant,“C’eccentric
20F$="e=tut it  A=###H##"IFQ$<> “C’'THEN PRINT“EqU'ELSEPRINT“Ecc”
30S=3:E$="n=t#  ":G$=F$+" r=HH T HS=ES$ G$

40 PI=3.141593:C=180/P|:C$=E¥$:IF Q$="C"GOTO 70

50 E0=1/60:A=60:X0=E0COS(A/C):YO=E0 SIN(A/C)

60 PRINT USING C$;N,E0 60,A

70 G(1)=+ (43+ 24/60):V(1)=148 34/60:REMAD138E\ening

80 G(2)=+ (48+ 17/60):V(2)=015 08/60:REMAD140E\ening

90G(3)= (47+ 09/60):V(3)=064 06/60:REMAD140Morning

100FORI=1TO 3

110G()=G(I)/C:V()=V(I)/C:L()=V() G(l)

120L=L(l) C:L=L 360 INT(L/360):L(])=L/C

130NEXT |

140FORI=1 TO 3:G=L(l) A/C:IF Q$=“C’GOTO 160

150H=E0 SIN(G):G=G ATN(H/SQR(1 H"2))

160QX=COS(G¥ E0:QY=SIN(G):GQ=CATN(QY/QX):IF QX< 0THEN GQ=GQ+ 180
170R=SQR(QX"2 QY 2):LQ=GQ* A

180X(I)=R COS(LQ/C):Y(I)=R SIN(LQ/C)

190M()=TANV()):B()=Y() M(l) X(I):NEXT I

200FORI=1TO 3

210J=1 3 INT(U/3)+1

2201F SGN(G(1))=SGN(G(J)FHEN SH=PIELSE SH=0

230P(N= (B(1) B(I))Y(M(1) M(3):Q=(M() B(J) M(J) BM)Y(M() M(J))
240U(N=(V(1)+ V(J) SH)YI2:H()=(V(I) V() SH)2

250 T()=TAN(U()):F()=Q(1) T(l) P(I):NEXTI

260FORI=1TO 3:J=I 3 INT(I/3)+ 1

270C(N=(F() FEY/(T() T())

280D(N=T(I) C(1)+ F(1)

290S(I)=SQR((P(I) C()2+ (Q(1) D(1)"2)

300R()=ABS(S(I) SIN(H(1))):NEXT |

310X0=X0 C(3)/F:YO=YO D(3)/F

320R0=R(3) 60:N=N+ 1

330E0=SQR(X0"2 Y0"2):E=60 E0:A=C ATN(YO/X0):IF X0< 0 THEN A=A+ 180
3401F Q$<> “C’THEN PRINT USING H$;N,E,A, ROELSE PRINT USING G$;E,A,RO
3501F N< SAND Q$<> “C” GOTO 140

Seez6 xB4. The abore BASIC programperformsthe methoddevelopedwithin from z6 xD
(teen-age-leel ruler&compas<rux) throughto xG (iteratve applicationto equantplanetmodel).
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z5 Ancient Solutionsof Venus& Mercury Orbits
by DennisDuke!

A The Question

Al  InchapterdX-XI of the Almagest Ptolemyproducesarathersmallsetof obsera-
tionsfor eachof the v e planetsmostof which hespeci cally claimsto have madehimself,
andproceedso systematicallyusethoseobsenrationsto derive eachof the parametersf
his nal planetarymodels: a rathercomplicatedcrank mechanisnfor Mercury andthe
equantmodelfor Venus,Mars, Jupiter and Saturn. Wilson, Newton, Rawlins, Swerdlav,
andThurstonhave analyzedPtolemys presentations.EachconcludeghatPtolemysimply
did notdowhathewrotethathedid in his AlImagestpresentationsn VenusandMercury;
andNewton, Rawlins, and Thurstonclaimedthe samefor the outerplanetsMars, Jupiter
and Saturn. Instead,they shaw that Ptolemyvery likely alreadyknew the valuesof the
parametersf his modelandadjustechis “obsenations'to make his “derivations' of those
parameterappeandirectandsimple.

A2  Soif Ptolemyinheritedthe valuesof the parametersor if he derived themhimself
from someprior analysighathechosenotto leave us,thenthequestioris: how would one
useancientdatato derive fairly accuratevaluesfor theseparameters?As mary previous
commentatorfiave assumedthe mostplausiblescenarids thatthe ancientthadsomehor
managedo assemblea rathersubstantiaketof obserations,perhapsover mary decades.
Sooneway to seekanunderstandin@f the questionis to assembldor ourselesa setof
obsenrationsthatcouldplausiblyhave beenavailableto anancientastronomer— andthen
to try analyzingthoseobsenationsin the context of Greekgeometricamodels to seewhat
parameteremenpe.

A3  Theprincipalobsenrationsusedfor theinnerplanetsaregreatestlongations Ptol-
emyde nedtheelongatiorof aninnerplanetasthedifferencen longitudeof theplanetand
themeanSun,andwe shallassumehathis predecessomid lik ewise. Sincethe longitude
of the meanSunis obtainableonly in the contet of a theory of the Sun's motion, we
know thatinsofar aselongationsareusedto x the parameter®f planetarymodels,the
existenceof areasonablygoodmodelof the Sunis thena prerequisite Now measurements
of planetarylongitudeswere generallymaderelative to the longitudesof referencestars,
andthetropicallongitudesof referencestarsmustbemeasuredvith respecto theSun(and
neednot coincidewith the obsenration of the planet),soary errorin the solarmodelwill
be directly transmittedasanerrorin the planets tropical longitude. Thusthe elongations
will be somavhatimmuneto the simplesterrorsin the solartheory suchasa misplaced
equinox.If, however, theerrorsin the solartheorygrow with time (as,e.g. in Hipparchus'
solartheory),thenpairsof morningandeveningelongationsat the samelongitudeof the
meanSunwill incur errors,andtheseerrorswill be mostapparentvhen(eq.latxE2) we
computethedifferenceof theabsolutevalues of theelongations.

! [Note by DIO: SupercomputespecialistrofessoDennisDuke (FloridaStateUniversity Physics
Department: www.csit.fsu.edu/"ddud) haslately produceda seriesof re ned & original technical
analysesearinguponancientastronomicalssues.More of his currentwork appearsn Archive for
History of ExactSciencesJournal for the History of Astonomy andDIO 12 & DIO 13]

2 Ptolemys Almagest transl.by G. J. Toomer(London,1984).

8 C. Wilson, “The Inner Planetsand the Keplerianrevolution”, Centaurus 17 (1972) 205-248;
R. R. Newton, The crime of ClaudiusPtolemy(Baltimore, 1977); D.Rawlins, “Ancient Heliocen-
trists, Ptolemy andthe equant”,AmericanJournal of Physics 55 (1987)235-239;N. M. Swerdlav,
“Ptolemy's Theory of the Inferior Planets”,Journal for the history of astonomy 20 (1989) 29-60;
H.Thurston,'Ptolemy’'s Backwardness”DIO, 4 (1994)58-60.
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B The Data Requiredfor Solution

Bl Inordertogeneratsample®f historicaldatal usetheplanetarymodds of Bretagnm
and Simon? which yield geocentridongitudesand latitudesfor the Sunandthe planets
asfar backas 4000 BC, andto far greateraccurag than neededfor this investigation.
Figs.1&2shav theevening(i.e. positive) andmorning(i.e. negative) elongation®f Venus
asa function of the Sun's meanlongitudeusing positionscomputedat v e day intervals
over 400 BC-150BC. The outer envelopesof valuesthus determinethe morning and
eveninggreateselongationsasa function of solarmeanlongitude® Fig.3 shovs the sum
of the absolutevaluesof greatesmorningandevening elongationsasa function of solar
meanlongitude,while Fig.4 shavs the algebraicsumof the greateseveningandmorning
elongationsi.e. thedifferenceof theirmagnitudesFigs.5-8hav thecorrespondingesults
for Mercury For comparisorandlaterreferencethe gures alsoincludethecorresponding
resultfrom usingthe Aimagestmodelsof Venus,Mercury andthe meanSunto generate
planetarypositions. And althoughl am using chartsthroughoutthis papey the ancient
analystwas mostlikely usingtablesof numbers. We do know, though,that the analysts
werevery pro cient at usingtables. They could not only interpolate,but also nd local
maxima,minima, andratesof changeof their tatulatedfunctions. Presumablyall of the
analysid dowith graphsbelov wasdonejustaswell with tablesin ancienttimes.

B2 Thesetof datasocollectedis clearly of far greatemuality thanwe canreasonably
expectfor an ancientdatacollection, and the issuesassociatedvith that point will be
addressebielov. But for now let usassumehatsucha datacollectionis availableandsee
how it mightbeanalyzedn the context of Greekgeometricamodels.Thiswill shav usat
leastwhatis ideally possible, andhenceprovide aninitial frameof referenceor the later
analysisof morerealisticsetsof obsenrations.

B3  OfthepossibleGreekgeometricamodelsve shallconsidethree.Firstis thesimple
modelknown at leastasfar backasApollonius: a concentricdeferentof radiusR with
an epigycle of radiusr. Secondis an intermediatemodel which the Almagestrefersto
only indirectly® but which we canbe fairly surewas at leastconsideredat somepoint:
an eccentricdeferentwith radiusR andeccentricitye, andan epigycle of radiusr. And
third is the Almagestmodel(exceptingMercury): aneccentricdeferentwith radiusR and
eccentricitye, andanepigycle of radiusr whichmavesuniformly abouttheequanta point
which lies on the apsidalline a distancee® from the Earth. In all threemodelsthe planet
revolves uniformly aroundthe epigycle with a periodin anomaly andthe centerof the
epigycle revolveson the deferentwith (for the inner planets)the period of the meanSun.
In the rst two modelsthe centerof uniform motionis the centerof the deferentwhile in
thethird modelthe centerof uniform motionis the equant.

B4  Theparametersf the modelsaretherefore:(1) the meanmotionsin longitudeand
in anomaly (2) the direction of the apsidalline, andits changein directionwith time,
(3) theradiusr of the epigycle, (4) the eccentricitye of the deferent,(5) the distancee®
betweenthe Earth and the centerof uniform motion (the equant),and (6) the valuesof
meanlongitude,anomalyandapogeeatsomeinitial time. In addition,for theinnerplanets
Ptolemymalesthe assumptiorthat the direction of the line from the centerof uniform

4PierreBretagnonandJean-LouisSimon, PlanetaryProgramsand Tablesfrom 4000to + 2800
(Richmond,1986).

5 Thegreateselongationsreassembledsingasimpletakular method muchastheancientanalyst
might have done. Startwith an emptytable of 360 rows, one row for eachroundedvalue of the
longitudeof the meanSun. Whenanelongationis determinedlook into the correspondingow of the
tableandenterthe valueof the elongationif it is largerthanthe valuealreadyin thetable. Onemight
alsosave thedateandary otherpertinentinformation.

5 AlmagestIX.2 refersto modelsconsistingof eccentricircles,concentricirclescarryingepigcles,
andbothcombined.Also, theiterative procesof nding the equantandapogedor the outerplanets
usingthreeoppositionsheginsby assumingan eccentricdeferentcarryinganepigcle.
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motionto the epig/cle centeris parallelto theline from the Earthto the meanSun. We do
not know whetherastronomergarlierthanPtolemyassumedhis, but in the following we
shallassumehatthey did.

C Finding the Orbital Elements

Cl Now for all v eplanetsyariousperiod-relationsverevery well knovn andclearly
could have beenusedto derive the meanmotions. In addition, a single obseration of
longitudeat a known timett is sufcient to x theinitial valuesoncethe otherparameters
aredecided.Sofor all v e planetstheprincipalproblemisto nd valuesfor thedirection
A of theapsidalline, the epicycle radiusr , the deferenteccentricitye, andthe distancee®
of theequantfrom the Earth.
C2  For Venusand Mercury, the most olvious quality we notice is that the greatest
elongationsare not constantas the planettraversesthe zodiac. Presumablythis was
realizedvery early, and so the ancientastronomersvould have known that the simplest
Apollonius modelwith a simple epigycle on a concentricdeferentcould not work. Now
for a givendistanceR betweenobserer andepigy/cle center anda givenradiusr of the
epigy/cle, the greatesklongation resultswhentheline of sightfrom Earthto the planet
is nearlytangentto the epig/cle, sothatr is effectively determinecdby the simplerelation
r = Rsin . Since is obseredto be not constantthen eitherthe epigycle radiusr
or the distanceR to the epigycle center or both, mustbe varying. The ancientGreek
analystsapparentlyalwayschoseto keepthe epig/cle radiusr x ed. It is quite plausible,
however, thatthey realizedthatthey couldestimateheepigycle radiusby simply observing
the aveliage greateselongationwhich will occurwhenthe epigycle centeris its average
distancefrom the obserer. Usingthe conventionalnormR = 60° andthe datashawvn in
Figs.1&2,which yield an averageelongationof about46 .2, the implied epigy/cle radius
is 431/3. Whenrounded this agreesexactly with the value attributed by Pliny [2.6.38]
to Timaeusof 46 , which implies anepigycle radiusof 43°1/6, the value Ptolemyusesin
the Alimagest The averagevalue of the elongationsfor Mercury, shavn in Figs.5&6 is
about22 .3, which alsoroundsto thevalueof 22 thatPliny [2.6.39]attributesto Cidenas
andSosigenesandwhich leadsto r= 22°;28,35 22°1/2, againthe value Ptolemyuses.
Thusthe epigycle radii for theinner planetsfollow simply from knovledgeof the average
greateselongationsand sincethey were apparentlyknown long before Ptolemys time,
we might have somecon dencethatenoughgreatestlongationsvereobseredto provide
adequatestimate®of theaverage.

D The Apsidal Line

D1 The next taskis to determinethe direction  of the apsidalline. Oneideais
thatapogesds the directionin which the sumof greateseveningand morning(absolute)
elongationss minimum,andhencetheepigycleis farthesfrom theobserer, while perigee
is the directionin which the sumis largest. This methodis alsothe leastsensitve to ary
errorin thecomputedpositionof themeanSun. Ptolemyalludesto thismethodn Aimagest
X.2 whenhesays,‘Furthermorejt hasalsobecomeplain to usthatthe eccentreof Venus
carryingthe epigycle is x ed, sincenawvhereon the ecliptic do we nd the sum of the
greateselongationgrom the mean[Sun] on both sidesto be lessthanthe sumof bothin
Taurus,or lessthanthe sumof bothin Scorpius. ThusFig.3 shavs thatVenus'apogeds
around52 andthatperigeeis about180 away, around232 . It might have alsooccurred
to theancientanalystto askfor thedirectionin whichthemorningandeveningelongations
sum(algebraicallyXo zero. Fig.4 shavs thatthis occursatabout60 and236 for thereal
data.Thepositionsfor apogeendperigeethatresultfrom thesetwo methodsarenotequal
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dueto varioustechnicalreasonsthetrue orbits areelliptical, andthe true meanSundoes
notlie on the line betweerthe centerof Earth's orbit andthe centerof Venus'orbit,” etc.
It is alsoclearfrom Figs.3&4thatthe symmetrymethodthat Ptolemyclaimedto beusing
to nd thedirectionof the apsidalline shouldhave produceda resultmuchcloserto 60
thanto 52 , whereasein factproducedaresult,adjustingfor his1 /cy apsidalprecession
(from his epochto the end-epoctof Figs.3&4), closeto 52 . This suggestghat he was
usinga symmetrymethodwith dataadjustedo give aresultthathe hadinherited,andthat
resultwasfairly accuratelyderived from moreaccuratedatausingthe sumsmethod.

D2  Considerationf thesumsof greateselongationgor Mercury(seeFig.7)shavsthat
thedirectionof theapogedor therealdatais atabout220 andperigeds about180 away
at40 . Ontheotherhand,the differencemethod(seeFig.8) givesanapogeeor Mercury
atabout205 andaperigeeatabout28 . The Almagestmodeldatagive anapogeeat just
over 180 and,by constructiondoubleperigeesabout120 away from apogee.

E Eccentricity

E1 Finally, welookatthedeterminatiorof theeccentricityandthepositionof theequar.
Let's begin by thinking in termsof the simplestmodelthat might work, the intermediate
modelwhich hasan eccentric-defereréind an epigycle. In this modelthe centerof the
deferentandthecenterof uniform motionarethesameandsoe = €°. Thecatchhowever,
is thatthereis oneway to estimates andanothemway to estimate®, andaswe shallshortly
see thesetwo differentmethodgyive differentestimates.

