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Foreword 

Claudius Ptolemy's geocentric system has long since been dumped into the trash 
bin of discarded theories. Why, then, is anyone still concerned with this hoary 
treatise? It is because Ptolemy's Almagest, more than any other book, convinced 
people that the seemingly complex phenomena of the heavens could be repre- 
sented by a simple underlying mathematical description, one that afforded the 
possibility of continuing prediction of celestial events. Certainly this was a major 
milestone in the development of science. 

To understand Ptolemy's contribution, we must appreciate the fact that he was 
tackling a fairly esoteric problem: how to find the positions of heavenly bodies in 
the sky. I say a "fairly esoteric problem" because most people have rather little 
use for such specific information as to where Mars is to be found at a specific 
moment. Nevertheless, there are subtle reasons why this quest has been important 
to mankind. The motions of the planets have a demonstrable, predictable regular- 
ity. which raised the hope that other aspects of our world might also have under- 
lying regularities if only the secrets of nature could be teased from the seeming- 
ly capricious patterns of weather. catastrophe, or human personality. In Ptolemy's 
day (the second century of our era) there was the lure that the regularity of the 
stars was reflected in mundane events. Years later Tycho Brahe, the renowned 
Danish observer and Kepler's sometime mentor, expressed it in the motto Sus- 
piciendo despicio-"By looking upwards, 1 see below." It was a false scent, to 
find in the clockwork of the stars the key to personal affairs, yet the knowledge 
of the planetary rhythms did unlock Newtonian physics and with it the funda- 
mental understanding of the physical universe. The value of accurate planetary 
positions has by our century come full circle: in their examination came an appre- 
ciation of elliptical orbits, then gravitation and planetary perturbations. Today the 
trajectories of spacecraft exploring the distant worlds of our solar system require 
solutions to that "fairly esoteric problem," with a precision undreamed of by the 
Alexandrian astronomer or his Renaissance successors. 

Ptolemy's epoch-making book is generally called by its Arabic name, the 
Almagest, meaning literally "The Greatest." Written in Greek in Hellenistic 
Egypt around A.D. 150, it is indeed the greatest surviving astronomical work 
from antiquity. What Ptolemy has done is to show-as far as we know for the first 
time in history--how to convert specific observational data into the numerical 
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parameters for his planetary models, and with the models to construct tables 
whereby the solar, lunar, and planetary positions and eclipses can be calculated 
for any given time, past or future. Altogether it is a remarkable achievement, com- 
bining in a brilliant synthesis a treatise on theoretical astronomy with a practical 
handbook for the computation of ephemerides. 

Ptolemy accomplished his task within the cosmological framework almost uni- 
versally accepted in his day, the earth-centered or geocentric world view. He 
admits at the outset that it might perhaps be simpler, from a strictly celestial view- 
point, to have the earth spinning daily on its axis rather than to have the entire 
heavens rotating about the earth. But this, he says, fails to take into account the 
terrestrial physics: if the earth moved, "living things and individual heavy objects 
would be left behind, riding on the air, and the earth would very soon have fallen 
completely out of the heavens. But merely to think of such things is utterly ridicu- 
lous" (p. 44). And so, after only a few pages devoted to his cosmological assump- 
tions, Ptolemy marches on to the "practical" matter of a mathematical description 
of the heavens. 

In many respects, Ptolemy's Almagest is to applied mathematics as Euclid's 
Elements is to pure mathematics. Even its Greek title, Mathematike Syntaxis, or 
"Mathematical Treatise," reflects his desire to give a tidy geometrical and numer- 
ical account of his subject. He begins with instructions for computing the trigono- 
metrical chord function, and then applies this to a long series of proofs, con- 
structions, and specific derivations of numerical parameters from his observation 
material. And here we discover that this English edition of Ptolemy's ancient clas- 
sic is more than just a fresh translation. G. J. Toomer has given us an intelligent- 
ly arranged presentation, based on a new reading of both Greek and Arabic man- 
uscripts, replete with supplementary diagrams, appendices, and a running critical 
cornmentky. For instance, he has not hesitated to use an anachronism, the equals 
sign, which did not come into common usage until well into the seventeenth cen- 
tury. For the twentieth-century reader, this thoughtful decision makes Ptolemy's 
rather clumsy trigonometric manipulations easier to follow. 

Ptolemy's attempt to be the Euclid of applied mathematics was fraught with 
certain difficulties, because observational data are not quite as tidy as the abstrac- 
tions of pure points and lines. Particularly in the pioneering days before anyone 
had conceived of error theory, harnessing untamed nature into a mathematical 
theory was no simple task. Like astronomers today, Ptolemy undoubtedly built his 
edifice on a pastiche of new and old techniques, rejecting, adjusting, or incorpo- 
rating data to make a coherent whole. It is not surprising that his work harbors 
certain ambiguities and outright botches. Still, it became the fundamental astro- 
nomical text for over a millennium, and it served as the exemplar for Copernicus' 
De revolutionibus nearly fourteen centuries later. 

In thirteen "books" the Almagest describes Ptolemy's complete program for 
the calculation of planetary positions. But it is not an account of discovery. 



Rather, it is a textbook, which in good cookbook fashion shows how to convert 
observational data into workable tables. Unfortunately, like many modem text- 
books, it carehlly conceals the process of deciding what model to use in the 
first place. For starters, Ptolemy borrowed an old technique of an epicycle on a 
deferent carrying circle, but he added to it the so-called equant. Whether the 
equant was his own invention, or something he also borrowed, matters rather 
little, because he was the first person to make it work in a large-scale application. 
Still, it would be interesting to know more of the process that brought him to 
his particular choice of mechanisms. We can well imagine that he worked 
first with Mars, although this is not the planet with which he begins his presenta- 
tion. Instead, he takes the planets in order, starting with the overly compli- 
cated model for Mercury, then Venus, whose orbital eccentricity is too small to 
allow the equant to be explored with any efficiency, and only then to the critical 
case of Mars. 

It is one thing to have a successful theory of Mars and quite another to cast it 
in a form so that the calculations could be made in a routine fashion. His ingenu- 
ity in setting up a pair of single-entry tables with multiplicative corrections 
instead of a monster double-entry table is one of the neatest tricks of practical 
mathematics in all of antiquity. In the first appendix to this volume Toomer gives 
an example (no. 14) of the computation of a planetary longitude from Ptolemy's 
tables, without, however, pausing to point out how clever Ptolemy's computa- 
tional procedure really is. 

Of course, Ptolemy does not start right out with establishing planetary models 
and parameters. As in any good textbook, he begins with the basic mathematics 
he will use, even showing how to derive the entries in his trigonometric table. 
From this he progresses to the question of coordinate systems, and here he only 
hints at the difficulties that strew his path. To set up a coordinate system for the 
starry sky requires a knowledge of the sun's path among the stars, and clearly 
considerable expertise is needed to transfer the daytime solar motion to the night- 
time sidereal map. That Ptolemy did not succeed perfectly is more a cause for 
puzzlement than condemnation. 

Nor is his geocentrism an appropriate ground for reproach. Given the physics 
of his day, Ptolemy's kinematic modeling works just as accurately at his level of 
precisior? as a heliocentric system would have done. As Galileo would remark 
many centuries later, he could not admire enough those who had accepted the 
heliocentric doctrine despite the observations of their senses. At the opening of 
the seventeenth century there was still no observational way to distinguish 
between the two arrangements. So Ptolemy has built upon common sense, geo- 
metrical ingenuity, and a vast temporal baseline of observations to construct a 
system that would predict the lunar, solar, and planetary movements for centuries 
to come. His monument was to tame nature and to propagate the idea that the 
physical world is dependable and can be understood with mathematics. 



x Foreword 

Toomer's translation and commentary that follows is the best in any language, 
one that will undoubtedly remain as the standard preferred text for years to come. 
At the same time, this magisterial volume can pave the way for further investiga- 
tions of what, precisely, was going on in ancient applied mathematics, an analy- 
sis that should bring a fuller understanding both to Ptolemy's choices and to the 
roots of our own modem science. 

April 1998 Owen Gingerich 
Harvard-Smithsonian Center for Astrophysics 



Addenda and Corrigenda 

For this Princeton Paperback edition, I make no attempt to list all the books and 
articles on the Almagest published since the original edition of this book went to 
press in 1983, mentioning instead only the following. On the Canobic Inscription 
(p. 1 here) see now N. T. Hamilton, N. M. Swerdlow, and G. J. Toomer, "The 
Canobic Inscription: Ptolemy7s Earliest Work" in From Ancient Omens to Statis- 
tical Mechanics, Essays on the Exact Sciences Presented to Asger Aaboe, ed. J .  
L. Berggren and B. R. Goldstein, Copenhagen, 1987, 55-73. On the problem 
treated here on p. 224, n. 14 see now Alexander Jones, "The Development and 
Transmission of 248-Day Schemes for Lunar Motion in Ancient Astronomy," 
Archive for History of Exact Sciences 29, 1983, 1-36. The same author's "Hip- 
parchus's Computation of Solar Longitudes," Journal for the History 9fAstrono- 
my 22, 1991, 101-1 25, sheds light on the procedures of Hipparchus discussed by 
Ptolemy in IV 11. The majority of other recent publications on the Almagest are 
concerned with the star catalogue in Books VII and VIII. Of particular value in 
this respect are Gerd Grasshoff's The History of P~olemy's Star- Catalogue (New 
york, 1990), -which in Appendix B provides a recomputation of the positions of 
all 1022 stars using the best modem data (a task which I renounced on p. 16); and 
Paul Kunitzsch's Der Sternkatalog des Almagest: Die ar-abisch-mittelalterliche 
Padition (3 vols., Wiesbaden, 1986-1 991), which provides a magisterial edition 
of the Arabic and derived Latin versions of the catalogue, with exhaustive dis- 
cussion of variants. Had these been available when 1 made my translaticn, that 
part of my book would have been different in many details. However, in most 
cases it is a matter of making a choice between two or more textual variants or 
star identifications, and the best one can hope for is the balance of probability. 
Therefore I have not attempted a general revision of my translation of the cata- 
logue, but corrected only those elements which are unequivocably wrong, with 
-the warning that my reports of the manuscript readings, and discussions of iden- 
tifications, are inadequate for the reader who is seriously interested in the multi- 
ple problems arising from this part of Ptolemy's work. Such a reader would in any 
case have to consult Kunitzsch's book. 

The following corrections are confined to points of substance. No notice is 
taken of trivial slips and misprints which the reader can correct for himself. Some 



xii Addenda and Corrigenda 

of the errors were pointed out to me by pupils and colleagues, to whom 1 give my 
thanks, and ask their pardon if 1 do not now attempt to attribute each to its author. 
References are to page and line number, except where otherwise indicated. 

March 1998 G. J. Toomer 
Eoca Raton 

Corrigenda 

3,lO Hervagius: Walder 

166 n. 59 There are eclipse reports earlier than -651 preserved in the 
Babylonian records, including one from the first year of Na- 
bonassar: see John Britton in Die Rolle der Astronomie in den 
filturen Mesopotamiens, Graz, 1993 (Gr2zer Morgen- 
landische Studien 3), p. 63 n. 4. 

175,32 for ecliptic period read eclipse period 

192,2 1 for 345d read 354* 

205,6 Jfor p. 198 read p. 204 

237,l for 133  read 1 ;5 3 

320 n. 87 Add at end: "For a worked example of the procedure see 
Appendix A, Example 13." 

333 n. 61 for 0;57,30+ead 0;56.30g 

334 n. 68 for is the month read is the 3rd month 

349 nos. 2 0 2 2  The Flamsteed numbers given by me are wrong (see Kmitzsch, 
Sterrzkatalog I, p. 48 n. 1): the identifications proposed should 
be 77(x), 82(y), and 88(z) respectively. 

355 Serpens 
nos. 1-5 for heads read head 

362 no. 12 for 6' Tau read 6 Tau 

368 The footnote number 220 should be attached, not to no. 24, but 
one line below (to no. 25). Then note 220 should be changed to 
read: "The variant 2 12/3 occurs in the Greek and older Arabic 
traditions." 

368 n. 225 for 25 (A'BC) read 25'/1 (A'BC) 



. * .  
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371 n. 3 for why does Ptolemy mention read why does Ptolemy not 
mention 

373 no. 6, 
latitude for - ~ ' / I o  read -3'/6 [my error] 

376 n. 26 for & ~ & v e - q  read a~avea 

382 no. 7 for in advance of this read in advance of these 

389 no. 16, 
latitude for -575/6 read -57)/4 [a misprint in Heiberg that I failed to 

notice] 

390 n. 108 for have 26 read have 23 

393 Crater no. 1, 
longitude for 23 '/6 read 26'/3 [my error] 

395 no. 32, - 

latitude for -5 1 '13 read -5 1 2/3 [my error] 

458 n. 87 . This statement is incorrect. The point M can be found geomet- 
rically. For if one extends NMZ to X and drops perpendicular 
OX to NO, then in the right-angled triangle ZXO, ZO and OX 
(=HZ) are given, hence we can find ZX and XN, of which M, 
the centre of the eccenter, is the bisector. 

510 n. 4 This note should be appended to 5 12,309 ("AEX = 0;3%here 
4 right angles = 36O9") 

556 n. 3 last line read "Plane Loci 11 2." 

563 Fig. Q in the bottom epicycle A2 should be A?. 

565,39 for EG.EZ read EG.GZ 

652,30 for epoch read h epoch 

654,s After computing the time of mean opposition, the equation of 
time (cf. Example 8) should be computed as follows: 
h = 341;s" %epoch = 330;45" 
a = 344;48 "epoch = 335;7" 
hence E = -[(344;48 - 335;7) - (341;8 - 330;45)]" +0;42" 
+3 mins. 
So the local time of mean opposition is 4;38 p.m., and the time 
of true opposition (line 19 below) should be 11 ;9 p.m. 

662 HI 13,4 for "5 ':y'" read "y ':5'" 
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664 Insert: "H 149,13 v< L' y':v< L' 8'" cf. on 389 no. 16 above. 

666,5 for 494 read 496 

687 col. 11.5 after LLAristarchus,7' insert "1 38," 

691 col. 1,2 Insert ' ' ~ ~ ~ o o e a ~ a i p ~ o ~ ~  2 1 " 



Preface 

A new English translation of the Almagest needs no apology. As one of the most 
influential scientific works in history, and a masterpiece of technical exposition 
in its own right, it deserves a much wider audience than can be found amongst 
those able to read it in the original. The existing English translation by R. 
Catesby Taliaferro,' besides being difficult to acquire, is such that silence is the 
kindest comment one can make. The  French translation by N. Halma, virtually 
unobtainable, suffers from excessive literalness, particularly where the text is 
diffiult. The other modem version, Karl Manitius' German translation, is on 
an entirely different level from these. It was done by a man who had studied the 
text and made a strenuous and on the whole successful effort to understand 
Ptolemy's meaning and methods. I have used it constantly for twenty years, and . 

those to whom it is familiar will recognise how much I owe to it. Nevertheless, it 
is not free from mistakes, and, to my taste, errs in the direction ofparaphrasing 
where it  should be translating. Most important, one can no longer assume that 
those with a serious interest in history are able to read German with ease. I have 
been able to improve on Manitius' translation, in part because of work 
published since he made it: in part because I had independent access to much of 
the textual evidence, notably the mediaeval Arabic translations. I have drawn 
attention to a few passages where I have noticed that he is in error, but I have 
made no systematic comparison between my translation and his or any other 
verslon. 

Every translator, and especially one dealing with an ancient language, is 
confronted with the dilemma of being faithful to the original and at the 
same time comprehensible to his readers. My intention was that this trans- 
lation should serve both those who know no Greek, as a substitute for the 
text, and those who do, as a n  aid to reading it. This has inevitably led to 
compromises. O n  the whole, I have kept closely to the meaningand structure of 
the Greek, even, on occasion, where this entailed abandoning idiomatic 
English. But I have usually broken u p  Ptolemy's enormously long sentences 
(characteristic of Hellenistic s~ientific prose) intoshorter units more suitable for 
English, and I have frequently substituted mathematical symbols (=, + etc.) and 
a symmetric presentation for the continuous rhetorical exposition oft he ancient 
text. I have been liberal with explanatory additions, which are marked as such 
by enclosure within square brackets. Wherever the need to be intelligible forced 
me to a paraphrase, I give the literal translation in a footnote. 

It would have made what is an already big book impossibly unwieldy if 1 had 

' For full references here and elsewhere see the Bibliography. 



xvi Preface 

provided a full technical and historical commentary on the Almagest. 
Fortunately two recent works, by Neugebauer (HL4MA) and Pedersen, are 
excellent guides to the technical content, and the former is also ofconsiderable 
help on the numerous historical problems which arise from it. 1 have therefore 
confined my own commentary to footnotes on points of detail (referring to the 
above works for expository treatments), and to an intraduction giving the 
minimum of information necessary to understand and use the translation. 

In the course of making the translation I recomputed all the numerical results 
in the text, and all the tables (the latter mostly by means of computer 
programs). The main purpose of this was to detect scribal errors (in which I 
have been moderately successful). But my calculations incidentally revealed a 
number of computing errors or distortions committed by Ptolemy himself. 
Where these are explicable as the result of rounding in the course of 
computation they are ignored, since to list some thousands of slightly more 
accurate results which I have found with modern mechanical aids would invite 
Ptolemy's own sardonic remark: 'Scrupulous accuracy about such a small 
amount is a sign of vain conceit rather than love of truth'. However, I have 
noted every computing error of a significant amount, and also those cases where 
the rounding errors are not random, but seem directed towards obtaining some 
'neat' result. I hope that this will shed some light on the problem of Ptolemy's 
manipulation of his material (both computational and observational) in order 
to present an appearance of rigor in his theoretical treatment which he could 
never have found in his actual experience. The problem is an interesting one, 
which deserves an informed and critical discussion. Unfortunately, the recent 
book on this subject by R. R. Newton provides nothing of the kind, but rather 
tends to bring the whole topic into disrepute. The only detailed discussion 
which is useful is that by Britton This, however, is confined to certain 
classes of the observations. My own inferences from the computations tend to 
confirm Britton's conclusions about the nature and purpose of Ptolemy's 
manipulations of his data. 

This book owes much to the help of numerous people and institutions, which 
I gratefully acknowledge here. The Bibliothkque Nationale, Paris, the 
Biblioteca Apostolica Vaticana and the Biblioteca de El Escorial provided me 
with microfilms of various Greek and Arabic manuscripts of the Almagest 
(detailed on pp. 3-4). I thank my colleague, David Pingree, Prof. Dr. Fuat 
Sezgin and Prof. Dr. Paul Kunitzsch for providing me with other microfilms 
and photocopies which I needed. Mr. Colin Haycraft not only gave me the 
necessary encouragement actually to embark on a project which I had been 
contemplating for a long time, but also bore patiently with the repeated delays 
until the book was ready for publication. When B. R. Goldstein, who was 
already engaged in preparing an English version of the Almagest, heard that I 
had decided to make this translation, he generously abandoned the project and 
turned over his materials to me. I owe to these and to him several ideas about 
format and notation. My pupil, Don Edwards, detected a number of slips and 

It is regrettable that this has never been formally published. 1 t is available in Xerox copy from 
University Microfilms International, Ann Arbor, Michigan 48106. 
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typing errors in my preliminary version, and performed many useful services in 
comparing the translation with the Greek text. Michele Wilson drew Fig. F for 
me. Janet Sachs provided invaluable help in preparing the typescript for 
publication and eliminating numerous mistakes. Several of my footnotes on 
difllcult problems have been influenced by my discussions with Noel Swerdlow. 
Rather than trying to disentangle his contribution at each place, I here record, 
with thanks, the stimulus he has given to my thinking. N. G. Wilson answered 
my questions on points of Greek palaeography and went out of his way to 
examine manuscripts at my request. My colleague, A. J. Sachs, gave me the 
benefit of his unrivalled expertise on several points of Babylonian astronomy 
and Mesopotamian history. To  my colleague 0. Neugebauer Lowe more than I 
can express here. Let me say only that it was he who first introduced me to the 
Almagest more than twenty years ago, that his own investigations of it (only 
part of which have been published in his monumental A History of Ancient 
Mathematical Astronomy) have been invaluable to me as an aid and as a model, 
and that many will recognize his draughtsrnanship in several of the supple- 
mentary diagrams. As an inadequate token I dedicate this book to him. 

Providence, 1982 G.J.T. 



Introduction 

1. Ptolemy 

For a detailed discussion of what little is known of the life of the author of the 
Almagest, and an account of his numerous other works, on astronomy, 
astrology, geography, optics and other mathematical subjects, I refer the reader 
to my article in the Dictionary of Scientific Biography (Toomer [5]). Here I 
mention only that his name was Claudius Ptolemaeus ( K h a S t o ~  ITroh~pa^io~), 
that he lived from approximately A.D. 100 to approximately A.D. 175, and that 
he worked in Alexandria, the principal city of Greco-Roman Egypt, which 
possessed, among other advantages, what was probably still the best library in 
the ancient world. 

2. The Almagest 

The Almagest is firmly dated to the reign of the Roman emperor Antoninus 
(A.D. 138- 161). The latest observation used in it is from 141 February 2 (IX 7 p. 
450), and Ptolemy takes the beginning of the reign ofAntoninus as the epoch of 
his star catalogue (VII 4 p. 340). Although it is clear that Ptolemy had spent 
much time on it and that it is a work of his maturity (his own observations 
recorded in it range from A.D. 127 to 141 ), it  has always been considered as his 
earliest extant work, because of the changes from it and references back to it in 
other works by him (for details see Toomer [5] p. 187). However, a recent 
discovery by Norman T. Hamilton (see IV n.51 p. 205) has shown that the 
'Canobic Inscription7 represents a stage in the development of Ptolemy's 
astronomical theory earlier than the Almagest. Since Ptolemy erected that 
dedication in the tenth year of Antoninus (A.D. 146/7), the Almagest can hardly 
have been published earlier than the year 150. 

As is implied by its Greek name, p a e q p a r t ~ i j  o b v ~ a c t ~ ,  'mathematical 
systematic treatise7, the Almagest is a complete exposition of mathematical 
astronomy as the Greeks understood the term. Whether there were any 
comparable works (i.e. comprehensive astronomical treatises) before it is not 
known. In any case, its success contributed to the loss of most of the work of 
Ptolemy7s scientific predecessors, notably Hipparchus, by the end of antiquity, 
because, being obsolete, they ceased to be copied. Whereas Hipparchus' works 
are still used by Ptolemy's younger contemporaries, Galen and Vettius Valens,' 

' E.g. Galen, On Salen-month Children, ed. Walzer 347, 350; Commentary on Hippocrates' Airs 
Waters and Places (see GAS VI 98). Vettius Valens, Anthologiae 354. 



Introduction: History o f  the A lmagest 

by the early fourth century (and probably much earlier),' when Pappus wrote 
his commentary on it, the Almagest had become the standard textbook on 
astronomy which it was to remain for more than a thousand years. Thus its 
importance for us lies not only in its value as a historical source for earlier 
theories and observations, but also, and perhaps chiefly, in its influence on all 
later astronomy in antiquity and the middle ages (in both Islamic and Christian 
areas) down to the sixteenth century. It was dominant to an extent and for a 
length of time which is unsurpassed by any scientific work except Euclid's 
Elements. 

No attempt can be made here to sketch even an outline of the history of its 
i n f l~ence .~  1 mention only some points to which I will make reference in the 
notes to the translation. The position of the Almagest as the standard textbook 
in astronomy for 'advanced students' in the schools at Alexandria (and no 
doubt at Athens and Antioch too) in late antiquity is amply demonstrated by 
the partially extant commentaries on it by Pappus (c. 320) and by Theon of 
Alexandria (c. 370). In the late eighth and ninth centuries, with the growth of 
interest in Greek science in the Islamic world, the Almagest was translated, first 
into Syr-iac, then, several times, into Arabic. In the middle of the twelfth 
century no less than five such versions were still available to the amateur ibn as- 
Salah: a Syriac translation, two versions made under the Caliph al-Ma'mun 
(an older one by al-Hasan ibn Quraysh, and one dated 827/8 by al-HajaJ), a 
version by the famous translator IshZq-ibn Hunayn (c. 879-go), and a revision of 
the latter by Thzbit ibn Qurra (d. 901).4 Two of these translations are still 
extant, those of al-HajZj and IshZq-Thgbit. In them we find the title of 
Ptolemy's treatise given as 'al-mjsty' (consonantal skeleton only). This is 
undoubtedly derived (ultimately) from a Greek form p ~ y i o r q  (?sc. 01jvra&~<): 
meaning 'greatest [treatise]', but i t  is only later that it was incorrectly vocalised 
as al-majasii, whence are derived the mediaeval Latin 'almagesti', 'alma- 
gestum', the ancestors of the modem title 'Almagest'. The available evidence 
has been assembled and discussed by Kunitzsch, DerAlmagest 115-25, where he 
makes a good case for supposing that the Arabic form was derived, not directly 
from the Greek, but from a middle Persian (Pahlavi) translation of the 
Almagest. There is independent evidence for the existence of the latter, but 
whether it was made as early as the reign of the Sassanid kingshahpuhr I(241- 
272), as later Persian accounts maintain, seems very dubious to me. 

While Ptolemy's work in the original Greek continued to be copied and 
studied in the eastern (Byzantine) empire, all knowledge of it was lost to western 

'The evidence for the practice of astronomy in the third century is pitifully small, but there exists 
a fragment of a text from about A. ~ . 2 1 3  which isclosely related to the Almagest (see H.4MA I1 948- 
49). and there are several third-century papyri related to the Handy Tables (ibid. 97475,979-80)- 
P. Ryl. 27 (written c. 260) quotes Ptolemy'ssolstice and equinox observatioris from Almagest 111 I ,  
and in the late third century Porphyry (Comm. on Harmonica 2, p. 24,15 K) quotes Almagest 1 2  (H9, 
1 1 - 16). The only evidence I have seen for knowledge of the Almagest in the second century, Galen, 
Commentary on Hippocrates' Airs Wafers and Places I11 (ms. Cairo, Tal'at tibb 550, p. 73a), where 
Ptolemy is mentioned at theend ofa list ofauthoritieson astronomy, must be an interpolation in the 
Arabic tradition, since Ptolemy is there characterized as 'the king of Egypt'. 

I know of no satisfactory account of this. I gave a very brief sketch, Toome451 202. 
4For a full account of this see Kunitzsch, Der Almagest, especially 15-71. Kunitzsch has also 

published the work of ibn as-SaEh (see Bibliography). 
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Europe by the early middle ages. Although translations from the Greek text 
into Latin were made in mediaeval times,' the principal channel for the 
recovery of the Almagest in the west was the translation from the Arabic by 
Gerard of Cremona, made at Toledo and completed in 1 175.6 Manuscripts of 
the Greek text began to reach the west in the fifteenth century, but it was 
Gerard's text which underlay (often at several removes) books on astronomy as 
late as the Peurbach-Regiomontanus epitome of the Almagest (see Biblio- 
graphy under Regiomontanus). It was also the version in which the Almagest 
was first printed (Venice, 1515). The sixteenth century saw the wide 
dissemination of the Greek text (printed at Base1 by Hervagius, 1538), and also 

, the obsolescence of Ptolemy's astronomical system, brought about not so much 
by the work of Copernicus (which in form and concepts is still dominated by the 
Almagest), as by that of Brahe and Kepler. 

3.  The translation 

The basis of my translation is the Greek text established by Heiberg. I have, 
however, found it necessary to make several hundred corrections to that text. 
These are noted at the places in the translation where they occur,7 and are also 
listed in Appendix B. In many cases (usually involving numerical computa- 
tions), my correction consists of adopting the reading of the manuscript D, 
unjustly spurned by Heiberg as descended from an archetype due to an 
Alexandrian recension in late antiquity (Prolegomena, in Ptolemy, Opera 
Minora CXXVI-VII). Whatever the truth about that, and despite the fact that 
D itself is, as Heiberg says, 'most negligently written', I am convinced on 
grounds of internal consistency that it represents a sounder tradition than that 
of the mss. ABC, generally preferred by Heiberg. In many cases its obviously 
correct readings are shared by all or part of the Arabic tradition. Nevertheless, I 
have not deviated from Heiberg's text except where it seemed essential for sense 
or numerical consistency. In making corrections I have referred to photographs 
of the following manuscripts. 

Greek (I use Heiberg's notation) 
A Parisinus graecus 2389. Mainly uncial, ninth century 
B Vaticanus graecus 1594. Minuscule, ninth century 
D Vaticanus graecus 180. Several hands, but not, as Heiberg, Alrnagest I p. V, 

of the twelfth century, but rather of the tenth: see the Vatican Catalogue 
by Mercati and Franchi de' Cavalieri, I p. 206. N. G. Wilson has 
confirmed this dating for me by personal inspection. (Heiberg himself 
seems to have changed his opinion later: see Prolegomena LXXIX.) 

Arabic (I have used the abbreviations 'Ar' to refer to the consensus of the 

See Haskins, Studies 103- 1 12, 157- 165. 
'Kunitzxh, Dm Almagest 83-112, gives a valuable account of the evidence for this, and of 

Gerard's method of work: evidently he -used more than one of the Arabic translations. 
'I have acknowledged there all cases known to me where my correction has been anticipated by 

others, notably Manitius. 
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Arabic tradition, and 'Is' to the consensus of the mss. containing the IshZq- 
ThZbit version). 
L Leiden, or. 680. Eleventh century according to Kunitzsch, Der Almagest 38. 

This is the only surviving manuscript of the version of al-HajZj. 
T Tunis, Bibliothtque Nationale, 071 16 (see Kunitzsch, Der Almagest 38-40). 

Completed October 1085. The IshZq-ThZbit version, complete. 
P Paris, B.N. ar. 2482. Completed December 1221. See Kunitzsch, Der 

Almagest 42-3. The Ishaq-ThZbit version, Books I-VI 13. 

Q Paris, B.N. ar. 2483. Fifteenth century. See Kunitzsch, Der Almagest 43. 
The IshZq-ThZbit version, Books I-VII. 

E Escorial914. See Kunitzsch, DerAlmagest 43-4. The  IshZq-ThZbit version, 
Books V-IX. 

F Escorial 91 5. Completed September 1276. See Kunitzsch, Der Almages! 
44-5. The IshZq-ThZbit version, allegedly containing Books VII-XIII, 
but in fact lacking large sections even of these, and bound in such disorder 
as to be almost useless. 

Ger The Latin translation of Gerard of Cremona, for which I have used only 
the printed edition (Venice, Liechtenstein, 15 15). For the complex 
dependence of this on the various Arabic versions see Kunitzsch, Der 
Almagest 97- 104. 

I did not undertake a complete collation of any of the above mss. For the 
Greek mss. that would have been largely useless, since Heiberg's reports are, as 
in all his editions, very accurate (to judge from my sporadic verifications; I 
remarked the rare exceptions in the notes to the translation). To  collate the 
Arabic translation would have delayed this book for several years, with no 
commensurate gain. I have consulted the above mss. only in passages where I 
already considered Heiberg's text wrong or suspect. Therefore no conclusions 
should be drawn about the readings of the Arabic mss. where I do not explici~ly 
report them. 

There are a number of places where, if I were to establish a Greek text, it 
would differ from Heiberg's, but which I have not bothered to record in this 
book. Examples are: 

mere orthography 
qi)pimop~v for ~ i ) p i a ~ o p ~ v  (imperfect) I 327,15 
Kahhurro< for Kaht.rc.rco< I 199,5 
&p~rar~uorov for dpera.rctorov I 6,18 (cf. Boll, Studien 74) 
K P ~ K O <  for K P ~ K O ~  I 196,8 

changes in form not affecting the sense: tiv for kav I 393,ll 
reversals of letters referring to figures: ZK for KZ I 243, 22 
obvious misprints: 

a~Xrjvq< for oqhtjvq~ I 406,25 
&vopaXia< for tipopahia< I 462,19 

(less obvious misprints, particularly those involving numbers, are recorded). 

During the course of making the translation, I became convinced that the 
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text contains quite a large number of interpolations, which must go back to 
antiquity, since they are in the whole manuscript tradition, both Greek and 
Arabic. I was first led to this conclusion by the discovery that there are places in 
the text, nonsensical as they stand, which can be made to yield perfect sense by 
the simple elimination of a clause or sentence, which must have been inserted as 
'explanation' by someone who failed to understand Ptolemy's meaning. A 
notable example is V 1 (see p. 219 n.5). Cf also V 12, p. 245 with n.41. I later 
realised that there are whole classes of textual matter which must also be 
regarded as interpolations. One of these is the totals in the star catalogue (see pp. 
16- 17). The other is the chapter headings. Some of these (e.g. IX 2) are so inept as 
descriptions of the actual content of the chapter that it is impossible to attribute 
them to Ptolemy . In fact I do not believe that Ptolemy himself used any chapter 
divisions at all. It is obvious that he is responsible for the division into 13 books, 
both from the summaries that are found at the beginning of most books, and 
from explicit references such as 'in Book I' ( k t  r@ xphrq rqc a u v ~ a c ~ o q ,  I1 1 p. 
75) and 'in the preceding book' (6v T@ xp6 r o b ~ o v  o u v r a y p a ~ ~ ,  VI 5 p. 283). 
But he never refers to a chapter division. Furthermore, there is some 
discrepancy in the manuscript tradition (especially between the branch 
represented by D and that represented by A) as to the points ofdivision between 
chapters (e.g. at the beginning of Book III), and it is clear from Pappus' 
commentary that although a division into chapters already existed in his time, 
it was very different, at least in BookV, from the present divi~ion.~ Ifthe chapter 
division and headings are spurious, so too must be the table of contents 
preceding each book. Nevertheless, since this method of subdividing the text is 
useful for reference purposes, and appears in all editions, I have retained it, 
merely marking the character of the chapter headings by enclosing them in 
brackets thus: ( 1. - 

4. What is in the Almagest, and what is not 

The order of treatment of topics in the Almagest (outlined in I 2) is completely 
logical. In Book I, after a brief treatment of the nature of the universe (in so far 
as it concerns the astronomer), Ptolemy develops the trigonometrical theory 
necessary for the work as a whole. In Book I1 he discusses those aspects of 
spherical astronomy which are related to the observer's position on earth (rising- 
times, length of daylight, etc.). Book 111 is devoted to the theory ofthe sun. This 
is a necessary preliminary for the treatment of the moon in Book IV, since the 
use of: lunar eclipses there depends on one's ability to calculate the solar 
position. Book V treats the advanced lunar theory, which is a refinement ofthat 
in Book IV, and also lunar and solar parallax. Book VI is on eclipses, and thus 
requires a knowledge of both solar and lunar theory, and also of parallax. Books 
VII and VIII treat the futed stars: shlci the moon is used as a 'marker' to 
determine the position of some crucial fixed stars, lunar theory must precede 
this, and since some planetary observations are made with respect to fixed stars, 

'See the note in Romell] I p. 106, and cT. (for Theon) I1 p. 448 n. (1). 
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the establishment of a star catalogue (VII 5 and VIII 1) must precede the 
planetary theory. The last five books are devoted to the planets. Books IX-XI 
develop the theory of their longitudinal motion, Book XI1 treats retrograda- 
tions and greatest elongations (which depend only on longitude), while Book 
XI11 deals with planetary latitude and those phenomena (the 'phases') which 
are partially dependent on it. Ptolemy occasionally anticipates later results for 
the sake of convenience (see IV 3 p. 179 and IX 3 p. 423, where the mean motion 
tables of moon and planets incorporate some later corrections), but in general 
the order of presentation, within books as well as in the treatise as a whole, is 
dictated by the logic of the didactic method. 

There are, however, certain topics which Ptolemy does not discuss either 
because he takes it for granted that they are already known to his readers, or 
because it seemed superfluous to go into details (here I am referring especially to 
chronological matters). He  says specifically (I 1 p. 37 with n. 13) that the work 
is for 'those who have already made some progress in the field'. This means, in 
practice, that he assumes a knowledge of elementary geometry ('Euclid') and 
'logistic' (thus he does not consider it necessary to explain how to extract a 
square root), and also of 'spherics'. The  latter is illustrated by the extant works 
of Autolycus, Euclid (Phaenomena) and Theodosius (S'haerica), which deal with 
the phenomena arising from the rotation of stars and sun about a central, 
spherical earth, e.g. their risings, settings, first and last visibilities, periods of 
invisibility etc., using elementary geometry, but arriving mainly at  qualitative 
rather than quantitative  result^.^ These results are mostly irrelevant to 
Ptolemy's work, but he does use much of the terminology and concepts of 
spherics without explanation. 

5. What the reader of the Almagest needs to know 

The modern reader, too, is likely to be familiar with elementary geometry. So I 
have not burdened the translation with references to Euclid except where the 
theorems assumed are not immediately obvious. However, in what follows I 
give a brief explanation of methods, concepts and facts not explained by 
Ptolemy which the reader ofthe Almagest needs to know, but which may be less 
familiar. On  Ptolemy's mathematical methods in general one may profitably 
consult Pedersen 47-56. 

(a) The sexagesimal system 

This was taken over by the Greeks (one may guess by the Hellenistic 
astronomers) from the Babylonians as a convenient way of expressing fractions 
and (to a lesser extent) large numbers, and of performing calculations with 
them. It is the first place-value system in history. In  the translation and notes I 
use the convenient modern 'comma and semi-colon' notation, in which 

For more detail see HAMA 11 755-7 1. 
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6,13; 10,0,58 represents 6 x 60 + 13 + 10 x 60-I + 0 x 60" + 58 x 60-). Ptolemy uses 
the system only for fractions, and represents whole numbers, even when 
combined with sexagesimal fractions, by the standard Greek (alphabetic) 
notation. The translation follows this mixed notation (thus the above number 
would be written 373;10,0,58 in the translation, and toy i o Vij in Greek). 

Except where it is necessary to be precise, Ptolemy prefers the traditional Greek 
fractional system to the sexagesimal. In this, although it is possible to express 
proper fractions as e.g. '4 5ths', preference is given to unit fractions, so that, e.g. 
'1' is expressed as the sum of f and ! (written Lf6', i.e. ' f f '). There is a special 
sign for 3 .  In the translation I have usually converted these sums of unit fractions 
to proper fractions without comment. However, I have always retained the 
fractional form where Ptolemy has it, since it gives a misleading appearance of 
precision to convert to sexagesimals (as Manitius often does, putting an exact 
number of minutes instead of a fraction of a degree). This is particularly true of 
the star catalogue. 

(6) Trigonometry 

The sole trigonometrical function used by Ptolemy is the chord. The derivation 
and structure of his chord table are fully explained in I 10. However, Ptolemy 
does not give explicit instructions for its use in trigonometrical calculations, 
although his method is obvious enough from the worked examples. In what 
follows I give a literal translation, with commentary, of a typical calculation 
involving trigonometry. 

See Fig. A, and, for my conventions, compare the translation pp. 163-4. In the 
giv.en situation arc OH is 30°, AD is W ,  AH is 2;3V, and it is required to find 
the angle ADH (the 'equation'). In modern trigonometry we would use the 
cosine formula. Ptolemy has no equivalent, so he drops the perpendicular HK, 
thus transforming the problem into one of solving only right triangles, which is 
his standard procedure.I0 

'Then since arc OH is again 30 degrees, angle @AH would be 30 of those [units] 
of which 4 right angles are 360, and 60 ofthose [units] ofwhich 2 right angles are 
360. So the arc on HK is 60 of the units of which the circle [circumscribed] 
about the right-angled [triangle] HKA is 360, and the arc on AK is 120, the 
supplement making up the semi-circle. And so, of the chords subtended by 
them, HK will be 60 of the units ofwhich hypotenuse AH is 120, and AK 103;55 
of the same [units].' 

