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In the2002MarchIsis(HistSciSoc),Harvard'sO.GingerichtriescounteringH.Thurstonby
defendingfraudulent “observations”(Ptolemy'sVenusdata,incl. 2 differentdatesfor the
sameevent!),claimingthemathwassohardthatPtolemywasforcedto hoax. Thepresent
DIO is comprisedof demonstrationsthata problemwhich stumpedGingerich's Greatest
ancientastronomeris easilysolved: evenby a highschooler, asthebelow programproves.
[Thurston's geocentricmethod(z7 xE) �nds identicalorbital elementsevenmoreeasily.]

The “Essentially Insoluble” � — Solvedby 10th Grade Math
10Q$=“Q”:IF Q$<> “C”THEN F=2ELSEF=1:REM“Q”equant,“C”eccentric
20F$=“e=###.### A=####.#”:IFQ$<> “C”THEN PRINT“Eqt”ELSEPRINT“Ecc”
30S=3:E$=“n=## ”:G$=F$+ “ r=###.###”:H$=E$+ G$
40PI=3.141593:C=180/PI:C$=E$+ F$:IF Q$=“C”GOTO 70
50E0=1/60:A=60:X0=E0� COS(A/C):Y0=E0� SIN(A/C)
60PRINT USINGC$;N,E0� 60,A
70G(1)=+ (43+ 24/60):V(1)=148+ 34/60:REMAD138Evening
80G(2)=+ (48+ 17/60):V(2)=015+ 08/60:REMAD140Evening
90G(3)=� (47+ 09/60):V(3)=064+ 06/60:REMAD140Morning
100FORI=1 TO 3
110G(I)=G(I)/C:V(I)=V(I)/C:L(I)=V(I) � G(I)
120L=L(I) � C:L=L� 360� INT(L/360):L(I)=L/C
130NEXT I
140FORI=1 TO 3:G=L(I)� A/C:IF Q$=“C”GOTO 160
150H=E0� SIN(G):G=G� ATN(H/SQR(1� Hˆ2))
160QX=COS(G)+ E0:QY=SIN(G):GQ=C� ATN(QY/QX):IF QX< 0THENGQ=GQ+ 180
170R=SQR(QXˆ2+ QYˆ2):LQ=GQ+ A
180X(I)=R� COS(LQ/C):Y(I)=R� SIN(LQ/C)
190M(I)=TAN(V(I)):B(I)=Y(I) � M(I) � X(I):NEXT I
200FORI=1 TO 3
210J=I� 3� INT(I/3)+ 1
220IF SGN(G(I))=SGN(G(J))THEN SH=PIELSESH=0
230P(I)=� (B(I)� B(J))/(M(I)� M(J)):Q(I)=(M(I)� B(J)� M(J)� B(I))/(M(I) � M(J))
240U(I)=(V(I) + V(J)� SH)/2:H(I)=(V(I)� V(J)� SH)/2
250T(I)=TAN(U(I)):F(I)=Q(I) � T(I)� P(I):NEXT I
260FORI=1 TO 3:J=I� 3� INT(I/3)+ 1
270C(I)=� (F(I)� F(J))/(T(I)� T(J))
280D(I)=T(I) � C(I)+ F(I)
290S(I)=SQR((P(I)� C(I))ˆ2+ (Q(I)� D(I))ˆ2)
300R(I)=ABS(S(I)� SIN(H(I))):NEXT I
310X0=X0� C(3)/F:Y0=Y0� D(3)/F
320R0=R(3)� 60:N=N+ 1
330E0=SQR(X0ˆ2+ Y0ˆ2):E=60� E0:A=C� ATN(Y0/X0):IF X0< 0 THEN A=A+ 180
340IF Q$<> “C”THEN PRINTUSINGH$;N,E,A,R0ELSEPRINTUSINGG$;E,A,R0
350IF N< SAND Q$<> “C” GOTO 140

� Seez6 xB4. The above BASIC programperformsthe methoddevelopedwithin from z6 xD
(teen­age­level ruler&compasscrux) throughto xG (iterative applicationto equantplanetmodel).
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z5 Ancient Solutionsof Venus& Mercury Orbits
by DennisDuke1

A The Question

A1 In chaptersIX­XI of theAlmagest2 Ptolemyproducesa rathersmallsetof observa­
tionsfor eachof the�v eplanets,mostof whichhespeci�cally claimsto havemadehimself,
andproceedsto systematicallyusethoseobservationsto derive eachof theparametersof
his �nal planetarymodels: a rathercomplicatedcrankmechanismfor Mercury, and the
equantmodelfor Venus,Mars,Jupiter, andSaturn.Wilson, Newton, Rawlins, Swerdlow,
andThurstonhaveanalyzedPtolemy'spresentations.3 EachconcludesthatPtolemysimply
did not do whathewrotethathedid in his Almagestpresentationson VenusandMercury;
andNewton, Rawlins, andThurstonclaimedthesamefor theouterplanetsMars,Jupiter
andSaturn. Instead,they show that Ptolemyvery likely alreadyknew the valuesof the
parametersof his modelandadjustedhis `observations' to make his `derivations' of those
parametersappeardirectandsimple.
A2 Soif Ptolemyinheritedthevaluesof theparameters,or if hederivedthemhimself
from someprior analysisthathechosenot to leaveus,thenthequestionis: how wouldone
useancientdatato derive fairly accuratevaluesfor theseparameters?As many previous
commentatorshave assumed,themostplausiblescenariois thattheancientshadsomehow
managedto assemblea rathersubstantialsetof observations,perhapsover many decades.
Sooneway to seekanunderstandingof thequestionis to assemblefor ourselvesa setof
observationsthatcouldplausiblyhavebeenavailableto anancientastronomer— andthen
to try analyzingthoseobservationsin thecontext of Greekgeometricalmodels,to seewhat
parametersemerge.
A3 Theprincipalobservationsusedfor theinnerplanetsaregreatestelongations.Ptol­
emyde�nedtheelongationof aninnerplanetasthedifferencein longitudeof theplanetand
themeanSun,andwe shallassumethathis predecessorsdid likewise. Sincethelongitude
of the meanSun is obtainableonly in the context of a theory of the Sun's motion, we
know that insofar aselongationsareusedto �x the parametersof planetarymodels,the
existenceof areasonablygoodmodelof theSunis thenaprerequisite.Now measurements
of planetarylongitudesweregenerallymaderelative to the longitudesof referencestars,
andthetropicallongitudesof referencestarsmustbemeasuredwith respectto theSun(and
neednot coincidewith theobservationof theplanet),soany error in thesolarmodelwill
bedirectly transmittedasanerror in theplanet's tropical longitude. Thustheelongations
will be somewhat immuneto the simplesterrorsin the solartheory, suchasa misplaced
equinox.If, however, theerrorsin thesolartheorygrow with time(as,e.g. in Hipparchus'
solartheory),thenpairsof morningandeveningelongationsat thesamelongitudeof the
meanSunwill incur errors,andtheseerrorswill bemostapparentwhen(eq.1at xE2) we
computethedifferenceof theabsolutevalues� of theelongations.

1 [Noteby DIO: Supercomputer­specialistProfessorDennisDuke(FloridaStateUniversityPhysics
Department:www.csit.fsu.edu/˜dduke) haslately produceda seriesof re�ned & original technical
analysesbearinguponancientastronomicalissues.More of his currentwork appearsin Archive for
Historyof ExactSciences, Journal for theHistoryof Astronomy, andDIO 12& DIO 13.]

2 Ptolemy's Almagest, transl.by G. J.Toomer(London,1984).
3 C. Wilson, “The Inner Planetsand the Keplerianrevolution”, Centaurus, 17 (1972) 205­248;

R. R. Newton, The crime of ClaudiusPtolemy(Baltimore, 1977); D.Rawlins, “Ancient Heliocen­
trists,Ptolemy, andtheequant”,AmericanJournal of Physics, 55 (1987)235­239;N. M. Swerdlow,
“Ptolemy's Theoryof the Inferior Planets”,Journal for the history of astronomy, 20 (1989)29­60;
H.Thurston,“Ptolemy's Backwardness”,DIO, 4 (1994)58­60.
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B The Data Required for Solution

B1 In ordertogeneratesamplesof historicaldataI usetheplanetarymodelsof Bretagnon
andSimon,4 which yield geocentriclongitudesandlatitudesfor the Sunandthe planets
as far back as 4000 BC, and to far greateraccuracy than neededfor this investigation.
Figs.1&2show theevening(i.e. positive)andmorning(i.e. negative)elongationsof Venus
asa function of the Sun's meanlongitudeusingpositionscomputedat �v e day intervals
over 400 BC­150 BC. The outer envelopesof valuesthus determinethe morning and
eveninggreatestelongationsasa functionof solarmeanlongitude.5 Fig.3 shows thesum
of the absolutevaluesof greatestmorningandeveningelongationsasa functionof solar
meanlongitude,while Fig.4shows thealgebraicsumof thegreatesteveningandmorning
elongations,i.e. thedifferenceof theirmagnitudes.Figs.5­8show thecorrespondingresults
for Mercury. For comparisonandlaterreference,the�gures alsoincludethecorresponding
result from usingthe Almagestmodelsof Venus,Mercury andthe meanSunto generate
planetarypositions. And althoughI am using chartsthroughoutthis paper, the ancient
analystwasmostlikely 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 tabulatedfunctions. Presumablyall of the
analysisI dowith graphsbelow wasdonejust aswell with tablesin ancienttimes.
B2 Thesetof datasocollectedis clearlyof far greaterquality thanwe canreasonably
expect for an ancientdatacollection, and the issuesassociatedwith that point will be
addressedbelow. But for now let usassumethatsucha datacollectionis availableandsee
how it mightbeanalyzedin thecontext of Greekgeometricalmodels.Thiswill show usat
leastwhat is ideally possible,andhenceprovide an initial frameof referencefor thelater
analysisof morerealisticsetsof observations.
B3 Of thepossibleGreekgeometricalmodelsweshallconsiderthree.Firstis thesimple
modelknown at leastas far backasApollonius: a concentricdeferentof radiusR with
an epicycle of radiusr . Secondis an intermediatemodel which the Almagest refersto
only indirectly,6 but which we canbe fairly surewasat leastconsideredat somepoint:
an eccentricdeferentwith radiusR andeccentricitye, andan epicycle of radiusr . And
third is theAlmagestmodel(exceptingMercury): aneccentricdeferentwith radiusR and
eccentricitye, andanepicycleof radiusr whichmovesuniformly abouttheequant,apoint
which lies on theapsidalline a distancee0 from theEarth. In all threemodelstheplanet
revolves uniformly aroundthe epicycle with a period in anomaly, and the centerof the
epicycle revolveson thedeferentwith (for the innerplanets)theperiodof themeanSun.
In the�rst two modelsthecenterof uniform motionis thecenterof thedeferent,while in
thethird modelthecenterof uniform motionis theequant.
B4 Theparametersof themodelsaretherefore:(1) themeanmotionsin longitudeand
in anomaly, (2) the direction of the apsidalline, and its changein direction with time,
(3) the radiusr of the epicycle, (4) the eccentricitye of the deferent,(5) the distancee0

betweenthe Earthand the centerof uniform motion (the equant),and (6) the valuesof
meanlongitude,anomaly, andapogeeatsomeinitial time. In addition,for theinnerplanets
Ptolemymakes the assumptionthat the directionof the line from the centerof uniform

4 PierreBretagnonandJean­LouisSimon,PlanetaryProgramsandTablesfrom� 4000to + 2800
(Richmond,1986).

5 Thegreatestelongationsareassembledusingasimpletabularmethod,muchastheancientanalyst
might have done. Start with an empty table of 360 rows, one row for eachroundedvalue of the
longitudeof themeanSun.Whenanelongationis determined,look into thecorrespondingrow of the
tableandenterthevalueof theelongationif it is largerthanthevaluealreadyin thetable.Onemight
alsosave thedateandany otherpertinentinformation.

6 AlmagestIX.2 referstomodelsconsistingof eccentriccircles,concentriccirclescarryingepicycles,
andbothcombined.Also, theiterative processof �nding theequantandapogeefor theouterplanets
usingthreeoppositionsbeginsby assuminganeccentricdeferentcarryinganepicycle.
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motionto theepicycle centeris parallelto theline from theEarthto themeanSun.We do
not know whetherastronomersearlierthanPtolemyassumedthis,but in thefollowing we
shallassumethatthey did.

C Finding the Orbital Elements

C1 Now for all �v e planets,variousperiod­relationswerevery well known andclearly
could have beenusedto derive the meanmotions. In addition, a single observation of
longitudeat a known time t is suf�cient to �x the initial valuesoncetheotherparameters
aredecided.Sofor all �v e planetstheprincipalproblemis to �nd valuesfor thedirection
� A of theapsidalline, theepicycle radiusr , thedeferenteccentricitye, andthedistancee0

of theequantfrom theEarth.
C2 For Venusand Mercury, the most obvious quality we notice is that the greatest
elongationsare not constantas the planet traversesthe zodiac. Presumablythis was
realizedvery early, andso the ancientastronomerswould have known that the simplest
Apollonius modelwith a simpleepicycle on a concentricdeferentcould not work. Now
for a given distanceR betweenobserver andepicycle center, anda given radiusr of the
epicycle, thegreatestelongation� resultswhenthe line of sight from Earthto theplanet
is nearlytangentto theepicycle, so that r is effectively determinedby thesimplerelation
r = R sin � . Since� is observed to be not constant,then either the epicycle radiusr
or the distanceR to the epicycle center, or both, must be varying. The ancientGreek
analystsapparentlyalwayschoseto keeptheepicycle radiusr �x ed. It is quiteplausible,
however, thatthey realizedthatthey couldestimatetheepicycleradiusby simplyobserving
the average greatestelongation,which will occurwhenthe epicycle centeris its average
distancefrom theobserver. Using theconventionalnormR = 60p andthedatashown in
Figs.1&2,which yield an averageelongationof about46� .2, the implied epicycle radius
is 43p1/3. Whenrounded,this agreesexactly with the valueattributedby Pliny [2.6.38]
to Timaeusof 46� , which impliesanepicycle radiusof 43p1/6, thevaluePtolemyusesin
the Almagest. The averagevalue of the elongationsfor Mercury, shown in Figs.5&6 is
about22� .3, whichalsoroundsto thevalueof 22� thatPliny [2.6.39]attributesto Cidenas
andSosigenes,andwhich leadsto r = 22p;28,35� 22p1/2, againthevaluePtolemyuses.
Thustheepicycle radii for theinnerplanetsfollow simply from knowledgeof theaverage
greatestelongations,andsincethey wereapparentlyknown long beforePtolemy's time,
wemighthavesomecon�dencethatenoughgreatestelongationswereobservedto provide
adequateestimatesof theaverage.

D The Apsidal Line

D1 The next task is to determinethe direction � A of the apsidalline. One idea is
thatapogeeis the directionin which thesumof greatesteveningandmorning(absolute)
elongationsis minimum,andhencetheepicycle is farthestfrom theobserver, while perigee
is thedirectionin which thesumis largest. This methodis alsothe leastsensitive to any
errorin thecomputedpositionof themeanSun.Ptolemyalludesto thismethodin Almagest
X.2 whenhesays,“Furthermore,it hasalsobecomeplain to usthattheeccentreof Venus
carrying the epicycle is �x ed, sincenowhereon the ecliptic do we �nd the sum of the
greatestelongationsfrom themean[Sun] on bothsidesto be lessthanthesumof both in
Taurus,or lessthanthesumof bothin Scorpius.” ThusFig.3shows thatVenus'apogeeis
around52� andthatperigeeis about180� away, around232� . It might have alsooccurred
to theancientanalystto askfor thedirectionin whichthemorningandeveningelongations
sum(algebraically)to zero.Fig.4shows thatthisoccursatabout60� and236� for thereal
data.Thepositionsfor apogeeandperigeethatresultfrom thesetwo methodsarenotequal
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dueto varioustechnicalreasons:thetrueorbitsareelliptical, andthetruemeanSundoes
not lie on the line betweenthecenterof Earth's orbit andthecenterof Venus'orbit,7 etc.
It is alsoclearfrom Figs.3&4thatthesymmetrymethodthatPtolemyclaimedto beusing
to �nd thedirectionof theapsidalline shouldhave produceda resultmuchcloserto 60�

thanto 52� , whereashein factproducedaresult,adjustingfor his1� /cy apsidalprecession
(from his epochto the end­epochof Figs.3&4),closeto 52� . This suggeststhat he was
usingasymmetrymethodwith dataadjustedto give a resultthathehadinherited,andthat
resultwasfairly accuratelyderivedfrom moreaccuratedatausingthesumsmethod.
D2 Considerationof thesumsof greatestelongationsfor Mercury(seeFig.7)showsthat
thedirectionof theapogeefor therealdatais atabout220� andperigeeis about180� away
at 40� . On theotherhand,thedifferencemethod(seeFig.8)givesanapogeefor Mercury
at about205� anda perigeeat about28� . TheAlmagestmodeldatagive anapogeeat just
over 180� and,by construction,doubleperigeesabout120� away from apogee.