E2 Firstwe estimatee. If themeanSunis atlongitude  andthe longitudeof the
apogeds at p, thentheequantizee® is givenby

sinc
sin( c)

eO
= (1)
where = A andc= ((wm g)=2. [Note: \ & g = morning& evening |,
respectiely. Each representabsolutenagnitude.]This methodis only useful,however,
whenthemeanSunis well away from apogeeor perigeeandwhenthetwo elongationsare
closeenoughin time thatthe apogee®f the obserationsarenot signi cantly different. If
we analyzethe real datausingsucha modelwe canestimatee® whenthe longitudeof the
meanSunis nearquadrant. The resultingestimatedvalue of €° is about1?.85, assuming
R = 60°.
E3  On the other hand, the ancientanalystwould estimatee, the eccentricityof the
deferentusingelongationsascloseaspossibleto theapsidalline. In fact,if pand A are
elongationsat perigeeandapogeerespectrely (andeveningor morningdoesnt matterby
symmetrysoonecouldalsojustaveragehemorningandeveningelongationsiearapogee
andperigee)thentheeccentricitye is given by

e _sin p sIin A

R~ sin p+sin a 2)
E4 Neartheapogeef therealdatatheeccentricitye is aboutOP.9 (assumindR = 60°).
Whatis particularly clearis that the ratio e’=e is closeto 2 for the real data. Therefore
thesetwo relatively simple analysessenda clear signal that for Venusthe centerof the
deferentis closerto the Earththanthe centerof uniform motion, in contradictionto the
assumptiorof theintermediatenodel. It is plausible then,thatit wastheneedto reconcile
this contradictionthatled to the creationof the equantmodelthatwe nd for Venusin the
Almagest It is certainlythe casethatfor Venus,andonly for Venus,Ptolemypresentsan
analysighatcloselyparallelsthe abore to explain the problemthatneedso beresoled.

"Thisis discussedn detailin Wilson, op.cit. (fn 3) p. 211.
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E5 Repeatinghe equantdeterminationusing Mercury dataleadsto e® = 3°.25 and
e = 4.6, implying that the centerof uniform motion is closerto the Earththanis the
centerof thedeferentandthusoppositeto the situationwith Venus.Thisis anunasoidable
consequencef thefactthatthe centerof Mercury's orbit is fartherfrom the Sunthanthe
centerof Earth's orbit® We canonly surmisethat perhapshe dif culty of reconcilingthe
differentsizesof the eccentricityandthe equantied to the creationof a specialmodelfor

Mercury Perhapst is alsopossiblethat Ptolemy(or whoever inventedthe model)could

not nd awayto make thecrankmechanisnaccounfor thevariationin greateselongation
without alsointroducinga doubleperigee put in absence®f moredetailedanalysiswe can
sayvery little with certainty

E6 Eachof thesedetermination®f the equantandthe eccentricityinvolves gettinga
small numberfrom the differenceof two experimentallymeasuredarger numbers,and
henceall theestimatesinavoidablyhave substantiatelative errors. Thusit is notsurprising
that the valuesusedin the Almagest whoever they might originate from, differ at the
15-20%level from our moreexactestimatesvhich useaccuratedata.

F The Time Factor

F1  Overall, then, we seethat given an adequatgand somemight say extravagant)
baseof historical data, it is plausiblethat straightforvard analysisusing techniqueghat
we expectwere accessiblgo ancientastronomerseadsto just the resultsfor Venusand
Mercurythatwe nd in the Almagest However, all theabove is basedon accuratevalues
of longitudessampledat 5 day intervals over a periodof 250 years. In reality, of course,
themeasurementsould nothave beensoaccuratenorthe samplingnearlysoregular, nor
theintenal necessarilgolong. In addition,especiallyfor Mercury oneshouldaccountor
thefactthatthe planetsarenot alwaysvisible.

F2  ForVenugheprimaryissueis thelengthof thetimeinterval overwhichobserations
wereavailable. To take anextremeexample let ussupposéhatPtolemyonly haddataover
the time period explicitly mentionedin the Almagest 127-141AD. The available data
areshavn in Figs.9&10andre ect the synodicperiodicity of Venus'orbit. Estimatingthe
directionof theline of apsidedrom Fig.10alonewould be hazardoust best,andeven if
yousomehw knew thedirectionof apogeeherearenotenoughobserationsnearapogee,
perigeeor quadranto make a goodestimateof the eccentricityor the equantengths. In
fact, unlessoneincludesobsenrationsprior to about50 AD, onecould not know thatthe
maxli(r)num sum of elongationswas actuallyin Scorpio,as Ptolemytells us in Almagest
X.2.

F3  How mary yearsof Venusobserationsare enoughto get usefulresults? Fig.11
shaws the resultsof collecting datafor 100 years. Sincethe generaltrend of the curve
is at leastpartially de ned now at a numberof points, one cangetanimpressionof the

8C. Wilson, op.cit. (fn 3) p. 234.

9 Thedatain thesechartsarecollecteddaily. [The dotsin Fig.10represengreatessums(seerules
in fn 5) of Fig.9'smorning& eveningVenuselongationatagivensolarlongitudeduring127-141AD.
The Venuscurnes' maximain Fig.10very nearlycorrespondo greatest-elongation-jps, dueto the
helpfulaccidenthata Venuseveninggreatest-elongatios alwaysfollowedabouttwo yearsaterby a
morninggreatest-elongatioat virtually the samesolarlongitude. (See.e.g.,lines 70&90in program
atp.54: meansolarlongitudesl05 & 111 , resp.) For Mercury suchneatmatchegequirealonger
wait, whichmayhelpexplain why ancientastronomersveremoreconfusedy theinnermostplanets
motion.]

10 However, the discussionof this paragraphmust be temperedby the recentdemonstrationdy
Rawlins (in a heliocentricpresentationz6) and Thurston(in an equivalentgeocentricpresentation:
z7) thata straightforvard geometricablinalysisof onetrio of elongationanyield anestimateof the
eccentricity(or equant) the apogedlirection,andtheradiusof theepig/cle.
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longitudesof the maximumandminimum sums,andby interpolationestimateary needed
values.Soit appearshatif theancientanalysthadaccesso aboutacenturysworthof data,
hewould be ableto usethat dataaswe have discussedo estimatethe needecbarameters
in theintermediatenodel. More datamight have beenavailable,but thefactis we have no
directevidencethatsuchdataseriesever existed. Whatwe areshaving in this paperis that
if thedataexisted,thenit is plausiblethattheancientanalystcouldusethe datato estimate
valuesof the parametersf geometricamodels.

F4  For Mercury the primary issueis not so much the length of the time interval of
the obsenationsasthe dif culty of observingMercury at differenttimesof theyear To
onceagaintake an extremeexample,we usethe time interval 127-141AD. In orderto
male surewe recordMercury only whenit is visible, we now generatdongitudesevery 6
minutes.However, we alsocomputethe altitudesof the SunandMercuryassumingve are
atAlexandria,andwerecordtheobserationonly if theSunis5 or morebelow thehorizon
andif Mercuryis 5 or more above the horizon. The resultsare shawvn in Figs.12&13.
It is sometimessaid! that the shallav angleof the ecliptic during Springmorningsand
Fall eveningswould male the obsenationsof Mercury dif cult if notimpossible.In the
contet of Ptolemys Almagestanalysisof Mercury, therearetwo neededbserationsthat
areconspicuouslynissing:themorningof 131 Apr 4 andtheeveningof 1380ct4. Precise
calculationshawvs, however, thataccordingto the visibility conditionsbeingusedhere!?
Mercury was visible on the rst datefor about16 minutesand on the seconddate for
about8 minutes. And althoughtheseintervals of opportunityare narrav, a few minutes
of visibility obtainedfor abouta weekon both sidesof the target date. However, even
allowing for considerabldéurtherdegradationof the data,andomitting the Springmorning
andFall eveningelongationsit is clearthatadequatelatamight well have beenavailable
to allow a determinatiorof model parameterasdiscussedbove. Furthermoretheidea
that the dif culty in observingMercury would lead to relatively fewer obserations of
Mercuryis notsupportedy thehistoricalrecords since aspointedout by Swerdlav,*® the
AstronomicalDiaries'* containnearlythreetimesasmary obserationsof Mercury asof
JupiterandSaturnandLBAT 13772 atext devotedto Mercury, containgnoreobserations
thanall the surviving Diaries.

G The Outer Planets

G1 Fortheouterplanetgheobsenationof choiceis theoppositionatwhichtheplanet,
the Earthandthe meanSunarealigned(with the Earthin the middle). In the Almagest
Ptolemyappliesan elegantgeometricalinalysisusingthreeoppositionsfo determinethe
direction of the apsidalline andthe size of the equant. Evans,however, hassuggested
a much simpler methodthat usesa time history of oppositionsto accomplishthe same
goal’® To locatethe apogeeof the deferent,one considershe averagedistancebetween

11 An earlymentionof thisis in the Aimagestitself, chapterXI11.8, andit wasalsomentionedoy the
Babylonians.The pointis alsosometimesaisedin ourtime, e. g. in OwenGingerich,“Ptolemyand
the Maverick Motion of Mercury”, Sky & Telescope66 (1983)11-13.

2 Thesearethe visibility conditionsusedby JeanMeeus,More MathematicalAstonomyMorsels
(Richmond,2002)p. 347.

13 N. M. Swerdlav, TheBabylonianTheoryof the Planets(Princeton,1998),p. 107.

4 A. J. Sachsand H. Hunger “AstronomicalDiaries and related Texts from Babylonia. I-111”,
Denkstriften/ Ostereichische Akademialer Wissenshaften,Philosophish-Historisde Klasse195
(1988),210(1989),246(1996).

15 H, Hunger “A 3456: eineSammlungron Merkurbeobachtungenii E. Leichty etal., A Scienti ¢
Humanist,Studiesin Memoryof AbrahamSads. OccasionalPapess of the SamuelNoah Kramer
Fund9 (Philadelphia1988).

16 JamesEvans, TheHistory and Practiceof AncientAstonomy(New York, 1998),pp.362-368.
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oppositionsasa function of the longitudeof the oppositions.This functionis minimumat
the longitudeof the apogee Examplesfor Mars, Jupiter and Saturnareshovn in Fig.14,
using oppositionsthat occurredover the (arbitrary) interval 250 BC-150 BC. Then by
picking anoppositionasnearaspossibleto apogeeanda seconcbppositionat someother
longitude onecancomputen thecontet of theintermediatanodelthe effective sizeof the
equantor eccentricity— they areequalin theintermediatemodel)asseenfrom different
longitudesof the (secondpppositionusingtheformula

e=R = sinc=sina 3)

wherea = 0, = !¢t to),andc= a. In theseequationd ; is themean
motionin longitude theoppositionat apogeéhaslongitude o attimeto, while thesecond
oppositionhaslongitude attimet. AssumingthatthedistanceR = 60 is constantpne
nds for all threeouter planetsan effective equantsizethat decreaseasyou move avay

from apogeeasshavn in Fig.15. Or inversely if onechoosego keepthe effective equant
sizeconstantthenit mustbe thatthe distanceR is increasingasthe planetmoves awvay

from apogeeThisis, of course preciselywhathappendo the distancebetweerthe center
of uniform motionandthe centerof the epig/cle in the AlImagestequantmodel.

G2  Evanshasalsoshavn anotherapproachtto motivating the Almagestequantmodel
that usesthe varying width of oppositionloopsandtheir unequalspacingin longitude!’

It is certainlypossiblethateithermethod,or perhapsoth, provided the motivatingfactors
that rst exposedtheinadequag of theintermediatenodel,andthensuggestea solution.
In ary event,though,thefactthatthe ancientlyattestedsaluesfor all v e planetsagreeso
well with theresultsfrom moderncalculationshavs thattheancientobserations,however

they werecollectedandanalyzedmusthave beenadequatdor the purpose.

H Practicability

In summary the variousanalysesshav simple and accessibleanethodswherebyancient
astronomersnight well have usedtime historiesof the longitudesof planets,combined
with asolarmodelandthelongitudesof a few bright starsnearthe ecliptic, to estimatethe
parametersf their models. The primarytechnicalsupplemento the geometricamodels
might well have beenextensie setsof tables,just as Ptolemyhimself eventually usesin

the Almagest Coupledwith the natureof Ptolemys own presentationgn the Almagest

asdiscussedy Wilson, Newton, and Swerdlav, theseresultsthereforesuggesthatsuch
practicepredateshe analyse$’tolemyleft usin the Aimagest

17 JamesEvans,“On the Functionandthe ProbableOrigin of Ptolemys Equant”,AmericanJournal
of Physics 52 (1984)1080-1089.
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Morning Observations of Venus 400 BC - 150 BC
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Evening Observations of Mercury 400 BC - 150 BC
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1] ) 120 20 0 360

Mean Longitude of Sun {degrees)

Figure6: SeexxB1&C2.

Duke Ancient Venus & Mercury Orbits 2002July 18 DIO 11.3 z5

Sum of Greatest Elongations of Mercury 400 BC - 150 BC

=
- ¥ 4 e,
] s ey
et Jp_u_-.-‘.“."
T
2.
5
.§ H A+
=
Lk
5 ]
L iy
g 3 - -'.:
g
e T T
= ¥ o e
= Almagest Model
& 5]

3

o 60 120 120 40 300

Longitude of Mean Sun {degrees)

Figure7: SeexxB1&D2.

Difference of Greatest Elongations Mercury 400 BC - 150 BC

Almaged Model

Difference of Greatest E longations {degrees)

4 T T T T T

1} ] 1m 180 W 3Joo B0

Mean Longitude of Sun {degrees)

Figure8: SeexxB1&D?2.

65



66 Duke Ancient Venus & Mercury Orbits 2002July 18 DIO 11.3 z5 Duke Ancient Venus & Mercury Orbits 2002July 18 DIO 11.3 z5 67

Figure9: SeexF2.

Figurell: SeexF3.

Figurel0: SeexF2.
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Figurel2: SeexF4. Figurel4: SeexG1.

Figurel3: SeexF4. Figurel5: SeexG1.
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z6 The Crucial-TestV-Bomb [Hey-Nobody's-Perfect]

How Claudius Ptolemy Could've Solved Venus' Orbit Honestly
GreatestElongationsExceededby Greatests Elongations

by DennisRawlins

CanRN-DRbeaccuseaf crueltyto dumbanimals giventhetightnesf the

evidentialvisethey've closedonthepoor[Ptolemydefense-corps] 7o watch
prominentscholarghrashingaboutin suchpatheticcredibility-deathagonies
is akin to viewing Animal-Rights Ims of stoatscaughtin spring traps—

trying to weasebut’

[Scholarsvhowish neverto nd themselesin theexcruciating&logicbendingositionof
Believerswho've spentdecadesorneringthemselesinto having to keepforever alibiing
Ptolemys Venus? stellar® & etc* pretensionsareurgedto ponderDIO 10 2 pp.83-84.
WatchingMuf osi forgivesinafterPtolemysin, B.RawlinsrecallsSomeLikelt Hot's nale:

in-love Osgooditch-pitchesn-drag“Daphne”,whoreluctantlyprotestghat‘she” smoles,
dyes,is barren,etc, etc. But Osgoodforgivesall. DesperateDaphne nally bellows the
ultimateimpedimentum-crucibomb: I'M A MAN!! Osgood:Well, nobodys perfect.]