' O  He knows the equivalent of the sine fohula, namely that in the general triangle the sides are 
proportional to the chords of the doubles of the opposite angles, but uses it surprisingly infrequently. 
An example is IX 10 p. 462 (cf. n.96 there). 
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G 
Fig. A 

To solve a right-angled triangle (here HKA), Ptolemy imagines a circle 
circumscribed about it. Then the hypotenuse of the triangle is the diameter of 
the circle, and is taken (initially) as 120 parts (R = 60 being the standard on 
which Ptolemy's chord table is constructed). The two acute angles of the 
triangle Eing given, the other two sides can now be expressed in the sameunits: 
they are the chords of the arcs of the circumscribed circle, which dre the doubles 
of the angles of the triangle (since they are equal to the angles at the centre). 
Instead of explicitly doubling these angles, Ptolemy always first expresses them 
in 'units ofwhich 2 right angles are 360'. (Following the convention invented by 
B. R. Goldstein, I indicate these 'demi degrees' by the notation 0°, reserving O 

for the standard degree of which there are 90 in a right angle.) This enables him 
to switch smoothly from the triangle to the circle (and hence to the chord table, 
which gives him the actual numbers 60" and 103;55P): an angle of size e0 is 
Boo, and hence the arc of the circumscribing circle which corresponds to that 
angle is 28'. 

'Therefore in those [units] ofwhich line AH is2;30, and the radius AD is 60, HK 
will be 1;15 and AK, likewise, 2;10, and KD, the remainder, 57;50.' 

The sides of triangle AKH are converted to the norm representing their actual 
size (AH = 2;30P, hence they are multiplied by2;30/120). This gives two sides of 
the next right triangle to be solved, DHK:HK and (by subtraction of AK from 
the given. AD) KD. 

'And since the squares on these added together make the square on DH, the 
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latter will be, in length, approximately 57;51 of the units of which line K H  was 
[found to be] 1;15.' 

Since Ptolemy has no tangent function, he has to use 'Pythagoras' theorem' to 
find the hypotenuse of the right triangle in question. He uses the word ~ I ~ K E I ,  'in 
length', to indicate that he is taking the square root (considered as the side of a 
square, hence a line length). 

'And so of those [units] of which hypotenuse DH is 120, line HK will be 2;34 and 
the arc on it [HK, will be] 2;27 ofthose [units] ofwhich the circle about DHK is 
360. So that angle HDK is 2;27 of those [units] of which 2 right angles are 360, 
and about 1;14 of those of which 4 right angles are 360.' 

The sides of triangle DHK are now converted to the standard in which the 
hypotenuse is 12@, thus enabling Ptolemy to use the chord table to determine 
the size of the arc corresponding to the side opposite the angle to be determined, 
HDK. The latte~, being at the circumference ofthe circumscribed circle, is half 
the arc. Ptolemy again expresses this relationship by saying that it is the same 
number of 'demi degrees' as the arc is 'single degrees', and then converting the 
'demi 'degrees' to 'single degrees7 by halving. Note that I frequently translate 
expressions like '30 degrees of the kind of which the great circle is 360' simply as 
'30°'. 

(d) Ch~onology and calendars 

Ptelemy's own chronological system is very simple. He uses the Egp!ianyear and 
the era Svhbonassar. The Egyptian year is of unvarying length of 365 days, 
consisting of twelve 30-day months and 5 extra ('epagomenal') days at the end. 
Ptolemy uses the Greek transliterations of the Egyptian month names. For the 
reader's convenience, I usually add a Roman numeral indicating the number of 
the month. The order of the months is: 

I Thoth 
I1 Phaophi 

I11 Athyr 
IV Choiak 
V Tybi 

VI Mechir 

VII Phamenoth 
VIII Pharmouthi 

IX Pachon 
X Payni 

XI Epiphi 
XI1 Mesore. 

The reason for choosing the era Nabonassar is given by Ptolemy at 111 7 (p. 
166 the earliest (Babylonian) observations avaiIabIe to him were from the 
reign of King Nabonassar. PtoIemy's epoch, Nabonassar 1, Thoth 1 cor- 
responds to -746 February 26 in our reckoning." 

'' Throughout this book I use the 'astronomical' system of dating according to the Christian era, 
since it is far simpler for calculating intervals than the ' R C / A I ~ '  system. In this, year - 1  
corresponds to 2 KC, year 0 to 1 RC, year 1 to AD. 1, etc. 



10 Introduction: Chronology 

Even when he refers to other calendars, Ptolemy usually gives the equivalent 
date in his-own system, so there is no uncertainty. Sometimes, however, he 
gives, not the running date in the era Nabonassar, but only the regnal year ofa 
king. It is clear that there already existed, in some form, a 'king-list' enabling 
one to relate the regnal year of a given king to a standard epoch.12 Later, in his 
'Handy Tables', Ptolemy published such a king-list (known as 'Canon 
Basileon'), and it survives, in a considerably augmented form, in Byzantine 
versions of Theon of Alexandria's revision of the Handy Tables. From these I 
have excerpted and 'reconstructed' the table on p. 11, which makes no 
historical pretensions, but is intended solely as an aid to readers of this 
book. The basis of the table is Usener's edition of the two versions in the 
manuscript Leidensis gr. 78, in Monumenta Germaniae Historica, Auctores Antiquis- 
simi XI11 (Chronica Minora Sac. IV. V. VI. VII, ed. Th. Mommsen), Vol. 111,447- 
53, supplemented by my own reading of the version in the ms. Vaticanus gr. 
1291, 16"-.17'. The names of the Babylonian and Assyrian kings are obviously 
very corrupt, and I have made no attempt to emend them, but have chosen 
those manuscript variants which seem closest to the forms now known from the 
cuneiform sources, which are listed in the second column (supplied to me by A. 
Sachs). 

For the purposes of astronomical chronology, an integer number of years is 
assigned to each reign. As far as can be checked from independent sources, 
'Year 1' of each reign was assumed to begin on the Thoth 1 preceding the 
historical date on which the king began to reign.I5 Thus, to use the table to go 
from a given regnal year to the era Nabonassar, one simply adds the number of 
the regnal year to the total listed (in the fourth column) for the previous king.16 
E.g. to find the second year of Mardokempad in the era Nabonassar (cf. IV 8 p. 
204), we add 2 to the total of 26 given for his predecessor, ~iulai, and.get the 
twenty-eighth year in the era Nabonassar. 

Although I supply in the translation the modern equivalent ofall dates in the 
Almagest, I have added, for the use of those readers who wish to check them, a 
fifth column listing the Julian equivalent of the first day ofeach king's reign. If 
one bears in mind that every Julian year divisible by 4 is a leap-year, while the 
Egyptian year is constant, this is a sufficient basis for the calculation. However, 
I recommend as an easier alternative the use of Schram's Kalendariographtsche 
Tafeln: from pp. 182-9 of that one can find the Julian day number of any date in 

'* Papyrus fragments of such king-lists are found in P. Oxy. 1.35 and Sattler, Sfudien 39-50. These 
are, however, later than Ptolemy. P. Oxy, 19.2222, a list of the Ptolemies ofEgypt, is earlier than the 
Almagest, but is very dilTerent in format from Ptolemy's king-list. 

"It is not known why these two kings are combined. In cuneiform sources (e g. the king-list 
translated in Pritchard, Ancienf Near Emfern Texts 272 (iv), they appear consecutively, Ukin-zFr 
being assigned 3 years and PiYu 2. 

l4 This must be a corruption in the Greek tradition ofArses ( ' A p q ~ ) ,  the usual form ofthis king's 
name (also known as'Oaporlq). 

I5This was recognised long ago. See Usener, MGH X111.3 p. 441, with references to older 
literature in his n.5. 

I6In the Handy TablesPtolemy adopted theLera Philip' (which already occursin the Almagest as 
'death of Alexander'); hence in the mss. the totalsfor era Nabonassar goonly as far asAlexander the 
Macedonian (no. 31), and a new totalling system begins with Philip (no. 32). I have converted all 
these later totals to the era Nabonassar by the addition of 424 to each. Cf. Schram p. 173. 
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Kings [of Assyria 
and Babylonia] 

1 Nabonassar 
2 Nadi 
3 Chinzer and Por" 
4 Ilulai 
5 Mardokernpad 
6 Arkean 
7 First interre-gnum 
8 Belib 
9 Aparanad 

10 Regebel 
11 Mesesemordak 
12 Second interregnum 
13 Asaridin 
14 Saosdouchin 
15 Kiniladan 
16 Nabopolassar 
I7 Nabokolassar 
18 I lloaroudam 
19 Nerigasolassar 
20 Nabonadi 
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Kings OF the Persians 
21 Cyrus 
22 Kambyses 
23 Darius I 
24 Xerxes 
25 Artaxerxes I 
26 Dal-ius I1 
27 Artaxerxes II 
28 Ochus 
29 A r ~ g o s ' ~  
30 Darius 111 
31 Alexander the Macedonian 

K i n g  of the hlacedonians 
32 Philip who succeeded 

Alexander the lbunder 
33 Alexander I1 
34 Ptolemy son of Lagos 
35 Ptolemy Philadelphos 
36 Ptofem): Eucrgetes 
37 Ptolemy Philopatol- 
38 Ptolemy Epiphanes 
39 Ptolemy Philometor 
40 Ptolemy Euergetes 11 
41 Ptolemy Soter 
42 Ptolemy Neos Dionysus 
43 Cleopatra 

Kin,gs of t he Romans 
44 Attgustus 
45 Tiberius 
46 Gaic~s 
47 Claudius 
48 Nero 
49 Vespasian 
50 Titus 
51 Domitian 
52 Ne~-\.a 
53 Trajan 
54 Hadrian 
55 Antoninus 

Correct form 

@iArnnoq 
'A?LkcavGpoq t t rpoq 
nroA&pa?oq Aayov 
@tA66~hq1o< 
E k p y t t q q  
'31 Aonarop 
'Entcpavtjq 
Qthop j r o p  
E~kpylrqq 
t o r t j p  
At6vuoq v L g  
Khton6rpa 

Au,pstus 
Tiberius 
Gaius 
Claudius 
Nero 
\'espasiant~s 
Titus 
Domitianus 
Ne1x.a 
Traianus 
Hadrianus 
Aelius Antoninus 

Years of 
reign 

Total yean to Julian date of 
end of reign beginning of reign 

-746 Feb. 26 
-732 Feb. 23 
-730 Feb. 22 
-725 Feb. 21 
-720 Feb. 20 
-708 Feb. 17 
-703 Feb. 15 
-701 Feb. 15 
-698 Feb. 14 
-692 Feb. 13 
-691 Feb. 12 
-687 Feb. 11 
-679 Feb. 9 
-666 Feb. 6 
-646 Feb. 1 
-624 Jan. 27 
-603 Jan. 21 
-560 Jan. 11 
-558 Jan. I0 
-554 Jan. 9 

-537 Jan. 5 
-528 Jan. 3 
-520 Jan. 1 
-485 Dec. 23 
-464 Dec. 17 
-423 Dec. 7 
-404 Dec. 2 
-358 Nov. 21 
-337 Nov. 16 
-335 NOV. 15 
-331 Nov. 14 - 

-323 NO\,. 12 
-316Nov. 10 
-304 Nov. 7 
-284 Nov. 2 
-246 Oct. 24 
-221 Oct. 18 
-204 Oct. 13 
-180 Oct. 7 
-145 Sept. 29 
-1 16 Sept. 21 

-80 Sept. 12 
-51 Sept. 5 

-29 Aug. 3 1 
14 Aug. 20 
36 Aug. 14 
40 Aug. 13 
54 Aug. 10 
68 Aug. 6 
78 Aug. 4 
81 Aug. 3 
96 July 30 
97 July 30 

116 July 25 
137 July 20 
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the era Nabonassar in a few seconds, and hence (from his other tables) the 
equivalent date in any standard calendar. 

The only other aspect of Ptolemy's own chronology requiring remark is the 
'double dates'. He frequently characterises the day of an observation by 
expressions like Ilar~r3v tc' ~ i 5  ~ f i v  uq ', translated 'Pachon 17/ 18', but literally 
'Pachon, the seventeenth towards the eighteenth'. Modern commentators have 
made unnecessarily heavy weather of this. Ptolemy himself uses a noon epoch, 
but this is an artificial starting-point (the reason for which he explains at 111 9 pp. 
170- l), and has nothing to do withnumbehg the day. In antiquity the 'civil epoch' 
of the day was either dawn (as in Egypt) or sunset (as in Babylon). In either 
system, an event which took place in the daylight would be on the same 'day', 
but one which took place in the night would be on 'day n' for those using dawn 
epoch and 'day n+l' for those using sunset epoch. Hence ambiguity was 
possible. Ptolemy uses double dates (which are found only for night-time 
observations) tc avoid this ambiguity. The form he uses implies the Egyptian, 
i.e. dawn epoch (cf. the long form I11 1 p. 138,rq la' TOG M ~ a o p f i  PET& 6pa5 
kyy6~ ~o^u cis zijv lj3' p ~ a o w ~ z i o u  (literally 'on the eleventh of Mesore, 
approximately two hours after the midnight towards the twelfth'), but i t  would 
be clear even to someone using sunset epoch (who would date the above event to 
'Mesore 12') what day he means. 

In using the observations of his predecessors Ptolemy often has occasion to 
refer to other systems of chronology and calendars. Although in such cases one 
can always readily derive the equivalent date in Ptolemy's own system (he 
almost always gives it explicitly), I shall describe them briefly here. 

The most frequently mentioned is the Kallippic Cycles. To explain this, we 
must go back to Meton, who in -431 devised a 19-year 'cycle', i.e. a fixed 
scheme of intercalation of months containing 6940 days (thus the average 
length of a year was 365i + ?c days).'' Since he was an Athenian, he used the 
month names of the Athenian civil calendar for the months of his artificial 
'calendar'. A hundred years later an associate ofAristotle, Kallippos, produced 
a revision of this, based on the more accurate year-length of365: days. In order 
to achieve this, he eliminated one day from 4 Metonic cycles, thus producing 
the 'Kallippic cycle' of 76 years and 27759 days. What was later known as the 
'First Kallippic Cycle' began at the summer solstice (probably June28th) ofthe 
year -329. In the Almagest we find references also to the Second and Third 
Kallippic Cycles, which began in -253 and - 177 respectively. To  judge from 
the Almagest, this chronological system was the one most used by earlier 
Hellenistic  astronomer^.'^ In VII 3 four observations by Timocharis (Alexan- 
dria, third century B.c.) are given according to the year of the First Kallippic 
Cycle and 'Athenian' month and day. O n  the basis of these, several attempts 
have been made to reconstruct the whole 'Kallippic calendar', with discrepant 
results. Since the above constitute the whole evidential basis, apart from the 

l7 For a detailed discussion see Toomerfir]. I give there the arguments for supposing that Meton's 
purpose was not to reform the Athenian calendar, but to establish an 'astronomical chronology'. 

'"The dates of the three eclipses in IV 1 1  (p. 21 1 ,  cf. n.63 there) which, though observed in 
Babylon, are given according to Athenian archon and Athenian month, are presumably in the 
Metonic calendar. 
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passage in Geminus, Eisagoge VIII, which I regard as fiction, and two dubious 
equivalences in the Milesian parapegma, any reconstruction is academic.Ig 
Here I note only that Kallippos evidently retained the peculiar Athenian method 
of counting the days of the month by decads, and in the last decad counting 
backwards, so that VII 3 p. 336 rij c,' cpeivovroc,, literally 'on the sixth [day] of 
the waning [moon]', means 'the sixth day from the end ofthe last decad', i.e. the 
t~ent~- f i f th .~O 

Hipparchus too used the Kallippic cycles for astronomical dating, but 
combined them, not with Kallippos' 'Athenian' calendar, but with the 
Egyptian calendar (i.e. he used the cycles simply as a year count), at least as far 
as we can tell from the Almagest. This seems to have led to ambiguities, since 
the 'Kallippic' year began at or near the summer solstice, while the Egyptian 
year is a 'wandering year', which in Hipparchus' time began about the end of 
September. Thus there arose the possibility of a discrepancy of 1 in the year 
count, for certain stretches of the year (whether it is + 1  or -1 depends on 
Hipparchus' choice). Such a discrepancy is firmly attested in Almagest IV 11 
(see p. 21 4 n. 72), and cannot plausibly be removed by emendation, though this 
has been done (by Ideler and others) in the interest of consistency. In fact it is 
impossible to make all of Hipparchus' 'Kallippic cycle' dates in the Almagest 
consistent with one another (see p. 224 no. 13), and we must allow for the 
possibility that Hipparchus used different systems in different works. 

Three planetary observations in the Almagest are dated ~ a r a  XahGaiouq, 
'according to the Chaldaeans', with a year number and a Macedonian month 
name and day number. The year numbers show that the era used is that known 
in modern times as the Seleucid Era (dating from the year which Seleucus I 
counted as the first of his reign, -31 1 / I  O ) ,  which was common throughout the 
Seleucid empire. Since the observations are undoubtedly Babylonian, the 
particular epoch used in them is, as one would expect, that known from the 
surviving Babylonian astronomical texts, 1 Nisan (April) -310 (Greeks under 
the Seleucid empire commonly used an epoch of autumn -311). The use of 
Macedonian month names has rightly been taken to show that the Babylonian 
lunar months were simply called by the names of the Macedonian months by 
the Greeks under the Seleucid empire: ifone computes the date of the first day of 
the 'Macedonian' month from the equivalent date in the era Nabonassar given 
by Ptolemy, it coincides (with an error of no more than one day) with the 
computed day of first visibility of the lunar crescent at Babylon.21There is other 
evidence for the assimilation of the month names,22 but this is the strongest. 

Unattested outside the Almagest is the Calendar 9 1  Dimysius. This had a 

l9 Those who care to may consult Ginzel11409- 19 and Samuel, Greek andRoman Chronology, 42-9 
for details and literature. 

20 For this system see Samuel, Greek and Roman Chronology 59-60.1 do not know why it is not used 
for the other three 'Kallippic' dates in which the days are simply numbered consecutively. 

These are conveniently listed in Parker-Dubberstein. 
22 For details see Samuel, Greek and R m n  Chronology 140-2. However, Samuel is m n g  in saying 

that the Almagest widence proves that the assimilation was made as early as the dateofthe earliest 
observation (Nov. -244). In the cuneiform record from which this was derived the Babylonian 
names must have been used. It was only when this was translated into Greek (which may have been 
as much as a century later) that the Macedonian names were substituted. 



14 Introduction: Calendars 

running year count and months named after the signs of the zodiac 
(corresponding, at least approximately, to the period of the year when the sun 
was in the sign in question). The months Tauron (8 ), Didymon (a), Leonton 
(n), Parthenon (q ), Skorpion (q ), Aigon (&) and Hydron (Z) are attested. 
From analysis of the Almagest evidence Bockh, Sonnenkreise 286-340, showed 
that the epoch of the calendar was the summer solstice of -284. Since Thoth 1 
(Nov. 2) of -284 is the beginning of the first regnal year of Ptolemy 
Philadelphos, it is plausibly concluded that Dionysius observed in Egypt. 
Bikkh's further conclusions, that the calendar was similar to the Egyptian one 
in having 12 months of 30 days, but was modified by introducing a sixth 
epagomenal day every four years, cannot be regarded as certain, especially 
since this requires 'emending' some of the Almagest dates. Here, as for the 
Kallippic calendar, 'reconstruction' seems pointless when the evidence is so 
scanty and the likelihood of verification utterly remote.23 

One observation is dated in the Bithynian calendar of the imperial period. Like 
a number of other contemporary calendars in Asia Minor, this was simply the 
Julian calendar, with different month-names, and with the first day of the year 
Augustus' birthday, Sept. 23. For details and literature see Samuel, Greek and 
Roman Chronology 174-5. 

( e )  Ptolemy 's star catalogue 

The list of the coordinates and magnitudes of the principal fixed stars visible to 
Ptolemy poses special problems to the translator. In particular, there are 
numerous manuscript variants in the coordinates, and while one must put some 
number in the translation, it is often difficult to be certain about one's choice. 
The solution I have adopted is (in the star catalogue only) to append an asterisk 
to any element (longitude, latitude, magnitude, description or identification) 
where there is reason to suppose that it may be incorrect (i.e. not what Ptolemy 
wrote or intended),24 either because there is a plausible ms. variant, or because 
of some gross inconsistency with the astronomical facts. In such cases I give all 
significant variants known to me in a footnote. I have made no effort to record 
all variants, since most are obviously wrong. The reader who wishes to go 
further must still consult Peters-Knobel, on which I have drawn heavily, and 
which is still the best treatment of the catalogue as a whole, though badly in 
need of updating and revision in certain respects.25 

Ptolemy lists the stars under 48 constellations, and gives for each star (1) a 
description of its location on the 'figure' and (sometimes) of its brightness and 
colour; (2) its longitude; (3) its latitude and direction (north or south of the 
ecliptic); and (4) its magnitude. I have followed my predecessors (notably 
Manitius) in adding to these: (a) an initial column giving a running number to 

"The interested reader may consult HAMA 111 1067 n.2 and Samuel, GreekandRomanChronology 
50, n.6 for further literature. 

24 The lark of an asterisk does not imply that I regard the reading adopted as Ptolemy's beyond 
any question, but only that I have no good reason to doubt it.  

25 See the strictures of Kunitzsch, Det Alnqtsf 46. 



dnt roduction: The star catalogue 15 

the star within its constellation (stars listed at the end of some constellations by 
Ptolemy as 'outside the constellation', i.e. not part of the imaginary figure, are 
numbered continuously with those preceding them); (b) a final column giving 
the modern identification of the star. For those stars which have them, this is the 
Bayer letter or Flamsteed number. Certain fainter stars have neither; for these I 
give the number in the Yale Bright Star Catalogue (abbreviated as 'BSC'). 
From that publication those interested can find the corresponding number in 
the Durchmusterung and the Henry Draper and Boss General Catalogues. I 
have abandoned all references to the antiquated Piazzi catalogue (still used by 
Peters-Knobel). 

I have used Roman numerals to number the constellations, and refer to 
individual stars (throughout the translation) by the combinat ion of Roman and 
Arabic numerals (thus 'catalogue XXXIX 2' refers to the second star in the 
thirty-ninth constellation (Canis Minor), namely Procyon). 

The star descriptions pose numerous individual problems, only a few of 
which are touched on in the footnotes. Ideally one should provide a 
reconstruction of the outline of each constellation as it appears on Ptolemy's 
star-globe. Unfortunately no one has done the necessary work of assembling 
and comparing all the literary and iconographic evidence from antiquity and 
from .the derivative Arabic tradition (notably as-Sufi). This would be an 
interesting and valuable enterprise. Meanwhile, for the reader who needs some 
visual illustration, I can recommend only the old work of Bayer, Uranometria, 
with the warning that in many cases his positioning of the stars on the figures, 
and the outlines of the figures themselves, are certainly different from 
Pt01em~'s.'~ O n  the matter of the orientation of the figures, I have satisfied 
myself that Ptolemy describes them as ifthey were drawn on the inside ofa globe, 
as seen by an observer at the centre of that globe? and facing towards him. This 
is in agreement with what Hipparchus says (Comm. in Arcit. I 4  5): 'for all the stars 
are described in constellations ( t jor ipto~at)  from our point of view, and as if 
they were facing us, except for such of them as are drawn in profile' 
(~araypacpov, as interpreted by Manitius, whom I follow dubiously). It is in 
this sense that we must interpret 'left hand', 'right leg', etc. This has to be said, 
since on the actual star globes the constellations were necessarily drawn on the 
outside. Hence the orientation of the figures was (at least in some cases) reversed, 
which could lead to conf~sion.'~ I have rendered the prepositions used by 
Ptolemy in indicating the positions of stars with respect to parts of the figures 
consistently, as follows: 

in = Ev 
on = Eni 

over = 6nip 

Z6The work of Thiele, Anrike Himmelsbilder. is very little help, although I haw referred to it to 
illustrate some particulars. 

2 i  Cf. the scholion on Aratus, Maass. Comm. in Ara!. p. 384 no. 251: 'the signs look inward with 
respect to the heavens. . . but they have their backs to the globe, so that their faces may be seen. 
Hence, if he says "right hand" or "left hand" and we find the opposite on the globe, we shouldnot 
be confounded.' 
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above = Enavo 
under = fix6 
below = blrorcdro 

just over = ~ a r a  + genitive 
advance, in advance = xpoqyo6p~voq 

rear, to the rear = kx6p~voq 

On the meaning of the last two terms see below p. 20. Note that 'rear' is never 
used in a sense other than directional. To indicate the back parts of an animal 
figure I use 'hind'. 

Both longitudes and latitudes are given, not in degrees and minutes, but in 
degrees and fractions of a degree. I have retained this in the translation (see p. 
7). With very few exceptions, the longitudes are not given more accurately 
than to bo. (This has been taken to imply that the ecliptic ring of Ptolemy's 
instrument was graduated only every 10'). However, one frequently finds the 
fractions f o  and to for the latitudes. 

The latitudes in Ptdemy's list are preceded by the direction (b = P ~ ~ E I o < ,  
'northern'; vo = V ~ T I O G ,  'southern'). I have rendered these by + and - 
respectively . 

The magnitudes range (according to a system which certainly precedes 
Ptolemy, but is only conjecturally attributed to Hipparchus) from 1 to 6. 
Ptolemy indicates intermediate magnitudes by adding (after the number) 
p~icwv, 'greater' or kkbooov, 'less' (abbreviated in the mss.). I have rendered 
these by > and < (before the number) respectively. One occasionally finds for 
the magnitude, instead of a number, the remark &paup6< (rendered 'f.' for 
'faint') or V E C P E ~ .  (for V E ~ E ~ O E I ~ T ~ S ) ,  'nebulous', abbreviated as 'neb.' 

For the identifications, wherever Peters-Knobel and Manitius are in 
agreement, I have usually been content to adopt their opinion. Where they 
differ (and even when they agree, in some special cases),28 I have checked the 
possibilities as carefully as I could, using the large-scale Atfm of the Heauens by 
Beh&F: and transforming Ptolemy's coordinates to right ascension and 
declination at the modern epoch, where necessary. However, I have made no 
attempt to redo the work of Peters and Knobel, namely to compute the 
longitude and latitude of the relevant stars for Ptolemy's time from modern 
data (in particular using the most up-to-date values for the proper motions). This 
might be worth while, though I doubt whether the degree of improvement over - 
Peters-Knobel would justify the large amount ofcomputation. In any case, it is 
unlikely that it would eliminate the doubts that remain about the identification 
of many of the fainter stars. 

At the end of each constellation in the mss. are listed the total number ofstars 
in the constellation, and the sub-totals of each magnitude. These in turn are 
added up at various intermediate points (the northern segment, the zodiac, and 
the southern segment), and the grand totals are given at the end. I am 

28Notablv, where Ptolemy describes a star as a 'nebulous mass' (v~cp~hoe~bqq ouorpocpq), I have 
preferred to give the globular cluster (abbreviated 'CGlo') or galactic cluster (abbreviated 'CGal') 
rather than some particular star inside it. 
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convinced that this was not done by Ptolemy (who makes no mention of it in his 
description of the catalogue, VII 4 pp. 339-40). Another indication of the 
spuriousness of these passages is that no separate count is made in the totals of 
the stars which are greater (>) or less (<) than a certain magnitude: all are 
lumped in with the stars of that magnitude. I have translated the passages in 
question, but enclosed them in brackets thus: ( 1, 

V) Explanations of special terms 

(i) Geometrical 

by subtraclion (ho1x65 -q dv): literally 'the remaining [part]', 'remainder7 
(I have on occasion so rendered it). 

by addilion (6ho< -q -ov): literally 'the total7. 

Crd x: chord of the angle x0 (R = W). Greek has no word with the specific 
meaning 'chord7, but uses the generic ECOE?~, 'straight line'. 'Crd x' renders fl 
Ta< x poipa< b x o ~ ~ i v o u o a  E ~ E T ~ ,  'the straight line subtending x degrees'. 

In connection with the Menelaus Theorem (see p. 18): an expression of the 
type 'Crd arc 2AB' represents I) 6x6 ~ f j v  F~nh?p T ~ C ,  AB x ~ p t q ~ p ~ i a ~ ,  literally 
'the [line] subtended by the double of arc AB'. 

supplement, s;~pplementaly arc (fl h~ ixouaa  [hotxfj] ~ i <  r6 fip~uljuh~ov x ~ p t q k p ~ t a ) :  
literally 'the arc which is the remainder to the semi-circle'. 

e 

complement (hot7tLjI ~ i <  ~6 ~ ~ ~ a p r q p 6 p t o v ) :  literally, 'the remainder to the 
quadrant'. 

11 literally, 'is similar to'. Used of arcs of different-sized circles. Arc AB 11 arc G D  
if each arc is the same fraction of its circle. 

111 (iooyhv16v ~ D T I ) :  literally, 'has [all] its angles equal to', i.e. is similar to (used 
only of triangles). 

( i ~ 6 x h ~ u p 6 ~  EDTI):-literally 'has its sides equal to', i.e. is c o n p e n t  to. Used 
only of spherical triangles. Sometimesiooy~v~ov U&I i ~ 6 x h ~ u p 6 v  koT1, 'has its 
angles and sides equal to'. 

, Q.E.D. ( 6 n ~ p  E ~ E I  6~1ca1): literally 'which is what it was required to prove'. 

componendo (ouvO~v.r~). Expresses the operation of addition of ratios: if 
a : b = c : d, then (a + b):b = (c + d):d. 

dividend0 ( ~ I E ~ ~ V T I ,  K ~ T &  Gtaipso~v) ( 1 )  Usually expresses the operation of 
subtraction of ratios: if a : b = c : d, then (a  - b) : b = (c - d) : d. 
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(2) Once, at XI1 1 (see p. 558 n.4) ~ L E ~ ~ V T I  expresses division of members of 
s rafios. If a : b = c : d, then : b = n : d. 

Menelaus Configuration and Menelaus Theorem (used only in the footnotes and 
explanatory additions). Cf. HAMA 26-9. Fig. B represents a Menelaus 
Configuration. rn,n,r and s are four great circle arcs on the surface of the sphere, 
intersecting each other as shown, and divided by the intersections into the parts 
m,, m2.etc. ('thus m = m, + m2 etc.) In I 10 Ptolemy proves the theorems 

Crd 2m - Crd 2r Crd 2s2 - X 
Crd 2m1 Crd 2r, Crd 2s 

Crd 2r2 - Crd 2m2 Crd 2n - X 
Crd 2r, Crd 2ml Crd 2n2 ' 

Since it is known that these were discovered by Menelaus, Neugebauer has 
named them 'Menelaus Theorem I' and 'Menelaus ~ h e o % m  11' respectively, 
and I follow him, abbreviating to 'M.T.I.' and 'M.T.11'. 

Fig. B 

(ii) Spherical astronomy 

(at) s p h  recta (En' 6 ~ 8 9 5  f l ~  oqaipaq) and (at) s p h a  obliqua (kn' 
~ ~ K E K A L ~ C V ~ S  t q ~  acpaipa~). These mediaeval Latin terms are the literal 
translations of the Greek, meaning 'on the upright sphere' and 'on the inclined 
sphere.' respectively. Probably taken from the use ofcelestial globes, they refer 
to the phenomena which occur when the celestial equator is perpendicular to 
the local horizon (sphaera recta) or inclined to it at an acute angle (sphaera 
obliqua). In particular, we .use king-time at sphaera recta or right ascension, and 
rising-time at s p h a  obliqua or oblique mcm.on to designate the arc of the equator 
which crosses the horizon together with a given arc of the ecliptic (e.g. one 



Zntroduct ion: T e r m s  in spherical mtronomy 19 

zodiacal sign) at sphaera recta (i.e. at the terrestrial equator), and at sphaera 
obliqua (i.e. any other terrestrial latitude) respectively. 

equator represents ioqpsp~voc, ( ~ l j ~ k o c , ) ,  literally 'circle of equal day', so called 
for the reason Ptolemy gives in I 8 (pp. 45-6). 

meridian represents p s o q p P p 1 ~ 6 ~  ( ~ l j ~ k o c , ) ,  literally 'midday circle' (defined 
and explained at I 8 p. 47). Meridian passage of a heavenly body is called 
culmination. The Greek terms for culminate and culmination, psooupavs'iv, 
p ~ o o u p a q o y ,  mean literally 'being in the middle of the heaven'. upper and lomr 
culmination are expressed by6nkp yijv and 6x6 yijv, meaning 'above the earth' 
and 'below the earth' respectively, and sometimes so translated. 

An altitude circle is any circle drawn through the zenith perpendicular to the 
horizon. Ptolemy has no special term for this in the Almagest, merely saying 
'the (great) circle drawn through the zenith (through the poles ofthe horizon)', 
e.g. I1 12, HI 166, 20-1. 

- 

colure. This term is used by Ptolemy only once, at I1 6 p. 83. I translate part of 
Manitius' note on that passage: Two of the circles of declination through the 
poles of the equator are named 'colure' ( ~ 6 h o u p o ~ ) :  the solsticial colure, which 
goes through the solstices and hence carries the poles of the ecliptic, and the 
equinoctial colure. These two colures divide the sphere into four equal parts 
and divide both ecliptic and equator into four quadrants, so that one quadrant 
corresponds to each season of the year. Ptolemy counts the solsticial colure as 
boundary of the daily revolution [I 8 pp. 46-7, where however the term 'colure' 
is not used], but never explicitly mentions the equinoctial colure. Both colures 
were already defined by Eudoxus (Hipparchus, Comm. in Arat. 11 7 K)  The term 
is explained by Achilles, Isagoge 27 (Maass, Comm. in Arat. 60) as follows: 'They 
are called colures because they appear to have their tails cut off as it were 
( K E K O ~ O ~ U ~ ~ I  &on&p zac, oljpac,), since we cannot see the parts of them - 

beginning at the antarctic, always invisible parallel'. 

It is unfortunate that we have to use the same word latitude to refer both to the 
celestial coordinate (vertical to the ecliptic) and to the unrelated terrestrial 
coordinate. Ptolemy uses, for the former nhazoc,, and for the latter Khipa, 
literally 'inclination'. When necessary I gloss this e.g. as '[terrestrial] latitude'. 
  hi pa, however, does not refer to the coordinate as such (for which Ptolemy uses 
E y ~ h ~ p a ,  HI 68,9, E y ~ h ~ o ~ c , ,  H I  101,23 or, once, nharoc,, HI 188,4), but to a 
specific 'band' of the earth where the same phenomena (e.g. length of longest 
daylight) are found. Hence in early Hellenistic times arose the notion of the 
division of the known world (the 0iKoupCVq) into 7 standard climata (see 
H A M A  334 ff., I1 727 ff. and Honigmann, DiesiebenKlimata). This is reflected in 
several places in the Almagest, e.g. in Table I1 13.1 refer to these seven standard 
parallels by Roman numerals, e.g. Clima IV = the parallel through Rhodes, 
longest day 1 4  hours. 
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(ii i) Referring to the heavenly bodies 

As Ptolemy explains in I 8, in his system the whole heavens are conceived as 
rotating from east to west, making one revolution daily. The direction defined 
by this motion, and the direction counter to it, are called E ~ S  ~a xpoqyofip~va 
('towards the leading [parts]') and &I< r a  Ex6p~va ('towards the following 
[parts]') respectively. The corresponding adjectives ~ p o q y o 6 p ~ v o ~  and 
~ X ~ ~ E V O $  are also found, particularly in the star catalogue, and Ptolemy 
frequently uses the phrases ra xpoqyofip~va (kn6p~va) rGv <qbiov, 
'towards the leading (following) [parts] of the zodiacal signs', to indicate the 
direction of motion in the ecliptic. A modern reader may find this confusing: 
since the normal motion of bodies in the ecliptic is from west to east, what we 
regard as forward motion, e.g. ofa planet, is described as 'towards the following 
[parts]' ('towards the rear' in my translation). No version of these terms in a 
modern language is satisfactory. One cannot use 'west' and 'east' because these 
must be reserved for Ptolemy's Guopai and civarokai, which are confined to 
situations where a terrestrial observer is implied. It is a distortion to translate 
(with Manitius) 'in the reverse order of the signs' and 'in the order ofthe signs', 
since this implies that the terms define ecliptic coordinates, whereas they are in 
the equatorial system, and while it is usually true that a celestial object which 
npoqy~Trat ('leads') another will have a lesser ecliptic longitude, if their 
latitudes differ greatly the reverse may be true, especially at very high ecliptic 
latitudes. Precisely this situation occurs in the star catalogue, despite Ptolemy 's 
own statement at VII 4 p. 340 that the terms in the catalogue define ecliptic 
coordinates (see n.93 there). Although I am aware that my choice too has its 
drawbacks, I have settled on in advance for ~d npoq yo6p~va, and lou~ards the 
rear for ~ i $  .ca Excip~va. These always imply 'with respect to the daily motion 
from east to west', with the paradoxical consequence, as remarked above, that 
in the ecliptic a body which is 'in advance' of another has a lesser longitude. 
However-, I have committed an inconsistency in translating the derived noun 
xporj y q o q  as retrogradation. This is used only for the portion of the courses of the 
five planets in which they reverse their normal direction ofmotion, and it would 
be too confusing to render this by 'motion in advance'. 

ecliptic. Ptolemy never refers to this circle by the term ~ K ~ E L ~ K ~ S  (which he con- 
fines strictly to the meaning 'having to do with eclipses'). His normal term is6 6ta 
pCoov T& <q6i0v ( ~ 6 K h o ~ ) ,  'the (circle) through the middle of the zodiacal 
signs' (e.g. HI 18,23-4); more fully, b A6505 ~ a i  6ta pCoov TZV Qp6iov ~ f i ~ h o q ,  
'the inclined circle through the middle of the signs' (HI 64,4). Occasionally, 
when the context is clear, simply A6505 K~KAo$, 'inclined circle' (HI 8,22). 
However, the latter can be used for other things, notably the moon's orbit 
(which is 'inclined' to the ecliptic). I normally use 'ecliptic' throughout. 

[zodiacal] sign. The conventional subdivision of the ecliptic into twelve 30° 
sti-etches named Aries, Taurus, etc. For this Ptolemy uses, not Qj6tov ('animal 
sign'), but 6 0 6 ~ ~ a ~ q p 6 p t o v  ('twelfth'), presumably because he wishes to 
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distinguish the ecliptic, a notional circle, from the zodiac, a band of actual 
constellat ions. 

star. The Greek term b o ~ q p  really means 'heavenly body', and can be used 
indifferently for a star (in the modern sense), a planet, or even the sun and 
moon. When Ptolemy wishes to distinguish what we call stars, he says 'fixed 
stars'. I have normally translated B o ~ q p  according to the context, as 'planet', 
'star7 or 'body'. However, in I 3-8, where Ptolemy uses the term to include all 
heavenly bodies, I too have used star in this special sense. When naming the five 
planets, Ptolemy almost always uses the periphrasis 'star of.  . ', thus i) 'COG 
Kp6vou [bo~qp],  '[star] of Kronos'. I always translate simply 'Saturn' etc. 

latitude (celestial). n3ctko~ (literally 'breadth') refers not only to 'the direction 
orthogonal to the ecliptic7, but to any 'vertical' direction, e.g. that normal to the 
equator. In such cases I use, not 'latitude7, but another appropriate term (see I 
12 p. 63 with n. 74). In VII 3, however, I have been forced to use 'latitude' to 
express the more general meaning of the Greek (see p. 329 n.55). 

- 

Ptolemy ~ ~ ~ ~ E K K E V T ~ O S  as both adjective and noun. It may be that in the latter 
case one has always to understand EKKEVTPOS K ~ K ~ ~ O S ,  'eccentric circle7. 
However, to avoid ambiguity, I have (following mediaeval usage) consistently 
denoted the noun by eccentre and the adjective by eccentric. An 'eccentre' is simply 
an eccentric circle. Similarly for concentre and concentric. 