E Eccentricity

E1 Finally, welookatthedeterminationof theeccentricityandthepositionof theequant.
Let's begin by thinking in termsof thesimplestmodelthat might work, the intermediate
modelwhich hasan eccentric­deferentandan epicycle. In this model the centerof the
deferentandthecenterof uniformmotionarethesame,andsoe = e0. Thecatch,however,
is thatthereis onewayto estimatee andanotherwayto estimatee0, andasweshallshortly
see,thesetwo differentmethodsgive differentestimates.
E2 First we estimatee0. If the meanSunis at longitude� �� andthe longitudeof the
apogeeis at � A, thentheequantsizee0 is givenby

e0

R
=

sin c
sin(� � c)

(1)

where� = � �� � � A, andc = (� M � � E)=2. [Note: � M & � E = morning& evening� ,
respectively. Each� representsabsolutemagnitude.]Thismethodis only useful,however,
whenthemeanSunis well awayfrom apogeeor perigee,andwhenthetwo elongationsare
closeenoughin time thattheapogeesof theobservationsarenot signi�cantly different. If
we analyzetherealdatausingsucha modelwe canestimatee0 whenthelongitudeof the
meanSunis nearquadrant.The resultingestimatedvalueof e0 is about1p.85, assuming
R = 60p.
E3 On the other hand, the ancientanalystwould estimatee, the eccentricityof the
deferent,usingelongationsascloseaspossibleto theapsidalline. In fact,if � P and� A are
elongationsat perigeeandapogee,respectively (andeveningor morningdoesn't matterby
symmetry, soonecouldalsojustaveragethemorningandeveningelongationsnearapogee
andperigee),thentheeccentricitye is givenby

e
R

=
sin � P � sin � A

sin � P + sin � A
(2)

E4 Neartheapogeeof therealdatatheeccentricitye is about0p.9 (assumingR = 60p).
What is particularlyclear is that the ratio e0=e is closeto 2 for the real data. Therefore
thesetwo relatively simpleanalysessenda clearsignal that for Venusthe centerof the
deferentis closerto the Earththanthe centerof uniform motion, in contradictionto the
assumptionof theintermediatemodel. It is plausible,then,thatit wastheneedto reconcile
this contradictionthat led to thecreationof theequantmodelthatwe �nd for Venusin the
Almagest. It is certainlythecasethat for Venus,andonly for Venus,Ptolemypresentsan
analysisthatcloselyparallelstheabove to explain theproblemthatneedsto beresolved.

7 This is discussedin detail in Wilson,op.cit. (fn 3) p. 211.
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E5 Repeatingthe equantdeterminationusing Mercury dataleadsto e0 = 3p.25 and
e = 4p.6, implying that the centerof uniform motion is closerto the Earth than is the
centerof thedeferent,andthusoppositeto thesituationwith Venus.This is anunavoidable
consequenceof thefact that thecenterof Mercury's orbit is fartherfrom theSunthanthe
centerof Earth's orbit.8 We canonly surmisethatperhapsthedif�culty of reconcilingthe
differentsizesof theeccentricityandtheequantled to thecreationof a specialmodelfor
Mercury. Perhapsit is alsopossiblethatPtolemy(or whoever inventedthemodel)could
not�nd awayto makethecrankmechanismaccountfor thevariationin greatestelongation
withoutalsointroducingadoubleperigee,but in absenceof moredetailedanalysiswecan
sayvery little with certainty.
E6 Eachof thesedeterminationsof the equantandthe eccentricityinvolvesgettinga
small numberfrom the differenceof two experimentallymeasuredlarger numbers,and
henceall theestimatesunavoidablyhavesubstantialrelativeerrors.Thusit is notsurprising
that the valuesusedin the Almagest, whoever they might originate from, differ at the
15­20%level from ourmoreexactestimateswhichuseaccuratedata.

F The Time Factor

F1 Overall, then, we seethat given an adequate(and somemight say extravagant)
baseof historicaldata,it is plausiblethat straightforward analysisusing techniquesthat
we expectwereaccessibleto ancientastronomersleadsto just the resultsfor Venusand
Mercurythatwe �nd in theAlmagest. However, all theabove is basedon accuratevalues
of longitudessampledat 5 day intervals over a periodof 250years. In reality, of course,
themeasurementswouldnothavebeensoaccurate,nor thesamplingnearlysoregular, nor
theinterval necessarilysolong. In addition,especiallyfor Mercury, oneshouldaccountfor
thefactthattheplanetsarenotalwaysvisible.
F2 ForVenustheprimaryissueis thelengthof thetimeinterval overwhichobservations
wereavailable.To takeanextremeexample,let ussupposethatPtolemyonly haddataover
the time periodexplicitly mentionedin the Almagest, 127­141AD. The availabledata9

areshown in Figs.9&10andre�ect thesynodicperiodicityof Venus'orbit. Estimatingthe
directionof theline of apsidesfrom Fig.10alonewould behazardousat best,andeven if
yousomehow knew thedirectionof apogeetherearenotenoughobservationsnearapogee,
perigeeor quadrantto make a goodestimateof theeccentricityor theequantlengths. In
fact,unlessoneincludesobservationsprior to about50 AD, onecouldnot know that the
maximumsum of elongationswas actually in Scorpio,as Ptolemytells us in Almagest
X.2.10

F3 How many yearsof Venusobservationsareenoughto get useful results? Fig.11
shows the resultsof collectingdatafor 100 years. Sincethe generaltrendof the curve
is at leastpartially de�ned now at a numberof points,onecanget an impressionof the

8 C. Wilson,op.cit. (fn 3) p. 234.
9 Thedatain thesechartsarecollecteddaily. [The dotsin Fig.10representgreatestsums(seerules

in fn 5) of Fig.9'smorning& eveningVenuselongationsatagivensolarlongitudeduring127­141AD.
The Venuscurves' maximain Fig.10very nearlycorrespondto greatest­elongation­pairs, dueto the
helpfulaccidentthataVenuseveninggreatest­elongationis alwaysfollowedabouttwo yearslaterby a
morninggreatest­elongationat virtually thesamesolarlongitude.(See,e.g.,lines70&90 in program
at p.54: meansolarlongitudes105� & 111� , resp.)For Mercury, suchneatmatchesrequirea longer
wait, whichmayhelpexplain why ancientastronomersweremoreconfusedby theinnermostplanet's
motion.]

10 However, the discussionof this paragraphmust be temperedby the recentdemonstrationsby
Rawlins (in a heliocentricpresentation:z6) andThurston(in an equivalentgeocentricpresentation:
z7) thata straightforward geometricalanalysisof onetrio of elongationscanyield anestimateof the
eccentricity(or equant),theapogeedirection,andtheradiusof theepicycle.
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longitudesof themaximumandminimumsums,andby interpolationestimateany needed
values.Soit appearsthatif theancientanalysthadaccesstoaboutacentury'sworthof data,
hewould beableto usethatdataaswe have discussedto estimatetheneededparameters
in theintermediatemodel.Moredatamighthave beenavailable,but thefactis we haveno
directevidencethatsuchdataserieseverexisted.Whatweareshowing in thispaperis that
if thedataexisted,thenit is plausiblethattheancientanalystcouldusethedatato estimate
valuesof theparametersof geometricalmodels.
F4 For Mercury the primary issueis not so much the length of the time interval of
the observationsasthe dif�culty of observingMercury at differenttimesof the year. To
onceagaintake an extremeexample,we usethe time interval 127­141AD. In order to
make surewe recordMercuryonly whenit is visible,we now generatelongitudesevery 6
minutes.However, wealsocomputethealtitudesof theSunandMercuryassumingweare
atAlexandria,andwerecordtheobservationonly if theSunis5� or morebelow thehorizon
and if Mercury is 5� or moreabove the horizon. The resultsareshown in Figs.12&13.
It is sometimessaid11 that the shallow angleof the ecliptic during Springmorningsand
Fall eveningswould make theobservationsof Mercurydif�cult if not impossible. In the
context of Ptolemy'sAlmagestanalysisof Mercury, therearetwo neededobservationsthat
areconspicuouslymissing:themorningof 131Apr 4 andtheeveningof 138Oct4. Precise
calculationshows, however, that accordingto the visibility conditionsbeingusedhere,12

Mercury was visible on the �rst date for about16 minutesand on the seconddatefor
about8 minutes. And althoughtheseintervals of opportunityarenarrow, a few minutes
of visibility obtainedfor abouta week on both sidesof the target date. However, even
allowing for considerablefurtherdegradationof thedata,andomitting theSpringmorning
andFall eveningelongations,it is clearthatadequatedatamight well have beenavailable
to allow a determinationof modelparametersasdiscussedabove. Furthermore,the idea
that the dif�culty in observingMercury would lead to relatively fewer observations of
Mercuryis notsupportedby thehistoricalrecords,since,aspointedoutby Swerdlow,13 the
AstronomicalDiaries14 containnearlythreetimesasmany observationsof Mercuryasof
JupiterandSaturn,andLBAT 1377,15 atext devotedtoMercury, containsmoreobservations
thanall thesurviving Diaries.

G The Outer Planets

G1 For theouterplanetstheobservationof choiceis theopposition,atwhichtheplanet,
the Earthandthe meanSunarealigned(with the Earth in the middle). In the Almagest
Ptolemyappliesanelegantgeometricalanalysisusingthreeoppositions,to determinethe
direction of the apsidalline and the sizeof the equant. Evans,however, hassuggested
a much simplermethodthat usesa time history of oppositionsto accomplishthe same
goal.16 To locatethe apogeeof thedeferent,oneconsiderstheaveragedistancebetween

11 An earlymentionof this is in theAlmagestitself, chapterXIII.8, andit wasalsomentionedby the
Babylonians.Thepoint is alsosometimesraisedin our time,e. g. in OwenGingerich,“Ptolemyand
theMaverick Motion of Mercury”, Sky & Telescope, 66 (1983)11­13.

12 Thesearethe visibility conditionsusedby JeanMeeus,More MathematicalAstronomyMorsels
(Richmond,2002)p. 347.

13 N. M. Swerdlow, TheBabylonianTheoryof thePlanets(Princeton,1998),p. 107.
14 A. J. Sachsand H. Hunger, “AstronomicalDiaries and relatedTexts from Babylonia. I­III”,

Denkschriften / ÖsterreichischeAkademieder Wissenschaften,Philosophisch­Historische Klasse195
(1988),210(1989),246(1996).

15 H. Hunger, “A 3456:eineSammlungvonMerkurbeobachtungen”,in E.Leichtyetal., A Scienti�c
Humanist,Studiesin Memoryof AbrahamSachs. OccasionalPapers of the SamuelNoahKramer
Fund9 (Philadelphia,1988).

16 JamesEvans,TheHistoryandPracticeof AncientAstronomy(New York, 1998),pp.362­368.
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oppositionsasa functionof thelongitudeof theoppositions.This functionis minimumat
the longitudeof theapogee.Examplesfor Mars,Jupiter, andSaturnareshown in Fig.14,
using oppositionsthat occurredover the (arbitrary) interval 250 BC­150 BC. Then by
picking anoppositionasnearaspossibleto apogeeanda secondoppositionat someother
longitude,onecancomputein thecontext of theintermediatemodeltheeffectivesizeof the
equant(or eccentricity— they areequalin theintermediatemodel)asseenfrom different
longitudesof the(second)oppositionusingtheformula

e=R = sin c=sin a (3)

wherea = � � � 0, � = ! t (t � t 0), andc = � � a. In theseequations! t is themean
motionin longitude,theoppositionatapogeehaslongitude� 0 at timet0, while thesecond
oppositionhaslongitude� at time t. AssumingthatthedistanceR = 60p is constant,one
�nds for all threeouterplanetsan effective equantsizethatdecreasesasyou move away
from apogee,asshown in Fig.15. Or inversely, if onechoosesto keeptheeffective equant
sizeconstant,thenit mustbe that the distanceR is increasingasthe planetmovesaway
from apogee.This is, of course,preciselywhathappensto thedistancebetweenthecenter
of uniformmotionandthecenterof theepicycle in theAlmagestequantmodel.
G2 Evanshasalsoshown anotherapproachto motivating the Almagestequantmodel
that usesthe varying width of oppositionloopsandtheir unequalspacingin longitude.17

It is certainlypossiblethateithermethod,or perhapsboth,providedthemotivatingfactors
that�rst exposedtheinadequacy of theintermediatemodel,andthensuggestedasolution.
In any event,though,thefactthattheancientlyattestedvaluesfor all �v e planetsagreeso
well with theresultsfrom moderncalculationshowsthattheancientobservations,however
they werecollectedandanalyzed,musthave beenadequatefor thepurpose.

H Practicability

In summary, the variousanalysesshow simpleandaccessiblemethodswherebyancient
astronomersmight well have usedtime historiesof the longitudesof planets,combined
with a solarmodelandthelongitudesof a few bright starsneartheecliptic, to estimatethe
parametersof their models.Theprimary technicalsupplementto thegeometricalmodels
might well have beenextensive setsof tables,just asPtolemyhimself eventuallyusesin
the Almagest. Coupledwith the natureof Ptolemy's own presentationsin the Almagest,
asdiscussedby Wilson, Newton, andSwerdlow, theseresultsthereforesuggestthat such
practicepredatestheanalysesPtolemyleft usin theAlmagest.

17 JamesEvans,“On theFunctionandtheProbableOrigin of Ptolemy's Equant”,AmericanJournal
of Physics, 52 (1984)1080­1089.
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Figure1: SeexxB1&C2.

Figure2: SeexxB1&C2.
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Figure3: SeexxB1&D1.

Figure4: SeexxB1&D1.
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Figure5: SeexxB1&C2.

Figure6: SeexxB1&C2.
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Figure7: SeexxB1&D2.

Figure8: SeexxB1&D2.
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Figure9: SeexF2.

Figure10: SeexF2.
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Figure11: SeexF3.
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Figure12: SeexF4.

Figure13: SeexF4.
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Figure14: SeexG1.

Figure15: SeexG1.
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z6 The Crucial­TestV­Bomb [Hey­Nobody's­Perfect]
How Claudius PtolemyCould'veSolved Venus' Orbit Honestly

GreatestElongationsExceededby Greatest's Elongations
by DennisRawlins

CanRN­DRbeaccusedof crueltyto dumbanimals,giventhetightnessof the
evidentialvisethey'veclosedonthepoor[Ptolemydefense­corps]?To watch
prominentscholarsthrashingaboutin suchpatheticcredibility­deathagonies
is akin to viewing Animal­Rights�lms of stoatscaughtin spring traps—
trying to weaselout.1

[Scholarswho wish never to �nd themselvesin theexcruciating&logicbendingpositionof
Believerswho've spentdecadescorneringthemselvesinto having to keepforever alibiing
Ptolemy's Venus,2 stellar,3 & etc4 pretensions,areurgedto ponderDIO 10 � 2 pp.83­84.
WatchingMuf�osi forgivesinafterPtolemysin,B.RawlinsrecallsSomeLikeIt Hot's�nale:
in­loveOsgoodhitch­pitchesin­drag“Daphne”,whoreluctantlyproteststhat“she”smokes,
dyes,is barren,etc,etc. But Osgoodforgivesall. Desperate,Daphne�nally bellows the
ultimateimpedimentum­crucis­bomb: I'M A MAN!!! Osgood:Well, nobody's perfect.]