A Mufosi Laud Deliberate Fraud When You're Cornered

Al On 1983/6/4 ata conferencen Aarhus,Denmark DR announcedithatOwenGin-
gerich's “GreatestAstronomerof Antiquity” — theinfamousancientplagiaristC.Ptolemy
— hadbeenfaking“obsenations”with suchpro igate-sloppy haste(similar casesfn 14)
thatheactuallygave (fn 24)thesamévenusevent2 differentdatesover amonthapart [But
OsgoodGingerichis still in love.. . .] In thelong history of the oldestscienceno (other?)
astronometever pulled off a blunderso gross. And do not missthe central point: this
uniquetest-of-intgrity arrivedin analready-&isting-for-centuriescontet of professional
astronomersmulti-independently-foundeduspicionthat Ptolemy was an astronomical
faker of equallyuniqguemassvity. (Ptolemy-defenskawyersfeignobliviousnesgo all this,
implying [xI5] thatthese2 uniquenessesionn&ion in the samePtolemyis JUSTA BIG
ACCIDENT.) Ptolemys 136 AD Venusfake-pair— doubly-tungled and contradicting
eachother— is aspurean experimentunctrucis asonegetsin anancientdispute. If this
isn't proof of fraud, whatis? In asaneeld, sucha glaring,unambiguouslunderwould
prove Ptolemys long-suspectefkery beyond the slightestquestion andthe controversy
wouldswiftly end. But, belav, wewill nd thatPtolemysdouble-datindasinsteachanded
us an equallyunambiguousxperimentunctrookis publishedright in history of sciences
topjournal(HistSciSocsIsis), shawing thathis defendersarenow hopelessibeyondeven
the baldestevidential testing of their faith, and will twist & even (fn 12) wholly-invent
whatever it takes(DIO 4.3 z15fn 42)to escapeeckoning.

A2  Adding to his double-datingfarce, Ptolemyclaimedthat, with his very own pu-
tative® eyes, he actually saw greateselongationsvhich were (xI5) greaterthan greatest
elongationsanothetistorically uniqueastronomical-mathematicathieement.

'DIO 2.3z8 xfn 46.

2Seep.54.

3See.g.,DIO 2.3z8 xC33,DI0 12, & www.dioi.org.

4SeeThurston1998.

5 Laterpublishedn Rawlins 1987p.236item (4). SeealsoR.Newton 1985pp.13-19.

6 SeexI11. Theonly existing antiquestatueof Ptolemy(photoat Pedersen974p.2)is notfrom the
ancientera;but, throughluck or wisdom(or just DIOnysianbadtaste)the sculptorrenderedPtolemys
eyesnearlycompletelyshut— justthewayonewoulddepictablind man. Thischarmingittle wooden
statuemaybefoundin Europes tallestcathedralthatin Ulm, Germary.
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A3  Swerdlav & Gingerichare religiously determinednever to admit their blatantly
obviouslogical lossof the Ptolemycontrorersy Now unambiguouslcorneredthe ush
forcesof OrthoDoxy have, in selfdelusionatesponseo a long cascadef crushingevi-
dentialdisasterdor Ptolemy-cultcavdom? laboriouslyconcocteda numbinglyelaborate,
mirrormaze-sinuou@otefn 61), andhilariously self-contradictory bluff — inventingout
of purenothing a claim that Ptolemyhad no other choicebut to commit a detailedand
consciousfraud (an example certainworshippershave taken rathertoo muchto heart).
TheMuf a' s scenario:to establishvenus'orbit, Ptolemyneeded/enusin certaincon g-
urationsthatdidn't actuallyoccut sohe“shaded”(fn 52) the obsenationaldatato make
themhappen. Well, even werethis a well-foundedproposal,it is no excusé® for faking
data.And thefollowing papemow shavs somethindgurther: besidedeing(fn 10) amoral
& irrelevant, the apologists'lawyeresquedefense-stratgy excuseisn't eventrue. l.e.,no
ancientscholar‘needed’to forgespecially-placedata sinceeasily-obtainableegularreal
datafully sufced for determinatingvenus'elementgseexG), if an able mathematician
were doing the data-analysis.Which suggestsvhy Ptolemy(like the dimmerendof his
curiouslyvaried spectrumof moderndefendershever gured it out, thoughaswe shav
within (xxD4&E13) the problemcanbe solved graphicallywith ease.

A4 DIO wishesto thanksupercomputespecialistDennisDuke (Florida StateUniver
sity) who, during a corversationof 2002/6/28 suggestedhatwe shouldlook into how the
ancientsactuallycould have determinedvenus'orbit. His mass-datanethod(z5) was1st
distributedjust a few dayslater (early July). On 2002/7/18 DR's Ptolemaic-matliterative

” Thosewho have sales-pitchedPtolemyas The Greatestancientastronomer(fn 10) have been
increasinglyexposedashaving persistentlyandineducably(fn 35 & Rawlins 2002Bfn 3) confused
secondaryork with primary— thuspromotingdervative, plagiarizedandlaughablybungledwork
asthe centralpinnacleof immortaloriginal ancientscience.(Ptolemistsaareadamantlyconvincedthat
no onewhosework includedthe high mathanalysesn the Aimajestcouldbe a mereplagiarist. They
seemutterly unableto handlethe following just-too-complicated-for-aroins alternate-hypothesist
Ptolemy plagiarizedhundredsof admirablestardata[a point nowv universally regardedas at least
probable],then: mightn't he also hawe plagiarizedthe admirable math analyses? The eminent
institutionsinvolvedin this UpperDeadwod-inspiredcrusade— which hasentailedsystematicup-
pressionsslander & (creditablynotedby Schaeferr002 p.40) shunningsof heretics— comprisea
Who's-Whoof academeHarvard (my own school),Yale, PrincetonBrown, UChicago,Cambridge,
Oxford U Press— all implicatedin a mass-impositiorthat continuesto male little sensebut (fn 20)
lots of dollars.

8DIO 9.3z6 xN ticks off bovine-mentalitycultists' standardsweet-to-vicioushree-stegvolution-
history: sacred-caing! money-cowing! critic-cowing.

® While claiming that Ptolemyhadto forge datato nd Venus'orbital elementspoth apologists
(Swerdlav 1989p.31 & Gingerich2002 p.73 Fig.1 caption)of coursehave to admit (sincefaking
positionsrequireselements)that Ptolemy (secretly)got theseelementssomeother way — which
contradictstheir entire he-had-to-use-fag-data-to-estdbsh-elenents premis (Furtherdetailsat
fn 22 & fn 52.) With appropriatelydeepgratitude,we mustask: outsideof Muf ose literatureor
Satuday NightLive' s ornately-pratilling Gerry Ford, how oftendoesonehave thejolly goodfortune
to encountestuf like this? (Onerecallsthe SNL-Prez-frd's puzzledreactionwhenD.Hamill's 1976
Olympic performancavasworshipfully describedo him asculminatingin a doublesitzspin& triple
somersaulthereplied: sowhat?— I' vedonethatgettingoutof acab) Perhapshemostextraordinary
partof the spectacleneitherthe authors nor the publishersnor the MacArthur Foundationdetected
thisimpositionbeforelaunchingit astheprizewvinning pinnacleof (centrist)Hist.scischolarship.

10" This point is gently madeby Hugh Thurstonin his 2002 Isis paper(p.65). In Gingerichs
reply immediatelyfollowing, OG unfortunatelycontinueso projectthathe hasbeenabsolutelyright
abouteverything throughouthis three-decaderusade during which he hasprominently repeatedly
(fn 55),andadamantlydefendedistronomys biggestakerandplagiaristas‘the greatesastronomeof
antiquity”. (Thurston2002p.68gave Gingerichthechanceo retreatfrom this hilariouslyupside-dwn
judgement.Instead Gingerich2002p.700bligingly updateshis explicit insistenceuponit; again,do
notmissfn 55.) So,it shouldnot particularlysurpriseusthat OG could additionallyconclude(fn 52)
thatdeliberatescienti c fraudis The-Greatest.
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methodwassent(by fax) to Keith Pickering, DennisDuke, & Hugh Thurston— andDR
hintedto Thurstornthathemightbetheidealscholaron Earthto deviseageocentrist-Greek-
geometryversionof this approach;soonafter, Hugh senthis deft proof (hereat z7 xD,
guttingOG'sIsis apology)to OG's JHA, whichtook over 1/2 ayearto nd it errorlessand
soof courserefusedt. [It wasinstantlyaddedo thisDIO (z7, below), whichwashanded
outafew weekslateratthe 2003/6/19-22Jniv Notre Damehist. astron.symposium.]

B Dumb VenusTricks. Ancient & Etc.

B1 TheHistory of ScienceSocietys Isis recentlypublishedThurston2002,a detailed
coverageof R.Nenvton-DIO ndings in ancientastronomy Following this articleappeared
Gingerich2002(composedy the Louis Agassizof the evolution of ancientastronomy);
attemptingo bluntthe Thurstonarticle'sforce,but conspicuouslyghallengingnotadigit of
it. OG'srespons@everevenmentionsdDR or DIO — thesubjectof mostof thearticlehe's
“replying” to — thusduckinglsis' & Thurstons generous prominentdisplayof DIO's
jewelbox of preciseanalysest reconstructiongthe distillate of several skilled scholars'
decadef devoted inductive researcheén the ancientastronomyarea),featuringtrim
hypotheses'ts to 1 partin ordmagl10000andup (Thurston2002p.60: Hipparchos'lunar
numbers),100000000dibid p.62: AstronCuneifExt 210). [But note: theclosestt cited
(ibid pp.61-62:Mars: 1-part-in-100000000008 false: seeDIO 11.2z4 p.30. However,
theDR-discaveredMercury t (DIO 2.1z3xC3)is evencloser(1-part-in-1000000000000
[a trillion!]) andsinceits input is totally attested(every digit is right in Almajest9.3),
its validity is now (DIO 11.2 z4 fn 21 item [b]) unquestioned.]OG acknavledgesno
intelligenceat all in these ndings (not evenin the 1/1000000000-precisiobIO 1.1 z6
reconstructiomow on public displayat the British Museum) insteaddiscerningGreatest-

11| ovably gregariousacademicpower-operatorLouis Agassizwas the leading US fenceagainst
naturalselectiorbecausefa] Hewasareligiousfanaticin Harnvard-professoriagarb;[b] committedto
anincreasinglyuntenableposition,he expendechis creatvity notuponprogressie researctbut upon
devising corvincing-to-himalibis againsteachsuccessie avful enemy-gidenceapparition. But he
didn't spreadies aboutdissentersnor attackheretic#1's charactein anorymousref-reportswhile
(DIO 9.1News Notes)duckingface-to-acedebatavith him. GivenGingerichs history(& seeDIO 4.3
z15),hemightbeseerastheresurrectiodessof Agassizhanof Galileo-arreste€ardinalBellarmino.
Which ironizesthe prominentréle of Mennonite OG (no kneejerkapologistfor Holy Church)in
PBS' 2002/10/29Nova on Galileo. (ThoughOG was amongthe sanercommentatorsyatch him
& Nova go with the myth [Rawlins 1991PxF3] of stellar parallaxas heliocentrisns long-avaited
alleged-vatershedproof.) This shaw's piety is so neatlyaptto the (mutual) eternal-holy-\ar eraof
new-national-symboltoishrubyaDIO 2.1z1 xA10); it cravenly amelioratesheGalileoAffair's prime
signi cances:[a] Exploratoryreasorvs evidence-immunégfn 13] religiousfaith. [b] A hearen-touting
but earthly-pro t&power-seekinginstitution's centuriesof concerted)ethally-brutalcommitmentto
truth-suppressiorisn't anunloadable-at-lat-convenience little oops It forever destrys aneternal-
truth-claiming Churchs intellectual (& religious) credibility. Nova portraysrebellious& strictly-
bastard-siringsalileoasa “good Catholic”. (Establishmenpol-scientistge.g.,R.Millikan, D.Hughes
(DIO 1.1 z8 xB3), R.Jastrw/] ever pseudo-meldeligion&science,akin to missionaries’notorious
willingnessto graftlocal religionsontotheirs.) Nova joins PopeJP2in exploiting Galileo's statement
thatscripturecannotdisagreewith sciencewithout asteriskingsuchhumorwith the slightly relevant
re ection that: had Galileo said otherwise,the intellectual zeroesof his day would have dragged
him from his Church-decreedmprisonment straightto the stale. Galileo got into enoughtrouble
promotingastronomicatissentwithout inviting independenharassmertor theologicalheresytoo.
(My Harvard SocSciprof S.Beerusedto note: oldtime scholaramightquestioreitherChurchor State;
but toleranceby atleastonewasrequiredfor advancementsonobodythrivedif alienatedrom both.)
Thesituationwasproclaimedo all by thethen-recenf1600] burning-alve of Bruno,heroof rebellion
againstheologicalictatorshipjncrediblyreferred-tdoy Novaasa“new-agecharlatarwhodeniedthe
divinity of Christ”! Thisis justregumitated1913-editionCatholicEncyclopedigusti cation-apologa
for religiousmurder:seeDIO 4.3z15fn 33 for theoriginal CE source.
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classgeniusin C.Ptolemys mosthilariously ineptfrauds(Venus): OG spendsmostof his
Isisspacespeculatindy — unencumbereby agramof textual support® — that“insightful”

anddeliberateiingenuity andbrilliance” by Ptolemy‘the greatesastronomeof antiquity”

secretlyunderlaytwo grosslyfalseand mutually-contadictory Venusfakes which quite
inadwertently** producechis now-notorioussupetEinsteiniar® claim (fn 24) — uniquein

astronomicahistory — thathe 1sthandsbsered the samecelestialevent at two different
timesandtwo differentplaces(andwith two differentvalues!) 37 and37 before&after
itself (136/11/18& 12/25).

12 |t appeardo be hithertounremarlked that Gingerichs explanationof Ptolemys “brilliant” (Gin-
gerich2002pp.72&73)bungledfake is purespeculation100%gas— andin 100%disagreementith
thelst-handepresentationsf theveryancientastrologewhoseintegrity OGis supposedlylefending.
l.e.,thesole“basis”for theNS-OGtheoryis: evidence-contradied scholardemandanescape-hatch,
even if it is completely utterly made-up— simply designedo the specsof necessity (Similarly,
see,e.g.,fn 13 or [a different cult] DIO 9.3 z6 xA.) Ptolemydoesnt (fn 18) provide any of the
Swerdlav-Gingerichscenario.(In 1909, Twain [Essayged.C.Neider)1963NYC pp.420f]gibedthat
Shalespeare-biographiegere nearly-total “plasterof-Paris”. But NS-OG' biographyof Ptolemys
Venusis unquali edly-total plasterof-Swerdlav.) Sowe mustherechoosebetweer? theories:

TheoryA: Swerdlav&Gingerich arethe greatesgeniiin our eld' s history to have elicited so
muchdetailedunderstandin@f Ptolemys mind, especiallyconsideringthat he was carryingon his
purportedingenuity “silently” (fn 57) accordingto Gingerich2002p.73. (OK, OK, thereis a tiny
glitch here: Ptolemyis not at all silent; instead,as always honestPtolemyconsistently& explicitly
contradictshis own agile modernalibiers' reconstructionégntasis. Seehim doit again&agairat Al-
majestl0, wherePtolemyrepeatedlysayshe“obsened” Venusat speci ¢ positions& times,novhere
statingor evenimplyingthatthesedatawerefudgedin the mannerspeculatedy NS&OG.) Thus,in
theabsenc®f the slightestremarkfrom “silent” PtolemysupportingOG's & NS' reconstructionye
mustdependentirely upontheir brillianceto acceptheir view.

TheoryB: Swerdlav&Gingerichhave reachedheendof theroadandmustadmitthevery Ptolemy
fakery they both (Gingerich1976& Swerdlav 1979p.524)originally denied(seefn 53); but, instead
of having the franknessto acknavledge the late, Muf a-hated R.Newton's victory in the Ptolemy
controversy both keepcontendingthat the disputes losersare the true experts,andthe winnersare
merecranks(Rawlins 1991WxI7 displays& discussesimilar Muf ose penersion)— all this while
themseles corvincingly imitating the key featureof cranks: clinging to long-heldopinionsdespite
avalancheafteravalancheof evidenceagainsthem. (Sameessomatfn 23,fn 53,fn 55.)