I have occasionally used the convenient mediaeval term deferen! to denote the 
circle on which an epicycle is 'carried'. Ptolemy has no one-word equivalent, 
but uses phrases like 'the concentric carrying the epicycle', 'the circle carrying 
it'. 

anomaly. As noted e.g. by Pedersen (139 with n.9), dvopa3cia in the Almagest 
has a number of different meanings. Despite the ambiguity, I have generally 
rendered bvopalia and the adjective from which it is derived, dvr3pa3coq, by 
'anomaly7, 'anomalistic', although where necessary I hzve translated the latter 
literally as 'non-uniform'. Besides referring to non-uniform motion, 'anomaly' 
is also used for the mean (hence uniform) motion of the moon and planets on 
their epicycles (because the motion on the epicycle produces the appearance o i  
'non-uniformity'). For the planets Ptolemy distinguishes between the synodic 
anomah (fi npbq ~ b v  ij htov &vopahia, 'the anomaly with respect to the sun', 
HI1 255,8), which produces the phenomena of retrogradation and varies with 
the planet's elongation from the sun, and the ecliptic anomaly (<qGtaK.il 
dvopalia ,  HI1 258,l l), which varies according to the planet's position in the 
ecliptic. 

equation. I use this convenient mediaeval term for the angle (or arc) to be applied 
to a mean motion to 'correct7 it to account for a particular feature of the 
geometric model. Ptolemy uses the vaguer terms rd Gtaqopov 'difference' (which 
is also used for many other things) and npooeacpaipsoy ('amount to be added 
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or subtracted'). equation of anomaly refers to the correction for the varying 
position of a body on its epicycle, and equation of centre (only in the footnotes, not 
the text) to the correction due to the eccentricity of a planet's deferent. 

centrum. I have occasionally used this mediaeval term in the footnotes to denote 
the angular distance from apogee (see below) to the centre of the epicycle. 

elongation ( & x o ~ q )  is the angular distance along the ecliptic between two bodies 
or points. It is used particularly, but not exclusively, for the ecliptic distance 
between sun and moon. 

apogee andperigee are simply transcriptions ofbn6ystov and nspiy~tov, literally 
'[point] far from earth' and '[point] near to earth'. These are the usual terms for 
the points on a body's orbit which are respectively farthest from and nearest to 
the terrestrial observer. Ptolemy also uses the superlative forms dtrroys16~a~ov 
(xsptyst6~arov) oqps'iov ('point farthest from (nearest to) earth'), with no 
obvious difference in meaning. However, in the case of Mercury, translation of 
both by 'perigee' generates an ambiguity. For all other bodies, in Ptolemy's 
models, the perigee is diametrically opposite the apogee, but for Mercury the 
point of closest approach is about 120° from apogee. Ptolemy still refers to the 
point 1 80° from apogee as the 'perigee' (xsptysiov) for Mercury, and when he 
wants to refer to the point of that planet's closest approach uses the superlative 
( x ~ p t y ~ t o ~ a r o ~ ) .  I have mitigated the ambiguity by translating the latter, not 
as 'perigee', but as 'closest to earth' (for Mercury alone). 

phase. Used for the fixed stars and planets, this is simply a transcription o fqao t~ ,  
and is a general term including all the significant 'configurations with respect to 
the sun' (listed by Ptolemy at VIII 4 pp. 409- 10, and exemplified in his partially 
extant workcpaost~ 6nAavGv borkpwv, 'Phases ofthe Fixed Stars'), such as first 
visibility at sunset, or last visibility just before dawn. But the literal meaning of 
q a o t ~  is 'appearance', and Ptolemy also uses it to mean specifically 'first 
visibility' of a body after a period of invisibility. To avoid ambiguity, I have 
translated the latter case by 'first visibility', reserving 'phase' for the general 
term. 

(iv) Referring to sun and moon 

conjunction is a fairly literal rendering of o6voboq ('meeting'), but opposition 
renders xavoCAqvoq (literally 'full moon', which occurs when sun and moon 
are in opposition). syzygy is a transcription of the convenient oucvyia (literally 
'yoking together'), a general term to denote either or both. conjunction and 
opposition. In eclipses the partial phases are denoted by immersion ("Epxrootq, 
'falling in', the phase from the beginning of the eclipse to totality) and emersion 
(bvaxhrjpwat~, 'filling up again', the phase from the end of totality to the end of 
the eclipse). The total phase is denoted by povrj ('remaining') and rendered by 
duration (o f  totaiitjl). 
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(v) Time-reckoning 

Ptolemy often uses the term v u ~ Q t j p ~ p o v ,  which combines the Greek words for 
night and day, to mean the 'solar day' of 24 hours. There is no such convenient 
term in English. 1 have generally translated it day when no ambiguity is pos- 
sible, but have occasio;~ally resorted to periphrasis (e-g. II 3 p. 79= HI 96: 7-9). 
Since we ilse clocks, we reckon time by the mean solar day of uniform length, 
the average time taken by the sun to go from one meridian crossing to the next. 
In antiquity, where the normal means of telling time was the sundial, it was 
usually reckoned by the true solar day, of varying length, the time taken by the 
sun to go from one meridian crossing to the next on a specific day. In 111 9 
Ptolemy explains why they are different, and how to transform one into the 
other. He uses the terms bpahci v u ~ e f i p ~ p a  ('uniform days') and civhpaha 
v u ~ e f i p ~ p a  ('non-uniform days') for mean and true solar days respectively. 
When he is taiking about intervals, he often refers to those measured in true 
solar days as 'reckoned simply', and those measured in mean solar days as 
'reckoned accurately'. 

The kind of hours normally used in the ancient world were seasonal hours ( spa t  
~ a ~ p l ~ a i ) ,  sometimes known as 'civil hours'. An hour was h th  of the actual 
length of daylight or night-time at a given place, and hence the length of an 
hour varied according to terrestrial latitude and time of year, and a day-hour 
was of different Iength from a night-hour except at  equinox. For astronomical 

1 purposes, however, the uniform 22th of a day was used; these were known as 
equinoctial hours (&at iollpepivai), because they were the same length as the 
seasonal kcur at equinox. If an ordinal number is attached to an hour. it 
indicates a seasonal hour, counted from dawn (or sunset, if specified by 'of 
night' or by the contextj. Thus 'the sixth hour' is the same as noon. 

tzme-degrees. Another way of measuring time was by the amount of the ceiestial 
equator which had passed a bound (horizon or rneridianj. This was often con- 
nected with the rising-times ofecliptic arcs (see pp. 18-19). Th-  IS rneas~lre~nent 
was in degrees. Since 360° of the equator cross the meridian in about one day, 
one. 'time-degree' equals &th of an equinoctial houi or 4 minutes. The Greek 
term is ~ p d v o ~  iaqpeptvoi ('equatorial times'), sometimes abbreviated to 
~ p 6 v o 1  ('times'). 

(vi) Other 

mean (pCooq) can imply 'of average length' (as in 'mean synodic month') or 
'uniform' (as in 'mean motion in longitude'). 

hypothesis. With some hesitation, I have used this to translate C X ~ ~ E C F ~ ,  
although the connotation in the Almagest never really coincides with the 
modem one. Whereas we use 'hypothesis' to  denote a tentative theory which 
has still to be verified, Ptolemy usually means by 67r68~01q something more like 
'model', 'system of explanation', often indeed referring to 'the hypotheses 
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which we have demonstrated'. The word still retains much of the etymological 
meaning of 'basis on which something else is constructed'. The  corresponding 
verbal forms are b n o r i e ~ r a t ,  bno~&?rat,  which I have frequently translated, 
not only as 'assume', but even as 'it is given'. They are standard terms ofGreek 
geometry in this sense at  least as early as Euclid. 

6. Editorial procedures 

Since the translation is based principally on the Teubner text ofHeiberg (seep. 
31, it is keyed to that edition by the addition of Heiberg's page numbers in the 
margin. There and elsewhere references to Heiberg are preceded by 'H'. Thus 
HI 236'15 means 'Heiberg's edition, Vol. I p. 236 line 15'. Where the context 
makes it unnecessary the volume number is omitted. 

Brackets are used as follows. Square brackets [ ] enclose explanatory 
additions to or expansions of the Greek text by the translator. Curved brackets 
{ 1 enclose passages which I believe to be later additions to Ptolemy's original 
text. Parentheses ( ) are used merely for clarity, better to express the author's 
sequence of thought. 

As explained on p. 5, I believe the list of chapter headings preceding each 
book to be a later addition. Nevertheless, since these serve a useful purpose, I 
have grouped them together a t  the beginning (pp. 27-32) to serve as a table of 
contents. 

I have made no effort to provide a continuous commentary, but refer the 
reader to the relevant sections in Olaf Pedersen's A S u r u q  of  the Almagest 
(abbreviated 'Pedersen' ) and 0. Neugebauer's A Histor_)! of Ancient Mathematical 
A 4 s t ~ o n o m ~  (abbreviated H A M A ) .  M y  footnotes are confined to particulars not 
treated by them, or requiring some elaboration, and to textual corrections. In 
Appendix A, however, I have provided worked examples of every type of 
problem (including, where it is not utterly trivial, the use of the tables) which 
arises in the Almagest, except where Ptolemy himself gives a worked example. 
Where possible, my example is taken from a calculation or observation actually 
occurring in the Almagest. Appendix B lists all my corrections to Heiberg's text. 
Appendix C discusses the problem of the derivation of Ptolemy's planetary 
mean motions, which has never been adequately treated. 

The index includes all proper names occurring in the text, and certain 
selected topics (mostly taken from the Introduction and footnotes). It also 
contains all observations recorded in the Almagest, under the topic or body 
concerned (e.g. 'equinox', 'moon'). For a list of the observations in chrono- 
logical order the reader is referred to Pedersen's Appendix A. 

In drawing the diagrams I have tried to reproduce the manuscript tradition, 
while at the same time making the figures as clear as possible by marking the 
points unambiguously. Since there is often considerable variation in the 
manuscript representations, I have been forced to make many choices; but I 
have not 'modernized' the figures. Where a figure seemed inadequate, I have 
not changed it, but have added an explanatory one of my own. Such 
explanatory (and other supplementary) figures are distinguished by alpha- 
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betical numbering ('Fig. A' etc.), whereas figures reproduced from the 
manuscripts are numbered according to the book and the order within that 
book (thus 'Fig. 3.10' indicates that this is the tenth diagram in Book 111; in the 
manuscripts they are not usually numbered, but where they are, they are 
numbered separately in each book). I have represented the Greek letters of the 
figures by the following system: 

7 .  Other conventional symbols and abbreviations 

eccentricity 
radius of epicycle or body 
length of longest day in hours 
iength of shortest day in hours 
radius of principal circle (e.g. of deferent) 
( 1 )  right ascension (see p. 18) 
(2) anomaly (see p. 21) 
celestial latitude 
declination 
obliquity of ecliptic 
elongation 
equation 
inclination of orbit (of moon or planet) 
'centrum', i.e. distance from apogee'(see p. 22) 
longitude 
(1) oblique ascension (see p. 18) 
(2) geocentric distance 
terrestrial latitude 
distance from northpoint on orbit 

Text Trans. 

n P 
P R 
z s 
T T 
Y Y 
cP F 
X Q 

- Y v 

Text. Trans., 

A A 
B B 
r '  G 
A D 
E E 
Z Z 
H H 
0 0 

A bar over a letter denotes 'mean', thus X = 'mean longitude'. 
I 

The following are used in a raised position (e.g. ZP) to denote units: 

Text Trans. 

I J 
K K 
A L 
M . M 
N N - 
Y cI X 
0 0 

days 
equinoctial hours 
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m months 
y years 

p 'parts', i.e. the arbitrary units in trigonometrical calculations (see pp. 
7-9) 
degrees 

00 demi degrees (Zoo = lo, see p. 8) 
% degrees per day 

In the star catalogue only, " indicates some doubt about the reading. For other 
abbreviations particular to the star catalogue see p. 341 11-95. 

zodiacdl signs 
r Aries 
8 Taurus 
L7 Gemini 
5 Cancer 
62 Leo 
q Virgo 
fi Libra 

Scorpius 
$ Sagittarius 
I0 Capricornus 
Z Aquarius 
3€ Pisces 

Planetary symbols 
)2 Saturn 

Jupiter 
$ Mars 
9 Venus 

Mercury 
a Sun 
D Moon 

Other astronomical symbols 
@ Earth 
61 ascending node 
tP descending node 

On 'sexagesimal' representations such as 6,13; 10,0,58 see pp. 6-7. 

For the mathematical symbols 1) and I(( (both meaning 'is similar to') and = ('is 
congruent to') see p. 17. 

For 'M. T. I' and 'M. T. 11' see p.. 18. 

For manuscript abbreviations see pp. 3-4. 
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BOOK I 

1. Preface 
2. On the order of the theorems 
3. That the heavens move like a sphere 
4. That the earth, too, taken as a whole, is sensibly spherical 
5. That the earth is in the middle of the heavens 
6. That the earth has the ratio of a point to the heavens 
7. That the earth does not have any motion from place to place, 

either 
8. That there are two different primary motions in the heavens 
9. On the individual concepts 

10. On the size of chords 
11. Table of chords 
12. On the arc between the solstices 
13. Preliminaries for spherical proofs 
14. On the arcs between the equator [and the ecliptic] 
15. Table of inclination 
16. On rising-times at sphaera recta 

BOOK I1 

1. On the general location of our part of the inhabited world 75 
2. Given the length of the longest day, how to find the arcs of the 

horizon cut off between the equator and the ecliptic 76 
3. If the same quantities be given, how to frnd the elevation of the 

pole, and vice versa 7 7 
4. How to compute for what regions, when, and how often the sun 

reaches the zenith 80 
5. How one can derive the ratios of the gnomon to the equinoctial 

and solsticial noon shadows from the above-mentioned quantities 80 
6. Exposition of the special characteristics, parallel by parallel 82 

' These lists of the chapter headings are found in the mss. at the beginning ofeach book preceded 
by the words 'The following are the contents ofBookn ofPtolemy'smathunatical treatise'. I believe 
that the division into chapters and the chapter headings are later additions (see Introduction p 
5)- 
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page 
7. O n  simultaneous risings of arcs of the ecliptic and equator at 

90 sphaera obliqua 
8. Layout of the tables of rising-times from parallel to parallel2 1 00 
9. O n  the particular features which follow from the rising-times 99 

10. O n  the angles between the ecliptic and the meridian 1 05 i 
11. O n  the angles between the ecliptic and the horizon 110 t , 

12. O n  the angles and arcs formed with the same circle [the ecliptic] 
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13. Layout of the proposed angles and arcs, parallel by parallel 1 22 

BOOK 111 L 

i 
1 

1. On the length of the year 131 
2. Layout of the tables of the mean motions of the sun 1 42 

141 3. O n  the hypotheses for uniform circular motion 
4. O n  the apparent anomaly of the sun 153 5 

5. O n  the construction of a table for individual subdivisions of the t 

157 anomaly -- 
6. Table of the sun's anomaly 167 4 

166 
$ 

7. O n  the epoch of the sun's mean motion 
1 69 

f 
8. O n  the calculation of the solar position :i 
9. O n  the inequality in the [solar] days 169 3 F 

$ 

BOOK IV 

1. The kind of obsen~ations which one must use to examine lunar 
phenomena 173 

2. O n  the periods of the moon 174 
3. O n  the individual mean motions of the moon 179 
4. Layout of the tables comprising the mean positions of the moon 182 
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7. O n  the correction of the mean positions of the moon in 
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8. O n  the epoch of the mean motions of the moon in longitude 

and anomaly 204 
9. O n  the correction of the mean positions in latitude of the moon, 

and their epoch 205 

Most mss., foliowed by Heiberg, read at H86,20 ~avoviov rZv ~ a r a  6~Kapolpiav rrapakkqkov, 
which is untranslatable. I read with D ~avov iuv  rGv uara rrapcihhqkov. Someone who compared 
the text at I1 8 (H 134,I), ~av6mov rGv uar6 G ~ ~ a p o ~ p i a v  bvacpopthv, imported GE~apo~piav 
here and tried to combine the two inconsistent descriptions. 
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10. That the difference at the syzygies due to the moon's 
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the table. This variation is perhaps a remnant of a different chapter division. Cf. Introduction p 
5. 
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Book I 

The true philosophers, Syrus,5 were, I think, quite right to distinguish the 
theoretical part of philosophy from the practical. For even if practical 
philosophy, before it is practical, turns out to be the~retical,~ nevertheless one 
can see that there is a great difference between the two: in the first place, it is 
possible for many people to possess some of the moral virtues even without being 
taught, whereas it is impossible to achieve theoretical understanding of the 
universe without instruction; furthermore, one derives most benefit in the first 
case [practical philosophy] from continuous practice in actual affairs, but in the 
other [theoretical philosophy] from making progress in the theory. Hence we 
thought it fitting to guide our actions (under the impulse of our actual ideas [of H5 
what is to be done]) in such a way as never to forget, even in ordinary affairs, to 
strive for a noble and disciplined disposition, but to devote most of our time to 
intellectual matters, in order to teach theories, which are so many and 
beautiful, and especially those to which the epithet 'mathematical' is particu- 
larly applied. For Aristotle divides theoretical philosophy too, very fittingly, 
into three primary categories, physics, mathematics and the~ logy .~  For 
everything that exists is composed of matter, form and motion; none of these 
[three] can be observed in its substratum by itself, without the others: they can 
only be imagined. Now the first cause of the first motion of the universe, if one 
considers it simply, can be thought of as an invisible and motionless deity; the 
division [of theoretical philosophy] concerned with investigating this [can be 
called] 'theology', since this kind of activity, somewhere up in the highest 
reaches of the universe, can only be imagined, and is completely separated from 

' This 'philosophical' preface and its relationship to Ptolemy's attitude to philosophy is discussed 
by Boll, Studim 68- 76, to which the reader is referred for the relevant passages in ancient literature. 
The general standpoint is Aristotelian. 

5Syrus is also the addressee of a number ofotherworks by Ptolemy (seeToomer[S] 187). Nothing 
is known about him. The name is very common in (but not conftned to) Greco-Roman Egypt. The 
statement in a scholion to the Tetrabiblos (quoted by Boll, Studim 67, n. 2) that some say he was a 
fictitious person, others that he was a doctor, merely reveals that he was equally unknown in late 
antiquity. 

Theon in his commentary (Rome I1 320'13- 14) givescpqoi . . . oup$c$q~bval r q  w pClKtlKQ r6  
wpbrepov airroc roc &OP~TIKOV ~ U Y X ~ E I V .  This b a paraphrase rather than a difFerent reading, 
but shows thzt he understood the text as I have translated it. By this obscure expression I take 
Ptolemy to mean that before actually practising vktues one must have some concept of them (even 
though this is innate rather than taught). 
' E. g. Metaphysjcs E I, 1026a 18 ff., &WE rp~'ii;dv E ~ E V  (plkooofpial e c ~ p q ~ t ~ a i ,  pa&lpCI~lKfi, 

cp~olttfi ,  ~ E O ~ O ~ U K ~ .  
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perceptible reality. The division [of theoretical philosophy] which investigates 
material and ever-moving nature, and which concerns itselfwith 'white', 'hot', 
'sweet', 'soft' and suchlike qualities one may call 'physics'; such a n  order of 
being is situated (for the most part) amongst corruptible bodies and below the 
lunar sphere. That division [of theoretical philosophy] which determines the 

H6 nature involved in forms and motion from place to place, and which serves to 
investigate shape, number, size, and place, time and suchlike, one may define as 
'mathematics'. Its subject-matter falls as it were in the middle between the 
other two, since, firstly, it can be conceived of both with and without the aid of 
the senses, and, secondly, it is an  attribute of all existing things without 
exception, both mortal and immortal: for those things which are perpetually 
changing in their inseparable form, it changes with them, while for eternal 
things which have an  aetherea18 nature: it keeps their unchanging form 
unchanged. 

From all this we c o n ~ l u d e d : ~  that the first, two divisions of theoretical 
philosophy should rather be called guesswork than knowledge, theology 
because of its completely invisible and ungraspable nature, physics because of 
the unstable and unclear nature of matter; hence there is no hope that 
philosophers will ever be agreed about them; and that only mathematics can 
provide sure and unshakeable knowledge to its devotees, provided one 
approaches it rigorously. For its kind of proof proceeds by indisputable 
methods, namely arithmetic and geometry. Hence we were drawn to the 
investigation of that part of theoretical philosophy, as far as we were able to 
the whole of it, but especially to the theory concerning divine and heavenly 
things. For that alone is d e ~ ~ o t e d  to the investigation of the eternally 

H7 unchanging. For that reason it too can be eternal and unchanging (which is a 
proper attribute of knowledge) in its own domain, which is neither unclear nor 
disorderly. Furthermore it can work in the domains of the other [two divisions 
of theoretical philosophy] no less than they do. For this is the best science to help 
theology along its way, since it is the only one which can make a good guess at 
[the nature ofJ that activity which is unmoved and separated; [it can do this 
because] it is familiar with the attributes of those beings1' which are on the one 
hand perceptible, moving and  being moved, but on the other hand eternal and 
unchanging, [I mean the attributes] having to do with motions and the 
arrangements of motions. As for physics, mathematics can make a significant 
contribution. For almost every peculiar attribute of material nature becomes 
apparent from the peculiarities of its motion from place to place. [Thus one can 
distinguish] the corruptible from the incorruptible by [whether it undergoes] 
motion in a straight line or  in a circle, and heavy from light, and passive from 
active, by [whether it moves] towards the centre or away from the centre. With 

"aethereal' (ai9spc56qq) has a precise meaning in Aristotelian physics: everything above the 
sphere of the moon is composed of an 'incorruptible' substance, unlike anything known on earth in 
its consistency (very thin) and in its natural motion (circular). See I 3 p. 40. One of the names for 
this substance is 'aether', anothrr 'fifth essence'. See Campanus IV n. 56, pp. 394-5. 

In this exaltation of mathematic., above the other two divisions of philosophy Ptolemy parts 
company with Aristotle. for whom theolog! was the most noble pursuit for the human mind. 

'O The heavenly bodies. 
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regard to virtuous conduct in practical actions and character, this science, 
above all things, could make men see clearly; from the constancy, order, 
symmetry and calm which are associated with the divine, it makes its followers 
lovers of this divine beauty, accustoming them and reforming their natures, as it 
were, to a similar spiritual state. 

It is this love of the contemplation of the eternal and unchanging which we 
constantly strive to increase, by studying those parts of these sciences which H 8  
have already been mastered by those who approached them in a genuine spirit 
of enquiry, and by ourselves attempting to contribute as much advancement as 
has been made possible by the additional time between those people and 
ourselves.11 We shall try to note down12 everything which we think we have 
discovered up  to the present time; we shall do this as concisely as possible and in 
a manner which can be followed by those who have already made some progress 
in the field. l 3  For the sake of completeness in our treatment we shall set out 
everything useful for the theory of the heavens in the proper order, but to avoid 
undue length we shall merely recount what has been adequately established by 
the ancients. However, those topics which have not been dealt with [by our 

- 
predecessors] at all, or  not as usefully as they might have been, will be discussed 
at  length, to the best of our ability. 

2. (On the order of the theormsj 

In the treatise which we propose, then, the first order of business is to grasp the 
relationship of the earth taken as a whole to the heavens taken as a whole.14 In 
the treatment of the individual aspects which follows, we must first discuss the 
position of the ecliptic15 and the regions of our part of the inhabited world and 
also the features differentiating each from the others due to the [varying] 
latitude at  each horizon taken in order.16 For if the theory of these matters is H 9  
treated first it will make examination of the rest easier. Secondly, we have to go 
through the rnotion of the sun and of the moon, and the phenomena 
accompanying these  motion^];'^ for it would be impossible to examine the 
theory of the stars18 thoroughly without first having a grasp of these matters. 
Our  final task in this way of approach is the theory of the stars. Here too it 
would be appropriate to deal first with the sphere of the so-called 'fixed stars',lg 

" This notion of the advancement of science, and particularly astronomy, by the additional time 
available is one to which Ptolemy recurs in the epilo,gue (XIII 1 1  p. M7), and also, in a specifically 
astronomical context, a t ev l l  1 p. 321 and VII 3 p. 329. 

'2b~oClqparioao&t. A bn6pvrlpa is a 'memoir', usually implying summary brevity. Ptolem): 
recurs to this too in the epilogue (XIII 1 1  p. 647). 

l3 Ptolemy assumes that his readers will have a certain competence. See Introduction p. 6. 
"I 3-8. On the iogic of Ptolemy's order see Introduction pp. 5-6. 
I5I 12-16. The mathematical section I 10-11 is not specifically mentioned here. 
I6Book 11. 
17BookS 111-VI. 
'8LStars' here and throughout chs. 3-8 includes both fixed stars and planets (see Introduction p. 

21) and also, sometimes, sun and moon. 
'9Books VII-VIII. 
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and follow that by treating the five 'planets', as they are called." We shall try to 
provide proofs in all of these topics by using as starting-points and foundations, 
as it were, for our search the obvious phenomena, and those observations made 
by the ancients and in our own times which are reliable. We shall attach the 
subsequent structure of ideas to this [foundation] by means of proofs using 
geometrical methods. 

The general preliminary discussion covers the following topics: the heaven is 
spherical in shape, and moves as a sphere; the earth too is sensibly spherical in 
shape, when taken as a whole; in position it lies in the middle ofthe heavens very 
much like its centre; in size and distance'it has the ratio ofa point to the sphere of 

H10 the fixed stars; and it has no motion from place to place. We shall briefly discuss 
each of these points for the sake of reminder. 

3. (That  the heavens moue like a sphere)*' 

It is plausible to suppose that the ancients got their first notions on these topics 
from the following kind ofobservations. They saw that the sun, moon and other 
stars were carried from east to west along circles which were always parallel to 
each other, that they began to rise up from below the earth itself, as it were, 
gradually got up high, then kept on going round in similar fashion and getting 
lower, until, falling to earth, so to speak, they vanished completely, then, after 
remaining invisible for some time, again rGse afresh and set; and [they saw] that 
the periods of these [motions], and also the places of rising and setting, were, on 
the whole, fixed and the same. 

What chiefly led them to the concept of a sphere was the revolution of the 
ever-visible stars, which was observed to be circular, and always taking place 
about one centre, the same [for all]. For by necessity that point became [for 

HI1 them] the pole of the heavenly sphere: those stars which were closer to it 
revolved on smaller circles, those that were farther away described circles ever 
greater in proportion to their distance, until one reaches the distance of the stars 
which become invisible. In the case of these, too, they saw that those near the 
ever-visible stars remained invisible for a short time, while those farther away 
remained invisible for a long time, again in proportion [to their distance]. The 
result was that in the beginning they got to the aforementioned notion solely 
from such considerations; but from then on, in their subsequent investigation, 
they found that everything else accorded with it, since absolutely all 
phenomena are in contradiction to the alternative notions which have been 
propounded. 

For if one were to suppose that the stars' motion takes place in a straight line 
towards infinity, as some people have what device could one 

20 Books IX-XIII. 
*'See Pedersen 36-7. 
22 According to Theon's commentary (Rome I1 338) this belief was Epicurean, but I know of no 

other evidence. The only other relevant passage appears to be Xenophanes, Diels-Kranz A41a (the 
sun really moves towards infinity). 
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conceive of which would cause each of them to appear to begin their motion 
from the same starting-point every day? How could the stars turn back if their 
motion is towards infinity? Of, if they did turn back, how could this not be 
obvious? [On such a hypothesis], they must gradually diminishinsize until they 
disappear. whereas, on the contrary, they are seen to be greater at  the very 
moment of their disappearance, at which time they are gradually obstructed 
and cut off, as it were, by the earth's surface. 

But to suppose that they are kindled as they rise out of the earth and are 
again as they fall to earth is a completely absurd hypothesis.4"or 

even if we were to concede that the strict order in their size and number, their H12 
intervals, positions and periods could be restored by such a random and chance 
process; that one whole area of the earth has a kindling nature, and another an 
extinguishing one, or rather that the same part [of the earth) kindles for one set 
of observers and extinguishes for another set; and that the same stars are already 
kindled or extinguished for some observers while they are not yet for others: 
even if, I say, we were to concede all these ridiculous consequences, what could 
we say about the ever-visible stars, which neither rise norset?Those stars which 

! 
are kindled and extinguished ought to rise and set for observers everywhere, a 
while those which are not kindled and extinguished ought always to be visible ! 
for observers everywhere. What cause could we assign for the fact that this is not I 

so? We will surely not say that stars which are kindled and extinguished for 
some observers never undergo this process for other observers. Yet it is utterly 
obvious that the same stars rise and set in certain regions [of the earth] and do ! 
neither at others. 

To  sum up, if one assumes any motion whatever, except spherical, for the 1 , 

heavenly bodies, it necessarily follows that their distances, measured from the 
earth upwards, must vary, wherever and however one supposes the earth itself - 
to be situated. Hence the sizes and mutual distances of the stars must appear to 
vary for the same observers during the course of each revolution, since at one H13 
time they must be at a greater distance, at  another at  a lesser. Yet we see that no 
such variation occurs. For the apparent increase in their sizes at the horizons2* is 
caused, not by a decrease in their distances, but by the exhalations of moisture 
surrounding the earth being interposed between the place from which we 
obsefve and the heavenly bodies, just as objects placed in water appear bigger 
than they are, and the lower they sink, the bigger they appear. 

The  following considerations also lead us to the concept of the sphericity of 
the heavens. No other hypothesis but this can explain how sundial constructions 
produce correct results; furthermore, the motion of the heavenly bodies is the it 
most unhampered and free of all motions, and freest motion belongs among j : 

23 Theon (Rome I1 340) ascribes this to Heraclit us. Otherwise i t  is attested for Xenophanes (Diels- 
Kranz A38), and was admitted as one possible explanation by Epicurus (e.g. Letter to Pythoclcs 92) 
and his followers. 

24 Pt.olemy refers to the well-known phenomenon that the sun and moon appear larger when close 
to the horizon. He gives an incorrect physical and optical explanation here. In a later work (Oplics 
111 60, ed. Lejeune p. 1 16) he correctly explains it as a purely psychological phenomenon. No doubt 
instrumental measurement of the apparent diameters had convinced him that the enlargement is 
entirely illusory. 



I 4.  Sphericity of t'he earth 

plane figures to the circle and among solid shapes to the sphere; similarly, since 
of different shapes having an equal boundary those with more angles are greater 
[in area or volume], the circle is greater than [all other] surfaces, and the sphere 
greater than [all other] solids;25 [likewise] the heavens are greater than all other 
bodies. 

Furthermore, one can reach this kind of notion from certain physical 
H14 considerations. E.g., the aether is, of all bodies, the one with constituent parts 

which are finest and most like each other; now bodies with parts like each other 
have surfaces with parts like each other; but the only surfaceswith parts like each 
other are the circular, among planes, and the spherical, among three- 
dimensional surfaces. And since the aether is not plane, but three-dimensional, 
it follows that it is spherical in shape. Similarly, nature formed all earthly and 
corruptible bodies out of shapes which are round but of unlike parts, but all 
aethereal and divine bodies out of shapes which are of like parts and spherical. 
For if they were flat or shaped like a discus26 they would not always display a 
circular shape to all those observing them simultaneously from different places 
on earth. For this reason it is plausible that the aether surrounding them, too, 
being of the same nature, is spherical, and because of the likeness of its parts 
moves in a circular and uniform fashion. 

4. ( That the earth too, taken qs a whole, i s  sensibly spherical)27 

That the earth, too, taken as a whole,28 is sensibly spherical can best be grasped 
from the following considerations: We can see, again, that the sun, moon and 

H15 other stars do not rise-and set simultaneously for everyone on earth, but do so 
earlier for those more towards the east, later for those towards the west. For we 
find that the phenomena at eclipses, especially lunar eclipses, 29 which take 
place at the same time [for all observers], are nevertheless not recorded as 
occurring at the same hour (that is at an equal distance from noon) by all 
observers. Rather, the hour recorded by the more easterly observers is always 
later than that recorded by the more westerly. We find that the differences in 
the hour are proportional to the distances between the places [of observation]. 
Hence one can reasonably conclude that the earth's surface is spherical, 
because its evenly curving surface (for so it is when considered as a whole) cuts 
off [the heavenly bodies] for each set of observers in turn in a regular fashion. 

If the earth's shape were any other, this would not happen, as one can see 
from the following arguments. If it were concave, the stars would be seen rising 
first by those more towards the west; if it were plane, they would rise and set 

25These propositions were proved in a work by Zenodorus (early second century EC, see 
Toorner[l]) from which extensive excerpts are given by (among others) Theon (Rome I1 355-79). 
There is a good summary in Heath HCM I1 207-13. 

26The only relevant passage I know is Empedodes, Diels-Kranz A60, who maintained that the 
moon is disk-shaped. 

2' See Pedenen 37-9. 
28'taken as a whole': ignoring local irregularities such as mountains, which are negligible in 

comparison to the total mass. 
29The timings for solar eclipses are complicated by parallax. 
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s;multaneouslv for everyone on earth; if it were triangular or square or any 
other polygonal shape, by a similar argument, they would rise and set simul- 

, taneously for all those living on the same plane surface. Yet it is apparent that 
nothing like this takes place. Nor could it be cylindrical, with the curved surface j') in the ea\t-west direction, and the flat sides towards the poles of the universe, 111 6 
which some might suppose more plausible. This is clear from the following: for 
those living on the curved surface none of the stars would be ever-visible, but 
either all stars would rise and set for all observers, or the same stars, for an equal 
[celestial] distance from each of the poles, would always be invisible for all 
observers. In fact, the further we travel toward the north, the more3' of the 
southern stars disappear and the more of the northern stars appear. Hence it is 
clear that here too the curvature of the earth cuts off [the heav<nlv bodies] in a 
regular fashion in a north-south direction, and proves the sphericity [of the 
earth] in all directions. 

There is the further consideration that if we sail towards mountains or 
elevated places from and to any direction whatever, they are observed to 
increase gradually - in size as if rising up from the sea itself in which they had 
previously been submerged: this is due to the curvature of the surface of the 
water. 

5. j That the earth is in the middle of the 

Once one has grasped this, if one next considers the position ofthe earth, one 
will find that the phenomena associated with it could take place only if we H I 7  
assume that it  is in the middle of the heavens, like the centre of a sphere. For if 
this were not the case, the earth would have to be either 

[a] not on the axis [of the universe] but equidistant from both poles, or 
[b] on the axis but removed towards one of the poles, or 
[c] neither on the axis nor equidistant from both poles. 

Against the first of these three positions militate the following arguments. If 
we imagined [the earth] removed towards the zenith or the nadir of some 
observer, then, if he were at sphaera recta, he would never experience equinox, 
since the horizon would always divide the heavens into two unequal parts, one 
above and one below the earth; if he were at  sphaera obliqua, either, again, 
equinox would never occur at all, or, [if it did occur,] it would not be at  a - 

position halfway ,between summer and winter solstices, since these intervals 
would necessarily be unequal, because the equator, which is the greatest ofall 
parallel circles drawn about the poIes of the [daily] motion, would no longerbe 
bisected by the horizon; instead [the horizon would bisect] one of the circles 
parallel to the equator, either to the north or  to the south of it. Yet absolutely 
everyone agrees that these intervaIs are equal everywhere on earth, since H18 
[everywhere] the increment of the longest day over the equinoctial day at  the 

30 Reading nAdova (with D) for nkiova at HI 6,9. Corrected by Manitius. 
31 See Pedersen 39-42. 
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summer solstice is equal to the decrement of the shortest day from the 
equinoctial day at the winter solstice. But if, on the other hand, we imagined the 
displacement to be towards the east or west ofsome observer, he would find that 
the sizes and distances ofthe starswould not remain constant and unchanged at 
eastern and western horizons, and that the time-interval from rising to 
culmination would not be equal to the interval from culmination to setting. 
This is obviously completely in disaccord with the phenomena. 

Against the second position, in which the earth is imagined to lie on the axis 
removed towards one of the poles, one can make the followingobjections. If this 
were so, the plane of the horizon would divide the heavens into a part above the 
earth and a part below the earth which are unequal and always different for 
different latitudes,32 whether one considers the relationship of the same part at 
two different latitudes or the two parts at the same latitude. Only at sphaera recta 
could the horizon bisect the sphere; at a sphaera obiiqua situation such that the 
nearer pole were the ever-visible one, the horizon would always make the part 
above the earth lesser and the part below the earth greater; hence another 
phenomenon would be that the great circle ofthe ecliptic would be divided into 

H 19 unequal parts by the plane of the horizon. Yet it is apparent that this is by no 
means so. Instead, six zodiacal signs are visible above the earth at all times and 
places, while the remaining six are invisible; then again [at a later time] the 
latter are visible in their entirety above the earth, while at the same time the 
others are not visible. Hence it is obvious that the horizon bisects the zodiac, 
since the same semi-circles are cut off by it, so as to appear at one time 
completely above the earth, and at another [completely] below it. 

And in general, if the earth were not situated exactly below the [celestial] 
equator, but were removed towards the north or south in the direction ofone of 
the poles, the result would be that at the equinoxes the shadow ofthe gnomon at 
sunrise would no longer form a straight line with its shadow at sunset in a plane 
parallel to the horizon, not even sensibly.33 Yet this is a phenomenon which is 
plainly observed everywhere. 

It is immediately clear that the third position enumerated is likewise 
impossible, since the sorts ofobjection which we made to the first [two] will both 
arise in that case. 

T o  sum up, if the earth did not lie in the middle [of the universe], the whole 
order of things which we observe in the increase and decrease of the length of 
daylight would be fundamentally upset. Furthermore, eclipses of the moon 
would not be restricted to situations-where the moon is diametrically opposite 
the sun (whatever part of the heaven [the luminaries are in]), since the earth 

HZ0 would often come between them when they were not diametrically opposite, 
but at intervals of less than a semi-circle. 

32 The word translated here and elsewhere as rterrestrial] latitude' is ~ A i p a ,  for the meaning of 
which see Introduction p. 19. 

33The caveat 'sensibly' is inserted because the equinox is not a date but an instant of time. 
Therefore on the day of equinox the sun does not rise due east and set due west (as is implied by the 
rising and setting shadows lying on the same straight line). However, the diUerence would be 
'imperceptible to the senses'. 
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6. f That the earth has the ratio o f  a point to the 

Moreover, the earth has, to the senses, the ratio of a point to the distance of the 
sphere of the so-called fixed stars.35 A strong indication of this is the fact that the 

1 sizes and distances of the stars, at any given time, appear equal and the same 
: from all parts of the earth everywhere, as observations of the same [celestial] 
I 
k objects from different latitudes are found to have not the least discrepancy from 

k c  
each other. One  must also consider the fact that gnomons set up in any part of 

1 the earth whatever, and likewise the centres of armillary ~~he res , )~ope ra t e  like 
t the real centre of the earth; that is, the lines ofsight [to heavenly bodies] and the 
I 
i paths of shadows caused by them agree as closely with the [mathematical] 
f 

hypotheses explaining the phenomena as if they actually passed through the real 
1 centre-point of the earth. 

Another clear indication that this is so is that the planes drawn through the 
observer's lines of sight at  any point [on earth], which we call 'horizons', always 
bisect the whole heavenly sphere. This would not happen if the earthwere of HZ1 
perceptible size in relation to the distance of the heavenly bodies; in that case 
oily the plane drawn through the centre of the earth could bisect the sphere, 
while a plane through any point on the surface of the earth would always make 
the section [of the heavens] below the earth greater than the section above it. 