A Muf�osi Laud DeliberateFraud When You'reCornered

A1 On1983/6/4,ata conferencein Aarhus,Denmark,DR announced5 thatOwenGin­
gerich's “GreatestAstronomerof Antiquity” — theinfamousancientplagiaristC.Ptolemy
— hadbeenfaking“observations”with suchpro�igate­sloppy haste(similar cases:fn 14)
thatheactuallygave(fn 24)thesameVenusevent2 differentdatesovera monthapart. [But
OsgoodGingerichis still in love. . . .] In thelong historyof theoldestscience,no (other?)
astronomerever pulled off a blunderso gross. And do not miss the centralpoint: this
uniquetest­of­integrity arrivedin analready­existing­for­centuriescontext of professional
astronomers'multi­independently­foundedsuspicionthat Ptolemy was an astronomical
fakerof equallyuniquemassivity. (Ptolemy­defenselawyersfeignobliviousnessto all this,
implying [xI5] that these2 uniquenesses'connexion in thesamePtolemyis JUSTA BIG
ACCIDENT.) Ptolemy's 136 AD Venusfake­pair — doubly­bungledand contradicting
eachother— is aspureanexperimentumcrucisasonegetsin anancientdispute. If this
isn't proof of fraud, what is? In a sane�eld, sucha glaring,unambiguousblunderwould
prove Ptolemy's long­suspectedfakery beyondtheslightestquestion,andthecontroversy
wouldswiftly end.But,below, wewill �nd thatPtolemy'sdouble­datinghasinsteadhanded
usan equallyunambiguousexperimentumcrookis, publishedright in history of science's
top journal(HistSciSoc'sIsis), showing thathisdefendersarenow hopelesslybeyondeven
the baldestevidential testingof their faith, andwill twist & even (fn 12) wholly­invent
whatever it takes(DIO 4.3 z15 fn 42) to escapereckoning.
A2 Adding to his double­datingfarce,Ptolemyclaimedthat, with his very own pu­
tative6 eyes,he actuallysawgreatestelongationswhich were(xI5) greater than greatest
elongations,anotherhistoricallyuniqueastronomical­mathematicalachievement.

1 DIO 2.3z8 xfn 46.
2 Seep.54.
3 See,e.g.,DIO 2.3z8 xC33,DIO 12, & www.dioi.org.
4 SeeThurston1998.
5 Laterpublishedin Rawlins 1987p.236item (4). SeealsoR.Newton 1985pp.13­19.
6 SeexI11. Theonly existingantiquestatueof Ptolemy(photoatPedersen1974p.2)is notfrom the

ancientera;but, throughluck or wisdom(or justDIOnysianbadtaste)thesculptorrenderedPtolemy's
eyesnearlycompletelyshut— justthewayonewoulddepictablind man.Thischarminglittle wooden
statuemaybefoundin Europe's tallestcathedral,that in Ulm, Germany.
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A3 Swerdlow & Gingerichare religiously determinednever to admit their blatantly
obvious logical lossof thePtolemycontroversy. Now unambiguouslycornered,the �ush
forcesof OrthoDoxy7 have, in selfdelusionalresponseto a long cascadeof crushingevi­
dentialdisastersfor Ptolemy­cultcowdom,8 laboriouslyconcocteda numbinglyelaborate,
mirrormaze­sinuous(notefn 61),andhilariouslyself­contradictory9 bluff — inventingout
of purenothinga claim that Ptolemyhadno otherchoicebut to commit a detailedand
consciousfraud (an examplecertainworshippershave taken rathertoo much to heart).
TheMuf�a' s scenario:to establishVenus'orbit, PtolemyneededVenusin certaincon�g­
urationsthatdidn't actuallyoccur, sohe “shaded”(fn 52) theobservationaldatato make
themhappen.Well, even werethis a well­foundedproposal,it is no excuse10 for faking
data.And thefollowing papernow shows somethingfurther: besidesbeing(fn 10)amoral
& irrelevant, theapologists'lawyeresquedefense­strategy excuseisn't even true. I.e., no
ancientscholar“needed”to forgespecially­placeddata,sinceeasily­obtainableregularreal
datafully suf�ced for determinatingVenus'elements(seexG), if an ablemathematician
weredoing the data­analysis.Which suggestswhy Ptolemy(like the dimmerendof his
curiouslyvariedspectrumof moderndefenders)never �gured it out, thoughaswe show
within (xxD4&E13) theproblemcanbesolvedgraphicallywith ease.
A4 DIO wishesto thanksupercomputerspecialistDennisDuke (FloridaStateUniver­
sity) who,duringa conversationof 2002/6/28,suggestedthatwe shouldlook into how the
ancientsactuallycouldhave determinedVenus'orbit. His mass­datamethod(z5) was1st
distributedjust a few dayslater(earlyJuly). On 2002/7/18,DR's Ptolemaic­mathiterative

7 Thosewho have sales­pitchedPtolemyas The Greatestancientastronomer(fn 10) have been
increasinglyexposedashaving persistentlyandineducably(fn 35 & Rawlins 2002Bfn 3) confused
secondarywork with primary— thuspromotingderivative, plagiarized,andlaughablybungledwork
asthecentralpinnacleof immortaloriginalancientscience.(Ptolemistsareadamantlyconvincedthat
no onewhosework includedthehigh mathanalysesin theAlmajestcouldbea mereplagiarist.They
seemutterly unableto handlethefollowing just­too­complicated­for­archons alternate­hypothesis:if
Ptolemyplagiarizedhundredsof admirablestar­data[a point now universally regardedas at least
probable],then: mightn't he also have plagiarizedthe admirable math analyses?) The eminent
institutionsinvolved in this Upper­Deadwood­inspiredcrusade— which hasentailedsystematicsup­
pressions,slander, & (creditablynotedby Schaefer2002p.40)shunningsof heretics— comprisea
Who's­Whoof academe:Harvard (my own school),Yale,Princeton,Brown, UChicago,Cambridge,
Oxford U Press— all implicatedin a mass­impositionthatcontinuesto make little sensebut (fn 20)
lots of dollars.

8 DIO 9.3z6 xN ticksoff bovine­mentalitycultists' standardsweet­to­viciousthree­stepevolution­
history: sacred­cowing! money­cowing! critic­cowing.

9 While claiming that Ptolemyhadto forge datato �nd Venus'orbital elements,both apologists
(Swerdlow 1989p.31 & Gingerich2002p.73 Fig.1 caption)of coursehave to admit (sincefaking
positionsrequireselements)that Ptolemy(secretly)got theseelementssomeother way — which
contradicts their entire he­had­to­use­fake­data­to­establish­elements premis. (Furtherdetailsat
fn 22 & fn 52.) With appropriatelydeepgratitude,we mustask: outsideof Muf�ose literatureor
SaturdayNightLive's ornately­pratfalling GerryFord,how oftendoesonehave thejolly goodfortune
to encounterstuff like this? (OnerecallstheSNL­Prez­Ford's puzzledreaction,whenD.Hamill's1976
Olympic performancewasworshipfully describedto him asculminatingin a doublesitzspin& triple
somersault;hereplied:sowhat?— I' vedonethatgettingoutof acab.) Perhapsthemostextraordinary
partof thespectacle:neithertheauthors,nor thepublishers,nor theMacArthurFoundationdetected
this impositionbeforelaunchingit astheprizewinning pinnacleof (centrist)Hist.scischolarship.

10 This point is gently madeby Hugh Thurstonin his 2002 Isis paper(p.65). In Gingerich's
reply immediatelyfollowing, OG unfortunatelycontinuesto projectthathehasbeenabsolutelyright
abouteverything throughouthis three­decadecrusade,during which he hasprominently, repeatedly
(fn 55),andadamantlydefendedastronomy'sbiggestfakerandplagiaristas“the greatestastronomerof
antiquity”. (Thurston2002p.68gaveGingerichthechanceto retreatfromthishilariouslyupside­down
judgement.Instead,Gingerich2002p.70obligingly updateshis explicit insistenceuponit; again,do
not missfn 55.) So,it shouldnot particularlysurpriseusthatOG couldadditionallyconclude(fn 52)
thatdeliberatescienti�c fraudis The­Greatest.
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methodwassent(by fax) to Keith Pickering,DennisDuke, & HughThurston— andDR
hintedto ThurstonthathemightbetheidealscholaronEarthto deviseageocentrist­Greek­
geometryversionof this approach;soonafter, Hugh senthis deft proof (hereat z7 xD,
guttingOG's Isisapology)to OG'sJHA, which took over1/2ayearto �nd it errorlessand
soof courserefusedit. [It wasinstantlyaddedto this DIO (z7, below), whichwashanded
outa few weekslaterat the2003/6/19­22Univ NotreDamehist.astron.symposium.]

B Dumb VenusTricks. Ancient & Etc.

B1 TheHistory of ScienceSociety's Isis recentlypublishedThurston2002,a detailed
coverageof R.Newton­DIO �ndings in ancientastronomy. Following thisarticleappeared
Gingerich2002(composedby theLouisAgassizof theevolution of ancientastronomy),11

attemptingto blunttheThurstonarticle'sforce,but conspicuouslychallengingnotadigit of
it. OG'sresponseneverevenmentionsDRor DIO — thesubjectsof mostof thearticlehe's
“replying” to — thusduckingIsis' & Thurston's generous& prominentdisplayof DIO 's
jewelbox of preciseanalyses& reconstructions(the distillate of several skilled scholars'
decadesof devoted inductive researchesin the ancientastronomyarea),featuring trim
hypotheses'�ts to 1 partin ordmag10000andup(Thurston2002p.60: Hipparchos'lunar
numbers),1000000000(ibid p.62: AstronCuneifText 210). [But note: theclosest�t cited
(ibid pp.61­62:Mars: 1­part­in­100000000000is false:seeDIO 11.2 z4 p.30. However,
theDR­discoveredMercury�t (DIO 2.1 z3 xC3) is evencloser(1­part­in­1000000000000
[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 acknowledgesno
intelligenceat all in these�ndings (not even in the 1/1000000000­precisionDIO 1.1 z6
reconstructionnow on publicdisplayat theBritish Museum),insteaddiscerningGreatest­

11 Lovably gregariousacademicpower­operatorLouis Agassizwas the leadingUS fenceagainst
naturalselectionbecause:[a] Hewasareligiousfanaticin Harvard­professorialgarb;[b] committedto
anincreasinglyuntenableposition,heexpendedhis creativity not uponprogressive researchbut upon
devising convincing­to­himalibis againsteachsuccessive awful enemy­evidenceapparition. But he
didn't spreadlies aboutdissenters,nor attackheretic#1's characterin anonymousref­reports,while
(DIO 9.1NewsNotes)duckingface­to­facedebatewith him. GivenGingerich'shistory(& seeDIO 4.3
z15),hemightbeseenastheresurrectionlessof Agassizthanof Galileo­arresterCardinalBellarmino.
Which ironizes the prominentrôle of MennoniteOG (no kneejerkapologistfor Holy Church) in
PBS' 2002/10/29Nova on Galileo. (ThoughOG was amongthe sanercommentators,watch him
& Nova go with the myth [Rawlins 1991PxF3] of stellar parallaxasheliocentrism's long­awaited
alleged­watershedproof.) This show's piety is so neatlyapt to the (mutual)eternal­holy­war eraof
new­national­symboltonShrubya(DIO 2.1z1xA10); it cravenlyamelioratestheGalileoAffair'sprime
signi�cances:[a] Exploratoryreasonvsevidence­immune[fn 13] religiousfaith. [b] A heaven­touting
but earthly­pro�t&power­seekinginstitution's centuriesof concerted,lethally­brutalcommitmentto
truth­suppression,isn't anunloadable­at­later­convenience little oops. It forever destroys aneternal­
truth­claimingChurch's intellectual (& religious) credibility. Nova portraysrebellious& strictly­
bastard­siringGalileoasa“goodCatholic”. (Establishmentpol­scientists[e.g.,R.Millikan, D.Hughes
(DIO 1.1 z8 xB3), R.Jastrow] ever pseudo­meldreligion&science,akin to missionaries'notorious
willingnessto graft local religionsontotheirs.)Nova joins PopeJP2in exploiting Galileo's statement
thatscripturecannotdisagreewith science,without asteriskingsuchhumorwith theslightly relevant
re�ection that: had Galileo said otherwise,the intellectualzeroesof his day would have dragged
him from his Church­decreedimprisonment,straightto the stake. Galileo got into enoughtrouble
promotingastronomicaldissent,without inviting independentharassmentfor theologicalheresy, too.
(My HarvardSocSciprof S.Beerusedto note:oldtimescholarsmightquestioneitherChurchor State;
but toleranceby at leastonewasrequiredfor advancement,sonobodythrivedif alienatedfrom both.)
Thesituationwasproclaimedto all by thethen­recent[1600]burning­alive of Bruno,heroof rebellion
againsttheologicaldictatorship,incrediblyreferred­toby Novaasa“new­agecharlatanwhodeniedthe
divinity of Christ”! Thisis just regurgitated1913­editionCatholicEncyclopediajusti�cation­apologia
for religiousmurder:seeDIO 4.3z15 fn 33 for theoriginalCE source.
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classgeniusin C.Ptolemy's mosthilariously ineptfrauds(Venus):OG spendsmostof his
Isisspacespeculating12 — unencumberedbyagramof textualsupport13 — that“insightful”
anddeliberate“ingenuityandbrilliance” by Ptolemy“the greatestastronomerof antiquity”
secretlyunderlaytwo grosslyfalseandmutually­contradictory Venusfakes which quite
inadvertently14 producedhis now­notorioussuper­Einsteinian15 claim (fn 24) — uniquein
astronomicalhistory— thathe1sthand­observed thesamecelestialeventat two different
timesandtwo differentplaces(andwith two differentvalues!) 37d and37� before&after
itself (136/11/18& 12/25).

12 It appearsto behithertounremarked thatGingerich's explanationof Ptolemy's “brilliant” (Gin­
gerich2002pp.72&73)bungledfake is purespeculation:100%gas— andin 100%disagreementwith
the1st­handrepresentationsof theveryancientastrologerwhoseintegrity OGissupposedlydefending.
I.e.,thesole“basis”for theNS­OGtheoryis: evidence­contradictedscholarsdemandanescape­hatch,
even if it is completely, utterly made­up— simply designedto the specsof necessity. (Similarly,
see,e.g., fn 13 or [a different cult] DIO 9.3 z6 xA.) Ptolemydoesn't (fn 18) provide any of the
Swerdlow­Gingerichscenario.(In 1909,Twain [Essays(ed.C.Neider)1963NYC pp.420f]gibedthat
Shakespeare­biographieswerenearly­total “plaster­of­Paris”. But NS­OG's biographyof Ptolemy's
Venusis unquali�edly­total plaster­of­Swerdlow.) Sowemustherechoosebetween2 theories:

TheoryA: Swerdlow&Gingerich arethe greatestgenii in our �eld' s history, to have elicitedso
muchdetailedunderstandingof Ptolemy's mind, especiallyconsideringthat he wascarryingon his
purportedingenuity “silently” (fn 57) accordingto Gingerich2002p.73. (OK, OK, thereis a tiny
glitch here: Ptolemyis not at all silent; instead,asalways, honestPtolemyconsistently& explicitly
contradictshis own agilemodernalibiers' reconstruction­fantasies. Seehim do it again&againat Al­
majest10,wherePtolemyrepeatedlysayshe“observed” Venusatspeci�c positions& times,nowhere
statingor evenimplyingthat thesedatawerefudgedin themannerspeculatedby NS&OG.) Thus,in
theabsenceof theslightestremarkfrom “silent” PtolemysupportingOG's & NS' reconstruction,we
mustdependentirelyupontheir brillianceto accepttheir view.