13 At leastSwerdlav 1989p.590penlystateghathis alibis are“speculatie”. But, after1/3 century
of denigratingPtolemy-sleptics, Gingerichis now intenselyawvarethat, if NS-OG's baseles®/enus
speculatior{vainly dodgingclearVenusiarproofthatthe skepticswereright all alongaboutPtolemy)
isn't acceptedthen future scholarshipmustcondemnhis long history of attacksuponthe sanity of
thosewho in fact turnedout to more perceptie thanhe. Thus,in his mind, his Venus-apologygas
hasbecomesolid, immutabledry-ice Reality (Similar un agged Muf a transformation: Rawlins
1991Wfn 242.) So he quite naturally supposeshat thosewho cannotsharein the constructof his
geniusmustbecranks! (See e.g.,thetypically slanderoupart [not quotedin Gingerich2002] of his
2000refereereportto Isis: summaryhereat fn 23.) You know, someauthoritieson crank science
(a subjectDIO hasexplored a good deal more than mostacademigournals)just might wonderif
defending— andeven elevating to Greatest-Brilliancetatus— the mostdisastrouslybungledfraud
in astronomicahistoryisn't analmostdeliciouslyideal example,perhapsevenunsurpassabl@in the
spirit memorializedat DIO 2.3 z6 fn 18], of the evidence-corneredrankmind at work. (Seefn 12
& fn 23.) Of course Harvard-gradDR is comfortedby rm suretythatno prof at my eminentalma
mater could possiblybe a crank— a certaintybolsteredby suchotherHanard paragonof mental
balanceas: A.Counter A.Hynek, T.Leary J.Mack, W.Pickering, C.West. (Lestirony be deliberately
misunderstoody someone:it goeswithout sayingthat [despitethe occasionaloon], | am hugely
gratefulfor the wonderfuleducation{in both matterand spirit] which Hanard provided myselfand
my wife.)

14 For othercareles$tolemygaffes, seepapersitedatfnn 15&61 and Thurston2002nn.13&14.

15 Physicallyimpossibletime&spacewarpsregularly gracearchonaltracts. SeeDIO 1.1 z4 p.29
(preprintcitedin Note[C]) & ibid z8 fn 16; Thurston1998 12& 16;DIO 10xC4,Fig.9& fn 119.
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B2  Hithertounnoted:Ptolemys joke impliesthatVenus'synodicmotionstoppeddead
for 37" straight! — which topsevenbiblical Joshuain the astronomicamiracledept.

B3  Toascholamotgluedforevertoatragc longagainitial mistale (andnot evenhisown
mistale) — therebyirrevocablyface-committedhy decade®f hyperironic slanderof the
very Ptolemy-skepticsnow utterly vindicated— Ptolemys Venusdisasteiis simply acase
wherea Venus-Eartliesonancé8-5) blocked kindeigartenfabrication-optionsasaresult,
the AImajest10 Venusfakeswereeven morehilariously transparenthan Ptolemys usual:
his ignorantpreferencgfor imposingan inappropriatemethodupon Venus)so cornered
him thatin ultimatedesperatioe hadto cheatVenus'actual136/11/18elongation[from
the meanSun]upward by over 1 3/4 [nearly seventimesthe Sun's semidiameter].(This
apologys inspirerdoesadmitthel 3/4: Swerdlav 1989p.42.) Perhapsheweirdestpoint
here:theforged136/11/18geocentricVenuspositiondisagreedy over 1 .4 with thevery
Venusorbit which Ptolemyfakedit to “prove”.'® This seemingabsurdityis just a natural
upshotof Ptolemys clumsy attemptto force a ludicrously inapplicablesimpleton-crude
methodupon a delicateorbit-determinatiorproblem, which had obviously alreadybeen
solved yearsearlier by far betterancientanalysts. (Seeother and parallel indications
atxl19 & fn 55, z5 xC2, Rawlins 2003JxG4; also Rawlins 1996CxL4 andthe inspired
reconstructie-extrapolationof Jones1999Ep.258.) Both revealingly hugediscrepancies
are hardly deniable: seeOG's own Fig.4 at QJRAS21:253 (1980) p.261, or Swerdlav
at JHA 20:29 (1989) p.37 Table 1. The rms error of the eight AlmajestVenusgreatest-
elongatiort'obsenations”is ordmaga degree.

B4  Giventhat Gingerich& Swerdlav call “silly” ** physicistR.Newton's thoroughly
foundedconclusiorthatPtolemywasa clumsyhoaver, it is strangeo seeOG now claiming
that Ptolemys Venusfakes (andGingerich2002agreeghattheseallegedlyoutdoof® 1st-
hand “obsenations” are indeedbasedupon indoor concoctions)were just a matter of
creatinggreateselongationsat mathematicallyconvenient(if wildly false: xB3) places,
anever-so<clever'® ploy which Ptolery wasforced-into(equally-PtolemisNoel Swerdlav
con dently agreesY to crack an “otherwise essentiallyinsoluble problem” (Gingerich

n 17

16 The gures of Swerdlav 1989p.42andDR agreeon this, to thearcmin.

17 DIO 1.1z1fn 18& z3 xD2. OG also(fn 23) callsRN's views “offensive” & “absurd”.

18 Noteclearlyakey pointhere:if Ptolemyhadsaidhecalculatechis Venusdata,therewould beno
controversy Butinstead heclaimed(fnn 12&24) thathevisuallyobservedin theoutdoor sky, Venus
positionswhich all partiesnow agreewerecomputedndoors.

19 SeexxB1&I5.

20 Swerdlav 1989p.35(emphadded):the8” Venus-Eartiiesonancémakesthe problemof nding
greatesklongationscloseto the required positions. . . even moredif cult.” And p.36: Ptolemys
obseration-datestdisagreemenwith (“departurefrom”) thetruth“is not an error, but a compromise
necessitatety the positionsof the meanSunrequiredfor the demonstrations Thus,poorPtolemy
HAD to forge reality into the positionshe wanted.. . . In this MacArthurgrant-subsidizegaper
(publishedby Gingerichs JHA), Swerdlav (loc cit) also alibis that since (near maximum) Venus'
elongationchangesmerely 1 /12 in 69, “in no way could Ptolemy estimatethe time” of greatest
[maximum] elongationmore accurately (Gingerich 20025 incomparablep.72 goeseven further
into legalblindnessland;laimingthatone-degreeaccurag in obseration “is what Ptolemytypically
worked with” — a sleightwhich neatlyconfoundsordmagO .1 ancientobserationalaccurag with
theordmagl enormityof themostdeliciousPtolemyfudge.) We have alreadypreviously (DIO 1.1z5
fn 20) dealtwith thetragic pre-highschooimentalblindnesslanadwentureof Swerdlav 1979pp.526-
527(in thejournalof PhiBetaKappa!);egardingestimatiorof maxima-timegsolsticesn thatcase) so
| won't reprisethe patheticdetailsheremerelybecauséelaterrepeatedhefolly undertheMacArthur
Foundatiors aggis. But | will commentthat noneof this excusesinaccuracie®f several weeksin
Venusobsenations,leadingto dishonestly-@ported‘obsenational” gures which areoff by way over
adegree Moreover, whathasuncertaintyin time of greateselongation(anerrorwhichcanonly reduce
the elongation)to do with a faked “obsenation” which (xI5 [a]) exceedghe greateselongation?It
is onthe basisof suchthen-politically-orrect apologiathat Swerdlav 1989p.35tractablyconcludes:
“the selectionof a particulardatefor true greateselongationwould be arbitraryin ary cas€. This
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2002p.72;seealsohereatfn 57). Below (xD4), wewill shav thatasimpleancient-stylé
method(whosecentralstepis highschoolevel) will solve this “insoluble” problem— and
will do sowithout “requiring” ary forging of reality whatever. Contrast-questionhadan
ancientheliocentrist(frustratedby geocentricdatas inconvenient&confusingretrograde-
loop zigzagapparentmotion, seenfrom a moving Earth) faked “obsenations” asif he
were viewing the universefrom the Suninsteadof the Earth— just to simplify things
enoughfor evenaMuf ose talentto pseudo-crack the“essentiallyinsolubleproblem” of
nding Venus'eccentricity& apogegwhich indeedwould be alot simplerto nd if the
obserer were standingon the Sun!) — then: would Ptolemistsbe asforgiving of such
embarrassingly-crudeeliocentricdumbdaevn-fraudasof the geocentrisbrand?

B5 Inary case] heartilyrecommendG's elaborateapology to all who seektheouter
limits of unfalsi ability. For decadesthis samé® religiously evidence-immunauthorhas
(evenin anonymousefeleereport9 indicatedto everyonewithin rangethathis opponents
are the cranksof the Ptolemycontroversy His perception(dissentfrom which marks
onea crankin OG's eyes)is the epitomeof reasonand justice: a serialfaker, massie
plagiarizer propagandisfor a geocentrismini-universe,andauthorof astrologershible,
was: “the greatestastronomerof antiquity”. For more, seewww.dioi.org underSky/ &
Telescope

corveniently- exible, all-thumbsillusionism-prankis what the MacArthur Foundationfunded (six-
gure grant)to alibi an ancienthoaer who sotanglefootechis Venusgreatest-elongatiofakesthat
the samel36 AD eventendedup possessingwo differentdatesthirty-seven daysapart. (Seefn 24.
Again: whathas6? uncertaintyto do with this? — especiallyfor an effect which is not linear but
nearly quadratic! Similarly: whathas1 /12 uncertainty(fn 20) to do with the Almajest10 Venus
hoaxs rampantordmagl errors?l.e.,why evenbring upthel /12 alibi in the 1stplace?— unless
oneis, heedlesof coherentogic, just aimingto stackup asmary alibis aspossible,for deliberate
squid-ink-page ll-obscuraigt purposes]ls thisthebrandof scholarshiglohnMacArthurhadin mind
to encourageBeeDIO 4.3z15fn 24 for whathasbecomeof the MacArthurawards.]) Onecanonly
concludethatit musthave meantALOT — to someVery, Very SpecialArchons— that Ptolemys
uniquedouble-datingembarrassment-to-then-orthagiq Ravlins 1987 p.236item 4) be extensvely,
prominently & authoritatvely sahed-sanitized-skwushe®Ve admiringly notethat: uponsuchdeeds
aregreatcareerismseared.

21 Seefn 59 for thecritical importanceof this pointto historians.The openmindednes aryway.

22 Keepin mind (fn 9) that Gingerichis not claiming thatthe actualsolutionwas accompishedby
Ptolemys fakes;no, OG thinks(Gingerich2002p.73Fig.1caption)thatVenus'elementsverealready
known (otherwise Ptolemycould not have computedhis fakes)— by anunspeci edmethodwhich
of courseis the onewhich Ptolemyshould have explainedin the Almajest Never-say-dieloyalists
cannotfacethis self-evident point — or the equallyobvious item: Ptolemywasnot the ancientwho
found the AlmajestVenuselements.(A point understoodong agoby R.Newton 1985p.12.) But at
leastwe all now agreewith R.Newton thatthewhole Almajest10 Venusdiscussions fraudulent.

% As to thosePtolemistswho have attacled skepticsascranks: we notein passinghere[& fn 13]
that the prime symptomof the crank mentality is rigid imperviousnesso incoming contrarydata.
Somehave alsoexpressedlisappreal of “polemics” (noteirony of fn 17), asin an OG anorymous
2000refereereport— which simultaneouslyefersto Ptolemy-skpticsasatiny bunchof paranoids!
Amusedobserersof suchlast-ditch-desperat@1O 10 fn 172) mud-hurlingsareurgedto checkout
therelative status,n the genuinescholarlycommunity of the boardof DIO vs thatof the JHA. The
paranoia-chge againstskepticsis just a broadbrustechoof an OG 1977libel of DR: DIO 4.3z15
xH6. Theresortto authority-vs-hereticlassi cationis the Ptolemycult's standardcreationist-leel-
amgumentationDIO 1.2 xxE4&N16) for its creationist-leel sudden-miracl€laudiusLet-There-Be-
Light Ptolemy-godheagerceptiorof high ancientastronomys nascence(See,e.g.,Gingerich2002
p.71.) For decadesPtolemistshave beenplantingloyal scholarg(eitherstrangeenoughor tractable
enoughto assentto suchcreationism)into prominentpositionsin the AAS-HAD and JHA — the
inevitable resultantdamageto rational discoursen the history-of-astronomycommunitywill carry
down throughyet more decadeslong after mary of us aredead. Thus,the betterpart of a century
of communalreasonings beingmaimedby a cult's political & scienti ¢ skills' predictablyinverse
correlation.
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C Other Signi cant Oddities of Ptolemy's VenusPresentation

The AlmajestVenuschaptersare peculiarin waysadditionalto merely supplyingus with

thenonpareihilarity of double-datiné the very sameevent.

Cl Ptolemyreportscontemporaryobsenationsof Venusnot taken by astrolabe. He

doesthisfor nootherplanet.

C2  Which explains anotherstrangecoincidence: of the v e raré® AlmajestCatalog
starswith 1 /4 endings,40% are usedto measurehe positionof Venus. (SeeDIO 2.3

z8 fn 20. These v e arethe only starswhosepositionswe know he didn't stealfrom

Hipparchos.) This suggestghat, when grossly(xB3) forging theseobsenrationsto make

themagreewith therequirementsf hisamusingvenusfrauds hein eachof thesecaseslid

not changeVenus'reportedangulardistancefrom the referencestar— but moved Venus
wherehewantedit by simply fudgingthe star's position: the star's shift just carriedVenus
with it.

C3  Furtherwhenchoosinga meanmotionfor Venus Ptolemymostprobablyconfused
a siderealandtropical period-relationRawvlins 1985K & Rawlins 1987n.7) — which so
affectedthe original highly accuratemotion (seeRawlins 1985K) thatit fell from oneof

thetwo best?® into ridiculousinaccurag. (Note Rawlins 2003JxE3.)

C4  Oneof Gerald Toomers mostimportantdiscoveriesis that the several tablesof

Venus'meanmotionarediscordan{Toomer1984p.425n.29). Thisis truefor noneof the
otherfour planets.

C5 My conclusionis thatmuch(if notall) of the AimajestvVenussectionwaslifted from

anambitiousbut inferior sourcewhich Ptolemydid not usefor the otherplanets.

2 Thosewho have never consultedthis ultimatePtolemyblunderoughtto look it up: Almajest10.1
datesthe 136 greatestevening elongationof Venusto 136/12/25,while on the very next page,at
Almajest10.2, he datesit to 136/11/18. See,e.g., Toomer1984p.470vs p.471. Perhapshitherto
unhighlighted:Ptolemynot only givescontradictorydates&locationdut alsocant evengethis story
straightasto whatthis “greatest’elongationitself was. Almajest10.1malesit 47 32° (136/12/25),
while Almajest10.2malesit 47 20° (136/11/18).SeexI5 [a].

[Note added2003. Hugh Thurstonemphasizeshat the 136 double-datelisaster(reality 136/12/14
[Table2 row 2] vs 136/12/25[Almajest10.1] again-vs136/11/18[Almajest10.2]) is not atypicalin

giving wildly falseVenusdates& positionsfor greatestlongationsE.g.,Ptolemyallegesheobserved
the 129 greatestmorning elongationat (Almajest10.2)t = 129/5/20,L = 55 2/5,V = 10 3/5;

compareto realdataof Tablel1 row 1: errorsabout2 weeks& well over 10 . And Ptolemyalleges
he observedhe 127 greatestmorningelongationat (Almajest10.1)t = 127/10/12L = 197 13/15,
V = 150 1/3;compareto realdataof Tablel row 2: errorsnearly3 weeks& c¢.20 .]

% That's 5 starsout of 1025in the AncientStarCatalog.

2 Thebasef the AlmajestVenus& Marssynodicmotionswereoff by merelyordmagl%century
TheMarsmotionfortunatelycamethroughwithout confusion sothatthe Aimajest9.3-4takular mean
synodicpositionof Marsis still today(2002)accurateo about0 .4.
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D Solvingthe “Insoluble”. Muf a&Co. vs10th Grade Math

D1  Gingerich2002p.72alibis Ptolemys childishly botchedxB3) fabricationf great-
estelongationsof Venusby sayingthat Ptolemyhad (fn 57) to fake impossiblepositions
for Venusin orderto pry the planetinto convenientline-ups— without which the orbital
elementscouldnt be solved-for Suchan olviously false claim provides us one of the
dizziestpinnacleof thisraretreatof apaper

D2 Infact, nding Venus'orbital elementgandin thevery samegeometricstylewhich
Ptolemyhimselfadopted’ is obviously possible. The meanmotionis easyto nd from
stationarypoint data. (SeeRawlins 1987n.28& DIO 2.1 z3 fn 17. Any errorin an
adoptedmean-longitude-at-epoalvould so obviously affect stationarypoints' positions
thatcorrectionwould betrivially simple.) Thus,the elementghatrequireddetermination
from greatestlongationavere: the deferents eccentricitye & apogeéA, andtheradiusr
of Venus'epig/cle. Now, it is typical of Ptolemys Euclidean-geometriapproachthat if
heseek:n unknavns, heusesexactly n equationof condition. (So,in this case hewould
have neededust threegreatest-elongationbsenrations.) One of Ptolemys weaknesses
(typical of anon-scientist)s afailureto understandhe preferabilityof overdetermination.
(SeeRawlins 1991Wfn 224 & Rawlins 1996Cfn 103.) We will now explain the method
we have devised (for nding e, A, & r) thatfollows this approach.lt is chosenboth for
simplicity andfor its nonanachronisticalliPtolemaiccharacterindeed our Venusmethod
is more® PtolemaicthanPtolemys own Venusanalysis(Almajest10).