7 .  ( That the earth does not have crny motion fiom plate to plate, 

One can show by the same arguments as the preceding that the earth cannot 
have any motion in the aforementioned directions, or indeed ever move at all 
from its position at  the centre. For the same phenomena would result as would if 
it had any position other than the central one. Hence I think it is idle to seek for 
causes for the motion of objects towards the centre, once it has been so clearly 
established from the actual phenomena that the earth occupies the middle 
place in the universe, and that all heavy objects are carried towards the earth. 
The following fact alone would most readily lead one to this notion [that all 
objects fall towards the centre]. In absolutely all parts ofthe earth, which, as we 
said, has been shown to be spherical and in the middle of the universe, the 
direction3' and path of the motion (I mean the proper, [natural] motion) of all HZ2 
bodies possessing weight is always and everywhere a t  right angles to the rigid 
plane drawn tangent to the point of impact. It is clear from this fact that, if 

34See Pedersen 42-3. 
35Ptolerny qualifies the traditional terminology for the fixed stars as 'so-called' (~ahoupivov) 

because they do in fact, according to him, have a motion (the modern 'precession'). He develops the 
point further at VII 1 p. 321, q.v. In general, however, he uses the traditional terminology without 
qualification. 

36An example of an armillary sphere ( K ~ I K O T T ~  o c p a T p a )  is the 'astrolabe' described in V 1. For 
references to the term in other works see LSJ S.V. K p l K 0 ~ 6 ~ .  

37 See Pedersen 43-4. 
3 8 n p 6 0 v ~ w ~ ~ ,  which I have translated 'the direction of motion' here, means bas.icall:; 'direction 

in which something points' (for astronomical usages see V 5 p. 227 n. 19 and VI 11 p. 313 n. 77). 
Thus it would also include here the direction of a plumb-line (cf. I 12 p. 62). 
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[these falling objects] were not arrested by the surface of the earth, they would 
certainly reach the centre ofthe earth itself, since the straight line to the centre is 
also always at right angles to  the plane tangent to the sphere at the point of 
intersection [of that radius] and the tangent. 

Those who think it paradoxical that the earth, having such a great weight, is 
not supported by anything and yet does not move, seem tome to be making the 
mistake of judging on the basis of their own experience instead of taking into 
account the peculiar nature of the universe. They would not, I think, consider 
such a thing strange once they realised that this great bulk of the earth, when 
compared with the whole surrounding mass [of the universe], has the ratio of a 
point to it. For when one looks at i t  in that way, it will seem quite possible that 
that which is relatively smallest should be overpowered and pressed in equally 
from all directions to a position of equilibrium by that which is the greatest ofall 

HZ3 and of uniform nature. For there is no up and down in the universe with respect 
to itselC3' any more than one could imagine such a thing in a sphere: instead the 
proper and natural motion of the compound bodies in it is as follows: light and 
rarefied bodies drift outwards towards the circumference, but seem to move in 
the direction which is 'up' for each observer, since the overhead direction for all 
of us, which is also called 'up', points towards the surrounding surface;40 heavy 
and dense bodies, on the other hand, are carried towards the middle and the 
centre, but seem to fall downwards, because, again, the direction which is for all 
us towards our feet, called 'down', also points towards the centre of the earth. 
These heavy bodies, as one would expect, settle about the centre because of 
their mutual pressure and resistance, which is equal and uniform from all 
directions. Hence, too, one can see that it is plausible that the earth, since its 
total mass is so great compared with the bodies which fall towards it, can remain 
motionless under the impact of these very small weights (for they strike it from 
all sides), and receive, as it were, the objects falling on it. Ifthe earth had a single 
motion in common with other heavy objects, it  is obvious that i t  would be 
carried down faster than all of them because of its much greater size: living 

M24 things and individual heavy objects would be left behind, ridingon the air, and 
the earth itself would very soon have fallen completely out of the heavens. But 
such things are utterly ridiculous merely to think of. 

But certain people,41 [propounding]' what they consider a more persuasive 
view, agree with the above, since they have noargument to bring against it, but 
think that thei-e could be no evidence to oppose their view if, for instance, they 
supposed the heavens to remain motionless, and the earth to revolve from west 
to east about the same axis [as the heavens], making approximately one 
revolution each day;42 or  if they made both heaven and earth move by any 
amount whatever, provided, as we said, it is about the same axis, and in such a 

jgReading a 6 ~ 6 v  (with D, Is) for a6.srjv at H23,l. 
is not clear to me whether Ptolemy means the outmost boundary oftheuniverseor merely the 

surface (of the 'aether') surrounding the earth. 
" Heraclides of Pontos (late fourth century B.C) is the earliest certain authority for theview that 

the earth rotates on its axis See H A M A  I1 694-6. It was also adopted by Aristarchus as part of his 
more radical heliocentric hypothesis. 

42Lappr~~imately7 because one revolution takes place in a sidereal, not a solar day. 
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way as to preserve the overtaking of' one by the other. However, they do not 
realise that, although there is perhaps nothing in the celestial phenomena 
which would count against that hypothesis, at least from simpler considerations, 
nevertheless from what would occur here on earth and in the air, one can see 
that such a notion is quite ridiculous. Let us concede to them [for the sake of 
argument] that such an  unnatural thing could happen as that the most rare and 
light of matter should either not move at all or should move in a way no different 
from that of matter with the opposite nature (although things in the air, which 
are less rare [than the heavens] so obviously move with a more rapid motion 
than any earthy object); [let us concede that] the densest and heaviest objects Hz5 

k have a proper motion of the quick and unilorm kind which they suppose 
1 (although, again, as all agree, earthy objects are sometimes not readily moved 
i 
! 

even by an  external force). Nevertheless, they would have to admit that the 

i revolving motion of the earth must be the most violent ofall motions associated 

f 
with it, seeing that it makes one revolution in such a short time; the result would 
be that all objects not actually standing on the earth would appear to have the 
same motion, opposite to  that of the earth: neither clouds nor other flying or 
thrown objects would ever be seen moving towards the east, since the earth's 
motion towards the east would always outrun and overtake them, so that all 
other objects would seem to move in the direction of the west and the rear. But if 
they said that the air is carried around in the same direction and with the same 
speed as the earth, the compound objects in the air would none the less always 
seem to be left behind by the motion of both [earth and air]; or if those objects j 
too were carried around, fused, as it were, to the air, then they would never 1 

appear to have any motion either in advance or rearwards: they would always i 
appear still, neither wandering about nor changing position, whether they were 
flying or thrown objects. Yet we quite plainly see that they do undergo all these HZ6 
kinds ofmotion, in such a way that they are ~ o t  even slowed down or speeded up 
at all by any motion of the earth. j 

8.  ( T h a t  there are t w o  different primary molions in the 

It was necessary to treat the above hypotheses first as an introduction to the 
discussion of particular topics and what follows after. The above summary 
outline of them will suffice, since they will be completely confirmed and further 
proven by the agreement with the phenomena of the theories which we shall 
demonstrate in the following sections. In addition to these hypotheses, it is 
proper, as a further preliminary, to introduce the following general notion, that 
there are two different primary motions in the heavens. One of them is that 
which carries everything from east to west: it rotates them with an  unchanging 
and uniform motion along circles parallel to each other, described, as is 
obvious, about the poles of this sphere which rotates everything uniformly. The  
greatest of these circles is called the 'equator',44 because it is the only [such 

'3 See Pedersen 45. 
44 6 equator': iq ) l&p1~6< ,  3teraIIy 'of equal day' or 'equinoctial'. See Introduction p. 19. 
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parallel circle] which is always bisected by the horizon (which is a great circle), 
and because the revolution which the sun makes when located on it produces 
equinox everywhere, to the senses. The other motion is that by which the 

H27 spheres of the stars perform movements in the opposite sense to the lint motion, 
about another pair of poles, which are different from those of the first rotation. 
We suppose thzt this is so because of the following considerations. When we 
observe for the space of any given single day, ail heavenly objects whatever are 
seen, as far as the senses can determine, to rise, culminate and set at  places 
which are analogous and lie on circles parallel to the equator; this is 
characteristic of the first motion. But when we observe continuously without 
interruption over an interval of time, it is apparent that while the other stars 
retain their mutual distances and (for a long time) the particular characteristics 
arising from the positions they occupy as a result of the first motion,45 the sun, 
the moon and the planets have certain special motions which are indeed 
complicated and different from each other, but are all, to characterise their 
general direction,46 towards the east and opposite to [the motion of] those stars 
which preserve their mutual distances and are, as it were, revolving on one 
sphere. 

Now if this motion of the planets too took place along circles parallel to the 
equator, that is, about the poles which produce the first kind of revolution, it 

H28 would be sufficient to assign a single kind ofrevolution to all alike, analogous to 
the first. For in that case it would have seemed plausible that the movements 
which they undergo are caused by various retardations, and not by a motion in 
the opposite direction. But as it is, in addition to their movement towards the 
east. they are seen to deviate continuously to the north and south [of the 
equator]. Moreover the amount of this deviation cannot be explained as the 
result of a uniformly-acting force pushing them to the side: from that point of 
view it is irregular, but it is regular if considered as the result of[motion on] a 
circle inclined to the equator. Hence we get the concept ofsuch a circle, which is 
one and :he same for all   la nets, and particular to them. It is precisely defined 
and, sc. to speak, drawn by the motion of the sun, but it is also travelled by the 
moon and the planets. u.hich always move in its vicinity, and do not randomly 
pass outside a zone on either side of it which is determined for each body. Now 
since this too is shown to be a great circle, s i ~ c e  the sun goes to the nor-th and 
south of the equator by a n  equal amount, and since, as we said, the eastward 
motion of all of the planets takes place on one and the same circle, it became 
necessary to suppose that this second, difierent motion of the whole takes place 

H29 about the poles of the inclined circle we have defined [i-e. the ecliptic], in the 
opposite direction to the first motion. 

If, then, we imagine a great circle drawn through the poles of both the above- 
mentioned circles, (which will necessarily bisect each of them, that is the 
equator and the circle inclined to it [the ecliptic], at right angles), we will have 
four points on the ecliptic: two will be produced by [the intersection of] the 

45These characteristics of the fixed stars are e.g. dates of first and last visibility. They are 
unchanged 'for a long time' because the elrect of precession is very slow. 

46The qualification is inserted here to allow for the retrogradations of the planets. 
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equator, diametrically opposite each other; these are called 'equinoctial9 
The one at which the motion [of the planets) is from south to north is 

the 'spring' equinox, the other the 'autumnal'. Two [other points] will be 
produced by [the intersection ofJ the circle drawn through both poles; these too, 

will be diametrically opposite each other; they are called 'tropical' 
[or 'solsticial'] points. The one south of the equator is called the 'winter' 
[solstice], the one north, the 'summer' [solstice]. 

We can imagine the first primary motion, which encompasses all the other 
as described and as it were defined by the great circle drawn through 

hot h poles [of equa tor and ecliptic] revolving, and carrying everything else with 
it, from east to west about the poles of the equator. These poles are fixed, so to 
speak, on the 'meridian' circle, which differs from the aforementioned [great] H30 
circle in the single respect that it is not drawn through the poles of the ecliptic 
too at all positions of the latter. Moreover, it is called 'meridian' because it is 
considered to be always orthogonal to the horizon.47 For a circle in such a 
position divides both hemispheres, that above the earth and that below it, into 
two equal parts, and defines the midpoint of both day and night. 

The second, multiple-part motion is encompassed by the first and encom- 
passes the spheres of all the planets. As we said, it is carried around by the 
aforementioned [first motion], but itself goes in the opposite direction about the 
poles of the ecliptic, which are also fixed on the circle which produces the first 
motion, namely the circle through both poles [of ecliptic and equator]. 
Naturally they [the poles of the ecliptic] are carried around with it [the circle 
through both poles], and, throughout the period of the second motion in the 
opposite direction, they always keep the great circle of the ecliptic, which is 
described by that [second] motion, in the same position with respect to the 
equator.48 

9. {On  the indiuidual concepts] 

Such, then are the necessary preliminary conceptswhich must be summarily set 
out in our general introduction. We are now about to begin the individual 
demonstrations, the first of which, we think, should be to determine the size of H31 
the arc between the aforementioned poles[ofthe ecliptic and equator] along the 
great circle drawn through them. But we see that it is first necessary to explain 

- the method of determining chords4' we shall demonstrate the whole topic 
geometrically once and for all. 

47 See Introduction p.19. 
"My translation follows the interpretation of Theon (Rome 11 447). Manitius (p. 24 n. a) 

wrongly considers ro3 ypacpop6~0u 61' a 6 ~ f i ~  p~yiorou KUI A g o 5  KCKAOU interpolated, partly 
because he misinterprets ~ U ~ P O ~ ~ V  (which is used here in a way similar to ouv~qpo3oav at HI 
6,lO). 

49 literally 'straight lines in a circle'. On this term see Introduction p. 17. 
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10. (On the size of c h o ~ d r ] ~ ~  

For the user's convenience, then, we shall subsequently set out a table of their ' 1  

amounts, dividing the circumference into 360 parts, and tabulating the chords I 

subtended by the arcs at intervals of half a degree, expressing each as a number 
of parts in a system where the diameter is divided into 120 parts. [We adopt this 
norm] because of its arithmetical c~nvenience,~~ which will become apparent i 
from the actual calculations. But first we shall show how one can undertake the 
calculation of their amounts by a simple and rapid method, using as few ! 
theorems as possible, the same set for all. We do this so that we may not merely 

H32 have the amounts of the chords tabulated unchecked, but may also readily 
undertake to verify them by computing them by a strict geometrical method. In 
general we shall use the sexagesimal system for our arithmetical computations, 
because of' the awkwardness of the [conventional] fractional system. Since we 
always aim at a good approximation, we will carry out multiplications and 
divisions only as -. far as to achieve a result which differs from the precision 
achievable by the senses by a negligible amount. 

First, then, [see Fig. 1.1 ] let there be a semi-circle ABG about centre D and on 
diameter ADG. Draw DB perpendicular to AG at D. Let DG be bisected at E, 
join EB, and let EZ be made equal to EB. Join ZB. 

I say that ZD. is the side of the [regular] decagon, and BZ the side of the 
[regular] pentagon. . 

[Proof:] Since the straight line DG is bisected at E, and a straight line DZ is 
adjacent to it, 

H33 GZ.ZD + ED2 = E z ~ . ~ ~  
But EZ2 = BE2 (EB = ZE), 
and EB2 = ED2 + DB2. 

:. GZ-ZD + ED2 = ED2 + DB2. 

5 0 0 n  Ptolemy's ~ lculat ion of his chord table see HAMA 21-4, Pedersen 56-63. 
51 The principal convenience is that the radius is60 parts, or 1,O in the sexagesimal system. Hence 

in some ways this resembles a sine table with R = 1 .  
52 Euclid I1 6. 
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.'. GZ.ZD = DB2 (subtracting ED2, common). 

.I GZ.ZD = DG2. 
So ZG has been cut in extreme and mean ratio at D.53 
Now since the side of the hexagon and the side ofthe decagon, when both are 

inscribed in the same circle, make up the extreme and mean ratios of the same 
straight line," and since GD, being a radius, represents the side of the 
hexagon,55 DZ is equal to the side of the decagon. 

Similarly, since the square on the side of the pentagon equals the sums of the 
squares on the sides of the hexagon and decagon when all are inscribed in the 
same circle,56 and, in the right-angled triangle BDZ, the square on BZ equals H34 
the sum of the squares on BD, which is the side of the hexagon, and on DZ, 
which is the side of the decagon, it  follows that BZ equals the side of the 
pentagon. 

Since, then, as I said, we set the diameter of the circle as 120 parts, it follows 
from the above that 

D E  = 30' (DE half the radius) 
and DE2 = 90W; 

BD = 60' (BD a radius) 
and BD2 = 3600'. 
And EZ2 = EB2 = 450W, the sum [of DE2 and BD2] 

.'. EZ = 67;4,55' 
and by subtraction [of DE from EZ], DZ = 37;4,55'. 
So the side of the decagon, which subtends 36O, has 37;4,5!jP where the diameter 
has 120'. 

Again, since D Z  = 37;4,55', 
DZ2 = 1375;4,15P;5i 

and DB' = 3600P, 
so BZ2 = DZ2 + DB2 = 4975;4,15'. 
-'. BZ 70;32,3'. H35 

Therefore the side of' the pentagon, which subtends 7Z0, contains 70;32,3' 
where the diameter has 120'. 

It is immediately obvious that the side of the [inscribed] hexagon, which 
subtends 60C and is equal to the radius, contains W. 

Similarly, since the side of the [inscribed] square, which subtends 90°, is 
equal, when squared, to twice the square on the rhdius, and since the side ofthe 
[inscribed] triangle, which subtends 120°, is equal, when squared, to three times 
the square on the-radius, and the square on the radius is 360W, we compute that 

the square on the side of the square is 720W 
and the square on the side of the triangle is 10800P. 

5 3 E ~ ~ l i d  VI Def. 3 states that 'a straight line has been cut in extreme and mean ratiowhen, asthe 
whole line is to the greater segment, so is the greater to the less'; i-e. here ZG:DG = DG:ZD. 

54 Euclid XI11 9. 
55 Euclid IV 15 porism. 
56Eu~lid XI11 10. 
jiThe reading I4 (for 15) occurs as a marginal variant, in the Greek mss., here ana at related 

places (see apparatus at H34,16; 34,18; 36,4 and 36,7), and, in the Arabic, in T, and wasadoptcd in 
HajZj's translation. It is more accurate, bur makes no difference to the final result. 
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.*. Crd 90D CI 84;5 1,103 
and Crd 120° 103;55,23' 

where the diameter is 120". 

We can, then, consider the above chords as established individually by the 
above straightforward procedures.'~t will immediately5* be obvious that if any 
chord be given, the chord of the supplementary arc is given in a simple fashion, 

H36 since the sum of their squares equals the square on the diameter. For instance, 
since the chord of 36O was shown to be 37;4,55', and the square of this is 
1 375;4,15', and the square on the diameter is 1 4 W ,  the square on the chord of 
the supplementary arc (which is 144O) will be the difference, namely 
13024;55,45, and so 

Crd 144O- 1 14;7;37'. 

Similarly for the other chords [of the supplements]. 
We shall next show how the remaining individual chords can be derived from 

the above [chords], first ofall setting out a theorem which is extremely useful for 
the matter at hand. - 

[See Fig. 1.2.1 Let there be a circle with an arbitrary quadrilateral ABGD 
inscribed in it. Join AG and BD. 

Fig. 1.2 

We must prove that ' 

AG.BD = AB.DG + AD.BG." 
[ProoE] Make L ABE = L DBG. 

Then, if we add L EBD common, 

L ABD = L EBG. 

"Reading a6r68Ev (with D) for'EvrtZB3nt at H35,18. 
"This proposition, commonly known as 'Ptolemy's Theorem', is not in fact attested before him 

It remains uncertain whether any ofthe earlier chord tables (c.g. Menelaus') usedany geomevicd 
basis beyond the hasangle theorem (see n. 60 and Toomer[S] 18-19). 
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b P 
But L BDA = L BGE also, since they subtend the same segment. 

I -'a triangle ABD 111 triangle BGE. 
!, -'. BG:GE = BD:DA. 
/ 

*'* BG.AD = BD.GE. 
! Again, since L ABE = L DIG, 

and L BAE = L BDG, 
triangle ABE 111 triangle BGD. 

-.. BA:AE = BD:DG. 
1) 

i 
-*- BA. DG = BD.AE. 

But it was shown that 
I BG.AD = BD.GE. 

Therefore, by addition, AG.BD = AB.DG + AD-BG. 

? 
Q.E.D. 

Having established this preliminary theorem, we draw [Fig. 1.33 semi-circle 
ABGD on diameter AD, and draw from A two chords, AB, AG, each given in H38 
size in terms of a diameter of 12V. Join BG. 

I say that BG too is given: 
[Proof: ] Join BD,GD. 

Fig. 1.3 

Then, clearly, BD and GD too will be given, since they are chords of [arcs] 
supplementary [to the arcs of the given chords AB and AG]. 
Now since ABGD is a cyclic quadrilateral, 

AB.GD + AD.BG = AG.BD. 
But AG.BD and AB.GD are give],. 

-.. AD.BG is given by subtraction. 
And AD is a diameter. 

Therefore chord BG is given. 
And we have shown that, if two arcs and the corresponding chords are given, 

the chord of the difference between the two arcs will also be given. 
It is obvious that by means of this theorem we shall be able to enter [in the 

table] quite a few chords derived, from the difference between the individually 
calculated chords, and notably the chord of 129 since we have those of60° and H39 
72O. \ 
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Let us now consider the problem of finding the chord of the arc which is half' 
that of some given chorda6' 

Let (Fig. 1.41 A3G be asemi-circleon diameter AG. Let GB be a given chord. 
Bisect arc GI3 at D, join A3, AD, BD, ffi, and drop perpendicular DZ from D 
on to AG. 

Fig. 1.4 

I say that 
zc = ~ ( A G  - AB). 

[ProoE] Let AE = AB, and join DE. 
Then since (in the triangles ABD, ADE] 

AB = AE, and AD is common, 
the two pairs of sides AB, AD, and AE, AD are equal. 

Furthermore L BAD = L EAD. 
.: base BD = base DE. 

But BD = DG [by construction] 
.*. DG = DE. 

So, since, in the isosceles triangle DEG, perpendicular DZ has been drawn 
from apex to base 

H40 EZ = ZG. 
But EG = [AG - AE = ] AG - AB. 

ZG = I(AG -.AB). 
Now, if the chord of arc BG is given, the supplementary chord AB is 

immediately given. 
Therefore ZG, which is 4 (AG - AB), is also given. 
But, since, in the right-angled triangle AGD, the perpendicular DZ has been 

drawn, 
triangle ADG 111 triangle DGZ (both right-angled).6' 

a'. AG:GD = GD.GZ. 
:* AG.GZ = GD2. 

60Aithough Ptolemy's formula for the chord of the half-angle can .easily be derived from his 
general theorem (see Toomer[2] 16-  17), he introduces instead another theorem, which goes back to 
Archimedes (see HAMA 23-4). It is a plausible inference that this is because the latter theorem was 
the sole basis of earlier chord tablesnotably Hipparchus', as I have argued, Toomerj21 18-19. 
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But AG.GZ is given. 
Therefore GD2 is given, and so chord GD, which subtends an arc haifof [the arc 
of the given chord] BG, is also given. 

By means of this theorem too a large number of chords will be derived by 
halving [the arcs ofJ the previously determined chords, and notably, from the 
chord of lZO, thichords of 6O,  3O, 1 fo and 4'. By calculation welind the chord of 
1 f0 to be approximately 1;34,15'where the diameter is 120P, and the chord of i0 
to be approximately 0;47,8' in the same units. 

Again, [see Fig. 1.51 let there be a circle ABGD on diameter AD, with centre 
Z. From A.let there be cut off in succession two given arcs, AB, BG. Join the 
corresponding chords AB, BG; they too will be given. 

Fig. 1.5 

I say, that if we join ,AG, that [chord] too will be given. 
[Proof:] Draw through B diameter BZE, and join BD,DG,GE,DE. It is 

immediately clear that from BG one can derive GE, and from AB one can 
derive BD and DE fall as chords of the supplementary arc]. By an argument 
similar to the preceding [p. 511, since BGDE is a cyclic quadrilateral, in which 
BD and GE are diagonals, the product of the diagonals will be equal to the sum 
of t6e products of the opposite sides [i.e. BD.GE = BG.DE + BE.GD]. There- 
fore, since (BD-GE) and (BG.DE) are both given, (BE.GD) is also given. But 
BE also is given, being a diameter: therefore the remainingU part, GD, will also 
be given, .and hence GA, the [chord of the] supplement. 

Therefore, if two arcs and the corresponding chords are given, the chord 
corresponding, to the sum of these two arcs will be given by means of this 
theorem. 

It is obvious that by combining [in this way] the chord of if0 with all the 
chords we have already obtained, and then computing successive chords, we 
will be able to enter [in the table] all chords [of arcs] which when doubled are 

6'Reading .$( lor@ (with A) at H42,l for AorM ('by subtraction'). 
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divisible by three {i.c. multiples of lfO]. Then the only chords remaining to be 
determined will be t h e  between the i f 0  intervals, two in each interval, since 
our table is made a t  f o  intervals. If, therebre, we can find the chord of;', this 
will enable us to complete {the table with] all the remaining intermediate 
chords, by finding the sum or difference {off '1 from the given chords a t  either 
end of the'{lfO] intervals. Now, if a chord, e.g. the chord of 1jo, is given, the 
chord corresponding to an arc which is one-third of the previous one cannot be 
found by geometricai methods.63 (If this were possible, we should immediately 
haye the chord off0). Therefore weshall first derive the chord of i O from those of 
I f o and 10. we shall do  this] by establishing a lemma which, though it cannot 
in general exactly determine the sizes {ofchordsj, in the case of such very small 
quantities can determine them with a negligibly small error. 

I say, then, that if two unequai chords be given, the ratio of the greater to the 
lesser is less than the ratio of the arc on the greater to the arc on the lesser. 

[See Fig. 1-61 Let there be a circle ABGD, in which there are drawn two 
unequai chords, the lesser AB and the greater BG. 

Fig. 1.6 
I say that 

GB:BA < arc BG: 'arc BA. 
[Proof:] Let L ABG be bisected by [chord] BD. Join AEG, AD and GD. Then, 
since L ABG is bisected by chord BED, 

G D = A D  
and GE > EA.64 

This is true: the problem oflinding Crd a from given Crd 3a can be reduced to a cubic equation 
of the kind which cannot (except for a few particular values ofa) be solved by Euclidean geometry 
(using straight line and circle). See ToomedS] 138. 

MDerivable from Euclid VI 3, which states that the bisector of the angle at the apex of a triangle 
divides the base in the ratio of the two sides enclosing the angle. Here, since BG > BA, GE > EA. 
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SO drop perpendicular DZ from D on to AEG. 
Then, since AD > ED and ED> DZ, a circle drawn on centre D with radius 

DE will cut AD and beyond DZ. Let it be drawn as HE@, and let DZ be 
produced to O .  Now, since sector DE8 is greater than triangle DEZ, and 
triangle DEA is greater than sector DEH, 

triangle DEZ: triangle DEA < sector D M :  sector DEH. 
But triangle DEZ: triangle DEA = EZ:EA,65 

and sector DEO: sector DEH = L ZDE:L EDA. 
.'. ZE:EA <L ZDE:L EDA. 

So, componendo, 
ZA:EA < L ZDA:L AnE. 

And, doubling the first members [of the ratios],' 
GA: AE < L. GDA:L EDA. 

Then, dividendo, 
L: p. 
Lj'. 
>A 

GE:EA.<L GDE:L EDA. 
. .,. But G E E A  = GB:BA,'j6 
I.{' 
1:'. and'L GDBL BDA = arc GB:arc BA. 

-.;GEM < arc G3:arc BA. 
- 

. . 
I . . .  

Having established this, iet us draw [Fig. 1.71 circle ABG, and in it two 
I . .  chords A 3  and AG. Let us suppose, fmt, that AB is the chord ofiO and AG the 
; .  i--- chord of f O. Then, since 

Fig. 1.7 

AG:BA < aqc AG:arc AB 
4 arc AB 

and arc AG = 
3 

9 
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But, in units of which the diameter contains 120, we showed that 
AB = 0;47,8'. 

.*. GA< 1;2,5@ (for 1;2,50 = $.0;47,8). 
H46 Again, using the same figure, let us set AB as the chord of l o  and AG as the 

chord of ljO. By the same argument, since 
3 arc AB 

arc AG = 
2 ' 

L 

But, in units of which the diameter contains 120, we showed that 
AG = 1;34,15'. 

.*- AB >1;2,50" (for 1;34,15 = f .1;2,50). 
Therefore, since the chord of lo was shown to be both greater and less than the 
same amount, we can establish it as approximately 1;2,5@ where the diameter 
is 12@. By the preceding propositions we can also establish the chord off ', 
which we find to be approximately 0;31,25'. The remaining intervals can [now] 
be completed, as we said [p. 541. For example, in the first [ l iO]  interval, we can 
calculate the chord of 20 by using the addition formula for the chord of f O  applied 
to the chord of liO, while the chord o fdo  is given by using the difference formula 
for [the chord of $01 applied to the chord of 3'. Similarly for the remaining 
chords. 

Such, then, I think, is the easiest way to undertake the calculation of the 
H47 chords. But, as I said. in order that we may have the actual amounts of the 

chords readily available for every occasion, we shall set out tables [for that 
purpose] below. They will be arranged in sections of 45 lines67 to achieve a 
symmetrical appearance. The first column [in each section] will contain the 
arcs tabulated at intervals off O, the second the corresponding chords in'units of 
which the diameter contains 120, and the third the thirtieth part of the 
increment in the chord for each interval. [This last] is so that we may have the 
average increment corresponding to one minute [of arc], which will not be 
sensibly different from the true increment [for each minute]. Thuswe can easily 
calculate the amount of the chord corresponding to fractions which fall between 
the [tabulated] half-degree intervals. 

It is easy to see that, if we suspect some scribal corruption in one of the values 
for the chord in the table, the same theorems which we have already set out will 
enable us to test and correct it easily, either by taking the chord of double the 
arc [of that] of the chord in question, or from the difference with some other 
given chord, or from the chord of the supplement. 

The layout of the table is as follows. 

1 1 . { Table u j  Chords) 

[See pp. 57-60.] 

6745 lines is the standard height of tables throughout the Almagtst. It is presumably chosen to 
conform to some standard height of papyrus roll (on papyrus standards see Lewis, Papyrur in Classical 
Antipity, 36-9, 56, on Pliny .NH 13,78). Various consequences flow from it, notably the 18-year 
interval in mean motion tables (see 111 1 p. 140 with n. 28). 



I l l .  Chord table 

TABLE OF CHORDS 

"Ptolemy's chord table has been recomputed, using a computer program which reproduces, as 
far as possible, Ptolemy's own methods of ciilculation, by Glowatzki and Gottsche. Although much 
of their book is superfluous (see my review, Toomeq4]), it containssome interesting results, notably 
that Ptolerny must have carried out his calculations to five sexagesimal places to achieve the 

- 
Arcs 

1 
1 
11 

2 
21 
3 

31 
4 
4! 

- 
5 
51 
6 

64 
7 
7f 

8 
84 
9 

94 . 
10 
t O! 

11 
I 11 
12 

124 
13 
131 

14 
14f 
15 

154 
16 
I 6f 

17 
171 
18 

1 84 
19 
191 

20 

201 2 1 

214 
22 
221 

Sixtieths 

1 2 5 0  
1 2 50 
1 2 50 

1 2 5 0  
1 2 4 8  
1 2 4 8  

1 2 4 8  
1 2 4 7  
1 2 4 7  

1 2 4 6  
1 2 4 5  
1 2 4 4  

1 2 43 
1 2 4 2  
1 2 41 

1 2 4 0  
I 2 39 
1 2 38 

1 2 37 
1 2 35 
1 2 33 

1 2 3 2  
1 2 3 0  
1 2 28 

1 2 27 
1 2 25 
1 2 2 3  

1 2 21 
1 2 19 
1 2 17 

1 2 15 
I 2 13 
1 2 10 

1 2 7  
1 2 5  
1 2 2  

1 2 0  
1 1 57 
1 1 54 

1 1 51 
I 1 48 
1 1 45 

1 1 4 2  
I 1 39 
1 1 36 

Chords 

0 31 25 
1 2 5 0  
1 34 15 

2 5 4 0  
2 3 7  4 
3 8 2 8  

3 39 52 
4 11 16 
4 42 40 

5 1 4  4 
5 45 27 
6 16 49 

6 48 11 
7 19 33 
7 50 54 

8 22 15 
8 53 35 
9 24 54 

9 56 13 
10 27 32 
10 58 49 

11 30 5 
12 I 21 
12 32 36 

13 3 50 
13 35 4 
14 6 16 

14 37 27 
15 8 38 
15 39 47 

16 10 56 
16 42 3 
I7 13 9 

17 44 14 
18 15 17 
18 46 I9 

19 17 21 
19 48 21 
20 19 19 

20 50 16 
21 21 11 
2152 6 

22 22 58 
22 53 49 
23 24 39 

Arcs 

23 
23 1 
24 

241 
25 
25 f 
26 
261 
27 

274 
28 
281 

29 
294 
30 

304 
31 
31 f 
32 
324 
33 

334 
34 
344 

35 
354 
36 

361 
37 
371 

38 
384 
39 

394 
40 
401 

4 1 
41 4 
42 

42 4 
43 
43 f 
44 
444 
45 

Chords 

23 55 27 
24 26 13 
24 56 58 

25 27 41 
25 58 22 
26 29 1 

26 59 38 
27 30 14 
28 0 48 

28 31 20 
29 1 50 
29 32 18 

30 2 44 
30 33 8 
31 3 30 

31 33 50 
32 4 8 
32 34 22 

33 4 35 
33 34 46 
34 4 55 

34 35 1 
35 5 5 
35 35 6 

36 5 5 
36 35 1 
37 4 55 

37 34 47 
38 4 36 
38 34 22 

39 4 5 
39 33 46 
40 3 25 

4033 0 
41 2 33 
41 32 3 

42 1 30 
42 30 54 
43 0 15 

43 29 33 
43 58 49 
4428 1 

44 57 10 
45 26 16 
45 55 19 

Sixtieths 

1 1 33 
1 1 30 
1 1 26 

1 1 22 
1 1 19 
I 1 15 

1 1 11 
1 1 8  
1 1 4  

1 1 0  
1 0 5 6  
1 0 5 2  

1 0 4 8  
1 0 4 4  
1 0 4 0  

1 0 3 5  
1 0 31 
1 0 2 7  

1 0 22 
1 0 17 
1 0 12 

1 0 8  
1 0 3  
0 59 57 

0 59 52 
0 59 48 
0 59 43 

0 59 38 
0 59 32 
0 59 27 

0 59 22 
0 59 16 
0 59 11 

0 5 9  5 
0 5 9  0 
0 58 54 

0 58 48 
0 58 42 
0 58 36 

0 58 31 
0 58 25 
0 58 18 

0 58 12 
0 5 8  6 
0 5 8  0 



I 11. Chord table 

accuracy he does in the third place. The book also enables onqto make a number of corrections of 
scribal errors in the table. Before seeing it I had already made those given below. Noneofthe other 
corrections (all of 1 in the last place) suggested by the authors seem likely to me, although some are 
possible. 

Corrections to Heiberg's text: 

.4rcs 

454 
% 
464 

47 
474 
48 

484 
49 
491 

50 
50f 
5 1 

51 1 
52 
524 

53 
534 
54 

54t 
55 
554 

56 
564 
57 

574 
58 
584 

59 
594 
60 

6 1 
61 f 
62 
62 1 
63 

63 f 
64 
644 

65 
654 
66 

67 664 
671 

Crd go, seconds, 16 (with D, Ar) for va (51) at H48,20 (corrected by Hultsch, Sehnmtofcln 52) . 

Chords 

46 24 19 
46 53 16 
47 22 9 

47 51 0 
48 19 47 
48 48 30 

49 17 11 
49 45 48 
50 14 21 

50 42 51 
51 11 18 
51 39 42 

52 8 0 
52 36 16 
53 4 29 

53 32 38 
54 0 43 
54 28 44 

54 56 42 
55 24 36 
55 52 26 

56 20 12 
56 47 54 
57 15 33 

57 43 7 
58 10 38 
58 38 5 

59 -5 27 
59 32 45 
60 0 0 

60 27 11 
605417 
61 21 19 

61 48 17 
62 15 10 
62 42 0 

63 8 45 
63 35 25 
64 2 2 

64 28 34 
6455 1 
65 21 24 

65 47 43 
661357 
6640 7 

Sixtieths 

0 57 54 
0 57 47 
0 57 41 

0 57 34 
0 57 27 
0 57 21 

0 57 14 
0 5 7  7 
0 5 7  0 

0 56 53 
0 56 46 
0 56 39 

0 56 32 
0 56 25 
0 56 18 

0 56 10 
0 5 6  3 
0 55 55 

0 55 48 
0 55 40 
0 55 33 

0 55 25 
0 55 17 
0 5 5  9 .  

0 5 5  1 
0 54 53 
0 54 45 

0 54 37 
0 54 29 
0 54 21 

0 54 12 
0 5 4  4 
0 53 56 

0 53 47 
0 53 39 
0 53 30 

0 53 22 
0 53 13 
0 5 3  4 

0 52 55 
0 52 46 
0 52 37 

0 52 28 
0 52 19 
0 52 10 

Arcs 

68 

684 69 

694 
70 
704 

71 
714 
72 

724 
73 
734 

74 
744 
75 

754 
76 - 
764 

77 
774 
78 

781 
79 
794 

80 
804 
81 

81 1 
82 
824 

83 
83 4 
84 

844 
85 
854 

' 86 
864 
87 

87 4 
88 
881 

89 
894 
90 

Chords 

67 6 12 
67 32 12 
67 58 8 

68 23 59 
68 49 45 
69 15 27 

69 41 4 
70 6 36 
70 32 3 

70 57 26 
71 22 44 
71 47 56 

72 13 4 
72 38 7 
73 3 5 '  

73 27 58 
73 52 46 
74 17 29 

74 42 7 
75 6 39 
75 31 7 

75 55 29 
76 19 46 
76 43 58 

77 8 5 
77 32 6 
77 56 2 

78 19 52 
78 43 38 
79 7 1 8  

79 30 52 
79 54 21 
80 17 45 

80 41 3 
81 4 15 
81 27 22 

81 50 24 
82 13 19 
82 36 9 - 
82 58 54 
83 21 33 
8344 4 

84 6 32 
84 28 54 
84 51 10 

Sixtieths 

0 5 2  1 I 
0 51 52 
0 51 43 

0 51 33 
0 51 23 
0 51 14 

0 5 1  4 
0 50 55 
0 50 45 

0 50 35 
0 50 26 
0 50 16 

0 5 0  6 
0 49 56 
0 49 46 

0 49 36 
0 49 26 
0 49 16 

0 4 9  6 
0 48 55 
0 48 45 

0 48 34 
0 48 24 
0 48 13 

0 4 8  3 
0 47 52 
0 47 41 

0 47 31 
0 47.20 

. 0 4 7  9 

0 46 58 
0 46 47 
0 46 36 

0 46 25 
0 46 14 
0 4 6  3 

0 45 52 
0 45 40 
0 45 29 

0 45 18 
0 4 5  6 
0 44 55 

0 44 43 
0 44 31 
0 44 20 

. 











and rigid, with one of its faces smooth and accurately squared off. On this we
drew a quadrant, using as centre a point near one ofthe comers, and drew from
the centre to the inscribed arc the lines enclosing the right angle forming the
quadranLWe divided the arc, as we had [the other instrument], into 90 degrees
and subdivisions of those degrees. Next, on that line which was chosen to be
perpendicular tothe plane of the horizon and towards the south, we fixed two
small cylindrical pegs, with their sides at right angles to their bases and exactly
circular, machined to be ofequal size: one of them we fixed on the centre-point
itself, positioning the mid-point of the peg precisely on it, the other at the lower
end of the line. Then we set this inscribed face of the plaque up along the
meridian line which we had drawn on the foundation-plane, so as to be parallel
to the plane of the meridian, and, using a plumb-line suspended between the
pegs, set up the line between them precisely at right angles to the plane of the
horizon, again correcting any deficiency by adjusting thin supporting elements
underneath. In the same way as before, we observed the shadow cast at midday
by the peg at the centre. In order to determine its position more accurately, we
placed some object on the inscribed arc [where the shadow crossed itj.Marking
the mid-point of the shadow, we took that division of the quadrant as indicating
the position of the sun on the meridian in the north-south direction. 74

From observations of this kind, and especially from comparing observations
near the actual solstices, which revealed that, over a number of returns [of the
sun], the distance from the zenith was in general the same number ofdegrees of
the meridian circle at the [same] solstice, whether summer or winter, we found
that the arc between the northernmost and southernmost points, which isthe arc
between the solstitial points, is always greater than 47~o and less than 47io.
From this we derive very much the same ratio as Eratosthenes, which
Hipparchus also used. For [according to this] the arc between the solstices is
approximately 11 parts where the meridian is 83. 75

From the preceding kind of observation it is easy to derive immediately the
latitude of the region in which the observation ismade, wherever it is:one takes
the point halfway between the two extrema; this point lies on the equator; then
one takes the distance between this point and the zenith, which is the same,
obviously, as the distance of the poles from the horizon.