TheoryB: Swerdlow&Gingerichhavereachedtheendof theroadandmustadmittheveryPtolemy
fakery they both(Gingerich1976& Swerdlow 1979p.524)originally denied(seefn 53); but, instead
of having the franknessto acknowledge the late, Muf�a­hated R.Newton's victory in the Ptolemy
controversy, both keepcontendingthat the dispute's losersarethe true experts,andthe winnersare
merecranks(Rawlins 1991WxI7 displays& discussessimilar Muf�ose perversion)— all this while
themselvesconvincingly imitating the key featureof cranks: clinging to long­heldopinionsdespite
avalancheafteravalancheof evidenceagainstthem.(Samelessonat fn 23,fn 53, fn 55.)

13 At leastSwerdlow 1989p.59openlystatesthathisalibisare“speculative”. But, after1/3century
of denigratingPtolemy­skeptics,Gingerichis now intenselyaware that, if NS­OG's baselessVenus
speculation(vainly dodgingclearVenusianproof thattheskepticswereright all alongaboutPtolemy)
isn't accepted,thenfuture scholarshipmustcondemnhis long history of attacksuponthe sanityof
thosewho in fact turnedout to moreperceptive thanhe. Thus, in his mind, his Venus­apologygas
hasbecomesolid, immutabledry­ice Reality. (Similar un�agged Muf�a transformation:Rawlins
1991Wfn 242.) So he quite naturallysupposesthat thosewho cannotsharein the constructof his
geniusmustbecranks! (See,e.g.,thetypically slanderouspart [not quotedin Gingerich2002]of his
2000refereereport to Isis: summaryhereat fn 23.) You know, someauthoritieson crankscience
(a subjectDIO hasexplored a good deal more than mostacademicjournals)just might wonderif
defending— andevenelevating to Greatest­Brilliancestatus— themostdisastrouslybungledfraud
in astronomicalhistoryisn't analmostdeliciouslyidealexample,perhapsevenunsurpassable[in the
spirit memorializedat DIO 2.3 z6 fn 18], of the evidence­corneredcrankmind at work. (Seefn 12
& fn 23.) Of course,Harvard­gradDR is comfortedby �rm suretythatno prof at my eminentalma
matercould possiblybe a crank— a certaintybolsteredby suchotherHarvard paragonsof mental
balanceas: A.Counter, A.Hynek,T.Leary, J.Mack,W.Pickering,C.West. (Lest irony bedeliberately
misunderstoodby someone:it goeswithout sayingthat [despitethe occasionalloon], I am hugely
grateful for the wonderfuleducation[in both matterandspirit] which Harvard provided myself and
my wife.)

14 For othercarelessPtolemygaffes,seepaperscitedat fnn 15&61andThurston2002nn.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:Ptolemy's joke impliesthatVenus'synodicmotionstoppeddead
for 37d straight!— which topsevenbiblical Joshua,in theastronomicalmiracledep't.
B3 Toascholarnotgluedforevertoatragic longagoinitial mistake(andnot evenhisown
mistake) — therebyirrevocablyface­committed,by decadesof hyper­ironic slanderof the
veryPtolemy­skepticsnow utterlyvindicated— Ptolemy's Venusdisasteris simplyacase
wherea Venus­Earthresonance(8­5)blockedkindergartenfabrication­options;asa result,
theAlmajest10 VenusfakeswereevenmorehilariouslytransparentthanPtolemy's usual:
his ignorantpreference(for imposingan inappropriatemethoduponVenus)so cornered
him that in ultimatedesperationhehadto cheatVenus'actual136/11/18elongation[from
themeanSun]upward by over 1� 3/4 [nearly seventimestheSun's semidiameter].(This
apology's inspirerdoesadmitthe1� 3/4: Swerdlow 1989p.42.)Perhapstheweirdestpoint
here: theforged136/11/18geocentricVenuspositiondisagreesby over 1� .4 with thevery
Venusorbit which Ptolemyfaked it to “pr ove”.16 This seemingabsurdityis just a natural
upshotof Ptolemy's clumsyattemptto force a ludicrously inapplicablesimpleton­crude
methodupona delicateorbit­determinationproblem,which hadobviously alreadybeen
solved yearsearlier by far betterancientanalysts. (Seeother and parallel indications
at xI9 & fn 55, z5 xC2, Rawlins 2003JxG4; alsoRawlins 1996CxL4 andthe inspired
reconstructive­extrapolationof Jones1999Ep.258.) Both revealingly hugediscrepancies
are hardly deniable: seeOG's own Fig.4 at QJRAS21:253 (1980) p.261,or Swerdlow
at JHA 20:29 (1989)p.37 Table1. The rms error of the eight AlmajestVenusgreatest­
elongation“observations” is ordmaga degree.
B4 Given that Gingerich& Swerdlow call “silly” 17 physicistR.Newton's thoroughly
foundedconclusionthatPtolemywasaclumsyhoaxer, it is strangeto seeOGnow claiming
thatPtolemy's Venusfakes(andGingerich2002agreesthattheseallegedly­outdoor18 1st­
hand “observations” are indeedbasedupon indoor concoctions)were just a matter of
creatinggreatestelongationsat mathematicallyconvenient(if wildly false: xB3) places,
anever­so­clever19 ploy whichPtoleny wasforced­into(equally­PtolemistNoelSwerdlow
con�dently agrees)20 to crack an “otherwise essentiallyinsolubleproblem” (Gingerich

16 The�gures of Swerdlow 1989p.42andDR agreeon this, to thearcmin.
17 DIO 1.1z1 fn 18& z3 xD2. OG also(fn 23)callsRN's views “offensive” & “absurd”.
18 Noteclearlyakey pointhere:if PtolemyhadsaidhecalculatedhisVenusdata,therewouldbeno

controversy. But instead,heclaimed(fnn 12&24) thathevisuallyobserved,in theoutdoor sky, Venus
positionswhichall partiesnow agreewerecomputedindoors.

19 SeexxB1&I5.
20 Swerdlow 1989p.35(emphadded):the8y Venus­Earthresonance“makestheproblemof �nding

greatestelongationscloseto the required positions. . . even moredif�cult. ” And p.36: Ptolemy's
observation­dates'disagreementwith (“departurefrom”) thetruth “ is not an error, but a compromise
necessitatedbythepositionsof themeanSunrequiredfor thedemonstrations.” Thus,poorPtolemy
HAD to forge reality into the positionshe wanted.. . . In this MacArthur­grant­subsidizedpaper
(publishedby Gingerich's JHA), Swerdlow (loc cit) also alibis that since(nearmaximum)Venus'
elongationchangesmerely 1� /12 in 6d, “in no way could Ptolemyestimatethe time” of greatest
[maximum] elongationmore accurately. (Gingerich 2002's incomparablep.72 goeseven further
into legalblindnessland,claimingthatone­degree­accuracy in observation“is whatPtolemytypically
worked with” — a sleightwhich neatlyconfoundsordmag0� .1 ancientobservationalaccuracy with
theordmag1� enormityof themostdeliciousPtolemyfudge.)Wehavealreadypreviously(DIO 1.1z5
fn 20) dealtwith thetragicpre­highschoolmentalblindnesslandadventureof Swerdlow 1979pp.526­
527(in thejournalof PhiBetaKappa!),regardingestimationof maxima­times(solsticesin thatcase),so
I won't reprisethepatheticdetailsheremerelybecausehelaterrepeatedthefolly undertheMacArthur
Foundation's aegis. But I will commentthat noneof this excusesinaccuraciesof several weeksin
Venusobservations,leadingto dishonestly­reported“observational” �gures whichareoff by wayover
adegree. Moreover, whathasuncertaintyin timeof greatestelongation(anerrorwhichcanonly reduce
the elongation)to do with a faked “observation” which (xI5 [a]) exceedsthe greatestelongation?It
is on thebasisof suchthen­politically­correct apologiathatSwerdlow 1989p.35tractablyconcludes:
“the selectionof a particulardatefor true greatestelongationwould be arbitraryin any case.” This
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2002p.72;seealsohereat fn 57). Below (xD4), wewill show thatasimpleancient­style21

method(whosecentralstepis highschoollevel) will solve this “insoluble” problem— and
will do sowithout “requiring” any forging of reality whatever. Contrast­question:hadan
ancientheliocentrist(frustratedby geocentricdata's inconvenient&confusingretrograde­
loop zigzagapparentmotion, seenfrom a moving Earth) faked “observations” as if he
were viewing the universefrom the Sun insteadof the Earth — just to simplify things
enoughfor evenaMuf�ose talentto pseudo­crack22 the“essentiallyinsolubleproblem”of
�nding Venus' eccentricity& apogee(which indeedwould be alot simpler to �nd if the
observer werestandingon the Sun!) — then: would Ptolemistsbe asforgiving of such
embarrassingly­crudeheliocentricdumbdown­fraudasof thegeocentristbrand?
B5 In any case,I heartilyrecommendOG'selaborateapology, to all whoseektheouter
limits of unfalsi�ability . For decades,this same23 religiouslyevidence­immuneauthorhas
(evenin anonymousrefereereports) indicatedto everyonewithin rangethathisopponents
are the cranksof the Ptolemycontroversy. His perception(dissentfrom which marks
onea crank in OG's eyes) is the epitomeof reasonand justice: a serial faker, massive
plagiarizer, propagandistfor a geocentristmini­universe,andauthorof astrologers'bible,
was: “the greatestastronomerof antiquity”. For more, seewww.dioi.org underSky &
Telescope.

conveniently­�exible, all­thumbsillusionism­prankis what the MacArthur Foundationfunded(six­
�gure grant)to alibi an ancienthoaxer who so tanglefootedhis Venusgreatest­elongationfakesthat
thesame136AD event endedup possessingtwo differentdatesthirty­seven daysapart. (Seefn 24.
Again: what has6d uncertaintyto do with this? — especiallyfor an effect which is not linear but
nearlyquadratic! Similarly: what has1� /12 uncertainty(fn 20) to do with the Almajest10 Venus
hoax's rampantordmag1� errors?I.e.,why evenbring up the1� /12 alibi in the1stplace?— unless
oneis, heedlessof coherentlogic, just aiming to stackup asmany alibis aspossible,for deliberate
squid­ink­page�ll­obscurantist purposes.[Is thisthebrandof scholarshipJohnMacArthurhadin mind
to encourage?SeeDIO 4.3z15 fn 24 for whathasbecomeof theMacArthurawards.]) Onecanonly
concludethat it musthave meantALOT — to someVery, Very SpecialArchons— that Ptolemy's
uniquedouble­datingembarrassment­to­then­orthodoxy (Rawlins 1987p.236item 4) beextensively,
prominently, & authoritatively salved­sanitized­skwushed.Weadmiringlynotethat: uponsuchdeeds
aregreatcareerismsreared.

21 Seefn 59 for thecritical importanceof this point to historians.Theopenmindedones,anyway.
22 Keepin mind (fn 9) thatGingerichis not claiming that the actualsolutionwasaccompishedby

Ptolemy's fakes;no,OGthinks(Gingerich2002p.73Fig.1caption)thatVenus'elementswerealready
known (otherwise,Ptolemycouldnot have computedhis fakes)— by anunspeci�edmethodwhich
of courseis the onewhich Ptolemyshouldhave explainedin the Almajest. Never­say­dieloyalists
cannotfacethis self­evident point — or theequallyobvious item: Ptolemywasnot theancientwho
found the AlmajestVenuselements.(A point understoodlong agoby R.Newton 1985p.12.) But at
leastweall now agreewith R.Newton thatthewholeAlmajest10Venusdiscussionis fraudulent.

23 As to thosePtolemistswho have attacked skepticsascranks:we notein passinghere[& fn 13]
that the prime symptomof the crank mentality is rigid imperviousnessto incoming contrarydata.
Somehave alsoexpresseddisapproval of “polemics” (noteirony of fn 17), asin anOG anonymous
2000refereereport— which simultaneouslyrefersto Ptolemy­skepticsasa tiny bunchof paranoids!
Amusedobserversof suchlast­ditch­desperate(DIO 10 fn 172)mud­hurlingsareurgedto checkout
therelative status,in thegenuinescholarlycommunity, of theboardof DIO vs thatof theJHA. The
paranoia­charge againstskepticsis just a broadbrushechoof anOG 1977libel of DR: DIO 4.3 z15
xH6. Theresortto authority­vs­hereticclassi�cationis thePtolemycult's standardcreationist­level­
argumentation(DIO 1.2 xxE4&N16) for its creationist­level sudden­miracleClaudiusLet­There­Be­
Light Ptolemy­godheadperceptionof high ancientastronomy's nascence.(See,e.g.,Gingerich2002
p.71.) For decades,Ptolemistshave beenplantingloyal scholars(eitherstrangeenoughor tractable
enoughto assentto suchcreationism)into prominentpositionsin the AAS­HAD and JHA — the
inevitable resultantdamageto rationaldiscoursein the history­of­astronomycommunitywill carry
down throughyet moredecades,long after many of us aredead. Thus,the betterpart of a century
of communalreasoningis beingmaimedby a cult's political & scienti�c skills' predictablyinverse
correlation.
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C Other Signi�cant Oddities of Ptolemy'sVenusPresentation

TheAlmajestVenuschaptersarepeculiarin waysadditionalto merelysupplyinguswith
thenonpareilhilarity of double­dating24 theverysameevent.
C1 Ptolemyreportscontemporaryobservationsof Venusnot taken by astrolabe. He
doesthis for nootherplanet.
C2 Which explains anotherstrangecoincidence:of the �v e rare25 AlmajestCatalog
starswith 1� /4 endings,40% areusedto measurethe positionof Venus. (SeeDIO 2.3
z8 fn 20. These�v e are the only starswhosepositionswe know he didn't steal from
Hipparchos.)This suggeststhat, whengrossly(xB3) forging theseobservationsto make
themagreewith therequirementsof hisamusingVenusfrauds,hein eachof thesecasesdid
not changeVenus'reportedangulardistancefrom the referencestar— but movedVenus
wherehewantedit by simply fudgingthestar's position: thestar'sshift justcarriedVenus
with it.
C3 Further, whenchoosingameanmotionfor Venus,Ptolemymostprobablyconfused
a siderealandtropicalperiod­relation(Rawlins 1985K& Rawlins 1987n.7) — which so
affectedtheoriginal highly accuratemotion (seeRawlins 1985K) that it fell from oneof
thetwo best,26 into ridiculousinaccuracy. (NoteRawlins 2003JxE3.)
C4 One of GeraldToomer's most importantdiscoveries is that the several tablesof
Venus'meanmotionarediscordant(Toomer1984p.425n.29).This is truefor noneof the
otherfour planets.
C5 My conclusionis thatmuch(if notall) of theAlmajestVenussectionwaslifted from
anambitiousbut inferior sourcewhichPtolemydid notusefor theotherplanets.

24 Thosewhohavenever consultedthisultimatePtolemyblunderoughtto 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&locationsbut alsocan't evengethis story
straightasto what this “greatest”elongationitself was. Almajest10.1makesit 47� 320 (136/12/25),
while Almajest10.2makesit 47� 200 (136/11/18).SeexI5 [a].
[Note added2003. Hugh Thurstonemphasizesthat the 136 double­datedisaster(reality 136/12/14
[Table2 row 2] vs 136/12/25[Almajest10.1] again­vs136/11/18[Almajest10.2]) is not atypicalin
giving wildly falseVenusdates& positionsfor greatestelongations.E.g.,Ptolemyallegesheobserved
the 129 greatestmorningelongationat (Almajest10.2) t = 129/5/20,L = 55� 2/5, V = 10� 3/5;
compareto realdataof Table1 row 1: errorsabout2 weeks& well over 10� . And Ptolemyalleges
heobservedthe127greatestmorningelongationat (Almajest10.1)t = 127/10/12,L = 197� 13/15,
V = 150� 1/3; compareto realdataof Table1 row 2: errorsnearly3 weeks& c.20� .]

25 That's 5 starsout of 1025in theAncientStarCatalog.
26 Thebasesof theAlmajestVenus& Marssynodicmotionswereoff by merelyordmag10/century.