D3  The Ptolemy-allged solar motion aroundthe Earthis mathematicallyequivalent
to terrestrialheliocentricmotion. We will usethis equivalenceto simplify the problem
conceptually— notingin passinghatDR haslong held® thatthebestancientastronomers
wereheliocentristanyway.

D4  Wecanthentakethreegreatest-elongatiombsenationsof Venug(preferablyspaced
veryroughly120 apart:xG1)andgraphicallydraw theline-of-sightfor each:throughthe
Earth's positionin its own orbit (a function of the solarmeanlongitude,a known function
of time). Oncewe have thesethreelines,we simply determinea circle, the Venusorbit (the
geocentrists"epicycle”), sud thatit is tangentto all threelines Easy sincethebisectors
of ary two of thesethreelinesmustgothroughthecenterof thecirclewe seek.Sotherewill
bethreetwo-lineintersectionsall atthesamepoint: thecircle'scenter Thiskey partof the
problemcanbeaccomplishegraphicallyby ahighschooleflesselementarynathematical
equivalent: xE3ff), whichis why it' ssoinspirationalto watcheminentprofessorsleemthis
simpletask“essentiallyinsoluble” (xB4).

27 The iterative geometricproof that forms the heart(xG) of this paperhassomesimilarities to
the Almajests for the outer planets. (SeeThurston1994P.) So: why didn't Ptolemyknow this?
Suggestionpthers'proofsfor theouterplanetsvereavailableto him, but theproofof Venus'elements
was not — which depriation forced Ptolemyinto inventing (or perhapsgrabbingfrom someother
bungler)theoff-the-scale-funniesumbleof hisentirecareeinf hoavery: seexB1. Anotherpossibility:
theVenussituationis notsoclear[thoughseez7] whenviewedgeocentricallysee e.g.,Pedersei974
p.300Fig.10.1),asagainstour choicehereto (likewise Gingerich2002n.6) view it heliocentrically
which holdsVenus'orbit nearonecornvenientplace(xD4); so,did Ptolemys false(geocentricgeneral
view of theuniversehelp causehis speci ¢ Venus-botclembarrassment?

28 This happendecaus@tolemyis busywith morethanthree*obsenations”,sothathecanpretend
he provedthe equant validity from Venus.Seefn 35.

2 SeeRawlins 1987p.238& nn.34-38 Rawlins 1991PRawlins 1991W. The pointhasalwaysbeen
self-evidentto ary investigatowhois inductiely inclined, mathematicallyble,andopenmindedsee,
e.g.,vanderWaerderl9700r Thurston2002p.62.
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Tablel: Ptolemy-Selectei¥enusGreatesMorning ElongationgRealData)

Date&Timet | GrElongG | SolarMeanLongtdL | Venus'TrueLongtdV
129/05/0616" 44 52° 43 06° 358 14
127/09/2218" 48 2¢° 179 41° 131 21°
134/02/1515" 44 34 324 0 279 26°

(Here[andin similartablesbelow], wefollow ancientcorventionin de ning elongatioras
theplanetstrue geocentridongitudeV minusthe Sun's meanlongitudeL .)

E The Simple Eccentric Solution

E1 For VenusPtolemyusesthe equant.(He pretendghathe provedthe equantmodel
from Venus. Anyone who [like Neugebaued 975 p.155] acceptsthis should note the
provocative coincidencethat Ptolemys most hilariously and oversimplistically bungled
planetaryfake orbit-derivation wasthatfor Venus.5° The equantmodelrequiresthatour
approachbeiterative. But we will startby introducingthe readerto the generalproblem
by rst consideringa noniteratve case:aneccentric-mode$olutionfor thethreePtolemy-
selectedgreatesielongationsof Table 1, which lists the real data(not his fakedt, L, &

V', mostof which were[fn 24] in errorby ordmag10 !). Thatchoice[reality] will hold
for all threetablesin this paper: eachprovidestime t (JuliancalendarAlexandriaMean
Time, midnightepoch),greateselongationG (eveningor easterrelongationis positive),
solarmeanlongitudeL , andtrue VenusgeocentridongitudeV for thesegreatestmorning
elongationcases:

E2  Westartwith theEarth'scircularorbit centeredat(0,0)with unit radius.andwe will

usethedataof Tablel to locate(in thex-y plane)the centerof VVenus'circularorbit. The
openingstepsare intermediatehighschoolmath: the line correspondingo obseration i

(i runningfrom 1 through3) in Table1 mustgo throughthe point

Xj = cosLj vyi= sinL; (1)
andtheslopemj (in thex-y plane)of linei is:
mj = tan V (2)
Theequatiorfor linei is:
Yi = mixi + by ®3)
Substitutingegs.1&2into eq.3determinesy (line i' sintercept):
b=y mixi 4)

— sowe have now completelydeterminedll of thethreelinesthatwill locateVenus'orbit
(sinceall threelinesarevirtually tangentto it):

Y1 = MiX1+ by ! 0:03081 + y1 = 0:7058 (5)
Y2 = MoyXo+ by ! 1:136; + yp = +1:1307 (6)
y3 = m3X3+ bz ! 6:01883 + y3= 4:2815 )

30 Seefn 50,andR.Newton 1977TablesX1.2 & XI.7-8; alsopp.336-339 And noteGingerich1980
Fig.4 & caption.
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E3  We next determinethe intersectionof the three possiblepairingsof theselines:
pt.A = theintersectiorof lines 1&2; pt.B, lines 2&3; pt.C,lines3&1. Again, thisis early
highschoomath(standar@ linearequations-in-2inknavns problem):

Xa = +1:6614 ya = 0:7570 (8)
xg = 11085 yg= +2:3903 )
Xc= 05972 yc= 06874 (10)

E4 Next, we nd the longitudinal direction By (wherek equalsA, B, or C) of the
bisectorof the two lines passinghrougheachof thesepoints. Using the datain Table 1,
we have:

Ba= (Vo+ Vq+ 180 )=2= (131 21°+ 358 14° 180 )=2= 154 47°1=2 (11)

Bg = (Va+ Vo+ 180 )=2= (279 26°+ 131 21° 180 )=2= 123 24° (12)

Bc= (Vi + Va+ 180 )=2= (358 14°+ 279 26° 180 )=2= 228 50°1=2 (13)

E5 Wehavealready(backin XE2) performedanequialentof thenext step:apointand
adirectiondeterminea line (a bisectorin thesecases).Eachline's slopeis the tangentof
its Bk (XE4,eqs.11-13)

my = tan By (14)
Eachline's intercepthy is thenfound (asin eq.4)by tting theline to the point givenin
XE3;thus,we nd theequationfor eachof thebisectors:

YA = MaXa + ba ! + 0:470%a + ya = 0:0250 (15)
yB = MpXxg + bg ! + 2:106&pg + yg = 0:0549 (16)
yc = mexe+ be ! 1:1436kc + yc = 0:0044 17)

E6  Solving the abore equationsasthreepairs, we aregrati ed to nd thatall three
intersectionsareidentical, thusprecisely* placingthe centerV of Venus'circularorbit in
thex-y plane:

Xy = 0:01827 yy = 0:01644 (18)

Sinceit is the deferentnot the epigycle thatis off-centerin the Venusmodel, we simply
translatehecentemegatively by theamountdndicatedn eq.18— in orderto move Venus'
orbit ontothe center(0,0) of thex-y plane. This makesthe Earth's orbit eccentriowith an
aphelionin the 3rd quadrant— which for a geocentristx es(180 distant)the deferents
apoge#@A, at a positiongiven preciselyby eq.18. Applying PythagorasTheoremandan
arcsinto eq.18,and(in ancientstyle) multiplying the eccentricitye by 60, we have located
thedeferents centerat:

e= 128 A =4159 (19)

31 We areexpressingour resultfar morepreciselythancould be supportedy naked-g/e input data,
but for effectwe arenotingthatthethreeanswerof courseagreemathematicallyonthe nose.
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Table2: Ptolemy-EravenusGreatesEveningElongationgRealData)

Date&Timet | GrElongG | SolarMeanLongtdL | Venus'TrueLongtdV
138/07/0920" 44 40 106 10° 150 50°
136/12/1401" 47 3¢ 261 36° 309 06°
132/02/2123" 47 58 329 44° 17 42

E7  Theradiusof the Venusepigycle is theneasilyfoundby usingary of the bisectors,
startingwith thehalf-angleH betweerthatbisectorandeitherof thetwo linesit is half-way
between.We checkall three:

Ha= (Vo Vi 180)=2= 23 261=2 (20)
Hg= (Vs V, 180)=2= 164 02°1=2 (21)
Hc= (Vi V3 180)=2= 129 24° (22)

Then,usingour pre-translatiordata,we nd thelengthvy of thevectorfrom intersec-
tion k (egs.8-10}o the pre-translantiorenterof Venus'orbit:

p p
VA= (Xa Xv)2+ (Yya Yv)2= 1643R + 0:773% = 1:8161  (23)

p p
ve= (Xg Xv)2+ (yB VYv)2= 11268 + 2:373% = 2:6277 (24)

p p
ve=  (Xc Xxv)?+ (yc Yv)?= 06158 + 0:703% = 0:9349  (25)

E8  Highschooltrig thenproduceghe Venusorbital radiusr :

ra= vVasinHp = 1:8161sin 23 26°1=2 = 0:7225= 43°21°= 60’ sin46 15° (26)
rg = vgSinHg = 2:6277sin164 02°1=2 = 0:7225= 43°21°= 60’ sin46 15° (27)
rc = vesinHe = 0:9349sin129 24° = 0:7225= 43°21°= 60°sin46 15° (28)

(Theperfect? agreementf all threecalculationsof r is gratifying, but it is amathematical
notanempiricaltriple-veri cation.)

E9  Merging theresultsof eq.19andxE8, we now possessall threeof the Venusorbit
elementswe set out (xD2) to nd — the epigycle radiusr, aswell as the deferents
eccentricitye & apogeeA:

r=4321° e= 1°P28° A = 41 59 (29)

E10 However, the foregoing will not nd the actualelementsof Venus,becausehe

eccentriconodel(eventhe equantmodel: xG) is not faithful to the actualmotionsof Earth

(deferent)and Venus(epig/cle). Thus, a different choice of obsenations at the outset
(Tablel) cangive a contrastingesult. E.g.,considera trio of Ptolemys eveninggreatest
elongations:

32 All the foregoing numericaldevelopmentswere doneto betterthan 1 partin a million, though
presentedheresereralordmagsmorecrudely Thatis why agivencalculationhere&theremayappear
slightly inconsistentn thelastplace.
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E11  Applying thedevelopmenibof xxE2&E8 to the dataof Table2 will produce:
r=4321° e= 1”18 A = 86 21° (30)
E12 Ther valuesof eqs.29&30arecloseto thetruth. As will be notedbelow atfn 51,
the e resultsare inappropriately(sincethis is not Ptolemys model!) closeto the value
adoptedn the Almajest andthemean(c.64 ) of the A valuesfor eqs.29&30s within 10
of the Almajestvalue. (Seeeq.49belawv for Ptolemyse, A, & r.)
E13 Note: all the key foregoing math (xxE3-E6) can be performedgraphicallyin a
matterof minutesby a teenagerusing standardruler&compass.It's a classicEuclidean
problem, which teachersof the 10th-gradeat Gilman School (Baltimore) tell me their
studentsnd notespeciallychallenging.Try it for yourself.

Somuchfor Ptolemists*insoluble”-alibi for Ptolemy

F Oft-NeglectedCaution for Eccentric Orbits:
Greatest-ElongationSightlines Ar e Not Tangents

F1  Weinterruptherefor amoment,in orderto highlight an educationaltem which is
closelyrelevantto our methods ef cacy: despiteanalmostuniversalinstinctive presump-
tion, greateselongationsio not™ in genera[thoughseez7 fn 2] occurpreciselywhenthe
terrestrialobserer's line of sightis tangento the sightedinferior planets orbit. Not even
for the simpleuniform-motioneccentricomodel— unlesseccentricityis null. Nonetheless,
for smalle (or smallr), tangeny is virtually® the case.

F2  If onecorrectly(unlike Ptolemy)indoorcomputegreateselongations associated
Venusgeocentriclongitudesfor a well-spacedtrio selectedfrom Ptolemys own set of
elongations— e.g.,AD 127morning,132evening,134morning— usinghisequantenus
model(not realobsenations),andsubstituteshesesix datainto the methodof the present
section,the deducecelementscomeout: r = 4310°, e = 1P15°, A = 54 . Or, if we
insteadusethe greateselongationof AD 138evening,140evening,140morning(again,
accuratelycalculatedrom Ptolemys Venusequanimodel) ,thedatafor whichareprovided
rightin lines70-900f p.54's programthereadouts: r = 4308, e = 1P14°, A = 57 . Both
setsof resultsarevirtually identicalto Ptolemys Venuselementgeq.49).(Butif weinstead
generataghese3 gr.elongs.usingnontrivial e = 5°1/4 (while retainingeq.495 Ptolemaic
A = 55 ,r = 431/6),thenourp.54programwill output:e = 5°.7,A = 58 ,r = 41°5/6,
which areonly approximatelyequalto the input elementsall thesediscrepanciesredue
to greateselongationsnon-tangeny, asdiscussetxF1.)

3 Tobecorvincedof thisat- rst-surprisingtruth, oneneedonly ponderanextremecase:a99.9999%-
eccentric-orbidirect-moving) cometjustinsidetheEarth'sorbit. If westartwith aneat(nil-elongdion)
situationwith the Earth at the longitude of the comets perihelionand the cometat aphelion,it is
physicallyobvious thatbetweerthenandcomet-periheliortime (alittle over 2 monthsafterthetime
of theinitial situation)— by which time the elongationis eastern— Earthobserers have seenthe
cometat a greatesivesternelongation thoughall westernorbit-tangentsiuring this time have been
to the (long symmetric)half of the comet-orbitwhich the comethasnot occupied. For other DIO
examplesof the heuristicutility of resortingto extremecasessee:[a] DIO 10fn 91, [b] DIO 2.3z8
xxA5&A7, [c] DIO 4.3z13 fn 13. As for thetime tf it takes a body (cometor whatever, starting
from null relative velocity) to fall into the Sunfrom a distanceof 1 AU: this questiorhasappeare@n
freshmarastronomytests— andwithout providing the neatanswer(the simplicity of which hintsat
how it canbeinstantlyobtained):tr = 2 2'5 years.

34 Whichis fortunatefor our analysesf Venus,the planetwith the smalleste in the SolarSystem.
And, thoughbigger Earths e is alsoordmagl . For approximatelyBodeanr andmodeste, greatest
elongationswill on average(rms) be distantfrom tangeng by anangleequalto ordmagtherss(root-
sum-squaredf thetwo planets'e; so,evenfor theunextremeVenus-Eartltasethe errorsareordmag
1 , obviously contrituting to roughnesén our resultsfor A (& etc).
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Table3: Dionysian-EravenusGreatesEveningElongationgRealData)

Date&Timet | GrElongG | SolarMeanLongtdL | Venus'TrueLongtdV
271/4/05086" 46 53 9 10 56 03
265/8/3107" 44 41° 154 38 199 19
258/1/2512" 48 09 300 1%° 348 24°

G The Equant Iteration

G1 Oncewe adopt® the equantmodel, the ability to arrive at a solutionin onedirect
line (asin xE) vanishes— andwe mustiterate,as Ptolemyhimself does(fn 27) for his
analyse®f the outerplanets.To testthe equanttase we will chooseelongationsrom the
Dionysianera(whentheequanimayhave actuallydetuted)— andwe will useonesrather
symmetricallyseparatedTable3 providesthe datafor a sampleequantinvestigation:

G2  Whenwe switchfrom the eccentricmodelto the equantmodel,we losethe luxury
of startingfrom a known positionon the deferent(asin eq.1);instead,we mustinitially
estimatethe deferentelementge & A) andinput the implied Earthposition,in orderto
launchtheanalysisnvhich producesinimproved setof deferentelements— whichwethen
re-input: standardterative technique.