I 12. Size of arc between the solstices 63

H67

H68

74 KOTO 7tAlho<;, literally 'in latitude'. Ptolemy, following common Greek usage, usesnsdroc for
any 'vertical' direction, including that normal to the equator, as here. See Introduction p. 21.

75H of 360°= 47;42,39,~==2£, henceaw 23;51,20°, which iswhat Ptolemy actually adopts (his 2&
lies between 47;400 and 47;45°, but is not the mean).

The text could equally well mean, not that Eratosthenes and Hipparchus used the ratio II :83,
but that the ratio 11:83 is Ptolemy's value, which is close to the actual ratio used by them [namely
2:15, i.e. & == 24°). 'that interpretation has the advantage ofagreeing with the only value otherwise
attested for Eratosthenes (in his Geography, see Berger Frg. II B23, Strabo 2.5, 7) and Hipparchus (in
his Geography and in his Commentary on Aratus, ed. Manitius P: 96,20; cf HAMA 303, 335). It was
proposed by Berger, Eratosthenes 131, followed by Heath, Aristarchus 131 n.4. I prefer the traditional
interpretation, since I find it inconceivable that Ptolemy would not mention what the ratio was to
which his own was close, and also because of his expression at 1 14 (p. 70). Eratosthenes' peculiar
ratio is due not to a perverse division of the circle into 83rds, as Theon supposes (Rome II 529), but
to a pre-trigonometrical derivation from gnomon measurements, as I shall show elsewhere.



64 J J3. LemmasJor spherical trigonometry

13. [Preliminaries JOTspherical prooft ),6

Our next task is to demonst rate the sizesofthe individual arcscu t offbetween the
equa tor and the ecliptic a long a great circle through th e polesofthe equator. As
a preliminary we sha ll set ou t some short and useful theorems wh ich will enable
us to carry out most de monstrations involving spherica l theorems in the
simplest andmost me thodical way possible.

H 69 [See Fig. 1.8.] Let two stra ight lines, BE and GD, which are d rawn to meet
two stra ight lines. AS and AG, cut each other a t point Z.

R

H

o

B

I say 'hat

t

Fig. 1.8

G
:

;:
•

GA:AE = (GD:DZ).(ZB:BE)."
[Proof: ] Let EH be drawn through E parallel to GD.
Then, since GD and EH are parallel, .

GA:AE =GD:EH .
If we hring ZD in [as auxiliary],

GD:EH = (GD:DZ).(DZ:HE) .
:. GA:AE = (GD:DZ).(DZ:HE).

But DZ:HE = ZB:BE (EH parallel '0 ZD).
:. GA:AE = (GD:DZ).(ZB:BE).

In the same way. dividendo, we sha ll prove th at
GE:EA = (GZ:DZ).(DB:BA).

[1 3.1 ]
QE.D.

"On the spherical trigonometry in th is chapter see HAMA 26-30, Pedersen 72-8.
. 11 Literally (here and in general) this kind of ra tio is exp ressed as 'the ratio of GA to AE is

combi ned from (OUvfl7tt Ol h . ovyKtttOl h:) the ra tio of GD 10 DZ and the ra tio ofZB to BE'.
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[See Fig. 1.9.] Draw a line through A parallel to EB and produce GO to cut itat
H. Again, since AH is parallel to EZ, H70

G E:EA = GZ :ZH.
But, if we bring in ZD [as auxiliary],

GZ:ZH = (GZ:ZD).(DZ:ZH).

R

H

B

Fig. 1.9

G

But DZ:ZH = DB:BA (BA and ZH drawn to meet the parallel lines AH and
ZB).

:. GZ:ZH = (GZ:DZ).(DB:BA).
But GZ:ZH = GE:EA.

:. GE:EA = (GZ:DZ).(DB:BA). [ 13.Z]
Q .E.D.

Again [Fig. 1.10] on circle ABG, with centre D , take any three pointsA,B,G,
on the circumference, provided that each of the arcs AD and BG is less than a
semi-circle (lei the same condition beunderstood to a pply to all subsequent arcs
we take). Draw AG a nd DEB.

I say that H71
Crd arc ZAB:Crd arc ZBG = AE:EG.

[Proof:] Drop perpend iculars AZ and GH from pcintsA and G on to DB. Then,
since AZ is parallel to GH, and they meet line AEG ,

AZ:GH = AE:EG.
But AZ:GH = Crd arc 2AB : Crd arc ZBG

(for AZ = j Crd a rc 2AB and GH = j Crd arc ZBG).
:. AE:EG = Crd arc ZAB:Crd arc ·ZBG. [13.3]

QE.D.
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B
H9----":;:'o..G,

E

R0<:==------0 Z

o

Fig. 1.1 0

It immediately fo llows that if we are give n the whole ofarc AG and the ratio
(Crd arc 2AB:Crd arc 2BG), both arc AB and arc BG will be given.

For, repeating the same figure [see Fig. 1.1 1l,join AD, and drop perpe ndicu­
lar DZ from D on to AEG.

H 72 It isobvious that, ifarc AG be given,L ADZ, which subtends halfarc AG, will
be given, and hence the whole triangle ADZ.18 NO\.... since the whole chord AG is

B .~

G
",

E i',-

R

0

Fig. 1.1 1

" For one already knows L AZD, a righl angle, and AD, a radius.
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given, and (AE:EG) is given (for it eq uals (Crd arc2AB:Crd arc 2BG)), AE will
be given,79and so willZE, by subtraction [ofAZ from AEJ. Hence, since DZ too
is given, in the right-angled tri an gle EDZ, L EDZ will begiven, and hence the
who le angle ADD. H ence arc AB will be given and (by subtrac tion) arc BG.

QE.D.
; ~ Again [see Fig." 1.12] on circle ABG with centre D take three point s on the

":"' circumference, A,B,G.80J oin DA and GB and produce them to meet at E.
'.'

G
"

,,
E R Z

Fig. 1.12

o H

I say ' hat H7 3
C rd arc 2GACrd arc 2AB = GE: BE.
By a similar argument to the previous theorem , if we drop perpendicula rs

BZ and GH from B and G on to DA, since they a re parallel,
GH :BZ = GE:EB.

:. Crd arc 2GA:Crd a rc 2AB = GE:EB. [13.4]
QE.D.

In this case too it follows immediately that if we are given j ust th e a rc G Rand
' he ratio (Crd arc 2GACrd arc 2AB), arc AB will also be given.

For, if we repeat the same figur e [see Fig. 1.1 3], and join DB and drop DZ
pe rpendicular to BG, then L BDZ, which subtends ha lf arc BG, will be given. H71­
Hence the whole of the right-angled tri angle" BDZ will be given. Now, since
th e ra tio (GE:EB) and line GB are given, EB will be given, and hence, by
add ition, line EBZ. So, since DZ is given, in the right -angled triangle EDZ,

19 Euclid [)ala 7 (if a given magnitude is d ivided in a given rat io, each part is given).
" O mitt ing (with D, Is), a t H72, 13- 15, went bcrltt pav l {3v AB, Ar 1ttPllp£pEltil'v tMooova

Elva l l'UUlCll lC').\OU. KU\ hrl doy E~ii~ ~t AUlJjklVOIJ£VfJ>V lI£p1t~tp£tGv TO 6J,1010Y {mQKouto&l,
which is an otiose repetitjc n oI'H70, 21-5.

• 1 Here (H74,3) and elsewhere (e.g. H74,7) D has the fuller fonn 6peoychVlov lplytl)YOv for
Hd berg'SOpeoyo)V10V. This may be right, but J have not recorded it as a correc t ion, following the
principle enu nciated Int roduction p. 4.
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E

J J3. Menelaus' Theorem

BA-.--

R

Fig. 1.13

o

G

L EDZ isgiven, and, by subtract~on [of the givenL BDZ] L EDB isgiven. Hence
arc AB will be given .

Having established th ese preliminary theorems, let us dr aw [Fig. 1.14]82the
following arcs of great circles on a sphere: BE and GD are drawn to meet AB
and AG, and cut each other at Z . Let each of them be less than a sem i-circle
(and let the same condi tion be understood to apply to all th e figures).
I say th at

Crd arc 2GE:Crd arc 2EA ~ •
(Crd arc 2G Z:Crd arc 2ZD). (C rd arc 2DB:Crd arc 2BA).

[Proof:] Let us take the centre of th e sphere, H, and draw from it to the inter­
sections of the circles, B, Z, E, lines HR, HZ, HE. Join AD and produce it to

H75 meet HR, also produced, a t 0 . SimilarJy,join DG and AG , and let th em cut HZ
and HE a t po ints'" K a nd L.

R

8

G
Fig. 1.14

82 For an adaptationofthis figure useful in visualiaing tbe verious planes involved see HAMA Fig.
17 p. 1213.

8J Reading 'rei •• • O11JJtia (with D) at H75,2 £oc'1"6 . • . <Jll~ov. Correc ted by Manitius.

';

".
•



Having set out this preliminary theorem, we shall first ofall demonstrate the
amounts of the arcs we set ourselves to deterrnine.P'' as follows.

[See Fig. 1.15.] Let the circle through both poles, that ofthe equator and that
of the ecliptic, be ABGD; let the semi-circle representing the equator be AEG,
and that representing the ecliptic BED, and let point E be the intersection ofthe
two at the spring equinox, so that B is the winter solstice and D the summer
solstice. On arc ABG take the pole of the equator AEG: let it be point Z. Cut off H77
arc EH on the ecliptic: let us suppose it to be 30°, and draw through Z and H an
arc of a great circle ZHE>. Our problem, obviously, is to determine HE>. Let us
take for granted both here and in general for all such demonstrations (to avoid
repeating ourselves on each occasion), that when we speak of the sizes ofarcs or
chords in terms of'degrees' or 'parts' we mean (for arcs) those degrees ofwhich
the circumference of a great circle contains 360, and (for chords) those parts of
which the diameter of the circle contains 120.

Now since, in the figure, the two great circle arcs ZE> and EB are drawn to
meet the two great circle arcs AZ and AE, and intersect each other at H,

Crd arc 2ZA:Crd arc 2AB =
(Crd arc 2E>Z:Crd arc 20H). (Crd arc 2HE:Crd arc 2EB). [M.T.I]

14. {On the arcs between the equator and the ecliptic} 85

H76

69

[13.6]
QE.D.

[from 13.2]
[from 13.3]
[from 13.3]
[from 13.4]

1 14. Calculation of declinations

Then 8, K and L lie on a straight line, since they all lie simultaneously in
rwo planes, the plane of triangle AGD, and the plane of circle BZE.

Draw this line [8KL]. The result will be that there are two straight lines,
8L and GD, drawn to meet two straight lines, 8A and GA, and intersecting
each other at K.

:. GL:LA = (GK:KD).(OO:E>A).
But GL:LA = Crd arc 2GE:Crd arc 2EA

and GK:KD = Crd arc 2GZ:Crd arc 2ZD
and OO:8A = Crd arc 2DB:Crd arc 2BA.

Crd arc 2GE:Crd arc 2EA =
(Crd arc 2GZ:Crd arc 2ZD).(Crd arc 2DB:Crd arc 2BA). [13.5]

In the same way, corresponding to the straight lines in the plane figure [Fig.
1.8], it can be shown that
Crd arc 2GA:Crdarc 2EA =

(Crd arc 2GD:Crd arc 2DZ).(Crd arc 2ZB:Crd arc 2BE).84

84 The theorem connecting six great circle arcs on the surface of the sphere in a Menelaus
Configuration (see Introduction p. 18), of which the enunciations 13.5 and 13.6 are examples, is
due to Menelaus, whom Ptolemy mentions in the Almagest only as an observer (see index s.v.), It
appears (in both forms) as Prop. III 1 ofhisSphaerica (ed. Krause pp. 194-7). These two forms have
been labelled by Neugebauer (HAMA 28) as Theorem I (= 13.6), where four inner parts of the
Menelaus Configuration are related to two outer parts, and Theorem II (=13.5), where four outer
parts are related to two inner parts. We shall use this terminology in what follows(M.T. I and M. T.
II for brevity).

85 See HAMA 30-1, Pedersen 95-6.
86 Reference back to I 13 p. 64.
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t

B

G
Fig. 1.15

R J•
J
I
!
j
i,

•0"

J
!

I
!

•

But arc 2ZA = 180", so Crd arc 2ZA = 120',
and arc 2A B = 47;42,4QO (acco rd ing to the ratio 11:83, with

which we agreed [p . 63)).
so Crd arc 2AB = 48;31,55'.

H78 Again, arc 2HE = 60°, so Crd arc 2HE = 60',
and arc 2EB =180", so Crd arc 2E B =120".

:. Crd arc 2Z0:Crd arc 20 H = (120: 48;31,55)1(60 : 120)
= 120 : 24;15,57.

And arc 2Z0 = 180°, so Crd arc 2Z0 = 120".
:. Crd arc 20 H = 24;1 5,57' .

:. arc 20 H = 23;19,590.
and arc 0H """ 11;40°.

Again, let arc EH be taken as 60°, T hen the other magnitudes will remain
unchanged. but

arc 2EH =120", so Crd arc 2EH =103;55,23' .
:. Crd arc 2Z0 :Crd arc 20 H = (120 : 48;31 ,55)1(103;55,23 : 120)

= 120 : 42;1 ,48.
But Crd arc 2Z8 = 120".

:. Crd arc 20 H =42;1,48' .
:. arc 2E1 H = 41;0,180,

and arc 0H = 20;30,90.
QE.D.

H79 In the same way we shall compute the sizesof[the other] individual arcs, and
set out a tabl e giv ing for eac h degree of the quadrant the arc corresponding to
chose computed above. The table is as follows.

s••

t

f. :
(~

I'
I.

r
I'
I



I 16. Calculation of right ascensions 

1 5. (Table of l n c l i n a t i ~ n ) ~ ~  

[See p- 72.1 

. 16. {On rising-times at sphaera recta)88 

Our next task is to show how to compute the size of an arc of the equator 
determined by a circle drawn through the poles of the equator and a given point 
on the ecliptic. In this way we can find how long, in equinoctial time-degrees, it 
takes a given section of the ecliptic to cross the meridian at any point on earth 
and the horizon at sphaera recta (for only in that situation does the horizon pass 
through the poles of the equator). 

Repeat the previous figure [see Fig: 1.161. Let the ecliptic arc EH again be 
given, first as 304 We have to find arc EO of the equator. 

Fig. 1.16 

By the same argument as the preceding, 
Crd arc 2ZB:Crd arc 2BA = - 

(Crd arc 2ZH:Crd arc 2HO). (Crd arc 20E:Crd arc 2EA). [M.T.II] 
But arc 2ZB = 132;l 7,20°, 

so Crd arc 2ZB = 109;44,53P. 

87Corrections 'to Heiberg in Table 1 15: . . 

45O, seconds, a (with D, Ar) for K .  (20) at H81:50 (computed: 2) 
690, seconds, a (with D, Ar) for la (1 1 ) at H81,29 (computed. 10,59 for 11 ,I). 
Possible emendations are: 
27O, seconds pc (47) for V< (57) (computed: 48). No ms. authority. 
51 O, seconds E .(5) for IE  (15) (computed: 7). No ms. authority. 
590, seconds a (1) for 6 (4) (computed: 0). Only variant is '0' in L. 

88 See H A M A  31 -2, Pedersen 97-9. 
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1 15. Declination table 

TABLE OF INCLINATION 



1 16. Calculation of right. ascensions 73 
And arc 2BA = 47;42,40°, F d 

so Crd arc 2BA = 48;31 ,55'. H83 4 
t- 
F 

Again, arc 2ZH = 156;40,1° [ I  80° - arc m H ,  p. 701 X 

i-; 
so Crd arc 2ZH = 11 7;31,15', V- 

and arc 2H0  = 23; 1 9,5g0, 
so ~ r b  arc 2HO = 24; 1 5,57'. ;+ 

f 

:. Crd arc 0E:Crd arc 2EA = (109;44,53 : 48;31,55)/(1 I7;31,15 : 24;15,57) 
= 54;52,26 : 11 7;31,15 = 56;1,53 : 120. F c 

But arc 2EA = 180°, so Crd arc 2EA = 120P. 
% 1 

.*- Crd arc 20E = 56;1 ,53P.89 2 !% 

So arc 20E= 55;40° and arc OE 27;50°. $ 
Again, let arc EH be taken as 60'. Then the other magnitudes will remain %- 

unchanged, but q 
arc 2ZH = 138;59,4Z0, 11 80° - arc 20H, p. 70) b 1 

so Crd arc 2ZH = 1 12;23,56'. S' 
i = 
i. 

And arc 20H = 41;0,18O. r 

- so Crd arc 20H = 42;1$48'. - 

.: Crd arc 20E:Crd arc 2EA = (109;44,53 : 48;31,55)/(112;23,56 : 42; 1,48) I 
6 

H84 = 95;2,40 : 1 12;23,56 
I 

= 101 ;28,20 : 120. , 

But C 2EA = 120'. 
.*. Crd arc 2OE = 101;28,2@ I - 

I 

... arc 20E 1 15;28O. 1 

-.. arc 0 E -  57;44O. 
Thus it has been shown that the first sign of the ecliptic, counted from the i ,  

equinox,g0 rises in the aforementioned manner [i.e. at sphaera recta] in the same b 
time as 27;50° of the equator; and that the second sign rises with 29;54O (for the 

- sum of both arcs was shown to be 57;M0). It is obvious that the third sign will 
rise at sphaera recta in the same time as 32;16O (which is the complement [of 

I t 

57;44O]), since each whole quadmt  of the eclipticg1 rises in thesame time as the 
J 

1 
- k 

corresponding quadrant ofthe equator as defined by circles drawn through the 2 

poles of the equator. 
Following the same method as demonstrated above, we calculated the arc of 

the equator which rises in the same time as each 10-degree section of the 
ecliptic. (The [true] rising times of arcs smaller than 10' are not noticeably 
different from those derived by linear interpolation [from those of 10" arcs]). We 
shall set these too out, then, in order to be able to reckon conveniently the time i - 
which each arc takes, as we said, to cross the meridian at any point on earth and H85 1% ! 

the horizon at sphaera recta. We begin with the 1 O0 arc starting at [either] 
equinoctial point. 

*Here and just above (H83,13 and 10) Heiberg's text gives 56;1,25 (IE for v). The correct 
readinn is given by D and Is. 

F siderations of symmetry, it makes no difference which equinox one starts from. 
91A q ~ a ~ ~ m t '  here is understood to.start at equinox or solstice. 



74 1 16. Risinq-t ._ imes at sphaera recta 

Time-degrees 
9; 1 0° 

ten-degree section rises in 9; 1 5' 
3rd 9;25" 

For 1st sign sum is 27;50°. 

4th 9;40° 
5th 1 ten-degree section rises in 9;58O 
6th 10;16O 

For 2nd sign sum is 

10;34O 
ten-degree section rises in 10;47" 

9th 10;55O. 

For 3rd sign, ending at either solstice, sum is 32;16O. 
The sum for the whole quadrant is 90°, as it should be.92 

It is immediately obvious that the arrangement [of the rising-times] is the 
same for the other [three] quadrants, since the same relationships hold in each 
at sphaera recta, that is when.the equator has no inclination to the horizon [i.e. is 
vertical to it]. 



Book I1 

1 ; (On !he general location o f  our part of the inhabited world 

In Book I of our treatise we discussed such preliminary notions about the 
of the universe as had to be summarily disposed of, and such theorems 

concerning sphaera recta as might be thought useful for the investigations which 
we propose. In what follows we shall try to develop the more important 
theorems concerning sphaera obliyua too, in the most convenient way possible. 

On-that topic, then, we must first make the following general introductory 
remark. If one considers the earth to be divided into four quarters by the H88 
equator and a circle drawn through the poles of the equator, our part of the 
inhabited world1 is approximately bounded by one of the two northern - 

quarters. The main proof of this in the caseoflatitude (that is in the north-south 
direction) is that the noon shadows of gnomons at equinox always point towards 
the north and never towards the south. In the case of longitude (that is in the 
east-west direction) the main proof is that observations of the same eclipse 
(especially a lunar eclipse) by those at the extreme western and extreme eastern 
regions of our part of the inhabited world (which occur at the same [absolute] 
time), never differ2 by more than twelve equinoctial hours [in local time];3 and - 
the quarter [of the earth] contains a twelve-hour interval in longitude, since it is 
bounded by one of the two halves of the equator. 

The individual points [concerningsphaera obliqua] which might be considered 
most appropriate to study for the subject we have undertaken are the more 
important phenomena which are particular to each of the northern parallels to 
the equator and to the region of the earth directly beneath each. These are 
[l] the distance of the poles of the first motion [i.e. the equator] from the H89 
horizon, or [in other words] the distance of the zenith from the equator, 
measured along the meridian;' 

' So one must translate fi ~ a 0 '  JIp6< o l ~ o u p b q  : ~ a e '  tjp& can mean 'in our neighbourhood' or 
'in our time'. Manitius takes the expression to be temporal (e.g. here, 58,17 'deszuneit bewohnten 
Qbietes der Erde'). This implausible interpretation iscontradicted by VI 6 (p.294) where Ptolemy 
talks about 'different parts of the inhabited world' ( h i  61a(pbpou oilcoupivqg, H+98,2). and 
mentions the 'so-called antipodes' ( ~ 6 v  dwt~0bvov ~ahoupivov). In using the expression he is 
implicitly allowing the possibility of an inhabited zone in the southern hemisphere. On  the meaning 
and history of the concept oi~oupivq see Campanus 396-7. 

* Ldiffer': literally 'are earlier or later'. 
One should not infer that Ptolemy possessed recordsof lunar eclipses observed simultaneously at 

eastern and western ends of the known world. In fact it seems probable that the only eclipse observed 
at places widely separated in longitude for which he had records of both observations was that of 
- 330 Sept. 20 (cf. H A M A  668 n.30), observed at Arbela and Carthage. 

In modern terms, the terrestrial latitude, in antiquity usually known as Etappa TOG n6hou, 
'elevation of the pole'. 



76 N I .  Topics to be dealt with 

[2] for those regions where the sun reaches the zenith, when and how often this 
occurs; 
[3] the ratios of the equinoctial and solstitial noon shadows to the gnomon; 
[4] the size of the difference of the longest and shortest day from the equinoctial 
day;' and all other additional phenomena which are [commonly] studied 
concerning 
[5] the individual increases and decreases in the length of the days and nights,6 
[6] and the arcs of the equator which rise or set with [given] arcs of the ecliptic,' 
[7] and the particulars and quantities of angles between the more important 
great circles.* 

2. (Gitfen the length of the longest day, how tof ind the arcs of tht.horizon 
cut off between the equator and the e c l i ~ i i c ) ~  

Let us take as a general basis for our examples the parallel circle to the equator 
H90 through Rhodes, where the elevation of the pole is 3 6 O ,  and the longest day 14 

equinoctial hours. Let [Fig. 2.11 ABGD represent the meridian, BED the 
eastern halfofthe horizon, AEG, likewise, the [eastern] halfof the equator, with 
its south pole at Z. Let us suppose that the winter solstice on the ecliptic is rising 
at H. Draw through Z and H. the great circle quadrant ZHO. 

b '  

Fig. 2.1 

Wetails ol'[I] to [4] are given fbr numerous parallels in I1 6. 
"see I1 9. 
'See 11 7-8. 
8Sce I1 10-13. 

chapters 2 and 3 scc hJ.4M1.1 37-8. Pede~sen 101-4. 



N 2. Computation of ortiue amplitude 77 

First of all let the length of the longest day be given, and let the problem be to 
find arc EH of the horizon.I0 

Now, since the revolution oft he [heavenly ] sphere takes place about the poles 
of the equaior, it is obvious that points H and O will be on the meridian ABGD 
at the same time. Thus the time from the rising of H to its upper culmination is 
given by the equatorial arc @A, and the time from its lower culmination to its 
rising is given by [the equatorial arc] GO. It follows that the length ofdaylight is 
twice the time corresponding to arc @A, and the length of night twice the time 
corresponding to arc GO. For every parallel circle to the equator has both 
sections alike, that above the earth and that below it, bisected by the meridian. 

Therefore arc E@, which is half the dinerence between longest or shortest day 
Ih and equinoctial day, is 13 at the parallel in question, or 18;45 time-degrees. 

Hence its complement, arc @A, is 71 ;15 time-degrees. 
Then since, in accordance with the previous theorems, the two great circle 

Q.E.D. 

arcs EB and ZO have been drawn to meet the two great circle arcs AE and AZ, 
and intersect each other at  H, 

Crd arc 20A:Crd arc 2AE = 
(Crd arc 20Z:Crd arc 2ZH). (Crd arc 2HB:Crd arc 2BE). [M.T.IJ - 

. But arc 2OA = 142;30°, 
so Crd arc 2 0 A  = 1 13;37,54' 

and arc 2AE = 1 80°, 
so Crd arc 2AE = 120'. 
Again, arc 2 0 2  = 180°, so Crd arc 2 0 2  = 12@, 

and arc 2ZH = 132; 1 7,20°, so Crd arc 2ZH = 109;44,53P. 
.*. Crd arc 2HB:Crd arc 2BE = (1 13;37,54 : 120)/(120 : 109;44,53) 

= 103;55,26 : 120. 
But arc 2BE = 12p,  since arc BE is a quadrant. 

.*. Crd arc 2HB = 103;55,26P.1' . 
... arc 2HB 1 20°, 

and arc HB 60°. 
.*- arc HE, its complement, is 30° where the horizon is 360°. 

3. (If the same qmtilies be gitren, hou.1 to find fhe eleuation of /he pole, 
and vice versa) 

Next let the problem be, given the same quantity [i.e. the length of the longest 
day] again, to find the elevation of the pole, that is arc BZ of the meridian [in 
Fig. 2.11. Now, in the same figure, 

Crd arc 2EO:Crd arc 2 0 A  = 
(Crd arc 2EH:Crd arc 2HB). (Crd arc 2BZ:Crd arc 2ZA). [M.T.II] H93 

'"In modern terms, arc EH is the ortive amplitude of the sun. 
" Here and just above (H92,ll and 8) Heiberg's text gives 103;55,23 (e for e). The correct 

reading is given by ACDAr at H92,8 and by all mss. at H92,ll. Heiberg prefers the reading '23' 
because it is given by all mss. at H93,10. But the comparison is illegitimate, since there the amount is 
taken from the chord table, whereas here it  is derived by calculation. 



11 3. Computation of cp from M and M from cp 

But arc 2E0 = 37;30°, 
so Crd arc 2EO = 38;34,2ZP, 

and arc 20A = 1 42;30°, 
so Crd arc 20A = 1 13;37,54'. 

Furthermore arc 2EH = 60°, 
so Crd arc 2EH = 6@, 

and arc 2HB = 120°, 
so Crd arc 2HB = 103;55,23'. 

.: Crd arc 2BZ:Crd arc 2ZA = (38;34,22 : 1 13;37,54)/(60 : 103;55,23) 
= 70;33 : 120. 

And again, Crd arc 2ZA = 12@, 
so Crd arc 2BZ = 70;33'. 

-'- arc 2BZ = 72; 1 
and arc BZ- 36O. 

To do the reverse, in the sarne'figure again [Fig. 2.11 let BZ, the arc of the 
H94 pole's elevation, be given, having - been observed to be 36". Let the problem be 

to find the difference between the shortest or longest dav and the equinoctial 
day, i.e. arc 2EO. 

Now, from the same considerations, 
Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2ZH:Crd arc 2HO). (Crd arc 20E:Crd arc 2EA). [M.T.II] 
But arc 2ZB = 7Z0 

so Crd arc 2ZB = 70;32,3', 
and arc 2BA = 108O, 

so Crd arc 2BA = 97;4,56'. 
Furthermore arc 2ZH = 132; 1 7,20°, . 

so Crd arc 2ZH = 109;44,53', 
and arc 2HO = 47;42,40°, 

so Crd arc 2 H 0  = 48;31.55'. 
.= Crd arc 20E:Crd arc 2EA = (70;32,3 : 97;4,561/(109;44,53 : 48;31,55) 

= 3 1 ; 1 1,23 : 97;4,56 
38;34 : 120. 

H95 But Crd arc 2EA = 120P, 
Crd arc 2E0  = 38;34': ' 

... arc 2E0 37;30°, or 2; equinoctial hours.''. 
Q.E.D. 

In the same way arc EH of the horizon can be determined. For 
Crd arc 2ZA:Crd arc 2AB = 

(Crd arc 2ZO:Crd arc 2OH). (Crd arc 2HE:Crd arc ZEB), [M.T.I] 
and (Crd arc 2ZA:Crd arc 2AB) is a given ratio, 
and so is (Crd arc 2ZO:Crd 20H), 
so, since arc EB is given, so is the amount of arc EH. 
It is obvious that if we suppose H to be, instead of the place of the winter 

solstice, any other degree of the eciiptic, by similar reasoning both of the arcs 

I2There has been selective rounding at different stages of this calculation to achieve this nice 
result. Accurate calculation of arc 2EO would give (to the nearest minute) 37;2g0. 



11 3. Symmetries o f  arcs and daylight-length 79 

E@ and EH will be given, since we have already set out, in the 'Table of 
jnclination', the arc of the meridian intercepted between ecliptic and equator 
for every degree of the ecliptic: this arcI3 corresponds to HO [in Fig. 2.11. 

It immediately follows that points on the ecliptic cut by the same parallel H96 
circle, i.e. points equidistant from the same solstice, cut off [between ecliptic 
and or] arcs'of the horizon which are equal and on the same side of the 
equ; 'hey also make the length of the dav equal to that of the day [at the 
corresponding point], and the length of the night equal to that of the 
[corresponding] night. 

It likewise follows that points [on the ecliptic] cut by equal parallel circles, 
that is points equidistant from the same equinox, cut off arcs of the horizon 
which are equal, but on opposite sides of the equator. They also make the length 
of the day equal to the length of the night at the opposite [corresponding] point, 
and the length of the night equal to that of the [corresponding] day. 

For, in the figure already drawn [see Fig. 2.21, we put K as the point in which 
the parallel circle equal to the parallel through H cuts the semi-circle BED of 
the horizon; we draw in arcs HL and KM of the parallel circles: these will, 
clearly, be equal and opposite. We draw through K and the north pole the 
[great circle] quadrant NKX. Then 

arc @A = arc XG (arc @A ( 1  arc LH, and arc XG 11 arc MK). 
-*. arc EO = arc EX (complements [of arc OA and arc XG]). 

Then, in the two similar spherical triangles" EHO and EKX we  ha\^ two H97 
  airs of corresponding sides equal, EO to EX, and HO to KX,15 and both d 
the angles at O and X are right, so the base EH equals the base KE. 

I I 

G 
Fig. 2.2 

l 3  Reading Z ~ O E K T E ~ E I ~ ~ V O V  (with D) for Z ~ O E K T I ~ E ~ ~ V O V  at H95,18, an6 REPI(PE~EI& (with 
DL, adopted by Manitius), for sc&p~cpepeia at H95,22. 
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80 11 4. How to compute when the sun reaches zenith 

4. {Hozc~ to computejor ufhat regions, zclhen, and hozc! ?/ten /he .sun reaches the zenith)l6 

Once the a h v c  quantities are given, it  is a straightSolward computation to 
determine for what regions, when: and how often the sun reaches the zenith. 
For it is immediatel) obvious that for those beneath a parallel which is farther 
away liom the equator than the 23;5 1 ,20° (aypl-oximatel~~), which represents 
the distance 01.1 he summer solst ice [fi-om the equator], the sun never reaches the 
zenith at all, while lot- those beneath the pal-allel which is exactly that distance 
[liom the equator], it reaches the zenith once [a year], precisely at the summer 
solstice. It is furthermore clear that for those beneath a parallel less far [liom the 
equator] than the above-mentioned amount the sun reaches the zenith twice [a 
year]. The time when this happens is readily supplied from the Table of 
Inclination which MJe have set out [I 151. For we take the distance from the 
equator, in degrees, of the parallel in question (which must, obviously, lie 
within the [parallel of'the] summer solstice), and enter with it the second set of' 
columns; we take the corresponding argument, in degrees liom 1 ' to 90°, in the 

- - 

H98 first set of columns; this gives us the distance of the sun liom each of'the 
equinoxes towards the summer solst ice when it is in the zenith fbr those beneath 
the parallel in question. 

5. (Haul one can de~-ii*e the ratios of' tht-gnoa~on /o the equinoctial and so/sticial noon 
sfradon~s jknz /he aboir-men/ ioned rluan/it ie~.) 

The required ratios of shadow to gnomoni8 can be Sound quite simply once one 
is given the arc between the solstices and the arc I~stween the horizon and the 
pole; this can be shown as follows. 

[See Fig. 2.3.1 Let the meridian circle be ABGD? on centre E. Let A be taken 
as the zenith, and draw the diameter AEG. At right angles to this, in the plane 
of the meridian, draw GKZN: clearly, this will be parallel to the intersection of 
horizon and meridkin. Now, since the ~vhole ear-t 11 has, to the senses, the ratio of 
a point and centre to the sphere of the sun. so that the centre E can be 
considered as the tip of the gnomon, let us imagine GE to be the gnomon, and 

H99 line GKZN to be the line on which the tip of the shadow falls at noon. Draw 
through E the equinoctial noon ray and the [two] solsticial noon ray's: let BED2 
represent the equinoctial ray, HEOK the summer solst icial ray, and LEMN the 
winter solstisial ray. Thus GK will be the shadow at  the summer solstice, GZ 
the equinoctial shadow, and GN the shadow at the winter solstice. 

Then, since arc GD, which is equal to the elevation of the north pole from the 
horizon, is 36O (where meridian ABG is 360') a t  the latitude in question, and 

"The word Ptolemy uses for 'spherical triangle', ~p inA~upov ,  was, according to Pappus.~ynagogf 
VJ 2, Hultsch p. 476, 16-7, the term used by Menelaus. 

l5 Arc HO = arc KX because they are the declinations of points equidistant from an equinox- 

I6See Pedersen 104-5 and Appendix A, Example la. 
l 7  See Pedersen 105-6. 
18ReTerence back to I1 1 [33 p. 76. They are the equinoctial and solsticial noon shadows. 



Fig. 2.3 

both arc OD and arc DM are 23;51,20°, by subtraction arc GO = 12;8.4O0, and 
by addition arc GM = 59;51 ,20°. 
Therefore the corresponding angles 
i KEG = 12;8,40° 
L ZEG = 36" I where 4 right angles = 360° 
L NEG = 59;51,20° - and 
L KEG = 24; 1 7,20C0 
L ZEG = 72"" 1 where 2 right angles = 360°0. 
L NEG = 1 1 9;42,40°" 
Therefore in the circles about right-angred triangles KEG, ZEG, NEG, HI00 

arc GK = 24; 1 7,20° 
and arc GE = 155;42,40° (supplement), 

arc GZ = 7Z0 
and arc GE = 108O, similarly [as supplement], 

arc GN = 1 1 9;42,40° 
and arc GE = 60; 17,20° (again as supplement). 

Therefore where Crd arc GK = 25;14,43', Crd arc GE = 1 17;18,5IP, 
and where Crd arc GZ = 70;32,4'", Crd arc GE = 97;4,56', 
and where Crd arc GN = 103;46,16', Crd arc GE = 60; 15,4ZP. 

Therefore, where the gnomon GE has 60P, in the same units 
the summer [solsticial] shadow, GK ---- 1 2;55', 

the equinoctial shadow, GZ ---- 43;36' 
and the winter [solsticial] shadow, GN 103;ZP. 

''The chord table gives, Ibr 7Z0, 70;32,3P (wrongly changed to 70;32,4' by Heibergon the basis of 
this passage). All mss. (including the Arabic tradition, except for Gerard, who has 3) have 4 here. 
The inconsistency probably goes back to Ptolemy. It has no  efyect on the final result. CI: p. 93. 



82 11 6. Characteristics of  parallel M = 12 

It is immediately clear that the reverse process is possible. That is, provided 
only that any two of the three above ratios of the gnomon GE to the shadow be 
given, the elevation of the pole and the arc between the solstices are determined. 
For il'any two of the angles at E are given, so is the third, since arcs OD and DM 

)-I101 are equal. However, in so fat- as accuracy of the observation is concerned, the 
Ibrmer quantities [elevation of the pole and Z E ]  can be exactly determined in the 
way we explained; but the ratios of the shadows in question to the gnomon 
cannot be determined with equal accuracy, since the moment of the equinoxes 
is, in itself; somewhat indeterminate, and the tip of the shadow at winter solstice 
is hard to discern. 

6. (Esposilion of /he speciai characte~islics, parallel by parallel]20 

By the same method we also found the above-mentioned general characteristics 
for the other parallels [to the equator]. We calculated for latitudes at intervals 
of ;-hour [of longest daylight], considering that sufficient. Before we deal with 
particulars,2' we shall set out these general characteristics. 

1. We begin with the parallel beneath the equator itself, which forms, 
approximately, the southern boundary oft he [earth's] quarter which comprises 
our part of the inhabited world. This is the only parallel which has every day 
equal to every night, since only in that case [i.e. at the equator] are all parallel 
circles bisected bv the horizon. sc that every section above the earth is an arc of 
the same size, and is equal to the corresponding section below the earth. This 
does not occur at any other lat i t ~ d e : ~ ~  [elsewhere] only the equator is bisected at 

HI02 every place on earth by the horizon, so that it makes the night sensibly equal to 
the day [when the sun is] in it. For the equator too is a great circle. All the other 
[parallels] are divided [by the horizon] into unequal parts.23 As the sphere is 
inclined in our part of the inhabited world, parallels south of the equator make 
the sections above the earth smaller than those below the earth, and the days 
shorter than the nights, while the northern [parallels], on the contrary, make 
the sections above the earth larger, and the days longer. 

This parallel [of the equator] also has the shadow going both ways2* the sun 

'O The information given in this chapter is a gesture towards the traditional topics of Hellenistic 
geography. Most of it is irrelevant to the rest of the Almagest and is nevermentionedor used again. 
In particular, the definition oflatitude by the gnomon-shadow ratio at equinox or solstices is known 
to have been much used in earlier works (see H.4MA I1 746-8), and, to judge from Sanskrit 
ash-onomical works, had important app:ications in earlier Hellenistic astronomy, but is a mere fossil 
in the .Jlrnage.sr (although Ptolemy probably introduced the norm of W for the gnomon). 

The shadow Iengths in this chapter are all rounded to the nearest neat fraction or whole number. 
For higher latitudes there are considerable inaccuracies. 

By 'particuIars' he refers to rising-times at ~phaero obliyua and other matters treated in the latter 
part of Book 11. 