TheMarsmotionfortunatelycamethroughwithoutconfusion,sothattheAlmajest9.3­4tabularmean
synodicpositionof Marsis still today(2002)accurateto about0� .4.
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D Solving the “Insoluble”: Muf�a&Co. vs10th Grade Math

D1 Gingerich2002p.72alibisPtolemy'schildishlybotched(xB3) fabricationsof great­
estelongationsof Venusby sayingthatPtolemyhad (fn 57) to fake impossiblepositions
for Venusin orderto pry theplanetinto convenientline­ups— without which theorbital
elementscouldn't be solved­for. Suchan obviously falseclaim provides us one of the
dizziestpinnaclesof this raretreatof apaper.
D2 In fact,�nding Venus'orbitalelements(andin theverysamegeometricstylewhich
Ptolemyhimself adopted)27 is obviously possible.Themeanmotion is easyto �nd from
stationarypoint data. (SeeRawlins 1987 n.28 & DIO 2.1 z3 fn 17. Any error in an
adoptedmean­longitude­at­epochwould so obviously affect stationarypoints' positions
thatcorrectionwould betrivially simple.) Thus,theelementsthat requireddetermination
from greatestelongationswere: thedeferent's eccentricitye & apogeeA, andtheradiusr
of Venus'epicycle. Now, it is typical of Ptolemy's Euclidean­geometricapproachthat if
heseeksn unknowns,heusesexactlyn equationsof condition. (So,in thiscase,hewould
have neededjust threegreatest­elongationobservations.) Oneof Ptolemy's weaknesses
(typicalof anon­scientist)is a failureto understandthepreferabilityof overdetermination.
(SeeRawlins 1991Wfn 224& Rawlins 1996Cfn 103.) We will now explain themethod
we have devised(for �nding e, A, & r ) that follows this approach.It is chosenboth for
simplicity andfor its nonanachronisticallyPtolemaiccharacter. Indeed,ourVenusmethod
is more28 PtolemaicthanPtolemy'sown Venusanalysis(Almajest10).
D3 The Ptolemy­allegedsolar motion aroundthe Earth is mathematicallyequivalent
to terrestrialheliocentricmotion. We will usethis equivalenceto simplify the problem
conceptually— notingin passingthatDR haslongheld29 thatthebestancientastronomers
wereheliocentristsanyway.
D4 Wecanthentakethreegreatest­elongationobservationsof Venus(preferablyspaced
very roughly120� apart:xG1)andgraphicallydraw theline­of­sightfor each:throughthe
Earth's positionin its own orbit (a functionof thesolarmeanlongitude,a known function
of time). Oncewehavethesethreelines,wesimplydetermineacircle,theVenusorbit (the
geocentrists'“epicycle”), such that it is tangentto all threelines. Easy, sincethebisectors
of any twoof thesethreelinesmustgothroughthecenterof thecircleweseek.Sotherewill
bethreetwo­lineintersections,all at thesamepoint: thecircle'scenter. Thiskey partof the
problemcanbeaccomplishedgraphicallyby ahighschooler(lesselementarymathematical
equivalent: xE3ff), whichis why it' ssoinspirationalto watcheminentprofessorsdeemthis
simpletask“essentiallyinsoluble”(xB4).

27 The iterative geometricproof that forms the heart(xG) of this paperhassomesimilarities to
the Almajest's for the outer planets. (SeeThurston1994P.) So: why didn't Ptolemyknow this?
Suggestion:others'proofsfor theouterplanetswereavailableto him, but theproofof Venus'elements
wasnot — which deprivation forcedPtolemyinto inventing (or perhapsgrabbingfrom someother
bungler)theoff­the­scale­funniestfumbleof hisentirecareerof hoaxery: seexB1. Anotherpossibility:
theVenussituationis notsoclear[thoughseez7] whenviewedgeocentrically(see,e.g.,Pedersen1974
p.300Fig.10.1),asagainstour choicehereto (likewise Gingerich2002n.6) view it heliocentrically,
whichholdsVenus'orbit nearoneconvenientplace(xD4); so,did Ptolemy's false(geocentric)general
view of theuniversehelpcausehisspeci�c Venus­botchembarrassment?

28 ThishappensbecausePtolemyis busywith morethanthree“observations”,sothathecanpretend
heprovedtheequant's validity from Venus.Seefn 35.

29 SeeRawlins 1987p.238& nn.34­38,Rawlins 1991P, Rawlins 1991W.Thepointhasalwaysbeen
self­evidenttoany investigatorwhois inductively inclined,mathematicallyable,andopenminded:see,
e.g.,vanderWaerden1970or Thurston2002p.62.
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Table1: Ptolemy-SelectedVenusGreatestMorning Elongations(RealData)

Date&Time t GrElongG SolarMeanLongtdL Venus'TrueLongtdV

129/05/0616h � 44� 520 43� 060 358� 140

127/09/2218h � 48� 200 179� 410 131� 210

134/02/1515h � 44� 340 324� 000 279� 260

(Here[andin similar tablesbelow], wefollow ancientconventionin de�ning elongationas
theplanet's truegeocentriclongitudeV minustheSun's meanlongitudeL .)

E The SimpleEccentric Solution

E1 For Venus,Ptolemyusestheequant.(He pretendsthatheprovedtheequantmodel
from Venus. Anyone who [lik e Neugebauer1975 p.155] acceptsthis shouldnote the
provocative coincidencethat Ptolemy's most hilariously and oversimplisticallybungled
planetaryfake orbit­derivation wasthat for Venus.)30 Theequantmodelrequiresthatour
approachbe iterative. But we will startby introducingthe readerto thegeneralproblem
by �rst consideringanoniterative case:aneccentric­modelsolutionfor thethreePtolemy­
selectedgreatestelongationsof Table1, which lists the real data(not his faked t, L , &
V , mostof which were[fn 24] in errorby ordmag10� !). That choice[reality] will hold
for all threetablesin this paper: eachprovidestime t (Juliancalendar, AlexandriaMean
Time, midnightepoch),greatestelongationG (eveningor easternelongationis positive),
solarmeanlongitudeL , andtrueVenusgeocentriclongitudeV for thesegreatestmorning
elongationcases:
E2 Westartwith theEarth'scircularorbit centeredat(0,0)with unit radius.andwewill
usethedataof Table1 to locate(in thex­y plane)thecenterof Venus'circularorbit. The
openingstepsare intermediatehighschoolmath: the line correspondingto observation i
(i runningfrom 1 through3) in Table1 mustgo throughthepoint

xi = � cosL i yi = � sin L i (1)

andtheslopemi (in thex­y plane)of line i is:

mi = tan Vi (2)

Theequationfor line i is:
yi = mixi + bi (3)

Substitutingeqs.1&2into eq.3determinesbi (line i' s intercept):

bi = yi � mixi : (4)

— sowehavenow completelydeterminedall of thethreelinesthatwill locateVenus'orbit
(sinceall threelinesarevirtually tangentto it):

y1 = m1x1 + b1 ! 0:0308x1 + y1 = � 0:7058 (5)

y2 = m2x2 + b2 ! 1:1363x2 + y2 = +1 :1307 (6)

y3 = m3x3 + b3 ! 6:0188x3 + y3 = � 4:2815 (7)

30 Seefn 50,andR.Newton 1977TablesXI.2 & XI.7­8; alsopp.336­339.And noteGingerich1980
Fig.4& caption.
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E3 We next determinethe intersectionsof the threepossiblepairingsof theselines:
pt.A = theintersectionof lines1&2; pt.B, lines2&3; pt.C, lines3&1. Again, this is early
highschoolmath(standard2 linear­equations­in­2unknownsproblem):

xA = +1 :6614 yA = � 0:7570 (8)

xB = � 1:1085 yB = +2 :3903 (9)

xC = � 0:5972 yC = � 0:6874 (10)

E4 Next, we �nd the longitudinal direction Bk (wherek equalsA, B, or C) of the
bisectorof the two linespassingthrougheachof thesepoints. Using thedatain Table1,
we have:

BA = (V2 + V1 + 180� )=2 = (131� 210 + 358� 140 � 180� )=2 = 154� 4701=2 (11)

BB = (V3 + V2 + 180� )=2 = (279� 260 + 131� 210 � 180� )=2 = 123� 240 (12)

BC = (V1 + V3 + 180� )=2 = (358� 140 + 279� 260 � 180� )=2 = 228� 5001=2 (13)

E5 Wehavealready(backin xE2)performedanequivalentof thenext step:apointand
a directiondeterminea line (a bisectorin thesecases).Eachline's slopeis thetangentof
its Bk (xE4,eqs.11­13)

mk = tan Bk (14)

Eachline's interceptbk is thenfound (asin eq.4)by �tting the line to the point given in
xE3; thus,we �nd theequationfor eachof thebisectors:

yA = mAxA + bA ! + 0:4707xA + yA = 0:0250 (15)

yB = mBxB + bB ! + 2:1068xB + yB = 0:0549 (16)

yC = mCxC + bC ! � 1:1436xC + yC = � 0:0044 (17)

E6 Solving the above equationsas threepairs, we are grati�ed to �nd that all three
intersectionsareidentical,thusprecisely31 placingthecenterV of Venus'circularorbit in
thex­y plane:

xV = 0:01827 yV = 0:01644 (18)

Sinceit is the deferentnot the epicycle that is off­centerin the Venusmodel,we simply
translatethecenternegatively by theamountsindicatedin eq.18— in orderto moveVenus'
orbit ontothecenter(0,0)of thex­y plane.This makestheEarth's orbit eccentricwith an
aphelionin the3rd quadrant— which for a geocentrist�x es(180� distant)thedeferent's
apogeeA, at a positiongiven preciselyby eq.18. Applying Pythagoras'Theoremandan
arcsinto eq.18,and(in ancientstyle)multiplying theeccentricitye by 60,wehave located
thedeferent's centerat:

e = 1p280 A = 41� 590 (19)

31 We areexpressingour resultfar morepreciselythancouldbesupportedby naked­eye input data,
but for effect wearenotingthatthethreeanswersof courseagreemathematicallyon thenose.



80 Dennis Rawlins The Greatest's Venus 2002 July 18 DIO 11.3 z6

Table2: Ptolemy-EraVenusGreatestEveningElongations(RealData)

Date&Time t GrElongG SolarMeanLongtdL Venus'TrueLongtdV

138/07/0920h 44� 400 106� 100 150� 500

136/12/1401h 47� 300 261� 360 309� 060

132/02/2123h 47� 580 329� 440 17� 420

E7 Theradiusof theVenusepicycle is theneasilyfoundby usingany of thebisectors,
startingwith thehalf­angleH betweenthatbisectorandeitherof thetwo linesit is half­way
between.Wecheckall three:

H A = (V2 � V1 � 180� )=2 = 23� 2601=2 (20)

H B = (V3 � V2 � 180� )=2 = � 164� 0201=2 (21)

H C = (V1 � V3 � 180� )=2 = � 129� 240 (22)

Then,usingour pre­translationdata,we �nd thelengthvk of thevectorfrom intersec­
tion k (eqs.8­10)to thepre­translantioncenterof Venus'orbit:

vA =
p

(xA � xV )2 + (yA � yV )2 =
p

1:64312 + 0:77342 = 1:8161 (23)

vB =
p

(xB � xV)2 + (yB � yV)2 =
p

1:12682 + 2:37392 = 2:6277 (24)

vC =
p

(xC � xV)2 + (yC � yV)2 =
p

0:61552 + 0:70382 = 0:9349 (25)

E8 Highschooltrig thenproducestheVenusorbital radiusr k:

r A = vA sin H A = 1:8161sin 23� 2601=2 = 0:7225= 43p210 = 60p sin 46� 150 (26)
r B = vB sin H B = 2:6277sin 164� 0201=2 = 0:7225= 43p210 = 60p sin 46� 150 (27)
r C = vC sin H C = 0:9349sin 129� 240 = 0:7225= 43p210 = 60p sin 46� 150 (28)

(Theperfect32 agreementof all threecalculationsof r k is gratifying,but it is amathematical
notanempiricaltriple­veri�cation.)
E9 Merging the resultsof eq.19andxE8, we now possessall threeof theVenusorbit
elementswe set out (xD2) to �nd — the epicycle radius r , as well as the deferent's
eccentricitye & apogeeA:

r = 43p210 e = 1p280 A = 41� 590 (29)

E10 However, the foregoing will not �nd the actualelementsof Venus,becausethe
eccentricmodel(eventheequantmodel: xG) is not faithful to theactualmotionsof Earth
(deferent)and Venus(epicycle). Thus, a different choiceof observationsat the outset
(Table1) cangive a contrastingresult. E.g.,considera trio of Ptolemy's eveninggreatest
elongations:

32 All the foregoing numericaldevelopmentsweredoneto betterthan1 part in a million, though
presentedhereseveralordmagsmorecrudely. Thatis why agivencalculationhere&theremayappear
slightly inconsistentin thelastplace.
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E11 Applying thedevelopmentof xxE2&E8 to thedataof Table2 will produce:

r = 43p210 e = 1p180 A = 86� 210 (30)

E12 Ther valuesof eqs.29&30arecloseto thetruth. As will benotedbelow at fn 51,
the e resultsare inappropriately(sincethis is not Ptolemy's model!) closeto the value
adoptedin theAlmajest, andthemean(c.64� ) of theA valuesfor eqs.29&30is within 10�

of theAlmajestvalue. (Seeeq.49below for Ptolemy's e, A, & r .)
E13 Note: all the key foregoing math (xxE3­E6) can be performedgraphically in a
matterof minutesby a teenager, usingstandardruler&compass.It' s a classicEuclidean
problem,which teachersof the 10th­gradeat Gilman School (Baltimore) tell me their
students�nd notespeciallychallenging.Try it for yourself.

Somuchfor Ptolemists'“insoluble”­alibi for Ptolemy.

F Oft­NeglectedCaution for Eccentric Orbits:
Greatest­ElongationSightlinesAr eNot Tangents

F1 We interruptherefor a moment,in orderto highlight aneducationalitem which is
closelyrelevantto our method's ef�cacy: despiteanalmostuniversalinstinctive presump­
tion, greatestelongationsdonot33 in general[thoughseez7 fn 2] occurpreciselywhenthe
terrestrialobserver's line of sight is tangentto thesightedinferior planet's orbit. Not even
for thesimpleuniform­motioneccentricmodel— unlesseccentricityis null. Nonetheless,
for smalle (or smallr ), tangency is virtually34 thecase.
F2 If onecorrectly(unlikePtolemy)indoor­computesgreatestelongations& associated
Venusgeocentriclongitudesfor a well­spacedtrio selectedfrom Ptolemy's own set of
elongations— e.g.,AD 127morning,132evening,134morning— usinghisequantVenus
model(not realobservations),andsubstitutesthesesix datainto themethodof thepresent
section,the deducedelementscomeout: r = 43p100, e = 1p150, A = 54� . Or, if we
insteadusethegreatestelongationsof AD 138evening,140evening,140morning(again,
accuratelycalculatedfrom Ptolemy'sVenusequantmodel),thedatafor whichareprovided
right in lines70­90of p.54'sprogram,thereadoutis: r = 43p080, e = 1p140, A = 57� . Both
setsof resultsarevirtually identicalto Ptolemy'sVenuselements(eq.49).(But if weinstead
generatethese3 gr.elongs.usingnontrivial e = 5p1/4 (while retainingeq.49's Ptolemaic
A = 55� , r = 43p1/6),thenourp.54programwill output:e = 5p.7,A = 58� , r = 41p5/6,
which areonly approximatelyequalto the input elements;all thesediscrepanciesaredue
to greatestelongations'non­tangency, asdiscussedatxF1.)

33 Tobeconvincedof thisat­�rst­surprisingtruth,oneneedonlyponderanextremecase:a99.9999%­
eccentric­orbit(direct­moving)cometjustinsidetheEarth'sorbit. If westartwithaneat(nil­elongation)
situationwith the Earth at the longitudeof the comet's perihelionand the cometat aphelion,it is
physicallyobviousthatbetweenthenandcomet­periheliontime (a little over 2 monthsafter thetime
of the initial situation)— by which time the elongationis eastern— Earthobservershave seenthe
cometat a greatestwesternelongation,thoughall westernorbit­tangentsduring this time have been
to the (long symmetric)half of the comet­orbitwhich the comethasnot occupied. For otherDIO
examplesof theheuristicutility of resortingto extremecases,see:[a] DIO 10 fn 91, [b] DIO 2.3 z8
xxA5&A7, [c] DIO 4.3 z13 fn 13. As for the time t F it takes a body (cometor whatever, starting
from null relative velocity) to fall into theSunfrom adistanceof 1 AU: this questionhasappearedon
freshmanastronomytests— andwithout providing theneatanswer(thesimplicity of which hintsat
how it canbeinstantlyobtained):tF = 2� 2:5 years.