G3 In orderto sare time, we will herestartfrom the assumptiorof fairly accurate
elements. But no matterwhereone startsout, the iterationwill succeed— it just might
requireoneor two morere-inputsto getthe sameresult,whichwill bejustasstableasone
likes(conditionalonly uponthe patienceto keepiterating). Presumablywarethat Venus'
orbit is nearly circular, andthusthat the deferentelementshadto be nearlythoseof the

% SeexEL. It mightbeobjectedhatthereasorwecanhere nd ourthreeVenus'elementsromthree
greatest-elongation@vhile Ptolemyneedsover twice asmary to fake his Venusderiation: fn 28)
is that we're assumingthe equantmodel at the outset. Comments:[a] The equantwas obviously
(seeEvans1984)discoveredvia Mars (e 12 timesVenus'& 5 times Earths), so Ptolemytoo was
assuminghe equantmodelbeforehedid his Venusmath. (SeeNS' & OG's admissionghatPtolemy
knew at leastsomeof his Venusorbital parametersheadof time: fn 52 here& Gingerich2002
Fig.1 caption.) [b] For eitherplanet,the discoery of the equantcould (xH2) have beenbasedupon
the fact that the equantmodel gives a much neaterand more stable t to obsenational data(than
the eccentricmodel). For Venus,aryonewill quickly seethis by comparingresultsfrom testingthe
eccentric(XE) vs equant(xG) modelsupon several randomlychosenreal greatest-elongatiotrios,
usingour program(p.54): eccentric-mode$catterevaluatedat xH1; equant-modescatter at fn 48,
the latter quite clearly an ordmagsmaller This dramaticcontrast(not Ptolemys disastrouslyfaked
derivation)is the probablehistoricalorigin of the equant discovery, a point correctlypercevedlong
agoby Toomer1984(p.474n.12)andEvans1984(seealsothelatter's well-written 1998book). Over
theyears,variousscholarshave suggestedhat Ptolemypersonallyinventedthe equanto solve huge
problemspresentedy nontrivially-eccentric planetarymotion. Question:if hedid, thenwhy did he
“prove” it (Almajestl0.1-3)via themosttrivially-eccentic planet(Venus)andusinga methodwhich
wassoinfantile andimpossiblethatit requiredfaking “obsenational” datainto obviouslynonexistent
symmetriesandotherridiculously patarrangements®ore broadly Gingerich2002p.71 (confusing
mere street-astrologerwith the real astronomerghat Ptolemyleechedoff of [fortunately for our
ability to reconstrucigenuineancientastronomy])opinesthat “It really doesappearthat Ptolemys
work fundamentallychangedhe way planetaryastronomywasdone€. Hmmm. As mathematician
JerryWolf recently(02/10/18)commenteddo suchfolk alsoimagineEuclid inventedthe Element8!
Secondary-writeGingerichs readyconfusion(fn 7) of meresecondary-sourcesith deepthinkers
and intellectual pioneersis typical of the sort of elementarymis-stepthat can lead theoretically
limited politician-scholars% cloniesdown blind-alleys (andrepeatecembarrassment-in-cont@rsy
disappointmentsfor wasteddecadesOn this almost-too-nae-to-be-bkeved archonal-traditionsee
DIO 6.1z1 fn 106.
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Earth's orbit, anancientheliocentrist® might well startwith roundvaluescloseto thereal
Earthelementghen(e = 1’03, A =64 ):

e=1" A=60 (31)
Or, in cartesiarcoordinatesthe Earthorbit centerstartsat:
Xg = ecosA = 0:008333 YE = esinA = 0:014434 (32)

G4  Sincemostdiscussion®f the equantarelong on diagrams(or seriesexpressions)
but shorton exactequationsPIO will asa public serviceprovide the processere,all on
oneline, eliciting truelongitude from meanlongitudeL :

g=L A ! u=g arcsin(esing) ! = arctan[sin u=(e+ cosu)]+ A (33)

where is the Sun'struelongitude(or, for the geocentrianodel,the true longitudeof the
epigy/cle's centery— atadistanceR from (0,0):

R = (e+ cosu)? + (sinu)? (34)
Forthe3rdL in Table3, we applyeqgs.33&34to yield (R, ) [polar coordinates]:

gs= 30015 60 ! uz= 240 15° arcsin(sin 240 15°=60) = 241 :079 (35)

3 = arctan[sin 241 :079=(1=60+ cos241 :079)]+ 60 = 301 :922 (36)

p
R3z= (1=60+ co0s241 :079) + (sin 241 :079) = 0:9920 (37)
Eqgs.36&37canbeconvertedto cartesiarcoordinates:
X3 = R3cos 3= 0:5246 Y3 = Rg3 sin 3= 0:8420 (38)

Sincegreatest-elongation-sightitipe #3 goesthrougheq.385 point atlongitudinalangle
348 24° (V3 in Table3), this line is now completelydeterminedsowe canproceedmuch
aswe did backin xE: for ary line, if we know [a] its slope(V ) and[b] the coordinate®f
apoint (eq.38)that's ontheline, we have determinedheline — andcan nd its equation
(asin xxE2&ES5). From[a]&[b], the3rdline's equationis determineds:

0:2053 X3+ Yg= 0:7343 (39)
(analogougo eq.7in theforegoingeccentric-modedevelopment);andto nd lines#1&#2,
onesimply appliesour equant-modetqs.35-390 the dataof the rst two rows of Table3.
(Theresultswill be analogougo our eccentric-modetqs.5&6).
G5  And therestof the procesds parallelto XE's development. (It is not continuedin
our text, but its detailswill be evidentin the BASIC programprintedat p.54.) It works
for the equantmodeljust aswell asit did for the eccentricnodel. Again, the centralstep
is nding acircle thatis tangentto threeknown (greatest-elongatiorines: xE3ff. The
eventualsolutionfor the centerof the Earth's orbit in the Venusequantcase(xG4) is, in
cartesiarcoordinates:

ce = 0:000784 dg = +0:003286 (40)

or, in polarcoordinates:
e= 072027 A=103:4 (42)

%6 Foragenuineancienhdiocentrist, thisentireprocedurevould beinhaenty awed by itsPtolemaic
presumptiorthatthe Venusepigycle is exactly uniform-circular— whenone of the adwantagegsee
Rawlins 1987 pp.237-238)f the heliocentristschemeis thatit permitsVenus& Earthto eachhave
orbital eccentricity Thus,if this papers trio-methodwasactuallyusedin antiquity it was probably
asjust a heliocentriss rst step(viewing from an already-knwn Earth orbit) towardsdetermining
Venus'orbital elements.The actualhistoricalevolution wasprobably: heliocentristslevelopeda full
setof planetaryelements— which werelater corruptedby geoocentristéwisting themto pretendthat
all epigyclic motionwasuniform-noneccentricSeeidem
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G6 At thispoint, werealizethatcg & dg aresimply the rst gaugingof our positional
error (onthe x-y plane)in theinitial estimate(eq.31)of the deferent(Earthorbit) center
Sowe now just shift that centeraccordingto the indication of eq.40andthenrepeatthe
egs.31-41procedure— a methodwhich (by repetition)will quickly reducethe error to
virtual nullity. l.e.,eq.40will shrinkto (0,0).

G7  But trial shovs™ that this iterative processs corvergenceis at leastan ordmag
quickerif wealtertheinitial centeby half of thevector(cg; dg), notthefull amount.Thus,
thenext turnin ouriterationstartsby meiging eqs.32&40accordingo thatprinciple:

Xg = eCosA cg=2 = 0:008333 ( 0:000784)F2 = 0:008726 (42)

Ve = esinA  dg=2 = 0:014434 (+0:003286)=2 = 0:012791 (43)

or:
e= 0729290 A = 55:70 (44)
This xg & yg solutionis thenre-insertedinto eq.33and the processdown to eq.44is
repeated— again&againuntil satishctorystability is attained. Thereis someoscillation
of e& A asthe iterative math swoops-inonto the correctsolution. But after only three
repetitions,the t is alreadyordmag1% — which would have beenmorethanadequate
precisionin antiquity, giventhelikely uncertaintyof the empiricalinput.
G8 By contrastthereis very little utter in the Venusepigycle radiusr. Ontheinitial
assumeck&A (eq.31),it comesout asr = 43.344. Throughoutthe entire iteration, it
hardlyvariesatall from the eventualexactsolution,which for this caseis 43°.343.
G9 Continuedterative loopsproducethefollowing successie solutions:

43:343 e = 0P:8916 A = 55 :59
43:343 e= 0P:8811 A = 56 :18
43:343 e = 0P:8806 A = 56 :51
43:343 e = 0P:8817 A = 56 :61
43:343 e = 0P:8824 A = 56 :61
43:343 e = 0P:8826 A = 56 :60

= = = = = =

Theswiftnessof convergences obvious. Furtherlooping settlesin ona precisé® solution:
r = 43”:343 e = 0°:8825 A = 56 :59 (45)
which maybeexpresseds:

r=4321°e= 0°53 A = 57 (46)

%71t is possiblethat Ptolemys Venuswoeswere initiated by his unavarenesf this step (andits
importanceto ef cient iterationhere),which is consistentith (fn 35) our contentionthathe did not
discover theequant(our halving) from original analysisof Venus'motion (a once-commotbelief).

38 Of course the precisionhereis misleading,given the input's empirical uncertaintyandthe lim-
itations (seexF) of the iterative procedure.However, the stability of the solutionis notillusory. A
measuref that: we have ignoredapsidalprecessior{Earthand-orVenus)entirely in theseanalyses.
(After all, thexG developmenis basedipondatacoveringonly 12Y.6.) If weincludeit, eq.465results
all shift by lessthanonepartin 1000. So,sincetheeffectis trivial andsincewe donotin ary caseknov
exactly what(if anything) realancientscientistavould have doneaboutprecessiomuring this math,
it seemedpointlessto introducesuchspeculatiorinto theseinvestigations.A notein passing:if one
injectsreasonabl@oiseinto the input data[lines 70-90at p.54] for honestcomputationof elements,
theeffectsoninducedA andr aretrivial; one, temperate.
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G10 Thattheseeq.46elementsarenot quitecorrectis inevitable since(seealsoxF) the
methodwe areusinghereis attemptingto simultaneouslysatisfytwo elliptically-nonuni-
form effects(Earth's motion & Venus')with two non-ellipticalmodels:an equant(Earth)
anda uniform circularmotion (Venus).(l.e., realnonuniform-motiorof Venusiarperiod-
icity is not accountedor by arything in the Ptolemymodel.) By contrast,f oneapplies
the foregoing method(eqs.31-46)}o0 greatest-elongatiofobsenations” computedfrom
Ptolemys Venusmodel,thentheresultingsolution(analogougo eq.46)will beveryclose
to Ptolemysr, e, & A (eq.49). Readersshouldtestthis for themseles. (Neatsample
resultsof suchtestingareprovidedin xF2.) EspeciallySwerdlav & Gingerich. For now
we cometo a simplertest— not of orbital elementsbut integrity elements:will these
much-ealted® Expertshave thegutsto explorethis easydemonstratiotthatthey have mu-
tually disgracedhe history-of-scienceeld by yearsof prominent(andheresy-slandering)
promotionof their laughablé® claim that our highschool-math-leel problemhereis in-
soluble? Haven't we beenthroughthis dramabefore? — seefn 40 — with the crucial
differenceshatthepreviousplayer(anunexcelledscholarin hisarea)a] wascourageously
concernedo settherecordstraight! and[b] wasnt habituallydecreeinghatdisagreement
from his opinion was a sign of insanity** scholarlykookery*® (1), or dishonesty* But,
then, ever-obsessiely-dedicatedook slayerOwenVanHelsingGingerichis admittedlya
very specialcase.

H Re ections; and Appreciating The Greatests True Greatest

H1  Asweseeby comparingeq.30to eq.48 theeccentricsolutionsarequitesensitve to

our selectionof the threeinput greatest-elongationdifferentchoiceswill producequite

differentvaluesfor e andfor A — a point alreadyextremely obvious via comparisorof

€Qs.29&30!

H2  Butthisis muchlesstrueof the equantnalysis— a pointwhich could™ well have

helpedclue®® ancientsto the preferability of the equant. Any well-spacedDionysian-era
trio will producee justundef’ 1° andA around® 57 , with scatterover arangeof about

3% Seethe Amer Astr Soc-afliated HAD's H.A.D.Navs, which regularly shavers Gingerichwith
HAD-boardpraisesofulsomethattheHAD shouldhave beenmegaretchedlyembarrassed/enbefore
thepresentevelations.

40 Seediscussiorat DIO 1.2xI110. Sameproblemhere: x equationsof conditionwill determinex
unknawvns. Whatscholarposingasanauthorityin orbital matterswould not know that?! Theancient
computerof the “Ptolemy” proofs of the outer planets'elementswas obviously familiar with this
ultra-elementaryoint.

41 JHA 26.2164(1995May). (SeealsoDIO 6.12z3 xH.)

42 SeeDIO 4.3z15xH6 & Gingerichs 2000refereereporton Thurston2002for Isis.

“3|n the presenicontet (stubborn& technically-innocet insistenceuponclinging to ones central
cult-tenet) the spectacl®f watching(e.g.,DIO 1.1z3 xD2) Swerdlav accuseanotherscholarof being
cranksetsnew recordsin theirony dept.

4 Seee.g.,DIO 1.1z3 xxD2-D3 & z6 fn 5, DIO 1.2-3fnn 92 & 252.

4 However, regardinglikely historicalchronology Seefn 35item [a].

46 Seefn 35item [b]. Also z5 xE4.

7 |n the Dionysianera: for eveninggreateselongationsthe meanof resultsfor e is 0P51%in arange
of 0P02% for morninggreateselongationsmeanis 0570 in arangeof 0P03% [The programat
p.54will alsoautomaticallyhandlea mixedtrio (morning&eveningdata): sampleatlines 70-90.]

48 Sample-testingf seriesof well-spacedveningandmorningtriosin the Dionysianera nds that
the averagefor A is 57 : evening60 , morning54 (an asymmetrythat variesaccordingto era),
with scatterangesunder4 . If oneuses3 consecutie eveninggreateselongationsor 3 consecutie
morning greatestelongationsthe con gurations are lesswell-spaced— but the meanand scatter
(of inducedelements)are virtually identicalto thosefor well-spacedelongations. Sincenumerous
Dionysios-erarios produceA very closeto 55 |, it is temptingto wonderif this resultcamethrough
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6 (rms4 ) — mereaveragingof resultsfrom afew trios would have shavn this. Thus,
fairly consisteninductionsof Venus'e, A, & r would have requiredundera decadeof
carefulobsenations. Indeed,3 of thelast4 Venuselongationg138evening,140evening,
140morning)availablé® to Ptolemywould have sufced in barelytwo years! (He actually
recordedbadly] both 140 events.) For thesethreegreateselongationssubstitutingreal
datainto lines 70-900f our p.54programyields:

r=4324 e= 0°50° A = 64 47

Notethatour results(egs.46&47)arein goodagreementvith themorereliableestimate®
foundby R.Newtonusingleastsquares tting very extensiely to theactualorbit of Venus
(R.Nenton1977p.311):

r= 4322 e= 0°50° A = 60 12° (48)
H3  Ptolemysvalues® for Venuswere(Almajest10.1-3):
r=4310° e= 1”15 A = 55 (49)

His alleged methodof nding them was a childish forgery-of-reality in orderto make
the problemsimple enoughfor his limited mentalityto solve it (notexB4's hypothetical
parallel dumb-davn heliocentrist-fogery) — a hoax so bungled that its two datesfor
the sameevent (fn 24) accidentallydisagreecdby over a month therebycreatinga truly
unquestione@reatest:

THE mosthilariouslyineptfraudin the entirehistory of astronomy

to Ptolemywithout correctionfor precession.

“ That s, the last four Venuselongationsthat occurredbeforethe nal “obsenation” (141/2/2)
recordedn the Almajest(9.7).