22'at any other iatitude': literally 'at any of the inclinations'. See Introduction p. 19. 
23 Proved Theodosius, S'haerica I1 19. 
2 4 b ~ ~ i o ~ t ~ c j ,  meaning that the noon shadow is to the south for part of the year. This term, and the 

corresponding k ~ & p 6 o ~ l o <  and n & p i o ~ l o <  (see p. 85 11-36 and p. 89 n.67) were used by Posidonius 
(early first century B.C.) in his geographical work (Edelstein-Kidd frs. 49,44-8 and 208) as  reported 
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co~lles into the zenith twice [a year] for those living beneath it, when it reaches 
the intersections of ecliptic and equator; only at those [two times] do the 
p r n o n s  cast no shadow at noon; while the sun is traversing the northern semi- 
circle [of the ecliptic] the shadows of the gnomons point towards the south, and 
while it is traversing the southern semi-circle they point towards the north. In 
that region a gnomon of 60P has a shadow o f 2 d P  at  both summer and winter 
solstices. (When we say 'shadow' we mean, in general, the noon shadow; it 
makes no significant difference that the equinoxes and solstices do not, in 
general, take place exactly a t  noon.) 

For those who live beneath the equator those stars come into the zenith which 
revolve on the equator itself, but all stars are seen to rise and set, since the poles H103 
of the sphere are exactly on  the horizon, and thus it is impossible for any of the 
parallel circles to appear always visible or always invisible, o r  for any meridian 
to be a c 0 1 u r e ~ ~  [i.e. always partly invisible]. It is said that the regions beneath 
the equator could be inhabited, since the climate must be quite temperate. For 
the sun does not stay long in the neighburhood of the zenith, since its motion in 
declination is swift round about the equinoctial points, and hence the summer 
would be temperate; furthermore, it  is not veryfar  from the zenith at the 
solstices, so the winter would not be harsh. But what these inhabited regions are 
we have no reliable grounds for saying. For u p  t o  now they a re  unexplored by 
men from our  part of the inhabited world, and what people say about themmust 
be considered guesswork rather than report. In any case, such, in sum, are the 
characteristics of the parallel beneath the equator. 

As for the other parallels, which, according to some authorities, comprise the 
inhabited regions, we shall make the following general observations, to avoid 
repeating ourselves in every case. For each of them in order those stars come 
into the zenith whose distance from the equator, measured along the circle H104 
through the poles of the equator, is equal to the distance of the parallel in question 
[from the equator]. Furthermore the circle which has the north pole of the 
equator as its pole, and the elevation of the pole [at that parallel] as its radius, is 
always visible, and all stars within that circle are alwaysvisible. [Likewise], the 
circle which has the south pole as its pole, and the same radius [as the former], is 
always invisible, and the stars within it are always invisible. 

2. The second is the parallel with a longest day of ld equinoctial hours. This is 
40 from the equator, and passes through the island Taprobane.26 This t oo  is one 
of the parallels with the shadow going both ways: the sun comes into the zenith 
for those beneath it twice [a year], and makes the gnornonsshadowless at noon, 
when it is 79$" distant from the summer solstice on either side. Thus while it is 
traversing these 15g0, the gnomon shadows point towards the  south; and while 

by Strabo 2.2.3 and 2.5.43. Whether Posidonius actually coined the terms, as Strabo implies 
( ~ K ~ A E C T E V ,  wrongly denied by me, Toomr[3] 146) seems improbable, but we have no earlier 
attestation. 
250n this term see Introduction p. 19. 
Z6Ceylon. For this and the rest of the geographical data in this chapter help is provided by 

Kitpert's reconstruction of Prolemy's world map, 'Orbis Terrarum secundum C1. Ptolemaeum', 
Fonnac Orbis Antiquac no. XXXVI, 191 1. 



it is traversing the other 201°, they point towards the north. In this region, fora 
gnomon d m ,  the equinoctial shadow is + i P ,  the summer [solsticial] shadow 
21iP:, and the winter [solsticial] shadow 32'. 

H 105 3. The third is the parallel with a longest day of 12: equinoctial hours. This is 
8;25O from the equator and goes through the Avalite This too is one ofthe 
parallels with the shadow going both ways: the sun comes into the zenith for 
those beneath it twice [a year], and makes the gnomons shadowless at noon, 
when it is 69' distant from the summer solstice on either side. Thus while it is 
traversing these 138O, .the gnomon shadows point towards the south; and while 
it is traversing theother 22Z0, they point towards the north. In this region, for a 
gnomon of 6@, the equinoctial shadow is dP, the summer [solsticial] shadow 
1 6 & ~ , ~ '  and the winter [solsticial] shadow 37SP. 

4. The fourth is the parallel with a longest day of 123 equinoctial hours. This is 
12f0 from the equator, and goes through the Adulitic This too is one of 
the parallels with the shadow going both ways: the sun comes into the zenith 
twice {a year] for those beneath it, and makes the gnomons shadowless a t  noon, 

HI06 when it is 57i0 from the summer solstice on either side. Thus while it is 
traversing these 115f0 the gnomon shadows point towards the south, and while 
it is traversing the remaining 24430 they point towards the north. In this region, 
for a gnomon of 6@, the equinoctial shadow is 1 3f0, the summer [solsticial] 
shadow lZP, and the winter Isolsticial] shadow 44fP. 

5. The fifth is the parallel with a longest day of 13 equinoctial hours. This is 
16;27O from the equator, and goes through the island ofMer~e.~ 'This  too is one 
of the parailels with the shadow going both ways: the sun comes into the zenith 
for those beneath it twice [a year], and makes the gnomons shadowlessat noon, 
when it is 4 5 O  from the summer solstice on either side. Thus while it is traversing 
these 90' the gnomon shadows point towards the south, and while it is 
traversing the remaining 270° they point towards the north. In this region, for a 
gnomon of 6@, the equinoctial shadow is 17ip, the summer [solsticial] shadow 
7ip, and the winter [solsticial]) shadow 51Pe31 

6. The sixth is the parallel with a longest day of l&equinoctial hours. This is 

2 7 A ~ a l i t e ~  was a trading-post on the African coast just outside the mouth of the Red Sea. It is 
identified with the mediaeval and modern Zeila, just south of Djibouti. The  'Avalite gulf is surely 
the nearby Gulf of Tajura, rather than the Gulf of Aden, as asserted by Tomaschek (R-E s.v. 
Aualites). 

28Readingq L' rp' (with Is) f o r q  L' y' (1 @) at H105,13. Computed: 16;34,28. 
2'Adule or Adulis was a town on the Aethiopic coast of' the Red Sea.  he gull' is the modern 

Gulf' of Zula (formerly Annesley Bay). 
" Meroe is not an island in the modern sense, but was so called b y  the Greek geogi-aphers because 

it was roughly bcunded by the rivers Nile, Atbara (ancient Astaboras), Blue Nile (ancient Astopus) 
and possibly some of' their tributaries. Cl: Ptolemy, Geog,a/Jhv 1V 7 20 (qoonor6rur  Aleroe- 
bounded by Nile to the wed and Astaker-as to the eastj, and the confused account ofStrab,  17-2.2. 

Computed: 50;53,4. 51 is probab!)- correct ss a rounding to the nearest whole number, but one 
might consider D's 50;5 1 or 'T's 3& (H 106:! 8). 
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20;14O from the equator, and  goes through N a ~ a t a . ~ *  This too is one of the 
with the shadow going both ways: the sun comes into the zenith for H107 

those beneath it twice [a year], and makes the gnomons shadowless at  noon, 
&en it is 31° from the summer solstice on either side. Thus while it is traversing 
these 62' the gnomon shadows point towards the south, and while it is 
traversing the remaining 298O they point towards the north. In this region, for a 
gnomon of 6@, the equinoctial shadow is 22iP, the summer [solsticial] shadow 
&P, and the winter [solsticial] shadow 5&P.33 

7. The seventh is the parallel with a longest day of 131 equinoctial hours. This is 
23;51° from the equator34 and goes through S ~ e n e . ~ ~  This is the first ofthe so- 
called 'one-way-shadow'36 parallels. For in this region the noon shadows of the 
gnomon never point towards the south. Only at the actual summer solstice does 
the sun come into the zenith for those beneath this parallel, so that the gnomons 
appear shadowless. For they are exactly the same distance from the equator as 
the summer solstice is. At every other time the shadows of the gnomons point 
towards the north. In  this region, for a gnomon of60P, the equinoctial shadow is 
2dP, the winter [solsticial] shadow is 65dp, and the summer (solsticial] shadow is 3 1 0 8  

1 zero.37 Furthermore, all parallels north of this up to the northern boundary of 
k : our part of the inhabited world have the shadows going one way. For in those 

t regions the gnomons at  noon neither become shadowless nor point their shadows 
towards the south: they always point them towards the north, since the sun 

f never comes into the zenith for them, either. ! 
i 
i 8. The eighth is the parallel with a longest day of 13i equinoctial hours. This is 
i 
I 27;lZ0 from the equator, and goes through Ptolemais in the Thebaid, which is 

called Ptolemais Hermeiou. In  this region, for a gnomon of GOP, the summer 
i [solstitial] shadow is 3fP, the equinoctial shadow 3&P,38 and the winter 

[solsticial] shadow 74'. 

9. The ninth is the parallel with a longest day of 14 equinoctial hours. This is 
30;2Z0 from the equator, and goes through lower Egypt. In this region, for a 
gnomon of 60P, the summer [solsticial] shadow is d P ,  the equinoctial shadow 
35AP, and the winter [ solsticial] shadow 83;12P.39 

"Napata is the modern Gebel Barkal. near Merowe in the Sudan. 
"Computed: 22;6,7 for the equinoctial shadow, and 58;5,55 for the winter solsticial shadow. One 

would expect &i instead of ,! in both places. Perhapsone should interpret G' as<, i.e. 6 minutes; but 
this would normally be written as an aliquot fraction (1'). 

3' Computed: 23;48,20. The discrepancy is interesting, because it isdue, not to rounding, but to the 
desire to make the parallel with M = 134" exactly coincide with the parallel with a latitude equal to 
the obliquity of the ecliptic. i.e. where the sun is in the zenith at summer solstice. The difference is 
negligible, but instead of saying so Ptolemy fudges the result. 

75Also k n o ~ n  as Syene: the modern Assuan in upper E.gypt. 
3 6 k ~ & p k ~ t o ~ ,  the opposite of bLjl(~icSK10~; see p. 82 n.24. 
"Literally 'shadowless'. 
j8~eadingX L' y' (with D, Is) fbr L' y' (3d) at H108,13. Computed: 30;48,36. 
"Reading $ (with L) for 1P' (i.e. 12 minutes instead of A) at H108,ZO. Computed: 

83; 10,39. Ptolemy does not often use the aliquot fraction E' (4). 
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10. The tenth is the parallel with a longest of le! equinoctial hours. This is 

H 109 33; 18" from .the equator, and  goes through the middle of Phoenicia. I n  this 
region, for a gnomon of 60P, the  summer {solsticial] shadow is I@, the 
equinoctial shadow 3gP ,  and the winter fsolsticiaij shadow 933P.40 

11. The eleventh is the parallel with a longest dayof14f equinoctial hours. This 
is 36O from the equator, and goes through Rhodes. jn this region, for a gnomon 

3p 41 of 60P, the summer [solsticial] shadow is 12tfP, the equinoctial shadow 43 5 , 
and the winter {solsticiaff shadow 1034'. 

12. The twelfth isrhe parallel with a longest day of14-a equinoctial hours. This 
is 38;35O from the equator, a n d  goes through Smyma. In this region, for a 
gnomon of60P, the summer [solsticialfshadow is 15 JP, the equinoctial shadow is 
47 gP, and the winter fsofsticialj shadow is i 1 4fSP. 

13. The thirteenth is the parailel with a longest day of 15 equinoctial hours. 
This is 40;56O from the equator, and goes through the Heilespont. In this region, 
for a gnomon of 6@, the  summer [soisticial] shadow is i8fp, the equinoctial 

5P 42 shadow 52iP, and the winter [solsticiaif shadow l27c; . 

HI I0  14. The  fourteenth is the parailel with a longest day of 15; equinoctial hours. 
This is 43; 1 043 from the equator, and goes through M a ~ s a i i a . ~ ~  f n this region, for 
a gnomon of 60P, the summer {solsticial] shadow is2gP, the equinoctial shadow 

I P  4 5  55;': and the winter fsofsticial] shadow i4& . 

15. The fifteenth is the parallel with a longest day of 15: equinoctial hours. This 
is 45;1° from the equator, and goes through the middle of P o n t ~ s . ~ ~  Zn this 
region, for a gnomon of W, the summer [sdsticial] shadow is 23jP, the 
equinoctial shadow 6@, and  the winter [solsticial] shadow 155hP.47 

''All the values for the shadow at this parallel are rather inaccurate. For M = 14ih one finds 
9;57,43. 39;23,11 and 92;52,51. Ptolemy's figures fit a latitude of 33f0 much better. 

*' Reading W L' I' (with Ar) fo rm L'y' (433) at H109,9. Corrected by Manitius. Cf. 43;36at I1 5 
p. 81. 

'*There is a strange discrepancy here. For M =15", one finds cp = 40;52,21°. ,However, the 
shadow lengths fit neither M = 15h nor ip = 40;56O, but ip = 41°. Computations: 

M = 1 5 ~  cp = 40,56O cp = 41" text 
summer shadow 18;21,47 18;25,58 18;30,34 18;30 
equinoctial shadow 51;55,23 52;2,5 52;9,26 52; 10 
winter shadow 127;5,30 127;26,32 127;49,41 127;50 
The parallel through the Hellespont i3 Clima V in the traditional '7 climata' (see Introduction p. 
19). Possibly, an older round number for the latitude underlies Ptolemy's values here. 

**Reading p i  6 for ~8 (43:4) at H110,3. Although not supported by any ms. reading (Ar has 
43f), 43;l is confirmed by the values tbr the shadow lengths. Furthermore, 4' would normally 5 
Mrltten as an aliquot fraction. LE' (but cf. H I  11,6 where 50;4 is certainly correct, and is writtenT6, 
i.e. 50;4 and not 50;~). 

44 Modem Marseilles. 
"Reading 6' (with BCIs) far (144) a t  HI  10,6. Computed: 140;31,31. One might also 

consider (141), as a rounding to the nearest whole number, but this has no ms. support. 
'bThe Black Sea. 
"Computed: 153;10,32. Possibly one should read 155;12 (with L, 16 fbr ID'). Cf. p. 85 n.39. 
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16. The sixteenth is the parallel with a longest day of 15$ equinoctial hours. 
This is 46;51 O from the equator and goes through the sources of the river I s t r ~ s . ~ ~  
In this region, for a gnomon of 609, the summer [solsticial] shadow is 25214 the 
equinoctial shadow 63flp, and the winter [solsticial] shadow 171fP. 

17. The seventeenth is the parallel with a longest day of 16 equinoctial hours. 
This is 48;32" from the equator, and goes through the mouths of the H11! 
~ ~ r ~ s t h e n e s . ~ '  In this region, for a gnomon of 6V, the summer [solsticial] 
&adow is 27fP, the equinoctial shadow 67ZP, and the winter [solsticial] shadow 
1 88AP.'O 

18. The eighteenth is the parallel with a longest day of lht equinoctial hours. 
This is 50;4O from the equator, and goes through the middle of the Maiotic 
iake." In this region, for a gnomon of 60P, the summer [solsticial] shadow is 
&2P,'2 the equinoctial shadow 71gP, and the winter [solsticial] shadow 208f~. '~  

19. The nineteenth is the parallel with a longest day of 16; equinoctial hours. 
This is 51:'~~ from the equator and goes through the southernmost parts of 
Brittania. In this region, for a gnomon of 60P, the summer [solsticial] 
shadow is 31AP, theequinoctiai shadow 75hP, and the winter [solsticial] shadow 
dP. 

20. The twentieth is the parallel with a longest day ot 1d equinoctial hours. 
This is 52;500 from the equator and goes through the mouths of the Rhine. In this 
region, for a gnomon of 6@, the summer [solsticial] shadow is 33tP, the 
equinoctial shadow 7MP, and the winter [solsticial] shadow 2536'. 

i 

21. The twenty-first is the parallel with a longest day of I7  equinoctai hours. H 1 f 2 
This is 54;1° from the equator,56 and goes through the mouths of the TanaisS7 

i- , 
In this region, for a gnomon of 60P, the summer [solsticial] shadow is 34BP, the il 

equinoctial shadow 82hP, and the winter [solstitial] shadow 27dP. + 

48The Danube. 
4gThe modem river Dnieper. 
50 These shadow lengths accord better with a latitude of'48f0. However, tp = 48;32O is abundantlv 

attested for this paraIleI, which is ClimaVII ofthe 7 climata. There arevariants 18& (T) and 188%' 
(- 18638, L) for the winter shadow. Computed: 188;44,49. 

51 Modem Sea of Azov. 
52~eading a L' 18' (with Ar) for a L' 7' I$' (2M) at H111,9. Computed: 29;31,31. 
53Computed: 208;2,32. Perhaps one should read 2063 (interpreting y' as 7, i.e. 3 minutes, at 

H111,lO). 
54ReadingVCi L' (with D, Ar) for= L's' (514 + i )  at HI 11,13. Computed: 51;28,54. Corrected 

by Manitius. 
55For (P = 52;50° one finds the winter shadow as 253;35,53. L has 253;36. Hence one might 

consider em ending^' to L' 1' at H111.23. However, there are increasing inaccuracies in the winter 
shadows from here on. 

56Reading%7i (with BCDAr) f o r z X  (54;30) at HI 12,3. Computed: 54;0,18. Corrected by 
Manit ius. 

5' The modern river Don. For the great error in the latitude assigned to this region here and in the 
Geography see Toomer[3] 148. 
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22. The twenty-second is the parallel with a longest day of 17i equinoctial 
hours. This is 55' from the equator58 and goes through Brigantium in Great 
B~-ittania.~' In this region, for a gnomon of60P, the summer [solsticial] shadow is 
36iP, the equinoctial shadow is 85gP, and the winter [solsticial] shadow is 304fP. 

23. The twenty-third is the parallel with a longest day of 17; equinoctial hours. 
This is 56" from the equator, and goes through the middle ofGreat Brittania. In 
this region, for a gnomon of 6@, the summer [solsticial]ahado~ is 37?, the 
equinoctial shadow 8gP, and the winter [solsticial] shadow 335iP. 

H113 24. The twenty-fourth is the parallel with a longest day of 17: equinoctial 
hours. This is 5 7 O  from the equator, and goes through Caturactonium in 
Brittania.60 In this region, for a gnomon of 60P, the summer [solsticial] shadow is 
3&P,61 the equinoctial shadow is 92hp, and the winter [solsticial] shadow is 
37gp? 

25. The twenty-fifth is-the paralleI with a longest day of 18 equinoctial hours. 
This is 58' from the equator and goes through the southern part of Little 
Bri t tax~ia.~~ In this region, for a gnomon of60P, the summer [solsticial] shadow is 
40fP, the equinoctial shadow 96', and the winter [solsticial] shadow 419fi'.~* 

26. The twenty-sixth is the parallel with a longest day of 18; equinoctial hours. 
This is 59f0 from the equator, and goes through the middle of Little Brittania. 

From here on we no longer used $-hour increments, since [at intervals of 
4-hour for the longest daylight] the parallels are now close together, and the 
difference in the elevation of the pole is no longer as much as a whole degree. 
Furthermore, for the points even further north there is not the same need for 
detail. Hence we considered it superfluous to list the ratios of the shadows to the 
gnomon, as if it were for some well-defined place. 

HI 14 27. The parallel where the longest day is 19 equinoctial hours is 61° from the 
equator and goes through the northern parts of Little Brittania. 

"Computed: 55;7: 16. From here on the rounding become much more drastic. 
59By 'Great Brittania' and 'Little Brittania' Ptolemy refers to the two principal islands of the 

British isles: namely modern 'Great Britain' (England, Wales and Scotland) and Ireland. None of 
the places called Brigantium were in Britain. However, there was in Britain a tribe of Brigantes, 
whose kingdom was sometimes known as Brigantia (which was further to the north than this 
latitude would imply). Ptolemy presumably made an error here. He seems to have corrected it by 
the time he came to write the GPoprapkr, which does mention the Brigantes, but no Brigantium in 
Britain. 

60Modern Catterick in Yorkshire. The usual Latin form is 'Cataractonium'. 
6'Readingm G I  (with D, 1s) for y' (39) at H113,4. Computed for cp = 57": 39;10,48. 
62Reading T% (with B3D2, Ar) for T ~ S  ID' (372i2) at H113,5. Computed: for cp = 59": 

372;44,27. 
63 Ireland: see above n.59. 
64C~mputed  for9 = 58O: 419;15,1. Perhaps one should emend to41& (6'for~p'at H I  13,Il). Cf: 

'11&', Ger. 
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28. The parallel where the longest day is 19; equinoctial hours is 6Z0 from the 
equator and goes through the islands called ' E b o ~ d a e ' . ~ ~  

29. The parallel where the longest day is 20 equinoctial hours is 63O from the 
equator and goes through the island T h ~ l e . ~ ~  

30. The parallel where the longest day is 21 equinoctial hours is 6 4 0  from the 
equator and goes through unknown Scythian peoples. 

31. The parallel where the longest day is 22 equinoctial hours is 6510 from the 
equator. 

32. The parallel where the longest day is 23 equinoctial hours is 66O from the 
equator. 

33. The parallel where the longest day is 24 equinoctial hours is 66;8,40° from 
the equator. This is the first of the [parallels] where the shadow goes full circle.67 
For on that parallel, at the summer solstice (and then only), the sun does not set, 
so the shadow of the gnomon points towards every part ofthe horizon [in turn]. HI15 
There the parallel of the summer solstice is ever-visible, and the parallel of the 
winter solstice is ever-invisible, since both are tangent to the horizon, on 
opposite sides. And the ecliptic coincides with the horizon when the spring 
equinoctial point on it is rising. 

If, purely theoretically, one were to investigate some of the general 
characteristics of the latitudes even farther north, one would find the following. 

34. Where the elevation of the north pole is about 67O, the 15' of the ecliptic on 
either side of the summer solstice d o  not set a t  ail. So the longest day and the 
period when the shadow turns to point in all directions on the horizon is about a 
month long. This too can easily be seen from the Table of Inclination set out 
[above]. For we take a parallel, e.g. the which cuts off [a segment of the 
ecliptic] 15' either side of the solstice (at which point it is either ever-visible or 
ever-invisible). The  distance from the equator corresponding to that segment of 
the ecliptic will, obviously, give the amount by which the elevation of the north 
pole differs from the 90° of the quadrant.68 

35. Thus, where the elevation oi the pole is 6910, one would find that the 30° on HI 16 
either side of the summer solstice do not set at all. So the longest day and the 

65 By this name (which possibly ought to be aspirated, as 'Hebudae' in P1iny.W 4.30) Ptolemy 
refers to the Hebrides, which he supposed to lie north of Ireland. 

66 By 'Thule' Ptolemy refers to the modem Shetlands, as is clear from his Geography (11 3 32). It has 
been a.matter of great dispute to what place (ifany) the man who first introduced the name 'Thule' 
to the Greek world, Pytheas ofMassalia, was referring. For ancient information on Pytheas' voyage 
to Thule, a discussion of its identification and references to modern literature see Hennig, Terrae 
lncognitue 1 119-24, 129-35. 

67 n e p i o ~ t o ~ .  Cf. p. 82 n.24. 
68 See Appendix A, Example Ib. 
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period when the gnomons throw shadows in all directions last about two 
months. 

36. Where the elevation ofthe pole is 7340, one would find that the 45' on either 
side of the summer solstice do not set at all. So the longest day and the period 
when the gnomons throw shadows in all directions last about three months. 

37. Where the elevation ofthe pole is 7840, one would find that the 60' on either 
side of the same solstice do not sc-t at all. So the longest day and the period when 
the shadow turns through a full circle would last about four months. 

38. Where the elevation of the pole is 84O, one would find that the 75Oon either 
side of the summer solstice do not set at all. So in this case the longest day would 
be about five months long, and the gnomon would throw shadows in all 
directions for the same period. 

39. Where the north pole is elevated from the horizon through the 90° of the 
complete quadrant, the whole semi-circle of the ecliptic which is north of the 
equator never goes below the earth, and the whole semi-circle south of it never 

H117 comes above the earth. Therefore every year contains only one day and one 
night, each about six months long, and the gnomons always throw shadows in 
ail directions. Further special characteristics of this latitude are that the north 
pole is in the zenith, and that the equator coincides with the position ofthe ever- 
visible circle, and also with that of the ever-invisible circle and with the horizon; 
thus the whole hemisphere north of the equator is always above the earth, and 
the whole hemisphere south of the equator is always below the earth. 

'7. {On simultaneous risings of arcs of the ecliptic and equator at sphaera ~ b t i ~ u a ) ~ '  

After we have thus set out the general characteristics which can be theoretically 
deduced for the [various] latitudes, our next task is toshow how to calculate, for 
each latitude, the arcs of the equator, measured as time-degrees, which rise 
together with [given] arcs of the ecliptic. From this we shall systematically derive 
all the other special characteristics [of the climata]. We shall use the names of 
the signs of the zodiac for the twelve [30°-] divisions of the ecliptic, accoraing to 
the system in which the divisions begin at the solsticial and equinoctial points.70 

H 1 18 We call the first division, beginning at the spring equinox and going towards the 
rear with respect to the motion of the universe, 'Aries', the second 'Taurus', and 
so on for the rest, in the traditional order of the 12 signs. 

We shall first prove that arcs of the ecliptic which are equidistant from the 
same equinox always rise with equal arcs of the equator. 

69 See HAM;Q 34-7, Pedersen 110- 13. 
'O 1.e. the spring equinox defies 'Aries 0°', etc. This specification was necessary because other 

norms existed in antiquity, notably those where the spring equinox was at 8 O  and CP 10° (derived 
from Babylonian practice). See HAMA 11.594-8. 
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[See Fig. 2.4.1 Let ABGD be a meridian, BED the semi-circle of the horizon, 
AEG the semi-circle of the equator, and ZH and OK two arcs of the ecliptic 

that points Z and O are each supposed to be the spring equinox, and equal 
arcs have been cut off on opposite sides of [that equinox]: these are arcs ZH and 
OK, which are rising at points K and H [respectively]. I say, that the arcs of the 
equator which rise with them, namely ZE and OE respectively, are equal. 
 roof.] Let points L and M represent the poles of the equator, and draw H119 
through them the great-circle arcs LEM, LO, LK, ZM and MH. Then since 

Fig. 2.4 

arc ZH = arc OK, 
because the parallels 
through K and H are 
equidistant from the 

[spherical triangle] LKO [spherical triangle] MHz 
and [spherical triangle] LEK [spherical triangle] MEH. 

-.- L KLE = L HME, 
and L KL0 = L HMZ. 

Therefore, by subtraction, L EL0 = L EMZ. 
-: EO = EZ, bases [of congruent triangles EL@, EMZ]. 

Q.E.D. 
Again, we shall prove that if two arcs of the ecliptic are equal and are 

equidistant from the same solstice, the sum of the two arcs of the equator which 

71cf. I1 3 (p. 79). 
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rise with them is equal to the sum of the rising-times [of the same two arcs ofthe 
ecliptic] at sphQera recta. 

[See Fig. 2.5.1 Let ABGD be a meridian, and let semi-circle BED represent 
the horizon, and semi-circle AEG the equator. Draw two arcs of the ecliptic, 

HI20 equal and equidistant from the winter solstice, ZH (where Z is taken as the 
autumnal equinox) and OH (where O is taken as the spring equinox). 

Fig. 2.5 

Thus H is the point on the horizon which is common to the rising of both, 
since arcs ZH and O H  are both bounded by the same parallel circle to the 
equator. Therefore, obviously, arc OE rises with arc OH, and arc EZ with arc 
ZH. Then it is immediately obvious that the whole arc OEZ is equal to the sum 
of the rising-times of arc ZH and arc OH at sphaera recta. 
[Proof.] For if we take K as the south pole oft  he equator, and draw through it 
and H the great-circle quadrant KHL, which represents the horizon at sphaera 
recta, then OL is the arc which rises with arc OH at sphaera recta, and similarly 
LZ is the arc which rises with arc ZH. Thus the sum of the arcs (OL + LZ) 
equals the sum of the arcs (OE + EZ), and both are comprised in the arc OZ. 

Q.E.D. 
From the above we have shown that, ifwe can calculate the individual rising- 

HI21 times at any latitude for just a single quadrant, we will simultaneously have 
solved the problem for the remaining three quadrants as well. 

This being the case, let us again take as a paradigm the parallel through 
Rhodes, where the longest day is l b  equinoctial hours, and theelevation ofthe 
north pole from the horizon is 3 6 O .  

[See Fig. 2.6.1 Let ABGD be a meridian, BED the semi-circle of the horizon, 
AEG the semi-circle of the equator, and ZHO the semi-circle of the ecliptic, 
positioned so that H represents the spring equinox. Take K as the north pole of 
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Fig. 2.6 

the eqbator, and draw through K and L, which is the intersection ofthe ecliptic 
and the horizon, the great-circle quadrant KLM. 

Let the problem be, given arc HL, to find the arc of the equator which rises 
with it, that is arc EH. 

First let arc HL comprise the sign of Aries. 
Then since: in the diagram, the two great-circle arcs ED and KM are drawn 

to meet the two great-circle arcs EG and GK, and intersect each other at L, 
Crd arc 2KD:Crd arc 2DG = - 

(Crd arc 2KL:Crd arc 2Lh4). (Crd arc 2ME:Crd arc 2EG). [M.T. II] HI22 
But arc 2KD = 72O, so Crd arc 2KD = 70;32,4P;72 

arc 2GD = 108O, so Crd arc 2GD = 97;4,56'. 
And arc 2KL = 156;40, so Crd arc 2KL = 11 7;3 1,1SP; 

arc 2LM = 23;19,5g0, so Crd arc 2LM = 24;15,57'. 
.*. Crd arc 2ME:Crd arc 2EG = (70;32,4 : 97;4,56)/(117;31,15 : 24; 15,57) 

= 18;0,5 : 120. 
And Crd arc 2EG = 12V. 

.*. Crd arc 2ME = 18;0,5' 
.'- arc 2ME= 17;1ti0 

and arc ME = 8;38O 
And since the whole arc HM rises with the whole arc HL at sphae~a recta, it is 

27;50°, as was shown above. [p. 73.) 
Therefore, by subtraction, EH is 19;1Z0. 
We have simultaneously proved that the sign Pisces rises in the same time (in HI23 

'*Here (H 122.4) and at H 122,10 and HI 23,13 the Greek and Arabic ms. traditions give 70;32,4' 
as the chord of ZO, whereas in the chord table it is 70;32,3' (found here only in Ger.). Is this an 
indication that there was an earlier version of the chord table? Cf. p. 81 n.19. 
'' Reading F a (with B,Is) for (156;41) at H122,7. Corrected by Manitius. 
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degrees) of 19;12O, and that each of the signs Virgo and Libra rises in 36;28O, 
which is the remainder [of 19;1Z0 taken] from twice the rising-time at sphuera 
recta. 

Q.E.D. 
Secondly, let arc HL comprise the 60' of the two signs Aries and Taurus, 

Then, from our assumptions, the other quantities will remain the same, but 
arc 2KL = 138;59,4Z0, so Crd arc 2KL = 1 12;23,56P, 

and arc 2LM = 41;0,18°,74 so Crd arc 2LM = 42;1,48'. 
.'. Crd arc 2ME:Crd arc 2EG = (70;32,4 : 97;4,56)/(112;23,56 : 42; 1,48) 

= 32;36,4 : 120. 
And Crd arc 2EG = 12@. 

.*. Crd arc 2ME = 32;36,4'. 
*'. arc 2ME 31 ;3Z0, 

and arc ME 15;46O. 
But the whole arc MH75 was previously shown to be 57;440 [ p. 73.1 
Therefore, by subtraction, arc HE = 41;58O. 
Therefore the combined signs of ~ r i e s  and Taurus rise in 41;58 time digrees, 

HI24 of which 19;1Z0 was shown to belong to the rising-time of Aries. Therefore the 
sign of Taurus by itself rises in 22;46 time-degrees. 

By the same reasoning as before, the sign of Aquarius will rise in the same 
time of 22;46O, and each of the signs of Leo and Scorpio in 37;Z0, which is the 
remainder [of 22;46O taken] from twice the rising-time at sphaera recta. 

Now since the longest day is l b  equinoctial hours, and the shortest 4 
equinoctial hours, it  is obvious that the semi-circle [of the ecliptic] from Cancer 
to Sagittarius will rise with 217;30° of the equator, and the semi-circle from 
Capricorn to Gemini with i42;30°. Therefore each of the quadrants on either 
side of the spring equinox will rise in 71;15 time-degrees, and each of the 
quadrants on either side of the autumnal equinox will rise in 108;45 time- 
degrees. Therefore the remaining signs [in each quadrant], Gemini and 
Capricorn, will each rise in 29;17 time-degrees, which is the difference [of 
19;1Z0 + 22;46"j from the 71;15O in which the quadrant rises, and the 
remaining signs Cancer and Sagittarius will each rise in 35; 15 time-degrees, 
which is the difference (of 36;28O + 37;Z0] from the 108;45O in which that 
quadrant rises. 

H125 It is obvious that we could also calculate the rising-timesofsmaller arcs of the 
ecliptic [than whole signs] by exactly the same method. But we can also 
compute them by another easier and more practical procedure, as foll~ws. 

[See Fig. 2.7.1 First let ABGD represent a meridian, BED the semi-circle of 
the horizon, AEG the semi-circle of the equator, and ZEH the semi-circle of the 
ecliptic, with the intersection E taken as the spring equinox. Cut off an arbitrary 
arc EO on [the ecliptic], and draw the segment OK of the parallel to the equator 
through O. Taking L as the [south] pole of the equator, draw through it the 
great-circle quadrants LOM, LKN and LE. 

"Reading o (with Ar and variants in Greek mss.) for 8 iq (41;9,18) at Hi23, l i -  
Corrected by Manit ius. 

'5C~rrecting the misprint 'ME' at H123,21, with Manitius. 
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Then it is immediately obvious that the segment EO of the ecliptic rises with 
arc EM of the equator at  sphaera recta, and with NM at sphaera obliqua, since arc 
KO of the parallel circle, with which segment EO rises [at sphaera obliqua], is 
similar to arc NM of the equator and  similar arcs ofparallel circles rise in equal 
times everywhere. Therefore arc EN is the difference between the rising-times HI26 
of segment EO at sphaera obliqua and at sphaera recta. Thus we have shown that, 
for arcs of the ecliptic bounded by point E and the parallel circle through K, in 
every case, if the great-circle arc corresponding to LKN is drawn, segment EN 
will comprise the difference between that arc's rising-times atsfhaera recta and at 
sphael-a obliqua. 76 

Q.E.D. 
Having established this as a preliminary, let us draw [see Fig. 2.81 a diagram 

containing only the meridian and the semi-circles of the horizon [BED] and of 
the equator [AEG]; through Z, the south pole ofthe equator, let us draw the two 
great-circle quadrants ZHO and ZKL. Let us take H as the intersection of the 
horizon with the parallel circle through the winter solstice, and K as the 
intersection [of the horizon] with the parallel circle through, e.g., the beginning 
of Pisces, or any other given point on the quadrant [from the beginning of HI27 
Capricorn to the end of Pisces]. 

Then, again, the great-circle arcs ZKL and EKH are drawn to meet the 
great-circle arcs ZO and EO, and  intersect each other at K. Therefore 

Crd arc 2OH:Crd arc 2ZH = 
(Crd arc 20E:Crd arc 2EL). (Crd arc 2KL:Crd arc 2KZ) [M.T. 111 

But at every latitude arc 20H is given and is the same, since it is the arc 
between the solstices. Hence arc ZHZ, its supplement, is also given. Similarly, 

76This arc EN is known in mediaeval astronomy as the 'ascensional difference'. See HAMA 36 
and 980-2, and Neugebauer-Schmidt. 



11 7. Computation of rising-time tables 

n 

Fig. 2.8 

for the same arc of the ecliptic, arc 2LK is the same at all latitudes, and is given 
from the Table of Inclination [I 151; and thence again its supplement, arc ZKZ, 
is given. Therefore, by division [of the above members), (Crd arc 20E:Crd arc 
2EL) is found to be the same at all latitudes (for the same arc of that quadrant 
[of the ecliptic]). 

Since this is so, we take the different values of arc KL at every 10' [of the 
ecliptic] through the quadrant from the spring equinox to the winter solstice 
(for subdivision down to arcs of this size [lo0] will be sufficient for practical 
purposes). Then in every case 

HI28 arc 2 0 H  = 47;42,40°, and Crd arc 20H = 48;31,55', 
arc 2HZ = 132;17,20°, and Crd arc 2HZ = 109;44,53" 

Then, for the 10" [of the ecliptic] from the spring equinox towards the w~nter 
solstice, 

arc 2KL = 8;3,16O, and Crd arc 2KL = 8;25,39, 
arc 2KZ = 17 1;56,M0, and Crd arc 2KZ = 119;42.14'. 

For the arc 20° from the equinox 
arc 2KL = 15;54,6O, Crd arc 2KL = 16;35,56', 
arc 2KZ = 164;5,54', Crd arc 2KZ = 118;50,47'. 

For the arc 30° from the equinox 
arc 2LK = 23; 19,58O, Crd arc 2LK = 24; 15,56', 
arc 2KZ = 156;40,2O, Crd arc 2KZ = 1 17;31,15'. 

For the arc 40° from the equinox 
H 129 arc 2LK = 30;8,8', Crd arc 2LK = 31;l 1,43'. 

arc 2KZ = 149;51 ,5Z0, Crd arc 2KZ = 1 15;52,1gP. 
For the arc 50° from the equinox 

arc 2LK = 36;5,46', Crd arc 2LK = 37;10,39, 
arc 2KZ = 1 43;54,14O, Crd arc 2KZ = 1 14;5,44'. 

For the arc 60° from the equinox 
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arc 2LK = 41;0,18°, Crd arc 2LK = 42;1,48', 
arc 2KZ = 138;59,4Z0, Crd arc 2KZ = 1 12;23,57P. 

For the arc 70' from the equinox 
arc 2LK = 44;40,2Z0, Crd arc 2LK = 45;36,18" 
arc 2KZ = 135; 1 9,3807 Crd arc 2KZ = 1 10;59,47'. 

For the arc 80° from the equinox 
arc 2LK = 46;56,3Z0, Crd arc 2LK = 47;47,40P, 
arc 2KZ = 133;3,28", Crd arc 2KZ = 1 10;4,16'. 
From the above we find that if we divide the ratio (Crd arc 20H:Crd arc 

ZHZ), namely (48:31,55 : 109;44,53), by the ratio (Crd arc 2LK:Crd arc ZKZ), H13f 
as given above, at each of the lo0 intervals, we will get the ratio (Crd arc 
2OE:Crd arc ZEL), which is the same at. all latitudes. 

For the lo0 arc it is 60 : 9;33 
for the 20" arc 60 : 18;57 
for the 30° arc 60 : 28;l 
for the 40° arc 60 : 36;33j7 
for the 50° arc 60 : 44; 12 
for the 60" arc 60 : 50;44 - 

I for the 70' arc 60 : 55;45 
i 
j and for the 80° arc 60 : 58;55. 
i 
i It is immediately obvious that for each latitude we will have arc 2 0 E  as a 
1 
! given arc, since it is, in degrees, the difference in time-degrees of the equinoctial 

day from the shortest day. Hence, from .Crd arc 20E and the ratio (Crd arc 
20E:Crd arc 2EL), Crd arc 2EL will be given, and [hence] arc 2EL. We will 
subtract half of this, namely arc EL, which comprises the above-mentioned 
difference [between rising-times at sphaera recta and sphaera obliqua], from the 
rising-time of the ecliptic arc in question at sphaera recta, and thus obtain the 
rising-time of the same arc at the given latitude. 