34 Which is fortunatefor our analysesof Venus,theplanetwith thesmalleste in theSolarSystem.
And, thoughbigger, Earth's e is alsoordmag1� . For approximatelyBodeanr andmodeste, greatest
elongationswill on average(rms)bedistantfrom tangency by anangleequalto ordmagtherss(root­
sum­square)of thetwo planets'e; so,evenfor theunextremeVenus­Earthcase,theerrorsareordmag
1� , obviously contributing to roughnessin our resultsfor A (& etc).
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Table3: Dionysian-EraVenusGreatestEveningElongations(RealData)

Date&Time t GrElongG SolarMeanLongtdL Venus'TrueLongtdV

� 271/4/0506h 46� 530 9� 100 56� 030

� 265/8/3107h 44� 410 154� 380 199� 190

� 258/1/2512h 48� 090 300� 150 348� 240

G The Equant Iteration

G1 Oncewe adopt35 theequantmodel,theability to arrive at a solutionin onedirect
line (as in xE) vanishes— andwe must iterate,asPtolemyhimself does(fn 27) for his
analysesof theouterplanets.To testtheequantcase,we will chooseelongationsfrom the
Dionysianera(whentheequantmayhaveactuallydebuted)— andwewill useonesrather
symmetricallyseparated.Table3 providesthedatafor a sampleequantinvestigation:
G2 Whenwe switchfrom theeccentricmodelto theequantmodel,we losetheluxury
of startingfrom a known positionon the deferent(asin eq.1); instead,we mustinitially
estimatethe deferentelements(e & A) andinput the implied Earthposition, in orderto
launchtheanalysiswhichproducesanimprovedsetof deferentelements— whichwethen
re­input: standarditerative technique.
G3 In order to save time, we will herestart from the assumptionof fairly accurate
elements.But no matterwhereonestartsout, the iterationwill succeed— it just might
requireoneor two morere­inputsto getthesameresult,whichwill bejustasstableasone
likes(conditionalonly uponthepatienceto keepiterating).PresumablyawarethatVenus'
orbit is nearlycircular, andthusthat the deferentelementshadto be nearlythoseof the

35 SeexE1. It mightbeobjectedthatthereasonwecanhere�nd ourthreeVenus'elementsfromthree
greatest­elongations(while Ptolemyneedsover twice asmany to fake his Venusderivation: fn 28)
is that we're assumingthe equantmodel at the outset. Comments:[a] The equantwas obviously
(seeEvans1984)discoveredvia Mars (e 12 timesVenus' & 5 timesEarth's), so Ptolemytoo was
assumingtheequantmodelbeforehedid his Venusmath. (SeeNS' & OG's admissionsthatPtolemy
knew at leastsomeof his Venusorbital parametersaheadof time: fn 52 here& Gingerich2002
Fig.1 caption.) [b] For eitherplanet,the discovery of theequantcould (xH2) have beenbasedupon
the fact that the equantmodel gives a much neaterandmore stable�t to observational data(than
theeccentricmodel). For Venus,anyonewill quickly seethis by comparingresultsfrom testingthe
eccentric(xE) vs equant(xG) modelsuponseveral randomlychosenreal greatest­elongationtrios,
usingour program(p.54): eccentric­modelscatterevaluatedat xH1; equant­modelscatter, at fn 48,
the latter quite clearly an ordmagsmaller. This dramaticcontrast(not Ptolemy's disastrouslyfaked
derivation) is theprobablehistoricalorigin of theequant's discovery, a point correctlyperceived long
agoby Toomer1984(p.474n.12)andEvans1984(seealsothelatter's well­written1998book). Over
theyears,variousscholarshave suggestedthatPtolemypersonallyinventedtheequantto solve huge
problemspresentedby nontrivially­eccentric planetarymotion. Question:if hedid, thenwhy did he
“prove” it (Almajest10.1­3)via themosttrivially­eccentric planet(Venus),andusingamethodwhich
wassoinfantileandimpossiblethatit requiredfaking“observational” datainto obviouslynonexistent
symmetriesandotherridiculouslypatarrangements?More broadly, Gingerich2002p.71(confusing
merestreet­astrologerswith the real astronomersthat Ptolemyleechedoff of [fortunately for our
ability to reconstructgenuineancientastronomy])opinesthat “It really doesappearthat Ptolemy's
work fundamentallychangedthe way planetaryastronomywasdone.” Hmmm. As mathematician
JerryWolf recently(02/10/18)commented:dosuchfolk alsoimagineEuclid inventedtheElements?!
Secondary­writerGingerich's readyconfusion(fn 7) of meresecondary­sourceswith deepthinkers
and intellectual pioneersis typical of the sort of elementarymis­stepthat can lead theoretically
limited politician­scholars& cloniesdown blind­alleys (andrepeatedembarrassment­in­controversy
disappointments)for wasteddecades. On this almost­too­nä�ve­to­be­believed archonal­tradition,see
DIO 6.1z1 fn 106.
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Earth's orbit, anancientheliocentrist36 might well startwith roundvaluescloseto thereal
Earthelementsthen(e = 1p030, A = 64� ):

e = 1p A = 60� (31)

Or, in cartesiancoordinates,theEarthorbit centerstartsat:

xE = ecosA = 0:008333 yE = esin A = 0:014434 (32)

G4 Sincemostdiscussionsof theequantarelong on diagrams(or seriesexpressions)
but shorton exactequations,DIO will asa public serviceprovide theprocesshere,all on
oneline, eliciting truelongitude� from meanlongitudeL :

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

where� is theSun's true longitude(or, for thegeocentricmodel,thetruelongitudeof the
epicycle's center)— ata distanceR from (0,0):

R =
p

(e + cosu)2 + (sin u)2 (34)

For the3rd L in Table3, we applyeqs.33&34to yield (R, � ) [polarcoordinates]:

g3 = 300� 150 � 60� ! u3 = 240� 150 � arcsin(sin 240� 150=60) = 241� :079 (35)

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

R3 =
p

(1=60 + cos241� :079)2 + (sin 241� :079)2 = 0:9920 (37)
Eqs.36&37canbeconvertedto cartesiancoordinates:

X 3 = R3 cos� 3 = 0:5246 Y3 = R3 sin � 3 = � 0:8420 (38)

Sincegreatest­elongation­sightingline #3 goesthrougheq.38's point at longitudinalangle
348� 240 (V3 in Table3), this line is now completelydetermined;sowe canproceedmuch
aswe did backin xE: for any line, if we know [a] its slope(V ) and[b] thecoordinatesof
a point (eq.38)that's on theline, we have determinedtheline — andcan�nd its equation
(asin xxE2&E5). From[a]&[b], the3rd line's equationis determinedas:

0:2053� X 3 + Y3 = � 0:7343 (39)

(analogousto eq.7in theforegoingeccentric­modeldevelopment);andto �nd lines#1&#2,
onesimplyappliesourequant­modeleqs.35­39to thedataof the�rst two rows of Table3.
(Theresultswill beanalogousto oureccentric­modeleqs.5&6).
G5 And therestof theprocessis parallelto xE's development.(It is not continuedin
our text, but its detailswill be evident in the BASIC programprintedat p.54.) It works
for theequantmodeljust aswell asit did for theeccentricmodel. Again, thecentralstep
is �nding a circle that is tangentto threeknown (greatest­elongation)lines: xE3ff. The
eventualsolutionfor the centerof the Earth's orbit in the Venusequantcase(xG4) is, in
cartesiancoordinates:

cE = � 0:000784 dE = +0 :003286 (40)

or, in polarcoordinates:
e = 0p:2027 A = 103� :4 (41)

36 Foragenuineancientheliocentrist, thisentireprocedurewouldbeinherently �a wedby itsPtolemaic
presumptionthat theVenusepicycle is exactly uniform­circular— whenoneof the advantages(see
Rawlins 1987pp.237­238)of theheliocentristschemeis that it permitsVenus& Earthto eachhave
orbital eccentricity. Thus,if this paper's trio­methodwasactuallyusedin antiquity, it wasprobably
as just a heliocentrist's �rst step(viewing from an already­known Earthorbit) towardsdetermining
Venus'orbital elements.Theactualhistoricalevolution wasprobably:heliocentristsdevelopeda full
setof planetaryelements— whichwerelatercorruptedby geoocentriststwisting themto pretendthat
all epicyclic motionwasuniform­noneccentric.Seeidem.
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G6 At this point,we realizethatcE & dE aresimply the�rst gaugingof our positional
error (on thex­y plane)in the initial estimate(eq.31)of thedeferent(Earthorbit) center.
So we now just shift that centeraccordingto the indicationof eq.40andthenrepeatthe
eqs.31­41procedure— a methodwhich (by repetition)will quickly reducethe error to
virtual nullity. I.e.,eq.40will shrinkto (0,0).
G7 But trial shows37 that this iterative process's convergenceis at leastan ordmag
quicker if wealtertheinitial centerby half of thevector(cE; dE), notthefull amount.Thus,
thenext turn in our iterationstartsby mergingeqs.32&40accordingto thatprinciple:

xE = ecosA � cE=2 = 0:008333� (� 0:000784)=2 = 0:008726 (42)

yE = esin A � dE=2 = 0:014434� (+0 :003286)=2 = 0:012791 (43)

or:
e = 0p:9290 A = 55� :70 (44)

This xE & yE solution is then re­insertedinto eq.33and the processdown to eq.44is
repeated— again&again,until satisfactorystability is attained.Thereis someoscillation
of e&A as the iterative math swoops­inonto the correctsolution. But after only three
repetitions,the �t is alreadyordmag1% — which would have beenmorethanadequate
precisionin antiquity, giventhelikely uncertaintyof theempiricalinput.
G8 By contrast,thereis very little �utter in theVenusepicycle radiusr . On theinitial
assumede&A (eq.31),it comesout as r = 43p.344. Throughoutthe entire iteration, it
hardlyvariesatall from theeventualexactsolution,which for this caseis 43p.343.
G9 Continuediterative loopsproducethefollowing successive solutions:

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

Theswiftnessof convergenceis obvious. Furtherloopingsettlesin onaprecise38 solution:

r = 43p:343 e = 0p:8825 A = 56� :59 (45)

whichmaybeexpressedas:

r = 43p210 e = 0p530 A = 57� (46)

37 It is possiblethat Ptolemy's Venuswoeswere initiated by his unawarenessof this step(andits
importanceto ef�cient iterationhere),which is consistentwith (fn 35) our contentionthathedid not
discover theequant(ourhalving)from originalanalysisof Venus'motion(aonce­commonbelief).

38 Of course,the precisionhereis misleading,given the input's empiricaluncertaintyandthe lim­
itations(seexF) of the iterative procedure.However, the stability of the solutionis not illusory. A
measureof that: we have ignoredapsidalprecession(Earthand­orVenus)entirely in theseanalyses.
(After all, thexG developmentis basedupondatacoveringonly 12y.6.) If weincludeit, eq.46's results
all shift by lessthanonepartin 1000.So,sincetheeffect is trivial andsincewedonotin any caseknow
exactly what (if anything) realancientscientistswould have doneaboutprecessionduring this math,
it seemedpointlessto introducesuchspeculationinto theseinvestigations.A notein passing:if one
injectsreasonablenoiseinto the input data[lines 70­90at p.54] for honestcomputationof elements,
theeffectson inducedA andr aretrivial; one, temperate.
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G10 Thattheseeq.46elementsarenotquitecorrectis inevitablesince(seealsoxF) the
methodwe areusinghereis attemptingto simultaneouslysatisfytwo elliptically­nonuni­
form effects(Earth's motion& Venus')with two non­ellipticalmodels:anequant(Earth)
anda uniform circularmotion(Venus).(I.e., realnonuniform­motionof Venusianperiod­
icity is not accountedfor by anything in thePtolemymodel.) By contrast,if oneapplies
the foregoing method(eqs.31­46)to greatest­elongation“observations” computedfrom
Ptolemy's Venusmodel,thentheresultingsolution(analogousto eq.46)will beveryclose
to Ptolemy's r , e, & A (eq.49). Readersshouldtest this for themselves. (Neatsample
resultsof suchtestingareprovided in xF2.) EspeciallySwerdlow & Gingerich. For now
we cometo a simpler test — not of orbital elementsbut integrity elements:will these
much­exalted39 Expertshavethegutsto explorethiseasydemonstrationthatthey havemu­
tually disgracedthehistory­of­science�eld by yearsof prominent(andheresy­slandering)
promotionof their laughable40 claim that our highschool­math­level problemhereis in­
soluble? Haven't we beenthroughthis dramabefore? — seefn 40 — with the crucial
differencesthatthepreviousplayer(anunexcelledscholarin hisarea)[a] wascourageously
concernedto settherecordstraight41 and[b] wasn't habituallydecreeingthatdisagreement
from his opinion wasa sign of insanity,42 scholarlykookery43 (!), or dishonesty.44 But,
then,ever­obsessively­dedicatedkook slayerOwenVanHelsingGingerichis admittedlya
veryspecialcase.

H Re�ections; and AppreciatingThe Greatest'sTrue Greatest

H1 As weseeby comparingeq.30to eq.48,theeccentricsolutionsarequitesensitive to
our selectionof the threeinput greatest­elongations.Differentchoiceswill producequite
differentvaluesfor e andfor A — a point alreadyextremelyobvious via comparisonof
eqs.29&30!
H2 But this is muchlesstrueof theequantanalysis— a pointwhichcould45 well have
helpedclue46 ancientsto the preferabilityof the equant. Any well­spacedDionysian­era
trio will producee just under47 1p andA around48 57� , with scatterover a rangeof about

39 Seethe Amer Astr Soc­af�liated HAD's H.A.D.News, which regularly showers Gingerichwith
HAD­boardpraisesofulsomethattheHAD shouldhavebeenmegaretchedlyembarrassedevenbefore
thepresentrevelations.

40 Seediscussionat DIO 1.2 xI10. Sameproblemhere: x equationsof conditionwill determinex
unknowns. Whatscholarposingasanauthorityin orbital matterswould not know that?! Theancient
computerof the “Ptolemy” proofs of the outer planets'elementswas obviously familiar with this
ultra­elementarypoint.

41 JHA26.2:164(1995May). (SeealsoDIO 6.1z3 xH.)
42 SeeDIO 4.3z15 xH6 & Gingerich's 2000refereereportonThurston2002for Isis.
43 In thepresentcontext (stubborn& technically­innocent insistenceuponclinging to one's central

cult­tenet),thespectacleof watching(e.g.,DIO 1.1z3 xD2) Swerdlow accuseanotherscholarof being
cranksetsnew recordsin theirony dep't.

44 See,e.g.,DIO 1.1z3 xxD2­D3 & z6 fn 5, DIO 1.2­3fnn 92& 252.
45 However, regardinglikely historicalchronology, Seefn 35 item[a].
46 Seefn 35 item [b]. Also z5 xE4.
47 In theDionysianera: for eveninggreatestelongations,themeanof resultsfor e is 0p510 in arange

of � 0p020; for morninggreatestelongations,meanis 0p570 in a rangeof � 0p030. [The programat
p.54will alsoautomaticallyhandleamixedtrio (morning&eveningdata):sampleat lines70­90.]