50 R.Newton 1977p.311shaved (seealsofn 30) thatthe equantshouldnot usesymmetriceccen-
tricities: for Venus,the ratio of the two eccentricitiesshould(R.Newnton 1977 TablesX1.2&8) have
beenabout8:7 insteadof equal(asPtolemymakesthem: Almajest10.3). But herewe simply sumthe
two equant-styleeccentricitieshefound, in orderto allow a crudecomparisorto our eccentric-model
values.Of coursewe shouldusehalf this sum(whencomparingNewton's equantesultsto ours: xG),
namely OP50°.

51 As hintedin xE12: the poornesof his e may be dueto his having accidentallygottenit from
someones eccentric-modehnalysis— seeeq.30.
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I Appendix: A BoobonicPlagueof Upside-Donn-Apologia

11 Insteadfusingthevalid methodglemonstratederein XG or z5, Ptolemypreferredo
fake Venus'‘obsenations” usinga crudely-rearrange(ltterly impossible-dntasy)version
of the very theoryhe claimedhe wastrying to prove fromthe faked data. (If suchalying
inversionof genuineempiricalinvestigationand plain truth] isn't a crimeagainstcience,
thentheres no suchthing.) See,e.g.,Gingerich2002or Swerdlav 1989% Both papers

52 Top-public-apologisD.Gingerichis now going aboutexclaiming his ecstasyin discovering that
Ptolemysystematically‘'shaded”his purportedVenusobsenrationsto malke up for the incorvenient
reality that Venuswasnt actually at the greateselongationpoint when & wherehis fraud required
it to be. (Crucial-test-on-crucial-teshg: doesOG's belatedrecognitionof Ptolemys Venusfrauds
decreas¢Rawlins 2003Jfn 21] or increaseor leave- x ed OG's superlate rank of his ancientidol?
Seefn 55.) Likewise Swerdlav 1989 p.35: “the obseration hasbeenadjustedto the positionthe
planetwould havehadif it wereat greateselongation”;p.42: datawere“arranged”;p.54: Ptolemy
“could nothave obseredsomeof thereportecelongations”p.54: “Ptolemy's adjustmentsf whatever
he obseredwereof theorderof 1 ”. But the strangespartof MacArthurfundedSwerdlav 1989is
(p.31): “Ptolemy mustearlierhave carriedout analysedy quitedifferentmeans .. [to nd] atleast
preliminary parameters”.(Seefn 9.) Sincethe Almajestproofsof celestialparametersre patently
phory, thesenumbersclearlyhada differentorigin, but we continueto look in vain for thedata(other
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areby leadinglosersof the PtolemyControversy who lack the simpleintegrity to admit
theirdefeat®® (But, then,their praiseof Ptolemys fakery suggestshathonestyis not quite
at the top of thesearchons'list of desirablehumanvirtues.) Instead,they have painted
themselesinto thecornerof having to say: well, OK, soPtolemydid fake thedata— how
wonderfully clever of him! If you cant believe this (andwho would blameyou?),then:
readboth papers.(Somespecialenticement-sampliegical-gemsarecollectedin fn 52.)

12 Bottom-linesfor Ptolemys nding r, e, & A: [a] Hepickedaterriblemethod(xB1).
[b] He couldonly male it “work” by fakingdata(xI5). [c] He fumbledthe fakessobadly
thathe evendouble-datedwo (xB). [d] He hada poor* eccentricitye.

I3 Gingerich2002p.72nearlyswoonsin admiratiorof suchachievements,designinghe
boldly-invertterm“approximations’for VenusplaceshatPtolemysuperunapproximately
fakedin orderto getthemon-the-nose-preciselyherehis crackpotmethodneededhem
(emphadded):“Suchapproximations® arecharacteristiof our mostinsightful scientists,
who seethemasa way to tackleotherwiseintractableproblems’ Whatarethe standards

thanthe numberof digits to the left of the decimalpoint on a MacArthur grant-checqueyhich have
corvinced NS of the bizarrepropositionthat the astrologeigeometrist-plagiast who faked clumsy
pseudo-prooéfter clumsypseudo-proofoblivious to the mostelementaryempirical considerations,
e.g.,fn 24, or Thurston1998 16), wasactuallya proto-lsaadNewton whenno onewaslooking: an
immortal scientistanda deft empiricalinvestigatorwho carriedout competentlandestinalerivations
(therearesomewonderfullyaccuratgparameterembeddedh the Aimajest e.g.,Mars' meansynodic
motion, Mercury's inclination) — derivationswhich, despitehis high integrity andthe vastbulk of
his eng/clopaedicoutput,he nowherereported,so thatall arenow regrettablyMissing. Amongthe
achieeementamplicit in Swerdlav's intenselyreligiousrevelation: Ptolemyusedaccuiate unreported
obsenrationsto secretlyfound his theories,but thenreportedthesesametheoriesin the Almajestas
if they werebaseduponhighly inaccumate obserations. Seefurther extremeirony notedat Rawlins
1987p.237(item3 & nal sentencef item2).

5 Note: Swerdlav 1979 p.524affectedhorror at R.Newton's attackon Ptolemys “reputationfor
integrity” — yet whenSwerdlav nally, a decaddater agreed(fn 52) to the Ptolemyfraudswe're
discussingoneitem was found inexplicably missingfrom Swerdlav 1989 (especiallyfrom its n.1,
which speci cally citeshis earlierattackon RN): namely NS' appropriatelycontriteretractionof his
earlierrepulsve abuseof R.Newton for sayingthe samethings. (Seefn 12.) But, OG&NS sharea
commonproblem: how can anuppercaseAuthority retract? The surestmark of a privately-insecure
fake expertis his palpableterror of ever beingviewed asseriouslymistalen. The resultantrigidity
explainswhy high-societyacademéincreasinglycrovdedby creaturesvhofrantically spendoomuch
enegy atbrainkissingo leavze muchoverfor seriousesearchDIO 2.3z6 xF2) endsupweigheddowvn
by functionalcranks— sinceacranks mostcharacteristi¢eatureis hisinability to changehis opinion
in responséo incomingevidence.

54 SeeR.Newton 1977TableXI.7 andhereatxC3 & fn 30.

%5 Linguisticmanipulatior{*approxmations” for deliberateforgeries)isaclassicOrweliantechrique
for avoiding admissionof controversy-loss;in like (if less penerse)spirit, Swerdlov 1989 p.35
repeatedlycalls Ptolemys faked Venusplaces‘required” positions. (Gingerich2002 p.72 [pushing
samesham]: “desired” positions.) Translation: Ptolemys forgerieswere computedirom pre-knavn
theoryandbroughtforth by him asevidencefor thatvery sametheory(fn 57), a swindle(noterelated
[and even more spectacularjarchonal ip op cited at Rawlins 1991W fn 99) which O.Gingerich
hasbeentelling us for decadess the best— “the Greatest™— type of ancientscience! (For several
unevadableproofsthatPtolemypossesseparameterbeforeconstructindnis purportedoroofsof them,
see:fn 57,xB3, Thurstonl994PRawlins 1987pp.236-237item(5) & n.25.) In brief: betweerslanders
of thosewho condemnPtolemy OG is nowv admitting (Gingerich2002)that Ptolemyindeed(asall
OG's slandeesealizeddecadedeforeOG) usedindoor computationgo fake outdoorobsenrational
data. Thus,OG hasundegonea crucial position-shifton the evidence,but (revealingly) it has not
causechim to retreatone micron from his pre-admissiorfGingerich1976)position— ashe exhibits
wondrouslyineducableconstang (fn 10) in verbatim-echoingNeugebaued 975 p.9315 rating of
a plagiaristas “the greatestastronomerof antiquity”: seeGingerich1976, Gingerich1980p.264,
& Gingerich2002p.70. The religiousadherenceo preconceptionentirely regardlessof incoming
evidence,is downright Ptolemaic.Seefn 13, andespeciallyfn 61 & DIO 2.3z8 xxC25& C31-33.
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of journals& foundationsthat repeatedlypromotesuchamateurreveries(unrefereedy
anyonetruly capabldn thearea)asthejudiciousinductionsof a genuinesxpert?®

14 Suchrepulsiecorruptionof theidealof scienti ¢ creatvity is sufciently remarkable
thatthe entireacademiccommunityoughtto be alertedto Ptolemy-defendergioneering
efforts atrolling backthefrontiersof archonakpologia.

I5  With respectto Ptolemys Venusdoubledating-pra#il (fn 52): while NS & OG
funtasizethat Ptolemywas forced®’ into cheating,they slyly fail to facethe questionof
whatthe hell this speculatiorhasto do with explaining Ptolemys fakery getting sofouled
up? Is our lovably imperviousdefenders'next trick going to be: corvincing the world
that Ptolemyneededto createhilariously and (xxB2&B3) enormouslyself-contradictory
fakes? — cappedoff by his 140/2/18claim that he saw (at virtually the correctdate)
Venus'elongationfrom themeanSunat 48 1/3, eventhoughVenusnever got beyond48
at anytimeduring its entire 140AD evening-starcycle adiscrepang largerthanthelunar
semidiameteryet anothergenuine& impressie Ptolemy rst (deservingrank almostup
therewith double-datinga celestialevent): The Greatest elongationwas greaterthan
the greatestelongation Onecansimilarly describePtolemys 136/11/18"obsenation”:
how canhe at Almajest10.2 call 47 1/3 the greatest136 AD evening Venuselongation
when— by his own massvely disparatg(fn 24) but immediately-adjacemiimajest10.1
account— the greatestl36 AD eveningVenuselongationwas1 /5 higher (47 8/15)on
136/12/257Thus, The-Greatestacksup onemore’® greaterthan-greatestlongation.(This

% The (sometimes)llogical outgassingsf Ptolemys (mostly) math-challengedefendersretaken
seriouslybecausesomeareat major universities. Readersvho may on this basishave supposedhat
thesegentlemerhave somespecialunderstandingf orbital mattersshouldnoticethe embarrassingly
one-sidedatio of eachsides original researctpublicationson dynamicalastronomyin professional
astronomicaljournals. (One would normally be very reluctantto bring up sucha point — but if
Muf osi somehav nd it self-reassuringo spenddecadeslanderingas nuts,fools, etc] thosewho
merelydisagreewith them,thencoldwaterreminderson genuineexpertiseareoccasionallygoing to
happen. Note that DIO hasalways held that suchimbalanceslo not prove that we arerighter than
Muf osi regardingthe contendedointsbetweenus. [SeeDIO 1.3 z10 (3rd-lastparagraph).] Our
positionis merelythattheMuf a' sincessanandcuriouslyaggressie we-are-The-authorities-arodin
hereposturingjust might perhap$e a slightly lessthancompletelyperfectguideto the truth. Unless
we areseekingransparenindicia of which sideis seethingwith inwardinsecurity)

57 Gingerich2002p.73: “thereis no otherway to establistthis geometry’(seealsoxB4) soPtolemy
“silently [vs fn 12] increasecelongationangles,which makes his solutionfor the nal parameters
considerablynoreaccuraté. Gingerichs commenbn parameteaccurag seemsntendedo justify &
defendPtolemys Venusfrauds. But thepointis thatPtolemyalreadyknev roughly-correcparameters
(asOG realizeson thevery samepage)‘from mary unspeci edobserations”. (Actually, theVenuse
and[Almajest10.4] meanmotion werent very good.) So Ptolemysimply fudgedhis proof's datain
orderto getthe“right” answers(Historiansmaynotknow whatgettingtheright answerdsrom wrong
datameansput scientistscertainlydo. See,e.g.,Rawlins 1987 p.237.) This outrageougpenersion
of inductive sciencewhich (fn 55) pretendgo nd parameterérom obserationswhenthereverseis
the case)ifts OG to praisewhich is so ethics-bendinghatit cansene aslawyeresquenspirationto
forgerseverywhere.(SeeDIO 2.1z2 xxH31-32.) Henceforthall freshman-lattheatersvho skip the
day's experimentandinstead'silently” fake data(from thevery theorythey're supposedo betesting)
canjustpasoff suchdishonestyaswhatawell-knovn Hanardprof has afterall, prominentlydeemed
“abrilliant tour-de-foceoftheoeticalandobservationaNTERACTION.” (SeeGingerich2002p.73;
emph& capsadded.)Onecanjoke aboutit (will successfustreet-muggingiow berenamedtbrilliant
provider andprovideeinteraction?)— but, asl onceasled (DIO 1.2 xE4, in relatedexasperatior&
context): “how doesonesatirizematerialthatalreadyreaddike satire?”

8 Extraoddity: at Almajest10.4, Ptolemycorrectly saysthat his 138/12/16positionfor Venusis
“after” greateselongation— even thoughit is closer(off by 199 ) to the actualevent (138/11/27)
thanaretwo of the dates(127/10/12& 136/11/18)which the Almajestnearbygives for unquali ed
“greatestelongations”! This is evidencethatgenuineaccurateancientdatawereavailableto Ptolemy
— but it is alsoevidencethathe knewv enoughto realizehow dishonestt wasto invent“better” data
wheneer hewishedto promotethecalculatedieceptiorthathismodelstruly representetheheavens.
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time greatetthanhis own [ratherthanreality's] greatest.)

16  Familiarly, we arehereconfrontedwith two quite differentPtolemysupergcesses:
fraudandbungling. [Nobody's perfect.] R.Nenton'slow evaluationof Ptolemycoherently
solves both. (By contrast,Ptolemys Occam-defyingOsgoodly-impenetrabldefenders
continue[seesimilarly at DIO 4.3 z15 xF5, DIO 10 xL9 & fn 109] to have to concoct
& juggle multiple distinctanddisjunctalibis: fnn 20&61.) E.g.,for oneof his two initial
Venusproofs[either Almajest10.1or 10.2], why couldnt a smartfaker have just usedthe
nearlyidenticalVenusl128/12/16greatestveningelongationinsteacdof the 136/12/14one?
This would have to earnfewer sniclersthan Ptolemys actualprocedure:usingthe very
SAME Venusl136AD greatestlongationin two con icting proofs,megacontradictorily
17 NS-OGSssoberalibiing of Ptolemys Venusfumblefarcess akinto adefense-levyer
goinginto courtto get-of a counterfeitewhowassostupidly carelesshatheaccidentally
printed Ben Franklin on both sidesof his attemptsat faking hundred-dollatills. What
lawyer (outsideinnermostiHAdum)would try to excusesuchineptcriminality by claiming
thatthebungledbucksshavedimmortal, greatest-teknician-of-the-ea BRILLIANCE?

18 A penchanfor suchalmost-perfectly-imertedjudgementseemso be bubonically
infectiousin the Muf ose circle. (Seealso,e.g.,fnn 7&35,DIO 11.1p.2.) Notethatthese
cranialwarpsissuenot from the Flat Earthersor the Scientologistdut from highly placed
professorsat Harvard and the University of Chicago,and are regardedas utterances-of-
geniusby no lessthanthe MacArthurFoundation.

19  Weknow (z5xC2,Rawlins 1991Wfn 123,or Swerdlav 1989p.32)thatPtolemygot
hisVenusr from Pliny (77 AD) or his sourcesandwe foundhintsof Ptolemys e andA at
eq.30& fn 48, respectiely. However, themoreimportantpointis: his e is notonly wrong
but the correctvaluecouldhave beenestimatedn his own time — andwith justtwo years
of realelongatiordata(xH2) — by techniquegexplainedin our presenpaperandthat[z7]
following) comparabldo thosehe saidhe usedfor the outerplanets(fn 27).

110  Soitisnolongerrelevantto clain™ thatR.Nentonwasunhistoricain usingmodern
mathandcomputergo gethis best- t Venuselement{R.Nenton 1977p.311TableXI.2).
For, we have alreadydemonstratedhereby quantitatve tesf® that the ancient-styletrio-
basednethodof thepresenpapemwouldhave gottenvirtually thesameesultsasR.Newton,
andfrom justafew yearsof carefulobsenations— takenoutdoos.

111 Butit'sthatitalicizedlastconditionthatwasalwaysa problemwith Ptolemy For,
aswe know on otherandeven simplerevidence,“Ptolemy doesnt seemto have allowed
his eyeballsout at night” 5!