As an example, let us again take the latitude of the parallel through Rhodes. H131 
Here 

arc 2EO = 37;30°, so Crd arc 2EO 38;34'. 
Then since 60 : 38;34 = 9;33 : 6;8 

= 18;57 : 12;11 
= 28; 1 : 18;O 
= 36;33 : 23;2g7* 
= 44;12 : 28;25 
= 50;# : 32;37 
= 55;45 : 35;5P9 
= 58;55 : 37;52, 

"Computed from Ptolerny's figures: 36;31,42. For the arc 40' above, a more accurate value for 
Crd arc 2KZ would be 115;52,~6~. However, substituting that leads to 36;31,40 here. In either case, 
36;32 would be the correct result to the nearest minute. This is the readingofGer, but the rest of the 
tradition is unanimous for 36;33. 

'*Accurate computation with 36;33 here gives 23;29,36, while 3632 (see n.77) gives 23;28,58. 
This speaks in favour of the reading 36;32, but not decisively. 

79Computed: 35;50,6. However 35;52 is guaranteed by 17;24 for the seventh 10" arc below (35;50 
leads to 17;23"). 
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and since Crd arc 2EL equals the above amount [6;8', etc.] at each of the above- 
mentioned 1 O0 intervals, half of the arc it subtends, namely arc EL, will assume 
the following values: 

for the first 10° 2;56" 
up to the end of the second 5;50° 
up to the end of the third 8;38" 
up to the end of the fourth 11;17" 
up to the end of the fifth 1 3;4Z0 
up to the end of the sixth 1 5; 46" 
up to the end of the seventh 17;24" 
up to the end of the eighth 18;24O 
up to the end of the ninth, obviously, 18;45O. 

Since the corresponding rising-times at ~phaera recta are as follows: 
for the first 10" 9; 1 0" 

up to the end of the second 18;25" 
up to the end of the third 27;50° 
up to the end of the fourth 37;30° 
up to the end of the fifth 47;28" 
up to the end of the sixth 57;44" 
up to the end of the seventh 68; 18" 
up to the end of the eighth 79;5" 

and up to the end of the ninth 90" (the time- 
degrees of the whole quadrant), 

it is clear that by subtracting the difference, given by the arc EL, from the 
corresponding rising-time at sphaera recta in each case, we get the rising-times of 
the same arcs at the latitude in question. These are 

for the first 10' 6; 14' 
up to the end of the second 12;35O 
up to the end of the third 19; 12" 
up to the end of the fourth 26; 13" 
up to the end of the fifth 33;46" 
up to the end of sixth 41 ;58" 
up to the end of the seventh 50;54" 
up to the end of the eighth 60;41° 
up to the end of the ninth 71;15O 
(i.e. for the whole quadrant) (which cor- 

responds to the 
length of half of 
the [shortest] day). 

The ten-degree segments will rise in the following time-degrees: 
1 st 6; 14" 
2nd 6;21° 
3rd 6;3 7" 
4th 7;1° 
5th 7;33O 
6th 8; 12" 
7th 8;56O 
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8th 9;47" 
9th 10;34O. 

Once we have established the above, the corresponding rising-times of the H133 
remaining quadrants will immediately be established on the same basis, by 
means of the theorems set out above. 

In the same way we calculated the rising-times at every 10' interval for all 
other parallels which one might come upon in actual practice. For future use we 
shall set these out in tabular form, beginning with the parallel directly beneath 
the equator, and going as far as the parallel with a longest day of 17 hours. The 
parallels are taken at intervals off -hour [of longest day], since the dilference [of 
exact computations] from results derived from linear interpolation [between 
half-hour intervals] is negligible. In the first column we put the 36 ten-degree 
intervals of the circle, in the next the corresponding time-degrees of the rising- 
time of that 10-degree arc at the latitude in question, and in the third the 
accumulated sum, as follows. 

8. ( Table of rising-limes at ten-degree-  interval^)'^ H134-41 

[See pp. 100-3.1 

9. (On the pal.ticularfeatures which follow from the riring-timcs)81 H142 

Now that we have set out the rising-times in the above manner, a11 the other 
problems associated with this subject will be easily soluble, and we shall not 
need to go through geometrical proofs or construct special tables to solve each 
problem. This will become clear from the actual methods described below. 

First, one can find the length of a given day or night as follows. Take the 
rising-times of the appropriate latitude; for the day, count from the degree in 
which the sun is to the degree diametrically opposite, going towards the rear 
through the signs; for the night, count from the degree opposite the sun to the 
sun's degree. Form the sum of the rising-times [of the relevant 180°], and divide 
by 15: this will give the relevant interval in equinoctiaf hours. Ifwe takekth [of 
the sum of the rising-times] we will have the length of the seasonal hour of that 
interval [i.e. day or night] in time-degrees. 

One can also find the length of the [seasonal] hour more conveniently by 
taking, from the above Table of Rising-times [I1 83, the total rising-time 
corresponding to the sun's degree for the day (or the degree opposite the sun for 
the night) both at the parallel beneath the equator [i.e. sphaera recta3 and at the 
relevant latitude, and forming the difference. Take bth of the latter, and add it H 143 
to the 15 time-degrees of one equinoctial hour for points on the northern semi- 
circle [of the ecliptic], or subtract it from 15O for points on the southern semi- 
circle: the result will be the length of the relevant seasonal hour in time- 
degrees. 82 I 

80C~rrection to text: at H138,Z (latitude for M = 1 6h) read ?$ (with Ar) forfi (48'). Cf. u6 p. 
87. 

See HAMA 40-3 (with worked examples) and Pedersen 113-15. 
See Appendix A, Example 2. 
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TAURUS 

GEMINI 

CANCER 
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VIRGO 
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9 25 
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47 28 
57 44 

68 18 
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140 14 
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82 30 
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159 13 
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24818 
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270 0 
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291 42 
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312 32 
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I 
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30 
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30 
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308 36 

318 3 
324 46 
33354 

342 46 
35125 
360 0 

9 2 5  
9 15 
9 1 0  

9 1 
8 36 

8 17 
8 5 
7 58 

PISCES 
. 

10 
20 
30 



SIGNS 

ARIES 

TAURUS 

GEMINI 

CANCER 

LEO ' 

VIRGO 

LIBRA 

- 
SCORPIUS 

SAGITTARIUS 

CAPRICORNLlS 

AQUARIUS 

PISCES 

". 

RHODES 
14jh 36:0° 

Accumulated 
10" 

Inter- 
vals 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

O ' 

6 14 
6 21 
6 37 

7 1 
7 33 
8 12 

8 56 
9 47 

1034 

1 1  16 
11 47 
1212  

12 20 
1 2 2 3  I 

1219  

12 13 
12 9 
12 6 

12 6 
12 9 
12 13 

1 2 1 9  
1 2 2 3  
1220  

1212  
1 1  47 
11 16 

10 34 
9 47 
8 56 

8 12 
7 33 
7 1 

6 37 
6 2 1  
6 1 4  

Time-Degrees 

6 14 
12 35 
19 12 

26 13 
33 46 
41 58 

50 54 
60 41 
71 15 

82 31 
94 18 

10630 

118 50 
13113 
14332 

155 45 
167 54 
180 0 

192 6 
20415 
216 28 

22845 
241 10 
25330 

26542 
277 29 
28845 

299 19 
309 6 
318 2 

326 14 
333 47 
340 48 

347 25 
35346 
360 0 

SOENE 
13fh 23;51° 

Accumulated 

LOWER EGYPT 
1 4h 30;22" 

Accumulated 
O ' 

7 2 3  
7 29 
7 45 

8 4 
8 3 1  
9 3 

9 3 6  
1 0 1 1  
10 43 

11 7 
11 23 
1 1 3 2  

11 29 
1 1 2 5  
1 1 1 6  

11 5 
I1 1 
10 57 

10 57 
11 1 
11 5 

1 1 1 6  
1 1 2 5  
1 1 2 9  

1 1 3 2  
11 23 
11 '7 

10 43 
10 1 I 
9 3 6  

9 3 
8 3 1  
8 4 

7 45 
7 29 
7 23 

O ' 

6 48 
6 55 
7 10 

7 33 
8 2 
8 37 

9 17 
1 0 0  
10 38 

11 12 
1 1  34 
1151  

11 55 
1 1 5 4  
1 1 4 7  

11 40 
1 1  35 
11 32 

1 1  32 
1 1 3 5  
11 40 

1147  
1 1 5 4  
1 1 5 5  

1151  
11 34 
11 12 

10 38 
10 0 
9 17 

8 37 
8 2 
7 33 

7 1 0  
6 55 
6 4 8  

Time-Degrees 

7 23 
14 52 
22 37 

30 41 
39 12 
48 15 

57 51 
6 8 2  
78 45 

8 9 5 2  
101 15 
I1247 

124 16 
13541 
14657 

158 2 
169 3 
180 0 

190 57 
20158 
213 3 

22419 
23544 
24713 

25845 
270 8 
281 15 

291 58 
302 9 
311 45 

32048 
32919 
337 23 

345 8 
352 37 
360 0 

Time-Degrees 

6 48 
13 43 
20 53 

28 26 
36 28 
45 5 

54 22 
64 22 
75 0 

86 12 
97 46 

10937 

121 32 
13326 
14513 

156 53 
168 28 
180 0 

191 32 
203 7 
214 47 

22634 
23828 
25023 

26214 
273 48 
285 0 

295 38 
305 38 
314 55 

323 32 
33134  
339 7 

34617 
353 12 
360 0 
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SIGNS 

ARIES 

TAURUS 

GEMINI 

CANCER 

LEO 

VIRGO 

LIBRA 

SCORPIUS 

SAGITTARIUS 

CAPRICORNUS 

AQUARIUS 

PISCES 

i 

10° 
Inter- 
vals 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

HELLESPONT 

1 5 ~  40;56O 
Accumulated 

O ' 

5 40 
5 47 
6 5 

6 2 9  
7 4 
7 46 

8 3 8  
9 32 

10 29 

11 21 
12 2 
12 30 

12 46 
1252  
12 51 

12 45 
1 2 4 3  
12 40 

12 40 
1243  
1245  

12 51 
1252  
I 2 4 6  

1230  
12 2 
1121 

10 29 
9 32 
8 3 8  

7 46 
7 4 
6 29 

6 5 
5 47 
5 40 

Time-Degrees 

5 40 
1 1  27 
17 32 

24 1 
31 5 
38 51 

47 29 
57 1 
62 30 

7851 
90 53 

103 23 

116 9 
129 1 
141 52 

154 37 
16720 
180 0 

192 40 
20523 
218 8 

230 59 
24351 
25637 

269 7 
281 9 
29230 

302 59 
312 31 
321 9 

328 55 
335 59 
342 28 

34833 
354 20 
360 0 

MIDDLE OF 
PONTUS 

15jh 45; 1 O 

Accumulated 
O ' 

5 8 
5 14 
5 33 

5 58 
6 34 
7 20 

8 15 
9 19 

10 24 

1126 
I2 15 
12 53 

13 12 
1322 
13 22 

13 17 
I316  
13 12 

13 12 
1316 
I317 

I3 22 
1322 
1312 

1253 
12 15 
1126 

10 24 
9 19 
8 15 

7 20 
6 34 
5 58 

5 33 
5 14 
5 8 

MOUTHS OF 
BORYSTHENES 
1 6h 48;32" 

Accumulated 
O ' Time-Degrees Time-Dc\~rees 

5 8 
10 22 
15 55 

21 53 
2827 
35 47 

44 2 
53 21 
6345  

75 1 1  
8726  

100 19 

113 31 
12653 
140 15 

153 32 
16648 
180 0 

193 12 
20628 
21945 

233 7 
24629 
25941 

27234 
284 49 
29615 

306 39 
315 58 
324 13 

331 33 
338 7 
344 5 

349 38 
354 52 
360 0 

4 36 
4 43 
5 1 

4 36 
9 19 

14 20 

5 26 19 46 
6 5 1 
6 52 

7 53 
9 5 

1019 

11 31 
1229 
13 15 

13 40 
1351 
13 54 

13 49 
1347 
13 44 

I3 44 
1347 
1349 

13 54 
1351 
1340 

1315 
1.2 29 
1131 

10 I9 
9 5 
7 53 

6 52 
6 5 
5 26 

5 1 
4 43 
4 36 

2551 
32 43 

40 36 
49 41 
60 0 

71 31 
84 0 
97 15 

110 55 
I2446 
138 40 

152 29 
16616 
180 0 

193 44 
20731 
22120 

235 14 
249 5 
26245 

276 0 
288 29 
300 0 

310 19 
319 24 
327 I 7  

334 9 
34014 
345 40 

35041 
355 24 
360 0 
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BRIlTANIA 

GEMINl 

CANCER 

LEO 

VIRGO 

LIBRA 

SCORPIUS 

SAGITTARIUS 

CAPRICORNUS 

AQUARIUS 

PISCES 

20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

I0 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

10 
20 
30 

8 49 
1014 

42 23 
52 30 

46 1 
56 15 

64 13 
77 14 
91 17 

8 33 
10 7 

11 43 
13 1 
14 3 

-11 36 
12 45 
13 39 

67 51 
80 36 
94 15 

14 7 
1422 
14 24 

14 19 
14 18 
14 15 

108 22 
i n  44 
137 8 

151 27 
165 45 
180 0 

14 36 
14 52 
14 54 

14 50 
f4 47 
14 44 

14 44 
14 47 
14 50 

14 54 
14 52 
14 36 

14 3 
13 1 
11 43 

10 7 
8 33 
7 5 

5 56 
5 4 
4 2 6  

4 0 
3 43 
3 36 

105 53 
120 45 
135 39 

150 29 
165 16 
180 0 

194 44 
209 31 
224 21 

239 15 
254 7 
268 43 

282 % 
295 47 
307 -30 

317 37 
326 10 
333 15 

> 

339 11 
344 15 

' 34841 

352 41 
356 24 
360 0 

14 15 
I4 18 
14 19 

14 24 
14 22 
14 7 

13 39 
12 45 
11 36 

10 14 
8 49 
7 29 

6 2 5  
5 34 
4 5 6  

4 31 
4 1 2 -  
4 5 

194 15 
208 33 
222 52 

237 16 
251 38 
265 45 

279 24 
292 9 
303 45 

313 59 
322 48 
330 17 

336 42 
342 16 
347 12 

351 43 
35555 
360 0 
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Next, one can convert seasonal hours for a given date into equinoctial hours 
by multiplying them by the length in time-degrees of the hour of the day in 
question at the relevant latitude (ifthey are hours ofthe day), or by the length in 
time-degrees of the hour of the night in question (if they are hours of the 
night). Then division of that product by 15 will give the total of equinoctial 
hours. Vice uersa, one can convert equinoctial hours to seasonal by multiplying 
by 15 and dividing by the length of the hour of the relevant interval in time- 
degrees. 83 

Furthermore, given a date and any time whatever, expressed in seasonal 
hours, on that date, we can find, first, the degree of the ecliptic rising at that 
moment. We do this by multiplying the number of hours, counted from sunrise 
by day, and from sunset by night, by the relevant length of the [seasonal] hour 
in time-degrees. We add this product to the rising-time at the latitude in 
question of the sun's degree by day (or the degree opposite the sun by night): the 
degree [of the ecliptic] with rising-time corresponding to the total will be rising 
at that moment.84 

[Secondly], if we want to find the point at upper culmination [at the given 
moment], we take in every case [i.e. for both day and night] the total of seasonal 
hours from the last midday to the given time, multiply it by the appropriate 
length(s) of the hour(s) in time-degrees, and add the product to the rising-time 
at sphaera recta of the sun's degree: the degree [of the ecliptic] with rising-time at 
sphaera recta equal to the total will be at upper culmination at that moment.85 

Similarly, we can find the culminating point from the rising point as follows: 
find from the table of rising-times for the relevant latitude the cumulative 
rising-times corresponding to the degree which is rising. Subtract from it, in 
every case, the 90' of the quadrant [of the equator between horizon and 
meridian]. The degree corresponding to the result in the column for rising- 
times at sphaera recta will be at upper culmination at that moment.86 Vice uersa, 
one can find the rising point from the culminating point by taking the degree 
corresponding to the culminating point in the column for rising-times at sphaera 
recta, adding to it, in every case, the above 90°, and finding the degree 
corresponding to the result in the column for rising-times for the latitude in 
question: this degree will be rising at that moment. 

It is also obvious that for those living beneath the same meridian the sun is the 
same distance fibm noon or midnight, counted in equinoctial hours, while for 
those living beneath different meridians the sun's distance from noon or 
midnight differs by an amount, counted in time-degrees, equal to the distance 
of one meridian from the other in degrees. 

83 See Appendix A, Example 3. 
"This sentence, like the corresponding one in the next problem, is a paraphrase giving the sense 

of Ptolemy's ambiguous expression. Literally 'we count off this product towards the rear through 
the signs, beginning from the sun's degree. . . by night, accordingtot herising-timesofthe latitude in 
question: we say that whatever degree this amount reaches is the degree rising at that moment'. See 
Appendix A, Example 4. 

"See Appendix A, Example 5. 
'"ee Appendix A, Example 6. 
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10. (On the angles between the ecliptic and the meridian] 87 

The remaining topic in the present theory is the discussion of angles formed a t  
the ecliptic. We must first make clear that we define an angle between [two] 
great circles as follows: we say that [two] great circles form a right angle when a 
circle having as pole the intersection of the great circles and as radius any 
distance whatever has [exactly] a quadrant intercepted between the segments 
of the great circles forming the angle; in general, whatever ratio the intercepted H146 
arc of a circle described in the above manner bears to the whole circle is the 
same as the ratio of the angle between the planes [of the two great circles] to 4 
right angles. Thus, since we set the circumference ofthe circle as 360°, the angle 
subtending the intercepted arc will contain the same number of degrees as the 
arc, in the system where one right angle contains 90C. 

For the purposes of our present investigation, the most useful of the angles a t  
the ecliptic are those formed by 
[ I ]  the intersection of the ecliptic and the meridian, 
(21 the intersection of the ecliptic and the horizon for all positions [of the 

ecliptic], and 
r3] the intersection of the ecliptic and a great circle drawn through the poles of 

the horizon [i.e. an altitude circle]; 
the process of finding the latter will also produce the arc of this [altitude] circle 
cut off between its intersection with the ecliptic and the pole of the horizon, i.e. 
the zenith. Computation of each of the above angles, besides being a most 
suitable topic for the theory proper, also plays a very important part in the 
requirements for lunar parallax: it is impossible to make any progress in that 
subject without having first understood how to compute these angles. 

Now there are four angles at the intersection of the two circles (I mean the HI 47 
ecliptic and any of the [above] circles meeting it). Since we shall [always] disct~ss 
only one of these, which always occupies the same relative position, we must 
make the following preliminary definition. In  general, when we demonstrate in 
what follows the characteristics and size of an  angle, we refer to that angle [of 
the four possible] which lies to the rear of the intersection of the circles and to the 
north of the ecliptic.** 

The computation of the angles between the meridian and the ecliptic is 
simpler, so we shall start with that, and first we shall show that points on the 
ecliptic equidistant from the same equinox produce angles of the above kind 
equal to each other. 

[See Fig. 2.9.1 Let ABG be an arc of the equator, DBE an  arc of the ecliptic, 
and Z the pole of the equator. Cut off equal arcs, BH and BO, on oppositesides 
of the equinox B, and draw through pole Z and points H, O the meridian arcs 
ZKH and ZOL. I say that H148 

L KHB = L ZOE. [ I  0. I ]  
[Proof:] This is immediately obvious. For the spherical triangle BHK has all its 

On chapters 10 and 1 I see HAMA 45-8, Pedersen 1 15-1 8. 
88Literally 'that one ofthe two angles on the arc to the rear ofthe intersection ofthecircleswhich 

is to the north of the ecliptic'. See HAMA 45 with Fig. 38. 
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Fig. 2.9 

angles equal to the angles of spherical triangle BOL, since the three 
corresponding sides in each triangle are equal, HB to BOY HK to OL, and BK to 
BL. All this has been proven 

Therefore L KHB = L BOL = L ZOE. 
Q.E.D. 

Secondly, we must prove that the sum of the angles between ecliptic and 
meridian at points on the ecliptic equidistant from the same solstice is equal to 
two right angles. 

[See Fig. 2.10.1 Let ABG be an arc of the ecliptic, with B taken as solstice. Let 
equal arcs, BD and BE, be taken on opposite sides of it, and draw through Z, the 

HI49 pole of the equator, and points D, E the meridian arcs ZD and ZE. I say that 
L ZDB + L ZEG = 2 right angles [10.2] 

[Proof:] This too is immediately obvious. For since points D and E are 
equidistant from the same solstice, 

arc DZ = arc ZE. 
..- L ZDB = L ZEB. 

But L ZEB + L ZEG = 2 right angles. 
.*. L ZDB + L ZEG = 2 right angles. 

Q.E.D. 
Having established these preliminary theorems, let us draw [Fig. 2.1 11  the 

meridian circle ABGD and the semi-circle of the ecliptic AEG (taking A as the 
winter solstice); then with pole A and radius the side of the'finscribed] square 
draw semi-circle BED. Then, since meridian ABGD goes through the poles of 
AEG and the poles of BED, arc ED is a quadrant." 

*'HB = J3@ by construction; HK = QL, declinations ofpoints equidistant from an equinox (cf P 
80 11.15); BK = BL, cf. I1 7 (an: EG = arc EZ p 91). 

goDerivable from Theodosius Sph-ca I1 9. 
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Fig. 2.10 

Fig. 2.1 1 

Therefore L DAE is right. 
And the angle at the summer solstice is also right, from the previous rheorem 
[ i 0.23. 

Q.E.D. 
Again, [see Fig.2.121 let ABGD be a meridian circle, AEG a semi-circle of the H 150 

equator, and AZG a semi-circle of the ecliptic in such a position that A is the 
autumnal equinox. Then with pole A and radius the side of the [inscribed] 
square draw semi-circle %ZED. 
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Fig. 2.12 

By the same reasoning [as above], since ABGD goes through the poles of 
[circles] AEG and BED, AZ and ED are quadrants. Hence point Z is the winter 
solstice, and 

arc ZE SZ 23;51°, as was shown previously [I 12 p. 633. 
'l'herefore, by addition, arc ZED = 11 3;51° 

and L DAZ = 1 13;51° where one right angle = 90'. 
And again, from the previous theorem [10.2], the angle at the spring 
equinoctial point is the supplement, 66;g0. 

Again [see Fig. 2.131 let ABGD be a meridian circle, AEG a semi-circle of the 
equator, and BZD a semi-circle of the ecliptic in such a position that point Z is 

Fig. 2.13 



I1 10. Angles between ecliptic and meridian 109 

the autumnal equinox, and arc BZ is (first of all) the length of one sign, that of H 1 5 1 
Virgo; thus point B, obviously, is the beginning of Virgo. Again, with pole B and 

the side of the [inscribed] square, draw semi-circle HOEK. 
Let the problem be to find L KBO. 
Now since meridian ABGD goes through the poles of [circles] AEG and 

HEK, arc BH, arc BO and arc EH are all quadrants. 
And, from the figure, 
Crd arc 2BA:Crd arc 2AH = 

(Crd arc 2BZ:Crd arc 202). (Crd arc 20E:Crd arc 2EH). [M.T. 111 
But, as was shown previously,g' arc 2BA = 23;20°, so Crd arc 2BA = 24;16', 

arc 2AH = 1 56;40°, so Crd arc 2AH = 1 1 7;31P, 
and arc 2ZB = 60°, so Crd arc 2ZB = W ,  H 152 

arc 220  = 120°, so Crd arc 2 2 0  = 103;55,23'. 
:. Crd arc 20E:Crd arc 2EH = (24; 16 : 1 1 7;31)/(60 : 103;55,23) 

= 42;58 : 120. 
But Crd arc 2EH = 120'. 

.*- Crd arc 20E 42;58' 
.'. arc 26E 4Z0 

and arc OE=21°.92 
Therefore, by addition [of a quadrant] arc OEK = L KBO = 11 lo, and the 
angle at the beginning of Scorpius is also 11 lo, and the angles at the beginning 
of Taurus and Pisces are each 6g0, the supplement, by the theorems proved 
above [I 0.1 and 10.21. 

Q.E.D. 
Next, in the same figure [2.13], let arc ZB represent two signs, so that point B 

is the beginning of Leo. Then, with the [other] quantities remaining the same, 
arc 2BA = [26(60°)=] 41°, so Crd arc 2BA = 42;ZP 

and arc 2AH = 13g0, so Crd arc 2AH = 112;24P; 
furthermore arc 2ZB = 1 20°, so Crd arc 2ZB = 103;55,23' H153 

and arc 2Z@ = 60°, so Crd arc 2 2 0  = 60P. 
.: Crd arc 2OE:Crd arc 2EH = (42;2 : 112;24)/(103;55,23 : 60) 

= 25;53 : 120. 
-'- Crd arc 20E = 25;53P 

--. arc 2 0  E 25O 
and arc @ E x  12$0.'~ 

Therefore, by addition, arc OEK = L KBO = 102to. 
Therefore the angle at the beginning of Sagittarius is also 102fo, and the angle 
at both the beginning of Gemini and the beginning of Aquarius is the 
supplement, 7740. 

We have [thus] calculated what we set out to do. It is sufficient for practical 
use to display [the results] for each sign, although the same procedure would 
apply to even smaller sections of the ecliptic. 

91 Reference to I1 7 p. 93. The quantities are rounded here. 
"Accurate computation would give 20;58O to the nearest minute. 
93 Accurate computation would give 12:28C to the nearest minute. 
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H154 11. (On the angles between the eclipticg4 and the horizon] 

Next we shall show how to calculate, for any given latitude, the angles formed 
by the ecliptic at the horizon. These too can be derived by a procedure which is 
simpler than that for the remaining angles [between ecliptic and altitude 
circles]. 

Now it is obvious that the angles [between ecliptic and] meridian are the 
same as those [between ecliptic and] horizon at sphaera recta. But, in order to 
calculate these angles also at sphaera obliqua, we must first prove that points on 
the ecliptic equidistant from the same equinox produce equal angles at the same 
horizon. 

[See Fig. 2.14.1 Let ABGD be a meridian circle, AEG the semi-circle of the 
equator and BED the semi-circle of the horizon. Draw two segments of the 
ecliptic, ZHO and KLM, such that points Z and K both represent the 
autumnal equinox, and arc ZH equals arc KL. 

Fig. 2.14 

H155 I say that L EHO = L DLK. 
[Proof':] This is immediately obvious. 

For spherical triangle EZH= spherical triangle EKL, 
since, from what was proven above, the corresponding sides are equal: 

ZH = KL 
HE = EL ([arcs cut off by] the intersection of the 

horizon [with the ecliptic]} 
EZ = EK (rising-time arcs).95 

.'. L EHZ = L ELK 
='. L EHO = L DLK (supplements). 

Q.E.D. 
9t'ecliptic': literally 'the same inclined circle'. 
95 ZH = KL by hypothesis; HE = EL from I1 3 (p. 79); EZ = EK from I1 7 (p. 91). 
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I also say that, if two points [of the ecliptic] are diametrically opposite, the 
sum of the angles [between ecliptic and horizon] at the rising-point of one and 
the setting-point of the other is equal to two right angles. 
[proof: see Fig- 2.15. J If we draw ABGD as the circle of the horizon, and AEGZ 
as the circle of the ecliptic, so that they intersect at A and G, then 

Fig. 2.15 

L ZAD + L DAE = 2 right angles. 
But L ZAD = L ZGD HI56 

... L ZGD + L DAE = 2 right angles. ' 

Q.E.D. 
Since this is so, and since we have also proven that angIes at the same horizon 

formed by points [on the ecliptic] equidistant from the same equinox are equal, 
a further consequence will be that, for points equidistant from the same solstice, 
the sum ofthe rising-angle at one and the setting-angle at the other will be equal 
to two right 

Hence, if we find the rising-angles from Aries to Libra [inclusive], we will 
simultaneously have found the rising-angles on the other semi-circle and the 
setting-angles on both semi-circles. We shall explain briefly how to do the 
calculition, again taking as example thesarne parallel, at which the elevation of 
the north pole from the horizon is 36'. 

As for the angles between ecliptic and horizon at the equinoctial points, they 
can be calculated simply. For if [see Fig. 2.16) we draw ABGD as the meridian 
circle, AED as the eastern semi-circle of the horizon in question, EZ as a HI 57 

%ProoE see Fig. E, in which the ecliptic EXT intersects the horizonSR in the setting-point S and 
the rising-point R. T is the solstice, E the equinox (henceET = 90°) and the two pointsX and R are 
the same distance, d, from T. Then EX = TE - TX = 90° - d. ES = RS - RE = 180" - (90" + d) 
= 90° - d. :. EX = ES. Therefore setting-angle at X equals setting-angle at S (p. 110). But the sum 
of the angles at the rising-point R and the setting-point S is 2 right angles (p. I 1  1). Therefore the 
sum of the rising-angle at R and the setting-angle at X equals 2 right angles. 
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Fig. E 

Fig. 2-1 6 

quadrant of the equator, and EB and EG as two quadrants of the ecliptic such 
that point E is the autumnal equinox with respect to EB, and the spring equinox 
with respect to EG (thus B is the winter solstice and G the summer solstice), 
can conclude as follows. 

Ex hypothesi, arc DZ = 54O [colatitude of 36"] 
and arc BZ = arc ZG 23;51°. 
.'. arc G D  = 30;g0 

and arc BD = 77;51°. 
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Thus, since E is the pole of meridian ABG, 
L DEG, the angle at the beginning of Aries, is 30;g0 where 1 right 

and L DEB, the angle at the beginning of Libra, is 77;51° 1 angle = 90'. 
In order to explain the procedure for finding the angles at other points, let us 

take, for example, the problem of finding the rising-angle formed at the 
beginning of Taurus and the horizon. 

[See Fig. 2.17.1 Let ABGD be the circle ofthe meridian, and BED the eastern 
semi-circle of the horizon in question. Draw semi-circle AEG of the ecliptic, so 
that point E represents the beginning of Taurus. Now at this latitude, when the 
beginning of Taurus is rising, 5 1 7;41° i q  at lower culmination (we have shown 

Fig. 2.17 

how such a problem can readily be solved by means of the tabulated rising- 
times).g7 Therefore arc EG is less than a quadrant. SO with pole E and radius the 
side of the [inscribed] square draw the great circle segment @HZ, and complete 
the quadrants EGH and ED@. Both DGZ and ZHO are also quadrants, 
because the horizon BE@ goes through the poles of meridian ZGD and oft he 
great circle ZHO. Furthermore, 5 1 7;41° is 22;40° north of the equator, 
measured along the great circle through the poles of the equator (we have set out 
a table [I 151 for that too); and the equator is 36O from pole Z of the horizon, 
measured along the same arc, ZGD. Therefore arc ZG = 58;40°. These 
quantities being given, it then follows from the G.gure that - 

Crd arc 2GDCrd arc 2DZ = 
(Crd arc 2GE:Crd arc 2EH). (Crd arc 2HO:Crd arc 220). [M.T. I] 

But, from the above, 
arc 2GD = 62;40°, so Crd arc 2GD = 62:24*, 
arc 2DZ = 180Q, so Crd arc 2DZ = 1.2@, 

"11 9 p. 104 (simply add 180' to the point of upper culmination, which is calculated for this 
example in HAM.4, 42). 
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arc 2GE = 1 55;2ZV, so Crd arc 2GE = 1 17; 14', 
arc 2EH = 180°, so Crd arc 2EH = 120'. 

.'. Crd arc 2OH:Crd arc 2 2 0  = (62;24 : 120)/(117; 14 : 120) 
= 63;52 : 120. 

And Crd arc 2 0 2  = 12P. 
.*. Crd arc 2 H 0  = 63;5ZP 

.'. arc 2 H 0  = 64;20° 
and arc HO = L HE@ = 32;10°. 

Q.E.D. 
To avoid Iengthening the explanatory part of this treatise by continual 

repetition of the procedure, we will take the same method for granted for the 
remaining signs and latitudes.'* 

12. i On the angles and arcs formed with the same circle [i.e. the ecliptic] by a 
circle drawn through the poles of the horiro_nfg9 

It remains [to describe] the method by which we can compute the angles formed 
between the ecliptic and a circle through the poles of the horizon [i.e. an  
altitude circle] for any latitude and any position [of the ecliptic relative to the 
altitude circle]. As we said, this method also produces the size of the arc of the 
circle through the poles of the horizon cut off between the zenith and the 
intersection of that circle with the ecliptic. We shall again set out the 
preliminary theorems for this topic too: we shall prove, first, that if two points 
of the ecliptic are equidistant from the same solstice, and cut off an equal 
number of time-degrees on either side of' the meridian, one to the east and the 
other to the west, then the great circle arcs from the zenith to those two points 
are equal, and the sum of the [two] angles at those points, chosen according to 
our [previous] definition,loO is equal to two right angles. 

[See Fig. 2.18.1 Let ABG be a segment of the meridian, with point B on it 
taken as the zenith, and point G as the pole of the equator. Draw two segments 

H161 of the ecliptic, ADE and AZH, such that points D and Z are equidistant from 
the same solstice, and cut off, on either side of meridian ABG, equal arcs of the 
parallel circle which passes through them. Furthermore, draw through points 
D and Z the following great circle arcs: arc GD and arc GZ from the pole ofthe 
equator G, and arc BD and arc BZ from the zenith B. 

I say that 
arc BD = arc BZ 

and L BDE + L BZA = 2 right angles. 
[ProoC] Since points D and Z cut off equal arcs of the parallel circle through 
them on either side of meridian ABG, 

L BGD = L BGZ. 

98The angles between ecliptic and horizon are not explicitly tabulated by Ptolemy, but can be 
derived from the angles between ecliptic and altitude circle at the rising-point tabulated in Table 11 
13. See HAMA 47, which also tabulates them explicitly. 

99 See HAMA 48-52, Pedenen 1 18-21 (with my correction, Toorner[3] 139). 
IwII 10 p. 105, with n.88. 
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Fig. 2.18 

Therefore, - in the two spherical triangles BGB, BGZ 
GD = GZ [D, Z equidistant from solstice] 
BG = BG (common) 

and L BGD = L BGZ, 
so they have two sides and the included angle equal. 

.*. BD = RZ (bases) 
and L BZG = L BDG. 

But since we showed just above that the sum of the two angles formed by a 
circle through the poles of the equator at points [of the ecliptic] equidistant from 
the same solstice is equal to two right angles [10.21, 

L GDE + L GZA = 2 right angles. 
But we proved that L BDG = L BZC. 

.'. L BDE + L BZA = 2 right angles."' 
Q.E.D. 

Next we must prove that if we take the same point of the ecliptic at two 
positions equidistant from the meridian (as measured in time-degrees) on 
opposite sides of it, the great-circle arcs from the zenith to these two positions 
are equal, and the sum of the two angles [between altitude circle and ecliptic] 
east and west [of the meridian] is equal to twice the angle formed by the same 
point [kf the ecliptic] at the meridian, provided that for both positions [i.e- 
when the point is east and west of the meridian] the points [of the ecliptic] which 
are [then] culminating are either both north or both south of the zenith. 

Let us suppose, first, that both are south. [See Fig. 2.19.1 Let ABGD be a 
segment of the meridian, with point G on it as the zenith, and D as the pole of 
the equator. Draw twosegments ofthe ecliptic, AEZ and BHO, such that points HI63 
E and H represent the same point, and cut OK equal arcs of the parallel circle 
through that point on opposite sides of meridian ABGD. Again, draw through 
them [points E and HI the great-circle arcs GE and GH from G, and DE and 

lo' For L BDE = L GDE + L BDG; L BZA = L GZA - L BZG. So, by addition (since L BDG = 
L BZG), L BDE + L BZA = L GDE + L GZA = 2 right angles. 
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Fig; 2.19 

DH from D. By the same reasoning as before, since points E and H generate the 
same parallel circle and cut off equal arcs of it on either side of - the meridian, 

spherical triangle G D E  spherical triangle GDH. 
.'- arc GE = arc GH. 

Then f say that 
L G E Z + L G H B = Z L D E Z = Z L D H B .  

[Pr-ooE] Since L DEZ is the same as L DHB [E and H the same point] 
and L GED = L DHG [from congruent spherical triangles], 

H164 L GED + L GHB[= L DHG + L GHB = L DHB] = L DEZ. 
Therefore, by additionL GEZ + L GHB = 2 L DEZ = 2 L DHB 

Q.E.D. 
Next, draw the same segments of the above circles again [Fig. 2.201, except 

that points A and B should be north of point G. I say that here too the same will 
apply, namely 

L K E Z + L L H B = 2 L D E Z .  - 
[Proof:] Since L DEZ is the same as L DHB, 

and L DEK = L DHL [supplements of equal angles DEG, DHG], 
by addition [of L DHB to L DHL], L LHB = L DEZ + L DEK. 

-'. L LHB + L KEZ = 2 L DEZ. 
Now again draw a similar figure [Fig. 2.211, except that the culminating 

point on rhe segment [oft he ecliptic] east [of the meridian], namely A: shou!d be 
H165 south of' the zenith G. while the culminating point on the secpent west [of the 

me:-idian], namely B, should bc north of the zenith. 
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f 

Fig. 2.20 

Fig. 2.21 
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1 say that 
L GEZ + F LHB = 2 L DEZ plus 2 right angles. 

[Proof:] Since 
L DHG = L DEG 

and L DHG + L DHL = 2 right hngles, 
.: F DEG + L DHL = 2 right angles. 

But L DEZ is the same as L DHB. 
... L GEZ + L LHB = (L DEZ + L DEG) + (L DHB + L DHL)] 

= (L DEZ + L DHB) + (L DEG + L DHL) 
= (F DEZ + L DHB) plus 2 right angles 
= 2 L DE-Z plus 2 right angks. 

Q.E.D. 
For the remaining case, draw a shiiar figure {Fig. 2.223, in which point A, 

which is culminating on the section east [oftfie meridian], is north ofG, while B, 
which is culminating on the section west [of the meridian], is south of Ithe 
zenith], 

Fig. 2.22 

I say that 
L KEZ + L GHB = 2 L DEZ minus 2 right angles. 

[Proof:] By the same reasoning as before 
L KEZ + L GHB = (L DEZ + L DHB) - (L DEK + L DHG) 

= 2 L DEZ - (L DEK + L DHG). 
But L DEK + L DHG = 2 right angles, since 

L DEK + i DEG = 2 right angles, and L DEG = L DHG. 
Q.E.D. 
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O f  the angles and arcs formed in the way defined between the ecliptic and an 
circle, those at the meridian and the horizon can be computed readily, 

as can be shown immediately in the following way. 
Draw [Fig. 2-23] the meridian circle ABGD, the sgrni-circle of the horizon 

BED, and the semi-circle of the ecliptic in any position, ZEH. Then if we HI67 
imagine the a1titu.de circle through the zenith A and the culminating point of 
the ecliptic Z, it coincides with the meridian ABGD, and L DZE will 
immediately be given, since the point Z and the angle that [the ecliptic makes] 
with the meridian at  point Z are given.''* Arc AZ will also be given, since we 
know the distance in degrees of point Z from the equator (measured along the 
meridian), and the distance of the equator from the zenith A.'03 

Fig. 2.23 

Next, if we imagine the altitude circle AEG, drawn through the rising-point 
of the ecliptk, E, and [the zenith] A, here too it is immediately obvious that arc 
AE is always a quadrant, since point A is the pole of the horizon BED. For the 
same reason, L AED is always right; and since the angle which the ecliptic 
makes with the horizon, namely L DEH, is given,104 the sum, angle AEH, will 
also be given. 