48 Sample­testingof seriesof well­spacedeveningandmorningtrios in theDionysianera�nds that
the averagefor A is 57� : evening 60� , morning54� (an asymmetrythat variesaccordingto era),
with scatter­rangesunder4� . If oneuses3 consecutive eveninggreatestelongationsor 3 consecutive
morning greatestelongations,the con�gurations are lesswell­spaced— but the meanand scatter
(of inducedelements)arevirtually identical to thosefor well­spacedelongations.Sincenumerous
Dionysios­eratrios produceA very closeto 55� , it is temptingto wonderif this resultcamethrough
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� 6� (rms4� ) — mereaveragingof resultsfrom a few trios would have shown this. Thus,
fairly consistentinductionsof Venus' e, A, & r would have requiredundera decadeof
carefulobservations. Indeed,3 of thelast4 Venuselongations(138evening,140evening,
140morning)available49 to Ptolemywouldhavesuf�ced in barelytwo years!(Heactually
recorded[badly] both 140 events.) For thesethreegreatestelongations,substitutingreal
datainto lines70­90of ourp.54programyields:

r = 43p240 e = 0p500 A = 64� (47)

Notethatour results(eqs.46&47)arein goodagreementwith themorereliableestimates50

foundby R.Newtonusingleastsquares,�tting veryextensively to theactualorbit of Venus
(R.Newton1977p.311):

r = 43p220 e = 0p500 A = 60� 120; (48)

H3 Ptolemy'svalues51 for Venuswere(Almajest10.1­3):

r = 43p100 e = 1p150 A = 55� (49)

His alleged methodof �nding them was a childish forgery­of­reality, in order to make
the problemsimpleenoughfor his limited mentality to solve it (notexB4's hypothetical
parallel dumb­down heliocentrist­forgery) — a hoax so bungled that its two datesfor
the sameevent (fn 24) accidentallydisagreedby over a month, therebycreatinga truly
unquestionedGreatest:

THE mosthilariouslyineptfraudin theentirehistoryof astronomy.

to Ptolemywithout correctionfor precession.
49 That is, the last four Venuselongationsthat occurredbeforethe �nal “observation” (141/2/2)

recordedin theAlmajest(9.7).
50 R.Newton 1977p.311showed(seealsofn 30) that theequantshouldnot usesymmetriceccen­

tricities: for Venus,the ratio of the two eccentricitiesshould(R.Newton 1977TablesXI.2&8) have
beenabout8:7 insteadof equal(asPtolemymakesthem:Almajest10.3).But herewesimplysumthe
two equant­styleeccentricitieshefound,in orderto allow a crudecomparisonto our eccentric­model
values.Of course,weshouldusehalf thissum(whencomparingNewton'sequantresultsto ours:xG),
namely, 0p500.

51 As hintedin xE12: the poornessof his e may be dueto his having accidentallygottenit from
someone's eccentric­modelanalysis— seeeq.30.
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I Appendix: A BoobonicPlagueof Upside­Down­Apologia

I1 Insteadof usingthevalidmethodsdemonstratedherein xGorz5, Ptolemypreferredto
fake Venus“observations”usinga crudely­rearranged(utterly impossible­fantasy)version
of thevery theoryheclaimedhewastrying to prove fromthefakeddata. (If sucha lying
inversionof genuineempiricalinvestigation[andplain truth] isn't a crimeagainstscience,
thenthere's no suchthing.) See,e.g.,Gingerich2002or Swerdlow 1989.52 Both papers

52 Top­public­apologistO.Gingerichis now goingaboutexclaiminghis ecstasyin discovering that
Ptolemysystematically“shaded”his purportedVenusobservationsto make up for the inconvenient
reality that Venuswasn't actuallyat the greatestelongationpoint when& wherehis fraud required
it to be. (Crucial­test­on­crucial­testing: doesOG's belatedrecognitionof Ptolemy's Venusfrauds
decrease[Rawlins 2003Jfn 21] or increaseor leave­�x ed OG's superlative rankof his ancientidol?
Seefn 55.) Likewise Swerdlow 1989p.35: “the observation hasbeenadjustedto the position the
planetwouldhavehad if it wereat greatestelongation”;p.42: datawere“arranged”;p.54: Ptolemy
“couldnothaveobservedsomeof thereportedelongations”;p.54: “Ptolemy'sadjustmentsof whatever
heobservedwereof theorderof 1� ”. But thestrangestpartof MacArthur­fundedSwerdlow 1989is
(p.31): “Ptolemymustearlierhave carriedout analysesby quitedifferentmeans. . . [to �nd] at least
preliminaryparameters”.(Seefn 9.) Sincethe Almajestproofsof celestialparametersarepatently
phony, thesenumbersclearlyhadadifferentorigin, but wecontinueto look in vain for thedata(other
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areby leadinglosersof the PtolemyControversy, who lack the simpleintegrity to admit
theirdefeat.53 (But, then,theirpraiseof Ptolemy's fakerysuggeststhathonestyis notquite
at the top of thesearchons'list of desirablehumanvirtues.) Instead,they have painted
themselvesinto thecornerof having to say:well, OK, soPtolemydid fake thedata— how
wonderfully clever of him! If you can't believe this (andwho would blameyou?),then:
readbothpapers.(Somespecialenticement­samplelogical­gemsarecollectedin fn 52.)
I2 Bottom­linesfor Ptolemy's �nding r , e, & A: [a] Hepickedaterriblemethod(xB1).
[b] He couldonly make it “work” by fakingdata(xI5). [c] He fumbledthefakessobadly
thatheevendouble­datedtwo (xB). [d] He hada poor54 eccentricitye.
I3 Gingerich2002p.72nearlyswoonsin admirationof suchachievements,designingthe
boldly­invert term“approximations”for VenusplacesthatPtolemysuper­unapproximately
faked in orderto get themon­the­nose­preciselywherehis crackpotmethodneededthem
(emphadded):“Suchapproximations55 arecharacteristicof our mostinsightful scientists,
who seethemasa way to tackleotherwiseintractableproblems.” Whatarethestandards

thanthenumberof digits to the left of thedecimalpoint on a MacArthurgrant­checque)which have
convincedNS of the bizarrepropositionthat the astrologer­geometrist­plagiarist who faked clumsy
pseudo­proofafter clumsypseudo­proof(oblivious to themostelementaryempiricalconsiderations,
e.g.,fn 24,or Thurston1998� 16), wasactuallya proto­IsaacNewton whenno onewaslooking: an
immortalscientistandadeft empiricalinvestigatorwhocarriedout competentclandestinederivations
(therearesomewonderfullyaccurateparametersembeddedin theAlmajest, e.g.,Mars' meansynodic
motion, Mercury's inclination) — derivationswhich, despitehis high integrity andthe vastbulk of
his encyclopaedicoutput,he nowherereported,so that all arenow regrettablyMissing. Among the
achievementsimplicit in Swerdlow's intenselyreligiousrevelation: Ptolemyusedaccurateunreported
observationsto secretlyfound his theories,but thenreportedthesesametheoriesin the Almajestas
if they werebaseduponhighly inaccurate observations. Seefurtherextremeirony notedat Rawlins
1987p.237(item 3 & �nal sentenceof item 2).

53 Note: Swerdlow 1979p.524affectedhorror at R.Newton's attackon Ptolemy's “reputationfor
integrity” — yet whenSwerdlow �nally , a decadelater, agreed(fn 52) to the Ptolemyfraudswe're
discussing,oneitem wasfound inexplicably missingfrom Swerdlow 1989(especiallyfrom its n.1,
which speci�cally citeshis earlierattackon RN): namely, NS' appropriatelycontriteretractionof his
earlierrepulsive abuseof R.Newton for sayingthe samethings. (Seefn 12.) But, OG&NS sharea
commonproblem:how can anupper­caseAuthority retract?Thesurestmarkof a privately­insecure
fake expert is his palpableterror of ever beingviewed asseriouslymistaken. The resultantrigidity
explainswhyhigh­societyacademe(increasinglycrowdedbycreatureswhofranticallyspendtoomuch
energy atbrainkissingto leavemuchoverfor seriousresearch:DIO 2.3z6 xF2)endsupweigheddown
by functionalcranks— sinceacrank'smostcharacteristicfeatureis his inability to changehisopinion
in responseto incomingevidence.

54 SeeR.Newton 1977TableXI.7 andhereat xC3& fn 30.
55 Linguisticmanipulation(“approximations” for deliberateforgeries)isaclassicOrwell iantechnique

for avoiding admissionof controversy­loss; in like (if less perverse)spirit, Swerdlow 1989 p.35
repeatedlycalls Ptolemy's faked Venusplaces“required” positions. (Gingerich2002p.72 [pushing
samesham]: “desired”positions.) Translation:Ptolemy's forgerieswerecomputedfrompre­known
theoryandbroughtforth by him asevidencefor thatvery sametheory(fn 57),a swindle(noterelated
[and even more spectacular]archonal�ip�op cited at Rawlins 1991W fn 99) which O.Gingerich
hasbeentelling us for decadesis thebest— “the Greatest”— typeof ancientscience!(For several
unevadableproofsthatPtolemypossessedparametersbeforeconstructinghispurportedproofsof them,
see:fn 57,xB3,Thurston1994P, Rawlins 1987pp.236­237item(5)& n.25.) In brief: betweenslanders
of thosewho condemnPtolemy, OG is now admitting(Gingerich2002)that Ptolemyindeed(asall
OG's slandeesrealizeddecadesbeforeOG) usedindoor computationsto fake outdoorobservational
data. Thus,OG hasundergonea crucial position­shifton the evidence,but (revealingly) it hasnot
causedhim to retreatonemicron from his pre­admission(Gingerich1976)position— asheexhibits
wondrouslyineducableconstancy (fn 10) in verbatim­echoingNeugebauer1975 p.931's rating of
a plagiaristas “the greatestastronomerof antiquity”: seeGingerich1976, Gingerich1980 p.264,
& Gingerich2002p.70. The religiousadherenceto preconception,entirely regardlessof incoming
evidence,is downrightPtolemaic.Seefn 13,andespeciallyfn 61& DIO 2.3z8 xxC25& C31­33.
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of journals& foundationsthat repeatedlypromotesuchamateurreveries(unrefereedby
anyonetruly capablein thearea)asthejudiciousinductionsof a genuineexpert?56

I4 Suchrepulsivecorruptionof theidealof scienti�c creativity issuf�ciently remarkable
that theentireacademiccommunityoughtto bealertedto Ptolemy­defenders'pioneering
efforts at rolling backthefrontiersof archonalapologia.
I5 With respectto Ptolemy's Venusdoubledating­pratfall (fn 52): while NS & OG
funtasizethat Ptolemywas forced57 into cheating,they slyly fail to facethe questionof
whatthehell this speculationhasto do with explainingPtolemy's fakery gettingsofouled
up? Is our lovably imperviousdefenders'next trick going to be: convincing the world
that Ptolemyneededto createhilariously and(xxB2&B3) enormouslyself­contradictory
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 evening­starcycle, adiscrepancy largerthanthelunar
semidiameter, yet anothergenuine& impressive Ptolemy�rst (deservingrank almostup
therewith double­datinga celestialevent): The Greatest's elongationwas greater than
the greatestelongation. Onecansimilarly describePtolemy's 136/11/18“observation”:
how canhe at Almajest10.2 call 47� 1/3 the greatest136 AD eveningVenuselongation
when— by his own massively disparate(fn 24) but immediately­adjacentAlmajest10.1
account— the greatest136AD eveningVenuselongationwas1� /5 higher (47� 8/15) on
136/12/25?Thus,The­Greatestracksuponemore58 greater­than­greatestelongation.(This

56 The(sometimes)illogical outgassingsof Ptolemy's (mostly)math­challengeddefendersaretaken
seriouslybecausesomeareat majoruniversities.Readerswho mayon this basishave supposedthat
thesegentlemenhave somespecialunderstandingof orbital mattersshouldnoticetheembarrassingly
one­sidedratio of eachside's original researchpublicationson dynamicalastronomyin professional
astronomicaljournals. (One would normally be very reluctantto bring up sucha point — but if
Muf�osi somehow �nd it self­reassuringto spenddecadesslandering[as nuts,fools, etc] thosewho
merelydisagreewith them,thencoldwater­reminderson genuineexpertiseareoccasionallygoingto
happen.Note that DIO hasalwaysheld that suchimbalancesdo not prove that we arerighter than
Muf�osi regardingthe contendedpointsbetweenus. [SeeDIO 1.3 z10 (3rd­lastparagraph).]Our
positionis merelythattheMuf�a' s incessantandcuriouslyaggressive we­are­The­authorities­around­
hereposturingjust might perhapsbea slightly lessthancompletelyperfectguideto thetruth. Unless
weareseekingtransparentindiciaof whichsideis seethingwith inwardinsecurity.)

57 Gingerich2002p.73: “thereis nootherwayto establishthisgeometry”(seealsoxB4) soPtolemy
“silently [vs fn 12] increasedelongationangles,which makes his solution for the �nal parameters
considerablymoreaccurate.” Gingerich'scommentonparameter­accuracy seemsintendedto justify &
defendPtolemy'sVenusfrauds.But thepointis thatPtolemyalreadyknew roughly­correctparameters
(asOGrealizeson theverysamepage)“from many unspeci�edobservations”. (Actually, theVenuse
and[Almajest10.4]meanmotionweren't very good.) SoPtolemysimply fudgedhis proof's datain
orderto getthe“right” answers.(Historiansmaynotknow whatgettingtheright answersfrom wrong
datameans,but scientistscertainlydo. See,e.g.,Rawlins 1987p.237.) This outrageousperversion
of inductive science,which (fn 55) pretendsto �nd parametersfrom observationswhenthereverseis
thecase,lifts OG to praisewhich is soethics­bendingthat it canserve aslawyeresqueinspirationto
forgerseverywhere.(SeeDIO 2.1z2 xxH31­32.) Henceforth,all freshman­labcheaterswho skip the
day's experimentandinstead“silently” fake data(from thevery theorythey're supposedto betesting)
canjustpassoff suchdishonestyaswhatawell­known Harvardprof has,afterall, prominentlydeemed
“abrilliant tour­de­forceof theoreticalandobservationalINTERACTION.” (SeeGingerich2002p.73;
emph& capsadded.)Onecanjokeaboutit (will successfulstreet­muggingnow berenamed“brilliant
provider andprovideeinteraction”?)— but, asI onceasked(DIO 1.2xE4, in relatedexasperation&
context): “how doesonesatirizematerialthatalreadyreadslike satire?”

58 Extra oddity: at Almajest10.4,Ptolemycorrectlysaysthat his 138/12/16positionfor Venusis
“after” greatestelongation— even thoughit is closer(off by 19d� ) 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 alsoevidencethatheknew enoughto realizehow dishonestit wasto invent “better” data
wheneverhewishedto promotethecalculateddeceptionthathismodelstruly representedtheheavens.
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time greaterthanhis own [ratherthanreality's] greatest.)
I6 Familiarly, we arehereconfrontedwith two quitedifferentPtolemysuperexcesses:
fraudandbungling. [Nobody'sperfect.]R.Newton's low evaluationof Ptolemycoherently
solves both. (By contrast,Ptolemy's Occam­defying,Osgoodly­impenetrabledefenders
continue[seesimilarly at DIO 4.3 z15 xF5, DIO 10 xL9 & fn 109] to have to concoct
& jugglemultiple distinctanddisjunctalibis: fnn 20&61.) E.g., for oneof his two initial
Venusproofs[eitherAlmajest10.1or 10.2],why couldn't a smartfaker have just usedthe
nearlyidenticalVenus128/12/16greatesteveningelongationinsteadof the136/12/14one?
This would have to earnfewer snickersthanPtolemy's actualprocedure:usingthe very
SAME Venus136AD greatestelongationin two con�icting proofs,megacontradictorily.
I7 NS­OG'ssoberalibiing of Ptolemy'sVenusfumblefarcesis akinto adefense­lawyer
goinginto courtto get­off a counterfeiterwhowassostupidlycarelessthatheaccidentally
printedBen Franklin on both sidesof his attemptsat faking hundred­dollarbills. What
lawyer(outsideinnermostJHAdum)wouldtry to excusesuchineptcriminality by claiming
thatthebungledbucksshowedimmortal,greatest­technician­of­the­era BRILLIANCE?
I8 A penchantfor suchalmost­perfectly­invertedjudgementsseemsto bebubonically
infectiousin theMuf�ose circle. (Seealso,e.g.,fnn 7&35, DIO 11.1p.2.) Notethatthese
cranialwarpsissuenot from theFlat Earthersor theScientologistsbut from highly placed
professorsat Harvard and the University of Chicago,andareregardedasutterances­of­
geniusby no lessthantheMacArthurFoundation.
I9 Weknow (z5 xC2,Rawlins 1991Wfn 123,or Swerdlow 1989p.32)thatPtolemygot
hisVenusr from Pliny (77AD) or hissources,andwefoundhintsof Ptolemy'se andA at
eq.30& fn 48,respectively. However, themoreimportantpoint is: his e is notonly wrong
but thecorrectvaluecouldhave beenestimatedin his own time— andwith just two years
of realelongationdata(xH2) — by techniques(explainedin ourpresentpaperandthat[z7]
following) comparableto thosehesaidheusedfor theouterplanets(fn 27).
I10 Soit isnolongerrelevanttoclaim59 thatR.Newtonwasunhistoricalin usingmodern
mathandcomputersto gethis best­�t Venuselements(R.Newton1977p.311TableXI.2).
For, we have alreadydemonstratedhereby quantitative test60 that the ancient­styletrio­
basedmethodof thepresentpaperwouldhavegottenvirtually thesameresultsasR.Newton,
andfrom justa few yearsof carefulobservations— takenoutdoors.
I11 But it' s that italicizedlastconditionthatwasalwaysa problemwith Ptolemy. For,
aswe know on otherandeven simplerevidence,“Ptolemydoesn't seemto have allowed
his eyeballsoutat night.” 61

59 Baseduponthis cocky delusion,HamSwerdlow 1981pp.62­63heapssuperior­airs scornupon
R.Newton: “[his] argumentsmake anachronisticdemandson whatsomeonein antiquityshouldhave
beenableto do, e.g., Ptolemyshouldhave found the elementsfor the planetsthat Newton hadhis
computer�nd in making a best­�t model for a seriesof accurateplanetarypositionsin all orbital
con�gurations.” Yet thepresentpaper's simplemethodcouldproduceVenuselementsverynearthose
of R.Newton's analysis,from 2y of accurategr.elongdata(xH2) plusa few minutesof math(xE13).