5% Baseduponthis cocky delusion,HamSwerdlas 1981 pp.62-63heapssuperiofairs scornupon
R.Newton: “[his] agumentsmake anachronistidlemandsn whatsomeoneén antiquity shouldhave
beenableto do, e.g., Ptolemyshouldhave found the elementsor the planetsthat Newton had his
computer nd in making a best- t modelfor a seriesof accurateplanetarypositionsin all orbital
con gurations. Yetthepresenpapers simplemethodcould produceVenuselementsery nearthose
of R.Newnton's analysisfrom 2 of accurategr.elongdata(xH2) plusafew minutesof math(xE13).

50 xH2 (& seefn 48) successfullycomparedelementsgottenfrom a meretrio (eqs.46&47)to the
result(eq.48)of R.Newvton's Gaussiarstatistical t (basedupondozensof Venuspositions).

61 SeeRawlins 1985Gp.266& fn 6 [& fn 6 here],wherewe shav: justasPtolemygives2 contra-
dictory data-setgor the sameVenuselongationgfn 14), he alsogives2 contradictorylatitudeseach
for Alexandria(his own city!), Heliopolis, & Syene.(And his Mercury contradiction[Rawlins 1987
pp.236-237Rawlins 2003Jn 34]is worse.)In closing,werecall: whenin 1976,0.Gingerichplunged
into defendingPtolemy(fn 12), hedidn't yetknow of the Venusdouble-datecontradiction So,when,
in 1983,Venus-disastdiit Ptolemys biggestfan(fn 5), OG couldonly reactwith anelaboratelycom-
plex rationalization(xA3) to defendhis original position. Which suggests challenge for Ptolemists'
next unOccamiterick, they shouldconcoctanother& equallyfang ad-hocsingular theory sculpted
speciallyto explain-avay Ptolemys doublecity-latitudes,soasto again(like x16 [& seeDIO 6.1z1
fn 47]) avoid acceptinga simplebut hatedcommontheory For the latitude& Venuscontradictions,
thecommonexplanationis plain&coherent:plagiaristPtolemywasDr.Sloppy-Copy.
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Z7 Unveiling Venus

by Hugh Thurston*

Although we may never know for certain, it is interestingto speculatehow early
people the Greeksn particular cameto dealwith themotionof Venus their extantefforts
culminatingin thetheorydescribedn Ptolemys Syntaxis

A Early Days

Al  Earlypeoplewill certainlyhave seema bright planet(which the GreekscalledEos-
phoiog) visiblein themorningfor severalmonthsatatime,andabrightplanet(Phosphoos)

visible in the evening, but not during the time when Eosphoos wasvisible. Quite early,

beforethe time of Eudoxusthe Greeksrealizedthatthe two werein factoneplanet(our
Venus).TheBabyloniansthe Chineseandeventherelatively unsophisticatelayas,also
realizedthis.

A2  Also quite obviousweretheretrogressionsf the threevisible outerplanets.Early
onit becameclearthattheir motionwasto-and-froroundasteadilymoving “meanplanet”.
(Literally socalledby theHindus. The Sanskriis madhyagraha) Eudoxushadtheplanet
moving in a gure-of-eight; andthe Chinesehadit moving in the shapeof a willow-leaf.
A goodquantitatve theorybecamepossiblewhensomegeniusthoughtof having it move
roundonanepigycle.

A3  Thechangdrom eveningstarto morningstaris aretrogressiorjpastthesun)sothe
motionof Venuscanalsobe dealtwith by usinganepigycle. The centerof Venus'epig/le

keepsn line with themeanSun.

B Epicyclesand Eccentrics

B1 Ptolemyusedthe meanlongitude,not the true longitude, of the sun, and earlier
astronomersnay well have donethe same:the doctrineof regular circular motion, which
probablyunderlaythis choice,is olderthanPtolemy

B2  If thespeedf theplanetroundC, the speedf C roundthe earth,theradiusof the
epig/cle andthedistanceof C from the earthwereall constantretrogressionsould all be
equallylong. They arenot, sosomethinchasto change.

B3 | suggesthatthe rst modi cation to the theorywasto male the centreO of the
orbitof C apointdistinctfrom theearthT, usedby Hipparchudor thesunwith considerable
success.

B4  Weneedto nd thedirectionof O from T, thedistancee of O from T, theradiusr of
theepigycleandtheradiusR of theorbitof C. Theancientsouldnotmeasurastronomical
distancessothey could nd only themutualratiosof e, r, andR.

B5 The astronomerstartedwith a list of timed longitudesof Venus. For eachthey
could calculatethe meanlongitudeof the Sun,MLS. Its differencefrom thelongitudeof
Venusis the meanelongation.They workedwith the maximummeanelongation:MME.

! ProfessoEmeritusof Mathematicsiniversity of British Columbia. Address:Unit 3 12951,17th
Avenue,SouthSurreg/, BC, Canada/4A-8T7; phone604-531-8716.
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Figurel: SeexD2.

B6  Therearetwo thingsthatthis could mean. If, startingjust beforethe middle of a
periodof visibility, they measuredhelongitudeof Venuseachnightandpickedthegreatest
of themeanelongationsthatwould give a maximumwith respecto time.

B7  Alternatively, if they hada list of meanelongationghey couldlook atall themean
elongationdor a given MLS andpick the greatest.This givesthe greatesME for a given

positionof the epigycle. Clearly, whenVenusis atthe greatesME for a given positionof

the epigycle, theline of sightfrom the earthto Venusis anexact tangento the epigcle.

Fromnow on, this versionis whatl meanby MME. It is theversionusedby DennisDuke

in z5 of this issueof DIO andis the versionthatappearsn Ptolemys calculations. For

eachMLS therewill betwo MMESs, oneto the eastandoneto thewest® Their sumgives
the apparensizeof the epig/cle. The rst stepisto nd thelongitudeof O. Thereareat

leastthreewaysto dothis.

B8 Method1: Find the positionof C for which the apparentize of the epigycle is

greatesaindthe positionfor which it is least. To do this the astronomewould takulatethe

MMEs in the orderof their MLSs, for eachwesternMME nd by interpolationtheeastern
MME for thesameMLS, addthetwo MMEs togethernotehow thesumvaries,and nd by

interpolationthe MLSs giving the greatesandleastvalues.(If they do notdiffer by 180 ,

thereis aproblem.)

2 Thefactthatthenon-tangengrule notedat z6 xF appliesto greatesMEs with respecto time but
notto thosewith respecto MLS was rst mentionedn 1977by FW.Savyer (PRISMATA, pagesl69
to 181).

3 Thedifferencebetweerthe two kinds of MME canbe seenbeautifully clearlyin Fig.1of Dennis
Duke's article [z5] (Easterrelongationsareseenin the evening). The dottedlines aregraphsof ME
againstMLS. MLS increasesteadilywith time, sothe highestpoint on eachgivesa maximumwith
respecto time. Thepointsontheouterenvelopegive thegreatesME for eachpositionof theepig/cle.
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B9 Method2: Find aneasterrMME equalto awesternMME. A moderatelylargelist
of MMEs would give areasonablehanceof nding suchapair. Ptolemysaidthatheused
this method,and, assuminghattheline OT runshalfway betweenthe two equalMLSs,
foundthatit extendsalongthe diameter55 -to-235 . Comparingthe apparensizeof the
epig/cle whenthe MLS is nearto 55 with thesizewhenit is nearto 235 shavedthatthe
longitudeof Ois 55 .

B10 Thetroublehereis thatthe equalityof thetwo MMEs doesnot guarante¢hatOT
runs halfway betweenthe MLSs. This is easily seenfrom DennisDuke's graph[1] of
easterrMME againstMLS [Figurel of articlez5 in thisDIO .

B1l ForeacheasterrMME (otherthanthegreatestindleastones)therearetwo MLSs.
If comparingonewith anequalwesternMME (asgraphedat z5 Figure 2) givestheright
directionto OT, comparinghe otheronewith the samewesternMME will not. Ptolemys
resultis roughly correct,soif he actually usedthis methodhe musthave beenlucky in
picking awell-matchedoair.

B12 Method3: UsethreeMMEs. Theappendix(xD) shavs how.

B13  Admittedly, we have nodirectevidencethatary ancientastronomeusedmethod3,
but perhapsve shouldnot expectary.

B14 Thenext stepisto nd eandr intermsof R. If we have usedmethod3 thereis no
problem.If we have usedmethodl or 2 the moststraightforvardway is to usetwo MMEs
whenC is ontheline OT. Ptolemyclaimedto have usedthis methodandexplainedit in
chapter2 of book 10 of the Syntaxis

B15 Thetroublehereliesin nding MMEs whenC is in theright position. Suppose
thatwhenC is ontheline, sayat55 , Venusis atthe pointV of the epigycle. C will reach
55 atyearlyintenvals. The synodicperiodof Venusis very closeto 8/5 of ayear LetV,
W, X, Y, andZ divide theepig/cleinto v eequalarcs.Thenext v etimesthatC is at55
Venuswill beatY, W, Z, X, andbackat V; not exactly but close. The positionsof Venus
whenCis at55 will beclosetothesev e pointsfor alongtime. Unlesswe arelucky and
oneof themyieldsa MME we will not nd whatwe want. Ptolemysaidthat he foundit
(onMay 20th,129 AD).

C The Equant

Cl Ptolemys nal theoryusedanequant.DennisDuke hasshovn [z5 xxE1-E4]how

Ptolemymight have beenled to this. Duke's reasoningcan easily be restatedn ancient
Greekfashion.Duke alsoexplained[z5 xC2] haw theancientsmighthave foundtheradius
of theepigycle.

C2  Severalwritershave suggestethatPtolemyadjustedor evenfabricatedhis obser

vations. In particular Swerdlav wrotethat Ptolemy“could not have obsered someof the
reportedelongations’(he certainlycouldnothave obseredtwo MMEs 37 daysapart)and
“Ptolemy's adjustment®f whatever he obsened wereof theorderof 1 ” [2, page54].

D Appendix

D1  Figurel shavs an occasiorwhenthe sight-linefrom the earthT to VenusV is a
tangentto the epig/cle. OQ pointsin the directionof zerolongitude. Angle COQiis the
meanlongitudeof the sun. The anglebetweenTV andOQ is the longitude of Venus.
CVT is aright angle.

D2  Drop perpendicular©Fto CV, OM to TV, TZ to OQ,andZH to OM. Angle COF
is theelongation . (OT is theeccentricityandTO pointstowardstheapogee.)
AngleZTSis 90 . ThenHS= (ZT/120)chd(180 2 ). AngleHZO= . ThenHO
= (0Z/120)chd(2 ). Thus,r = CV= CF+ FV= CF+ OM= CF+ HM HO=
(1/2)chd(2 ) + (ZT/120)chd(180 2 ) (0Z/120)chd(2 ).
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D3  Giventhreesuchoccasionsywe havethreeexpressiondor r, giving [by equatinghe

threeexpressionsiwo linearequationsn thetwo unknavns ZT andOZ, which the Greeks
couldsolwe. ThatgivesboththedistanceOT [eccentricitye] andtheanglebetweerOZ and

OT andhencethedirection[apogeeA] of O from T. Thenary oneof thethreeexpressions
givesr. This methodhasbeenappliedto real databy DennisRawlins [3] usingmodern
mathematicgcoordinategeometry)andby DennisDuke, usingvectors(unpublished).
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E Program for Thurston GeocentricMethod [2003DR Addendum]

HughThurstonsgeocentrienethod canbeprogrammeglistasreadilyasDR'sheliocentric
method(p.54). To save space— andhighlight differencesin the two approaches— we
belov provide merely a dozenlines of the geocentricprogram,sinceall the otherlines
areidenticalto thoseof p.54's program. Thus, a simple 12-line replacement-operation
(memge-commandyponthe 35-line heliocentricprogramon p.54 produceghefull 35-line
geocentrigorogram. Despitethe methods'differing mathstepsandreference-frameghe
resultsof the two programsarethe same poth for the equant (whereevery loop's results
areabsolutelyidentical: e.g.,z6 xG9) andthe eccentricmodel.

130N())=1:NEXT |

150H=E0 SIN(G):G0=G:G=G ATN(H/SQR(L H"2)):N()=SIN(G)/SIN(GO)
190NEXT |

2201F SGN(G(1))=SGN(G(J)FHEN SI=1ELSESI= 1
230J(1)=COS(V(J)) SI COS(V(I))

240K()= (SIN(V(J)) SI SIN(V(l)))

250Z(1)=SIN(G(J)) N(J) SI SIN(G(l)) N(I):NEXT |

270W()=J3) K(1) J(1) KQ)

280A()=((J) (1) I(1) Z(3))W(l)

2900()=((d) K(l) Z() K@@)MW(1)

300R(I)=ABS(N(I) SIN(G(l)) O(®) COS(V(I))}+ Adl) SIN(V(1))):NEXT |
310X0=A(3)/F:Y0=0(3)/F

4TheThurstonmethods mathematicallyjuicker thanthe DR method(z6 or p.54);thoughthelatter
solution,if performedgraphically could hardlybe moreelementary

5 Adjusting the Thurstonmethodfor the equantmodel (to producethe presentversatile BASIC
program)requiresonly that in Fig.1, the epig/cle-center(still moving at constantangularvelocity
aroundO, now the equantpoint) is at unit distancefrom OT's midpoint (insteadof from O), which
will be e (insteadof e/2) distantfrom O andfrom T. Thus(usingthe law of sines& z6 eq.33),0C
equalssinu/sing (insteadof unity). Theappropriateadjustment$to equanimodel)of thexD3 method
arebuilt into lines310(&10),250&300(&150)of the geocentrigprogram.
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JohnsHopkins,Oxford & CambridgeRoyal AstronomicalSociety British Museum Royal
Obsenatory (Scotland) the RussiarStateLibrary, the InternationalCentrefor Theoretical
Physics(Trieste),andthe universitiesof Chicago,Toronto, London, Munich, Gottingen,
Copenhagertockholm,Tartu,AmsterdamLiege,Ljubljana,Bologna,Canterliry (NZ).

New ndings onancientheliocentristspre-HipparchoprecessioniMayaneclipsemath,
Columtus' landfall, CometHalley apparitionsPearys ctional Crocker Land.

Entire DIO vol.3 devotedto 1% critical editionof Tycho's legendaryl004-starcatalog.

Investigationf sciencehoaesof the 1%, + 2", 16", 19", and20" centuries.

Paul Forman(History of Physics Smithsoniarnstitution): “DIO is delightful!”

E. Myles StandisHprimecreatorof thesolar lunar, & planetaryephemeridefor thepre-
eminentannualAstronomicalAlmanacof the US Naval Obsenatory & Royal Greenwich
Obsenatory; recentChair of AmericanAstronomicalSocietys Division on Dynamical
Astronomy): “a truly intriguing forum, dealingwith a variety of subjectspresentedften
with [its] uniquebrandof humor butalwayswith strictadherencé arigid codeof scienti ¢
ethics.. . . [and]without pre-conceiedbiases . . . [an] ambitiousandvaluablejournal’

B. L. vanderWaerdenworld-renavnedUniversityof Zurichmathematician}pnDIO's
demonstratiorthatBabyloniantabletBM 55555(100BC) usedGreekdata: “marvellous’
(Explicitly dueto thistheory BM 55555hasgoneon permanenBritish Museumdisplay)

Rob't Headland(Scott Polar Researchnstitute, CambridgeUniversity): Byrd's 1926
latitude-exaggeratiorhaslong beensuspectedhut DIO's 1996 nd “hasclinchedit.”

Hugh Thurston(MA, PhD mathematicsCambridgeUniversity; authorof highly ac-
claimedEarly Astonomy SpringefVerlag1994): “DIO is fascinating.With . . . mathe-
maticalcompetence,. . judicioushistoricalperspectie,[&] inductiveingenuity ... [DIO]
hassolved. . . problemsin earlyastronomythathave resistedattackfor centuries . . "

Annalsof Sciencg1996 July), reviewing DIO vol.3 (Tycho starcatalog): “a thorough
work . . .. extensve [least-squaresgrroranalysis. . . demonstratefTycho starposition]
accuray . . . muchbetterthanis generallyassumed. . . excellentinvestigation”.

British Societyfor the History of Mathematic{Newsletter1993Spring): “fearless. . . .
[on] the operationof structuresof [academicpower & in uence . . . muchrecommended
to [readers]poredwith . . . the moreprominentpublic journals,or opento the possibility
of scholarsheingmotivatedby otherconsiderationshanthe pursuitof objective truth”