60 xH2 (& seefn 48) successfullycomparedelementsgottenfrom a meretrio (eqs.46&47)to the
result(eq.48)of R.Newton's Gaussianstatistical�t (basedupondozensof Venuspositions).

61 SeeRawlins 1985Gp.266& fn 6 [& fn 6 here],wherewe show: just asPtolemygives2 contra­
dictory data­setsfor thesameVenuselongations(fn 14), healsogives2 contradictorylatitudeseach
for Alexandria(his own city!), Heliopolis,& Syene.(And his Mercurycontradiction[Rawlins 1987
pp.236­237,Rawlins 2003Jfn 34] is worse.)In closing,werecall: whenin 1976,O.Gingerichplunged
into defendingPtolemy(fn 12),hedidn't yetknow of theVenusdouble­datecontradiction. So,when,
in 1983,Venus­disasterhit Ptolemy's biggestfan(fn 5), OGcouldonly reactwith anelaboratelycom­
plex rationalization(xA3) to defendhisoriginalposition.Whichsuggestsachallenge:for Ptolemists'
next unOccamitetrick, they shouldconcoctanother& equallyfancy ad­hocsingular theory, sculpted
speciallyto explain­away Ptolemy's doublecity­latitudes,soasto again(like xI6 [& seeDIO 6.1 z1
fn 47]) avoid acceptinga simplebut hatedcommontheory. For the latitude& Venuscontradictions,
thecommonexplanationis plain&coherent:plagiaristPtolemywasDr.Sloppy­Copy.
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z7 Unveiling Venus

by Hugh Thurston1

Although we may never know for certain, it is interestingto speculatehow early
people,theGreeksin particular, cameto dealwith themotionof Venus,theirextantefforts
culminatingin thetheorydescribedin Ptolemy's Syntaxis.

A Early Days

A1 Early peoplewill certainlyhave seena bright planet(which theGreekscalledEos­
phoros) visiblein themorningfor severalmonthsatatime,andabrightplanet(Phosphoros)
visible in theevening,but not during the time whenEosphoros wasvisible. Quite early,
beforethe time of Eudoxus,theGreeksrealizedthat the two werein factoneplanet(our
Venus).TheBabylonians,theChinese,andeventherelatively unsophisticatedMayas,also
realizedthis.
A2 Also quiteobviousweretheretrogressionsof thethreevisible outerplanets.Early
onit becameclearthattheirmotionwasto­and­froroundasteadilymoving “meanplanet”.
(Literally socalledby theHindus.TheSanskritis madhyagraha.) Eudoxushadtheplanet
moving in a �gure­of­eight; andtheChinesehadit moving in theshapeof a willow­leaf.
A goodquantitative theorybecamepossiblewhensomegeniusthoughtof having it move
roundonanepicycle.
A3 Thechangefrom eveningstarto morningstaris aretrogression(pastthesun)sothe
motionof Venuscanalsobedealtwith by usinganepicycle. Thecenterof Venus'epicyle
keepsin line with themeanSun.

B Epicyclesand Eccentrics

B1 Ptolemyusedthe meanlongitude,not the true longitude,of the sun, and earlier
astronomersmaywell have donethesame:thedoctrineof regularcircularmotion,which
probablyunderlaythis choice,is olderthanPtolemy.
B2 If thespeedof theplanetroundC, thespeedof C roundtheearth,theradiusof the
epicycleandthedistanceof C from theearthwereall constant,retrogressionswould all be
equallylong. They arenot,sosomethinghasto change.
B3 I suggestthat the �rst modi�cation to the theorywasto make the centreO of the
orbit of C apointdistinctfrom theearthT, usedbyHipparchusfor thesunwith considerable
success.
B4 Weneedto �nd thedirectionof O from T, thedistancee of O from T, theradiusr of
theepicycleandtheradiusR of theorbitof C. Theancientscouldnotmeasureastronomical
distances,sothey could�nd only themutualratiosof e, r , andR.
B5 The astronomersstartedwith a list of timed longitudesof Venus. For eachthey
couldcalculatethemeanlongitudeof theSun,MLS. Its differencefrom the longitudeof
Venusis themeanelongation.They workedwith themaximummeanelongation:MME.

1 ProfessorEmeritusof Mathematics,Universityof British Columbia.Address:Unit 3 12951,17th
Avenue,SouthSurrey, BC, CanadaV4A­8T7; phone604­531­8716.
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B6 Therearetwo thingsthat this could mean. If, startingjust beforethe middle of a
periodof visibility, they measuredthelongitudeof Venuseachnightandpickedthegreatest
of themeanelongations,thatwouldgive a maximumwith respectto time.
B7 Alternatively, if they hada list of meanelongationsthey couldlook at all themean
elongationsfor a givenMLS andpick thegreatest.This givesthegreatestME for a given
positionof theepicycle. Clearly, whenVenusis at thegreatestME for a givenpositionof
theepicycle, the line of sight from theearthto Venusis anexact2 tangentto theepicycle.
Fromnow on, thisversionis whatI meanby MME. It is theversionusedby DennisDuke
in z5 of this issueof DIO andis the versionthat appearsin Ptolemy's calculations.For
eachMLS therewill betwo MMEs, oneto theeastandoneto thewest.3 Their sumgives
theapparentsizeof theepicycle. The �rst stepis to �nd thelongitudeof O. Thereareat
leastthreewaysto do this.
B8 Method 1: Find the position of C for which the apparentsize of the epicycle is
greatestandthepositionfor which it is least.To do this theastronomerwould tabulatethe
MMEs in theorderof theirMLSs, for eachwesternMME �nd by interpolationtheeastern
MME for thesameMLS, addthetwo MMEs together, notehow thesumvaries,and�nd by
interpolationtheMLSs giving thegreatestandleastvalues.(If they do not differ by 180� ,
thereis aproblem.)

2 Thefactthatthenon­tangency rulenotedatz6 xF appliesto greatestMEswith respectto timebut
not to thosewith respectto MLS was�rst mentionedin 1977by F.W.Sawyer(PRISMATA, pages169
to 181).

3 Thedifferencebetweenthetwo kindsof MME canbeseenbeautifullyclearly in Fig.1of Dennis
Duke's article [z5] (Easternelongationsareseenin theevening). Thedottedlinesaregraphsof ME
againstMLS. MLS increasessteadilywith time, sothehighestpoint on eachgivesa maximumwith
respectto time. ThepointsontheouterenvelopegivethegreatestME for eachpositionof theepicycle.
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B9 Method2: Find aneasternMME equalto a westernMME. A moderatelylargelist
of MMEs wouldgive areasonablechanceof �nding suchapair. Ptolemysaidthatheused
this method,and,assumingthat the line OT runshalfway betweenthe two equalMLSs,
foundthat it extendsalongthediameter55� ­to­235� . Comparingtheapparentsizeof the
epicyclewhentheMLS is nearto 55� with thesizewhenit is nearto 235� showedthatthe
longitudeof O is 55� .
B10 Thetroublehereis thattheequalityof thetwo MMEs doesnot guaranteethatOT
runs halfway betweenthe MLSs. This is easily seenfrom DennisDuke's graph[1] of
easternMME againstMLS [Figure1 of articlez5 in thisDIO ].
B11 For eacheasternMME (otherthanthegreatestandleastones)therearetwo MLSs.
If comparingonewith anequalwesternMME (asgraphedat z5 Figure2) givestheright
directionto OT, comparingtheotheronewith thesamewesternMME will not. Ptolemy's
result is roughly correct,so if he actuallyusedthis methodhe musthave beenlucky in
pickinga well­matchedpair.
B12 Method3: UsethreeMMEs. Theappendix(xD) shows how.
B13 Admittedly, wehavenodirectevidencethatany ancientastronomerusedmethod3,
but perhapswe shouldnot expectany.
B14 Thenext stepis to �nd e andr in termsof R. If wehaveusedmethod3 thereis no
problem.If wehaveusedmethod1 or 2 themoststraightforwardway is to usetwo MMEs
whenC is on the line OT. Ptolemyclaimedto have usedthis methodandexplainedit in
chapter2 of book10of theSyntaxis.
B15 The troubleherelies in �nding MMEs whenC is in the right position. Suppose
thatwhenC is on theline, sayat 55� , Venusis at thepoint V of theepicycle. C will reach
55� at yearly intervals. Thesynodicperiodof Venusis very closeto 8/5 of a year. Let V,
W, X, Y, andZ divide theepicycle into �v eequalarcs.Thenext �v e timesthatC is at55�

Venuswill beat Y, W, Z, X, andbackat V; not exactly but close. Thepositionsof Venus
whenC is at55� will becloseto these�v epointsfor a long time. Unlesswearelucky and
oneof themyieldsa MME we will not �nd whatwe want. Ptolemysaidthathefound it
(onMay 20th,129AD).

C The Equant

C1 Ptolemy's �nal theoryusedanequant.DennisDuke hasshown [z5 xxE1­E4]how
Ptolemymight have beenled to this. Duke's reasoningcaneasilybe restatedin ancient
Greekfashion.Dukealsoexplained[z5 xC2] how theancientsmighthavefoundtheradius
of theepicycle.
C2 SeveralwritershavesuggestedthatPtolemyadjusted(or evenfabricated)hisobser­
vations.In particular, Swerdlow wrotethatPtolemy“could nothave observedsomeof the
reportedelongations”(hecertainlycouldnothave observedtwo MMEs 37daysapart)and
“Ptolemy's adjustmentsof whatever heobservedwereof theorderof 1� ” [2, page54].

D Appendix

D1 Figure1 shows an occasionwhenthe sight­linefrom the earthT to VenusV is a
tangentto theepicycle. OQ pointsin thedirectionof zerolongitude. Angle COQ is the
meanlongitudeof the sun. The anglebetweenTV andOQ is the longitude� of Venus.
CVT is aright angle.
D2 Drop perpendicularsOF to CV, OM to TV, TZ to OQ,andZH to OM. Angle COF
is theelongation
 . (OT is theeccentricity, andTO pointstowardstheapogee.)
AngleZTS is 90� � � . ThenHS= (ZT/120)�chd(180� � 2� ). AngleHZO = � . ThenHO
= (OZ/120)�chd(2� ). Thus,r = CV = CF + FV = CF + OM = CF + HM � HO =
(1/2)�chd(2
 ) + (ZT/120)�chd(180� � 2� ) � (OZ/120)�chd(2� ).
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D3 Giventhreesuchoccasions,wehavethreeexpressionsfor r , giving [by equatingthe
threeexpressions]two linearequationsin thetwo unknownsZT andOZ, which theGreeks
couldsolve. ThatgivesboththedistanceOT [eccentricitye] andtheanglebetweenOZ and
OT andhencethedirection[apogeeA] of O from T. Thenany oneof thethreeexpressions
givesr . This methodhasbeenappliedto realdataby DennisRawlins [3] usingmodern
mathematics(coordinategeometry)andby DennisDuke,usingvectors(unpublished).
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E Program for Thurston GeocentricMethod [2003DR Addendum]

HughThurston'sgeocentricmethod4 canbeprogrammedjustasreadilyasDR'sheliocentric
method(p.54). To save space— andhighlight differencesin the two approaches— we
below provide merely a dozenlines of the geocentricprogram,sinceall the other lines
are identical to thoseof p.54's program. Thus, a simple 12­line replacement­operation
(merge­command)uponthe35­lineheliocentricprogramonp.54producesthefull 35­line
geocentricprogram.Despitethemethods'differing mathstepsandreference­frames,the
resultsof the two programsarethesame,both for theequant5 (whereevery loop's results
areabsolutelyidentical: e.g.,z6 xG9)andtheeccentricmodel.

130N(I)=1:NEXT I
150H=E0� SIN(G):G0=G:G=G� ATN(H/SQR(1� Hˆ2)):N(I)=SIN(G)/SIN(G0)
190NEXT I
220IF SGN(G(I))=SGN(G(J))THEN SI=1ELSESI=� 1
230J(I)=COS(V(J))� SI� COS(V(I))
240K(I)=� (SIN(V(J))� SI� SIN(V(I)))
250Z(I)=SIN(G(J))� N(J)� SI� SIN(G(I))� N(I):NEXT I
270W(I)=J(J)� K(I) � J(I)� K(J)
280A(I)=(J(J)� Z(I)� J(I)� Z(J))/W(I)
290O(I)=(Z(J)� K(I) � Z(I)� K(J))/W(I)
300R(I)=ABS(N(I)� SIN(G(I))� O(I)� COS(V(I))+ A(I) � SIN(V(I))):NEXT I
310X0=A(3)/F:Y0=O(3)/F

4 TheThurstonmethodis mathematicallyquicker thantheDR method(z6 or p.54);thoughthelatter
solution,if performedgraphically, couldhardlybemoreelementary.

5 Adjusting the Thurstonmethodfor the equantmodel (to producethe presentversatileBASIC
program)requiresonly that in Fig.1, the epicycle­center(still moving at constantangularvelocity
aroundO, now the equantpoint) is at unit distancefrom OT's midpoint (insteadof from O), which
will bee (insteadof e/2) distantfrom O andfrom T. Thus(usingthe law of sines& z6 eq.33),OC
equalssinu/sing (insteadof unity). Theappropriateadjustments(to equantmodel)of thexD3 method
arebuilt into lines310(&10),250&300(&150)of thegeocentricprogram.
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Columbus' landfall, CometHalley apparitions,Peary's �ctional Crocker Land.
� EntireDIO vol.3 devotedto 1st critical editionof Tycho's legendary1004­starcatalog.
� Investigationsof sciencehoaxesof the� 1st, + 2nd, 16th, 19th, and20th centuries.

PaulForman(Historyof Physics,SmithsonianInstitution): “DIO is delightful!”
E.MylesStandish(primecreatorof thesolar, lunar, & planetaryephemeridesfor thepre­

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

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

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

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

Annalsof Science(1996July), reviewing DIO vol.3 (Tychostarcatalog): “a thorough
work . . . . extensive [least­squares]erroranalysis. . . demonstrates[Tychostar­position]
accuracy . . . muchbetterthanis generallyassumed. . . . excellentinvestigation”.

British Societyfor theHistory of Mathematics(Newsletter1993Spring): “fearless. . . .
[on] theoperationof structuresof [academic]power & in�uence . . . muchrecommended
to [readers]boredwith . . . themoreprominentpublic journals,or opento thepossibility
of scholarsbeingmotivatedby otherconsiderationsthanthepursuitof objective truth.”