Q.E.D. 
Thus it is clear that, since the above relationships hold, if we compute, for HI68 

each latitude, just the angles and arcs before [i.e. to the east ofJ the meridian, 
and just for the signs from the beginning of Cancer to the beginning of 
Capricorn, we will simultaneously have found the angles and arcs for the same 

'02 By I1 I0 (p. 109). 
'"6 and tp respectively, so arc AZ = cp - 6. 
lo' By I1 1 1 (pp. 1 13- 14). 
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signs [Cancer to Capricorn] after the meridian too, and also the angles and arcs 
both befbre and after the meridian fbr the remaining signs. But in order to make 
clear the procedure in this case too for any position [of the ecliptic], as an 
example we shall display the general met hod by means ofa single solution ofthe 
problem.'O%t the same latitude, namely where the elevation of the north pole 
from the horizon is 36O, we suppose that the beginning of Cancer is, e.g., one 
equinoctial hour to the east of' the meridian. In this situation, at the above 
latitude, II 16;l Z0 is culminating, and 17;37O is rising. 

Then let [Fig. 2.241 ABGD be the meridian circle, BED the semi-circle of the 
horizon, and ZHO the semi-circle of the ecliptic in such a position that point If 

H 169 is the beginning of Cancer, while Z represents II 16; 12' and O np 17;37'. Draw 
through A, the zenith, and H,  the beginning ol'cancer, segment AHEG of the 
[altitude] great circle. Let the first problem be to find arc AH. 

Now it is clear that arc ZO = 91;25O [np 17;37O - 11 16;1Z0] 
and arc HO = 77137' [m 17;37O - 5 OO]. 

Similarly, since II 16;1Z0 cut off 23;7O of the meridian to the north of the 
equator, and the equator cuts off 36" [of the meridian] from the zenith A, 

arc AZ = 12;53O 
and arc ZB = 77;7O (complement). 

When these quantities are given, from the figure 
Crd arc 2ZB:Crd arc 2BA = 

(Crd arc 2ZO:Crd arc 20H) .  (Crd arc 2HE:Crd arc 2EA). [M.T. I] 
But arc 2ZB = 154;14O, so Crd arc 2ZB = 1 1 6;5gP 

H170 and arc 2BA = 180°, so Crd arc 2BA = 12V. 

''=This example is worked through HAMA 49-50. 
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Furthermore arc 220  = 182;50°, so Crd arc 220 = 1 19;5gP 
and arc 20H = 155;14O, so Crd arc 20H = 1 1 7;1ZP. 

... Crd arc 2EH: Crd arc 2EA = (1 16;59 : 120)/(119;58 : 1 17; 12) 
% 114;16 : 120. 

But Crd arc 2EA = 120P 
... Ci-d arc 2EH = 1 14; 16' 

.*. arc 2EH 144;26O 
and arc EH = 72; 13O. 

.: arc AH = 17;47O (complement). 
Q.E.D. 

Next we shall find L AH@, as follows. 
Draw the same figure [Fig. 2.251, and with pole H and radius the side of the 

[inscribed] square draw the great circle segment KLM. 
Then, since circle AHE is drawn through the poles of EOM and KLM, both 

EM and KM are quadrants. Again, from the figure HI71 

Fig. 22.5 

Crd arc 2HE:Crd arc 2EK = 
(Crd arc 2HO:Crd arc 2QL). .(Crd arc 2LM:Crd arc 2KM). [M.T. II] 

But arc 2HE = 144;26' [above], so Crd arc 2HE = 114;16' 
and arc 2EK = 35;34", so Crd arc 2EK = 36;3gP. 

Furthermore arc 20H = 155;14O, so Crd arc 28H = 11 7;1ZP 
and arc 20L = 24;4€i0, so Crd arc 2OL = 25;44'. 

-'. Crd arc 2LM:Crd arc 2MK = (1 14; 16 : 36;38)/(117; 12 : 25;44) 
-82;11 : 120. 

But Crd arc 2MK = 120P 
-.. Crd arc 2LM = 82; 1 lP 
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.-. arc 2LM = 86;28O 
and arc LM = 43; 14'. 

... arc LK = L LHK = 46;46O (complement). 
.: L AH@ = 133;14" (supplement). 

Q.E.D. 
H172 The same method as was used for finding the above also applies to the 

remaining [arcs and angles]. But in order to have conveniently displayed all the 
other arcs and angles which it is reasonable to suppose we may need in our 
particular investigations, we computed these too geometrically, beginning from 
the parallel through Meroe, a t  which the longest day is 13 equinoctial hours, 
and going up  to the parallel above Pontus [the Black Sea], through the mouths 
of the Borysthenes, where the longest day is 16 equinoctial hours.lo6 The  
intervals which we used were half an hour [of length of longest day] between 
parallels of latitude (as for the rising-times), one sign for the sections of the 
ecliptic, and one equinoctial hour for the position [ofthe altitude circles] to east 
and-west of the meridian. We shall display the results in tabular form, oneset of 
tables for each parallel of latitude, and one table for each sign. In the first 
column we put, first, the meridian situation, then the distance before or after 
the meridian, measured in equinoctial hours. In the second column we put the 
amount of the corresponding arc (as explained above) from the zenith to the 
beginning of the sign in question. In the third and fourth columns we put the 

H173 amount of the angles formed by the above-mentioned intersection [between 
ecliptic and altitude circle], defined in the way we explained: the angles at 
positions to the east of the meridian in the third column, and those at positions 
to the west of the meridian in the fourth column. One must bear in mind that, 
according to our original d e f i n i t i ~ n , ' ~ ~  we always took the angle which lies to 
the rear of the intersection of the circles and to the north of the ecliptic, and 
expressed its magnitude in the system in which one right angle is 90 [degrees]. 

The layout of the tables is as follows. 

H 174-87 13. {Layout of angles and arcs, parallel b ~ )  parallel) lo* 

[See pp. 123-9.1 

H188 Now that the treatment of the angles [between ecliptic and principaI Circles] 
has been methodically discussed, the only remaining topic in the foundations 
[of the rest of the treatise] is to determine the coordinates in latitude and 
longitude of the cities in each province which deserve note, in order to calculate 

Io6The seven paralleIs selected here are in fact the canonical '7 climata', for which see 
Introduction p. 19. 

'07 11 10 p. 105 with n.88. 
'''The table for Clima I (Meroe) has a peculiarity. Since, alone of the parallels tabulated, its 

latitude is less than E ,  it is possible for the point of the ecliptic which is culminating to fall north of 
the zenith. When this occurs at a tabulated position, the corresponding eastern or western angle 
marked 'N' (for 'north'). This is a modification ofthe system in the mss., where BO (for$6psto~) is 
written abozv thefirst value in each column where the ecliptic is north of the zenith, and NO (for 
v 6 r ~ q )  above the value where it changes back to south. Since Ptolerny makes no mention ofthis 
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PARALLEL THROUGH MEROE 1 3h 1 6 ; 2 7 O  

CANCER CAPRICORNUS 

HOIII 

noon 
I 
2 

3 
4 
5 

6 
6 3 0  

Arr 

5 24 
b5 55 
29 3 

42 42 
5h 25 
70 2 

8'3 27 
9 0 0  

E a ~ t  Anqlr 

90 O N  
25 16 N 
9 15 N 

1 38 N 
l i 5  7 
170 18 

164 41 
161 55 

Hour 

noon 
1 
2 

-I 
4 
5 

5 3 0  

Haul 

noon 
I 
2 

3 
4 
5 

WCSI Anqle 
' 

154 44 N 
170 45 N 

178 22 K. 
4 53 
9 42 

15 19 
18 3 

Eaht Anqle 

90 0 
111 24 
128 51 

141 49 
151 25 
158 48 

161 57 

AIC 

40 18 
42 54 
49 48 

59 35 
71 4 
83 31 

9 0 0  

LEO 

. M'est Anqlc 

68 36 
51 9 

38 11 
28 35 
21 12 

18 3 

AI r 

4 47 
15 20 
29 28 

43 40 
58 13 
72 76 

Hour 

noon 
I 
2 

3 
4 
5 

5 4 b  

I 

Hottr 

noon 
I 
2 

3 
4 
5 

6 
6 2 5  

AQUARIUS 

,\I( 

28 7 
31 46 
40 52 

52 30 
65 40 
59 18 

9 0 0  

East 4nqlc 

69 0 
97 0 

115 59 

~n 23 
1?4 41 
139 41 

142 9 

PISCES \ IRGO 

Arr 

4 3 
14 20 
28 42 

42 43 
56 49 
50 38 

84 17 
9 0 0  

E a s ~  Anqle 

102 30 N 
26 3 N  
15 28 N 

10 5 N 
6 19 N 
2 33 N 

157 0 
174 51 

Hour 

ntmn 
1 
2 

3 
4 
5 

5 3 5  

Eab~ Anqle 

111 0 
0 O Y  
8 0 ' 4  

9 15 N 
8 39 N 
h 53 N 

b'nt 4nqle 

41 0 
22 1 

10 37 
3 19 

178 I9 N 

175 51 N 6 
6 1 4  

ARIES 

Wnl Angle 

178 57 N 
9 32 

14 55 
18 41 
22 27 

28 0 
30 9 

M'rst Anqlr 

42 0 
34 0 

32 45 
33 21 
35 5 

5 35 N 
4 9 N  

86 4 f  
9 0 0  

AIC 

3h 57 
39 46 
47 15 

57 53 
69 30 
82 18 

9 0 0  

36 23 
37 51 

LfBRA 

Hot11 

noon 
I 
2 

3 
4 
5 

6 

Ea\t ~ \ n r l r  

66 9 
105 1 1  
125 35 

I33 41 
135 26 
139 25 

139 42 

AI < 

lh 25 
22 8 
33 50 

45 20 
61 22 
75 39 

90 0 

Ea\t Anqle 

57 30 
100 12 
118 5 

131 3 
139 48 
146 43 

149 51 

M'c\t Anele 

25 5 I 
6 43 

158 35 N 
154 52 h 
172 51 N 

152 36 N 

Hou~ ,\I I 

TAURl'4 

M'ot Anqle 

54 48 
36 55 

23 57 
15 I2 
8 17 

5 9 

East Anqle 

I!3 51 
154 53 
173 15 

1 23 N 
5 8 N  

noon 
1 
2 

3 
4 
5 

6 

Holtr 

ncwn 
1 
2 

3 
4 
5 

6 
5 1 4  

We-t Anqle 

52 49 
54 25 

46 19 

42 34 

16 27 
T2 8 
33 50 

4 i  20 
61 22 
55 39 

90 0 

SCORPIVS 

7 9 N  1 4033 

5 24 N 40 I8 

Hou~ 

noon 
I 
2 

3 
4 
5 

5 4 6  

M e t  Anqlr 

180 0 N 
I52 0 N 

170 45 N 
171 21 5 
153 5 5 

174 23 1 
175 51 N 

Ar c 

4 45 
I5  20 
29 28 

43 40 
58 13 
72 36 

86 41 
9 0 0  

GEMINI 

.'%I c 

28 5 
31 46 
40 52 

52 30 
65 40 
59 18 

9 0 0  

Ea*t Anqlr 

69 0 
138 0 
146 0 

145 15 
146 39 
144 53 

143 37 
142 9 

SAGITTARIUS 

\* r\t Anqle 

153 55 N 
1 b4 32 S 

169 55 S 
173 41 N 
177 27 N 

3 0 
5 9 

Ea\t Anqlr West Angk 

HOIIF 

noon 
1 
2 

3 
4 
5 

5 3 5  

East Anqle 

77 30 S 
1 3 N  

170 28 

165 5 
161 19 
157 33 

152 0 
149 51 

HOIII 

noon 
1 
2 

3 
4 
5 

6 
6 2 5  

111 0 
139 0 
155 59 

- 169 27 
176 41 

1 41 N 

4 9 N  

AIT 

4 3 
14 20 
28 42 

42 43 
56 49 
70 38 

84 17 
9 0 0  

83 0 
64 1 

52 35 
45 19 
40 19 

37 51 

Art 

36 55 
39 46 
45 I5 

57 33 
69 30 
82 18 

W O  

Ea\t Anqfe 

102 30 
125 12 
143 5 

156 3 
164 48 
171 43 

154 51 

Wet Angle 

79 48 
61 55 

48 57 
40 12 
33 17 

30 9 
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PARALLEL THROUGH SOENE 13fh 23;51° 

(:ANCER 

Hour 

C:,VRICORNUS 

noon 
1 
2 

Arc Hour - 

0 0 
13 43 
2i  23 

Arc Eart Angle 

168 15 
166 51 

67 42 . 162 42 

6 80 36 157 59 
6 4 5  W O  153 % 

East Angle West Angle \Vest Anglr 

90 0 
156 15 
153 51 

135 37 
144 57 
152 0 

153 46 26 14 

I 

64 37 
75 12 
86 54 

9 0 0  

11 45 
13 9 
17 18 

22 I 
26 14 

- 

45 42 
49 52 
55 52 

90 0 
108 3 
123 31 

3 
4 
5 ----- 

5 1 5  

3 45 
6 9 

AQL'ARIUS 

51 55 
56 29 

noon 
1 
2 

LEO 

HOIII- 

noon 
1 
2 

3 
4 
5 

5 2 2  

Hour 

noun 
1 
2 

3 
4 
5 

6 
6 3 8  

3 
4 
5 

At-c 

44 21 
46 40 
53 4 

62 18 
53 20 
85 23 

9 0  0 

171 45 49 42 
62 45 
76 20 

Arc 

3 21 
14 18 
2i 56 

41 44 
55 14 
68 43 

81 52 
9 0 0  

PISCES 

East Angle 

77 30 
96 30 

112 16 

124 25 
132 58 
139 46 

L'IRGO 

How 

noon 
1 
2 

3 
. 4 

5 

5 3 9  

6 

East Angle 

102 30 
176 4 
180 0 

179 3 
177 18 
173 40 

168 56 
166 53 

West Anglr 

58 30 
42 44 

30 35 
22 2 
15 14 

Hotrr 

n q n  
I 
2 

3 
4 
5 

6 

132 18 

\Vest Angle 

38 56 
25 0 

25 57 
27 42 
31 20 

36 4 
38 7 

141 53 I 13 7 

At-< 

35 31 
38 25 
% 2 

56 30 
68 31 
81 22 

9 0 0  

49 42 55 55 

0 0 

124 3 

SCORPIUS I TAURUS 

4n. 

1211 
18 42 
30 5 i  

44 22 
58 1 
71 43 

85 20 

ARIES 1 

62 445 
76 20 

90 0 

3 8 15 
129 15 
131 21 

9 0 0 1  180 0 

6 2 1 1  9 0 0  

East Angle 1 V;esr Angle 

4 
5 

3 1 
0 545 

47 42 6 t 

176 59 
179 3 

West Angle 

21 20 
6 16 

1 57 
0 0 
0 45 

2 21 
3 19 

Hour 

noon 
1 
2 

3 
4 
5 

; 5 3 9  

East Angle 

111 0 
158 40 
173 44 

178 3 
180 0 
179 15 

177 39 

69 0 
91 15 

108 I8 

West Angle 

50 43 
48 39 

\ V e t  Anglr 

63 20 
48 16 

43 55 
- 4 2 0  

42 45 

44 21 
176 41 

46 45 
29 42 

East :\nglc - Hour 

Arc 

35 31 
38 25 
46 2 

56 30 
68 31 
81 22 

9 0 0  

45 19 

119 41 I I8 19 
127 5 1 10 55 
132 30 

I 
5 30 

134 41 3 19 
I 

LIBRA 

Arc 

SAGITTARIUS 

66 9 
96 28 1 35 50 

114 31 17 47 

noon 
1 
2 

East Anglc 

I l l  0 
133 15 
150 18 

161 41 
169 5 
174 30 

176 41 

GEMINI 

Hour 

noon 
1 
2 

3 
4 
5 

5 2 2  

Hour 

noon 
1 
2 

23 51 
27 56 
37 36 

East Angle 

113 51 
144 10 
162 13 

At-c 

23 51 
25 56 
37 36 

Wt>t Angle 

88 45 
71 42 

60 19 
52 55 
47 30 

Arc 

4421  
4640 
53 4 

Hour 

noon 
I 
2 

3 
4 
5 

6 
6 3 8  

b%<~t Angle 

83 32 
65 29 

\\'lsr Angle 

Hour 

noon 
I 
2 

3 
4 
5 

1 
Arc 

3 21 
14 18 
27 56 

41 44 
55 14 
68 43 

81 52 
9 0 0  

East Anglc 

102 30 
121 30 
137 16 

3 56 
0 0 

0 57 
2 42 
6 20 - 

11 4 
13 7 

East AwIe 

77 30 
151 4 
155 0 

154 3 
152 18 
148 40 

143 56 
141 53 

West Angle 

'83 30 
67 44 

Arc 

1 2 1 1  
18 42 
30 57 

44 22 
58 1 
51 43 

25 19 

55 35 
45 2 
40 14 

38 5 

62 18 
73 20 
85 23 

9 0 0  

East Angle 

69 0 
116 40 
131 44 

136 3 
138 0 
137 15 

85 20 
9 0 0  

6 
6 2 1  

149 25 
157 58 
164 46 

166 53 

135 39 
134 41 
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PARALLEL THROUGH LOWER EGYPT 1 4h 30;2Z0 
t 

CASCER CAPRICURSUS 

Hot~r  

ncmn 
1 
2 

3 
4 
5 

6 
i 

Hot11 

noon 
1 
2 

3 
4 
3 

Hour 

nm~n 
1 
2 

3 
4 
5 

6 
6 5 1  

LEO 

A I ~  

6 3L 
14 56 
25 23 

40 19 
53 I4 
65 55 

78 15 
90 0 

Ea\r r2nglr 

90 0 
150 0 

. 159 38 

160 30 
158 51 
156 0 

151 49 
146 28 

\I\'c~I Angli. 

30 0 
20 22 

19 30 
21 9 
24 0 

28 11 
33 32 

AQUARIUS 

Arc 

54 13 
56 6 
61 22 

69 17 
78 59 
90 0 

a 4 

90 0 
105 34 
119 2'3 

130 46 
139 30 
146 28 

Arc- 

50 52 
52 53 
58 27 

66 44 
76 51 
88 9 

90 0 

Arc- 

9 52 
16 45 
28 44 

41 31 
54 25 
67 15 

59 48 
9 0 0  

I ' IRGO 

\\'est Angle 

74 26 
60 37 

49 14 
40 30 
33 32 

\Vc% Anglr 

51 45 
38 38  

35 34 
35 52 
37 59  

41 14 
45 I1 

Eabt Angle 

102 30 
153 I3 
166 22 

169 26 
169 8 
167 1 

163 46 
159 49 

PISCES 

Hor~r  

nmn 
1 
2 

3 
4 
5 

6 

H I  

noon 
1 
2 

3 
4 
5 

5 9  

East Anglr 

77 30 
93 39 

107 51 

119 1 
127 35 
133 43 

134 49 

\VI>I Angk 

61 21 
47 9 

35 59 
2 i  21 
21 IS 

20 11 

\Z'r,l rZngle 

50 28 
35 22 

24 27 
I7 4 
12 6 

10 5 

H O I ~  

noon 
1 
2 

3 
4 
5 

J 2 r .z 

.kc. 

18 42 
23 18 
33 30 

45 36 
58 21 
71 15 

84 7 

.Arc 

42 2 
44 26 
50 58 

60 19 
51 20 
83 19 

90 0 

East Anglr 

I l l  0 
145 18 
162 25 

169 34 
I72 10 
172 28 

171 5 

Ea\l A n ~ l r  

69 0 
87 32 

102 38 

113 33 
120 56 
125 54 

127 55 

\Vrxt Anglr 

76 42 
59 35 

52 26 
49 50 
49 32 

50 5.3 
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PARALLEL THROUGH RHODES 14ih 36" 

CANCER CAPRICORNUS 

Hour 

noon 
1 
2 

3 
4 
5 

6 
7 

7 1 5  

Hour 

noon 
I 
2 

3 
4 

4 4 5  

East Angle 

90 0 
133 14 
147 45 

151 % 
151 52 
149 54 

146 25 
141 30 
140 1 

AI c 

1 2 9  4 

17 47 
28 22 

40 27 
52 36 
64 36 

76 16 
87 23 
9 0 0  

5 

h 

West Angle 

46 46 
32 15 

28 14 
28 8 
30 6 

33 35 
38 30 
39 59 

Arc 

59 51 
61 30 
66 12 

73 22 
82 24 
9 0 0  

LEO 

Hour 

noon 
1 
2 

3 
4 
5 

6 
7 

7 4  

AQUARIL'S 

77 56 

Ea\t Anqle 

90 0 
103 45 
116 10 

126 36 
134 56 
140 1 

Hour 

tloon 
1 
2 

3 
4 

4 5 6  

77 56 

90 0 

118 54 61 6 

59 51 

116 36 

SCORPIUS 

Mre\r Angle 

76 15 
6'3 50 

53 24 
45 4 
39 59 

13 24 5 

6 90 0 f 167 51 

Hour 

TAURUS 

Wnt  Anglr 

6528 
49 41 

44 23 
42 49 
43 55 

46 50 
51 21 
51 24 

Arc 

15 30 
20 20 
30 28 

42 6 
54 12 
66 17 

Atc 

56 30 
58 14 
63 13 

70 41 
80 2 
9 0 0  

\'IRGO 

I 
120 9 12 9 

noon 
I 
2 

3 
4 
5 

5 2 5  

Hour 

East Angle 

102 30 
139 32 
155 19 

160 37 
162 11 
161 5 

Hout 

noon 
1 
2 

3 
4 
5 

6 

PISCES 

Arc 

East Angle 

77 30 
91 39 

104 23 

114 47 
122 47 
128 36 

Haul 

noon 
1 
2 

3 
4 
5 

5 2 5  

47 40 
49 42 
55 26 

63 48 
73 55 
85 5 

9 0 0  

Arc 

West Angle 

63 21 
50 37 

40 13 
32 13 
26 24 

78 7 
89 2 i  
9 0 0  

Arc 

24 20 
27 51 
36 24 

47 14 
59 0 
71 5 

East Angle 

158 10 
153 39 
153 36 

6 3 5  9 0 0  164 7 

111c 

4740  
49 42 
55 26 

63 48 
73 55 
85 5 

9 0 0  

!\'at Anglr 

I l l  0 
126 50 
140 20 

150 34 
157 51 
162 28 

164 7 

East Anqle 

SAC;ITI'ARIUS 

57 53 

East Anqlc 

I l l  0 
137 38 
153 59 

162 10 
165 40 
166 34 

ARIES 

\V~>L Anglr 

I 7 89 2 i  128 39 26 21 I 7 4  1 9 0 0  1 1 2 8 s  1 2624  1 

GEhllNI 

M'el Angk 

84 22 
68 1 

59 50 
56 20 
55 26 

83 9 1 16530 

East Anqle 

69 0 
84 50 
98 20 

108 34 
115 51 
120 28 

122 7 

Hour 

ntmn 
1 
2 

3 
4 

4 5 6  

56 30 

West Anqlr 

53 10 
39 40 

29 26 
22 9 
17 32 

15 53 

LIBR.4 

Hout 

noon 
I 
2 

3 
4 

t 

95 10 
81 40 

71 26 
64 9 
59 32 

57 53 

West Angle 

40 28 
24 41 

19 23 
15 49 
18 55 

21 50 

Arc 

56 30 
58 14 
63 13 

70 41 
80 2 
9 0 0  

East Ansk 

102 30 
I f6  39 
129 23 

139 47 
147 47 
153 36 

I-fout 

noon 
1 
2 

AIX 

36 0 
38 35 
45 31 

55 b 
M 9 

Ea\t Anqk 

66 9 
85 41  

100 41 

l lo 27 
116 I6 

24 20 
n 51 
36 24 

47 14 
59 0 
71 5 

83 9 
9 0 0  

noon 
i 
2 

3 
4 
5 

6 
6 3 5  

Ea\t Angle 

77 30 
114 32 
130 19 

135 37 
137 11 
136 5 

133 10 

W o t  Anglr 

88 21 
75 35 

65 13 
55 13 
51 24 

Hour 

noon 
I 
2 

3 
4 
5 

6 

M'c~t Anqle 

46 37 
31 37 

21 51 
16 2 1 

Air 

1530 
20 20 
30 28 

42 6 
54 12 
f% 17 

78 7 

h r  r 

36 0 
38 37 
45 31 

69 0 
95 38 

111 59 

120 I0 
123 40 
124 34 

123 30 
122 7 

42 22 
26 1 

17 50 
14 20 
13 -26 

14 30 
15 53 

69 33 
63 44 

E a b ~  Anqlr 

113 51 
133 23 
148 23 

3 
4 

\ test Anqlt 

94 19 
79 19 

55 6 158 9 
66 9 163 58 
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However, Hipparchus himself does not think that there is anything in the H198 
above observations which provides convincing support for his suspicion that 
there is an irregularity in the length ofthe year. lnstead he makes computations 
on the basis of certain lunar eclipses, and declares that he finds that the 
variation in the length of the year, with respect to the mean value, is no more 
than of a day. Thi5 would be sufficiently great to take some account of, if it 
were indeed so; but it can be seen to be false from the very considerations which 
he adduces [to support it]. For he uses certain lunar eclipses which were 
observed to take place near [specific) fixed stars to compare the distance of the 
star called Spica in advance of the autumnal equinox at each [eclipse]. By this 
means he thinks he finds, on one occasion, a distance ofGO, the maximum in his 
time, and on another a distance of 5:: the minimum [in his time}. Thence he 
concludes that, since it is impossible for Spica [itself] to move so much in such a 
short time, it is plausible to suppose that the sun, which Hipparchus uses to 
determine the positions of the fixed stars, does not have a constant period of 
revolution. But this kind of computation cannot be made without using the 
sun's position at the eclipse as a basis. Thus, though he does not realise it, at each 
eclipse he is applying for this purpose [determination of the sun's position] the 
accurate observations of solstices and equinoxes which he himself hasmadeI3 in 
these same years. By the very act ofdoingthis he shows that, when one compares M199 
the length of those years, there is no discrepancy from the [365$-day interval. 

To take a single example: from the eclipse observation in the thirty-second 
year of the Third Kallippic Cycle which he adduces, he claims to find that Spica 
is Go in advance of the autumnal equinox, whereas from the eclipse observation 
in the forty-third year of that cycle he claims to find that it is 530 in advance. l4 
Likewise,15 in order to carry out the computations for the above, he adduces the 
spring equinoxes which he had accurately observed in those years. This was in 
order that from the latter he could find the position of the sun at the middle of 
each eclipse, from these the positions of the moon, and from the positions ofthe 
moon those of the stars. He says that the spring equinox in the thirty-second year 
took place on Mechir 27 [-I 45 March 24)at dawn, and the one in the forty-third 
year on [Mechir] 29/30 [-I34 March 23/24] after midnight, later [in the 
Egyptian year] than that in the thirty-second by approximately 2: days, which 
is the same amount as is produced by the addition of precisely $-day in each of 

versa in autumn). Manitius (I 427 n.21) explains the phenomenon reported here by Ptolemy asdue 
to the effect of refraction on a correctly placed ring. His argument is dismissed by Rome[5) I 230-5 
and [I] II p. 818 n., on the grounds that the true one of the two 'equinoxes' o u l d  easily be 
determined by the direction of shift. This does not ofcourse invalidate Manitius' explanation. The 
only good detailed discussion is Britton[l] 29-42, correcting both Manitius and Rome, and 
concluding (p. 34) that multiple "equinoxes" on a well-aligned ring would be normal. 

j3Reading bp' Eau~oij (with Dy Ar) at H198,24 for Eq' Eamô u ('which were made in his time'). 
"The eclipses in question are those of - 145 Apr. 21 and -134 Mar. 21 (misprinted March 31 in 

Pedersen Appendix A, 414). We have no further data on Hipparchus' observations ofthese eclipses. 
For a detailed discussion of the procedures involved see Rome53 11. From VII 2 (p. 327) ~t ' seem 
that Hipparchus eventually settled on a compromise figure of 6 O  from the autumnal equinox in his 
own time. 

j5Meaning 'as in the other similar calculations'. D's reading is 6p%, 'howevery, which makes 
good sense, but is not supported by the Arabic tradition. 
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the intervening 11 years. Since, then, the sun has been shown to complete its 
revolution (as measured with respect to those equinoxes) in a time neither greater 
nor less than the [365$-day interval, and since it is impossible for Spica to move 

HZ00 i t o  in such a small number of years, surely it is perverse to use calculations based 
on the above foundations to impugn the very foundations or, which they were 
based. It is perverse to ascribe the reason for such an impossibly large motion of 
Spica solely to the equinoxes on which the calculations are based (which entails 
the simultaneous assumptions, both that they are accurately observed, and that 
they have been inaccurately observed), when there are several possible causes 
for so great an error. It is more plausible to suppose, either that the distances of 
the moon from the nearest stars at  the eclipses have been too crudely estimated, 
or that there has been an error or inaccuracy in the determinations of the 
moon's parallax with respect to its apparent posit ion, or of the mot ion of the sun 
from the equinox to the time of mid-eclipse. 

However, it is my opinion that Hipparchus himself realised that this kind of 
argumentation provides no persuasive evidence for the attribution of a second 
anomaly to the sun, but his love of truth led him not to suppress anything 
which might in any way lead some people to suspect [such an anomaly]. At any 
rate, he himself, in his theories of the sun and moon, assumes that the sun has a 
single and invariable anomaly, the period of which is the length of the year as 

HZ01 defined by [return to] solstices and equinoxes. Furthermore, when we assume 
that the period of these revolutions of the sun is constant, we see that there is 
never any significant difference between the phenomena observed at eclipses 
and those calculated on the above assumption. Yet there would be a very 
perceptible difference if there were some correction due to a variation in the 
length of the year which we failed to take into account, even if that correction 
were as little as a single degree, which COI-responds to approximately two 
equinoctial hours. l 6  

From all the above considerations, and from our own determination of the 
period of the [solar] revolution, by means of a series of observations of the sun's 
position, we conclude that the length of the year is constant, provided that it is 
always defined with respect to the same criterion, and not with respect to the 
solsticial and equinoctial points at one time and to the fixed stars at  another. We 
also conclude that the most natural definition of the revolution is that in which 
the sun, starting from one solstice or equinox or any point on the ecliptic, 
returns to the same point again. And in general, we consider it a good principle 
to explain the phenomena by the simplest hypotheses possible, in so far as there 
is nothing in the observations to provide a significant objection to such a 
procedure. l7 

Now it was already clear to us from Hipparchus' demonstrations that the 
length ofthe year, defined with respect to the solstices and equinoxes, is less than 

HZ02 i-day in excess of 365 days. The amount by which it falls short [oft-day] cannot 

l6 The time of an eclipse depends on the s p s o f s u n  and moon. Assuming, with Ptolemy, round 
figures of lqd for the sun's motion and 1 301 for the moon's, we get a relative motion of 12"/*, or io 
per hour. Thus a shift of 1 O in the position ofthe sun at an eclipse leads to a shift of2 hours in the time- 

"This general principle of the desirability of simplicity in the hypotheses is repeated, but 
modified, at XI11 2 p. 600. Cf. also I11 4 p. 153. 
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be determined with absolute certainty, since the difference is so small that for 
many years in succession the increment [over 365 days] remains sensibly the 

I same as a constant 3-day increment. Hence it is possible, when comparing 
observations taken over quite a long period, that the surplus days [over 3651, 
which have to be obtained by distributing [the total surplus] over the years of 
the interval [between the observations], may appear to be the same whether one 
takes [observations over] a greater or lesser number of years. However, the 
longer the time between the observations compared, the greater the accuracy of 
the determination of the period of revolution. This rule holds good not only in 
this case, but for all periodic revolutions. For the error due to the inaccuracy 
inherent in even carefully performed observations is, to the senses of the 
observer, small and approximately the same at any [two] observations, whether 
these are taken at a large or a small interval. However, this same error, when 
distributed over a smaller number of years, makes the inaccuracy in the yearly 
motion [comparatively] greater (and [hence increases] the error accumulated 
over a longer period of time), but when distributed over a larger number of 
years d e s  the inaccuracy [comparatively] less. Hence we must consider it 
sufficient ifwe endeavour to take into account only that increase in the accuracy Hz03 
of our hypotheses concerning periodic motions which can be derived from the 
length of time between us and those observations we have which are both 
ancient and accurate. We must not, if we can avoid it, negIect the proper 
examination [of such records]; but as for assertions ofvalidity 'for eternity', or 
even for a length of time which is many times that over which the observations 
have been taken, we must consider such as alien to a love ofscience and truth.18 

Now, as far as concerns antiquity [of the observations], the summer solstices 
observed by the school of Meton and Eukternon, and, later, the school of 
Aristarchus, deserve to be cornpat-ed with those of our own tirne.lg However, 
since observations of solstices are, in general, hard to determine accurately, and 
since, furthermore, the observations handed down by the above-mentioned 
people were conducted rather crudely (as Hipparchus too seems to think), w7e . 

abandoned those, and have used instead, for the comparison we propose, 
equinox observations, choosing amongst them, for the sake of accuracy, those 
which Hipparchus especially noted as very securely determined by him, and 
those which we ourselves have made with the greatest accuracy using the 
instruments for such purposes described at the beginning of our treatise [I 121. 
For these we find that the solstices and equinoxes occur earlier than [one would 
expect fmrn a year of 36514 days by one day in approximately 3-00 yean. HZ04 

For Hipparchus noted that in the thirty-second year of the Third Kallippic 

''This remarkably sensible attitude towards the validity of mean motions derived fiom 
observations was not imitated by most ofPtolemy7s successors throughout antiquity and the middle 
ages. The contemptuous remark about 'eternity' may be a glance at the U ' ~ ~ V I O ~  KUV~VE< 

mentioned at IX 2 p. 422 (see n.12 there). 
j9 The only solstices known to have been observed by these men are that of-431 June 27, ascribed 

below @. 138) to 'the school of Meton and Eukternon', and that of -279 (no further details known) 
ascribed below (p. 138) to 'the school of Aristarchus'. The latter is Aristarchus of Samos. now 
famous mainly fbr his 'heliocentric hypothesis'. See Heath, Aristmchur. On Meton see Toomer[7]. 
By 'the school o f .  . .' I translate di n ~ p i  . . . The precise way to interpret the phrase here and 
elsewhere in the Almagest remains obscure. 
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Cycle he had made a very accurate observation of the autumnal equinox, and 
says that he calculated that it occurred at midnight, third-fourth epagomenal 
day [-I46 Sept. 26/27]. The year is the 178th from the death of Ale~ander .~ '  
285 years later, in the third year ofAntoninus, which is the 463rd from the death 
of Alexander, we obser-ded, again very securely, that the autumnal equinox 
occurred on Athyr 9 (139 Sept. 261, approximately one hour after ~unrise .~ '  
Therefore the period of return comprised, over 285 complete Egyptian years 
(that is years of 365 days), 704 days plus approximately doth of a day, instead of 
the 71 1 days corresponding to the !-day surplus for the above [285] years. Thus 
the return took place earlier than it would have with the (36514-day year by one 
day less about h t h  day. 

Similarly, Hipparchus says that the spring equinox in the same thirty-second 
year of the Third Kallippic Cycle, which he observed most accurately, took 
place on Mechir 27 [-I45 Mar. 243 at dawn. The year is the 178th from the 

HZ05 death of Alexander. We find that the corresponding spring equinox 285 years 
later, in the 463rd year from the death of Alexander, took place on Pachon 7 
[I40 Mar. 221, approximately I hour after noon. Thus this period too 
comprised an increment (over 285 Egyptian years] of the same amount, 703 + 
about 26 days, instead of the 71 f days corresponding to the :-day surplus for the 
285 years. Here too, then, the return of the spring equinox took place earlier 
than it would have with the [365]t-day year by 48th~ of a day. Hence, since 

1 day : f8 day = 300 : 285, 
we conclude that the return of the sun to the equinoctial points takes place 
earlier than it would for a [365$-day year by approximately one day in 300 
years. 

Furthermore if, because of its antiquity, we compare the summer solstice 
observed by the school of Meton and Euktemon (though somewhat crudely 
recorded) with the solstice which we determined as accurately as possible, we 
will get the same result. For that [solstice] is recorded as occurring in the year 
when Apseudes was archon a t  Athens, on Phamenoth 21 in the Egyptian 

HZ06 calendar 1-43 1 June 273, at dawn.*' We determined securely that the [summer 
solstice] in' the above-mentioned 463rd year from the death of Alexander 
occurred on Mesore 1 1/12 [I40 June 24/25] about 2 hours after midnight. Now 
there are 152 years (as Hipparchus too reckons) from the summer solstice 
recorded in the archonship of Apseudes to the solstice observed by the school of 
Aristarchus in the fiftieth year of the First Kallippic Cycle [-2791, and from that 
fiftieth year, which corresponds to  the44th year from the death ofAlexander, to 
the 463rd year, in which our observation was made, is 419 years. Therefore in 

2 0 0 n  this (-323, not -322, the actual year of Alexander's death) see Introduction p. 10 11.16- 
'1 78th' is inclusive reckoning. 

"Notoriously, like Ptolemy's spring equinox and summer solstice observations below, this is 
about 1 day later than the actual event. This is the strongest argument of those modern critics who 
have maintained that Ptolemy 'faked' observations See Toomer[5] 189. The best discussion of this 
difficult problem is Britton[l) Chapter 11. 

"The Egyptian date of this observation was not given by Meton himself, who dated it to 
Skirophorion 13 in his calendar, but is a later conversion (found in the Milesian parapegma of the 
late second century B.C., see Samuel, CreekandRoman Chronologr 44 orToomer[7] 338, but no doubt 
already made by Hipparchus). 
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. the whole interval of 571 years, if the summer solstice observed by the school of 
Euktemon took place around the dawning of Phamenoth 21, there is an  
increment of approximately 14061 days over complete Egyptian years,23 instead 
of the 1424 days corresponding to the :-day surplus for 571 years. Thus the 
return in question took place earlier than it would have with the (3651;-day 
year by 1 fi days. Here too, then, it is clear that in a round 600 years the [true] 
year-length accumulates a decrement of approximately 2 complete days 
against the (36514-day year. 

W e  find the same result from a number of other observations of our own, and 
we see that Hipparchus agrees with it on more than one occasion. For in his 
work 'On the length of the year' he compares the summer solstice observed by 
Aristarchus at the end of the fiftieth year oft he First Kallippic Cycle [-2791 with HZ07 
the one which he himself had determined, again with accuracy, at  the end of the 
forty-third year of the Third Kallippic Cycle [-1341, and then says: 'It is clear, 
then, that over 145 years the solstice occurs sooner than it would have with a 
r3658-day year by half the sum of the length of day and night'. Again, in 'On L 

intercalary months and days' also, after remarking that according to the 
school of Meton and Euktemon the length of the year comprises 365; + & days, 
but according to Kallippos only 365: days,24 he comments, in his own words, as 
follows: 'As for us, we find the number of whole months comprised in 19 years to 
be the same as they found, but we find the year to be even less than 4-(day 
beyond 3651, by approximately j s t h  of a day. Thus in 300 years its 
[accumulated] deficit is 5 days compared with Meton['s figure], and 1 day 
compared with Kallippos'.' And when he more or less sums u p  his opinions in 
his list of his own writings,25 he says: 'I have also composed a work on the length 
of the year in one book, in which I show that the solar year (by which I mean the 
time in which the sun goes from a solstice back to the same solstice, or from an 
equinox back to the same equinox) contains 365 days, plus a fi-action which is 
less than 4 by about 360th of the sum of one day and night, and not, as the HZ08 
rnathernatician~~~ suppose, exactly !-day beyond the above-mentioned number 
[365] of days-' 

Thus I think it appears plainly from the agreement of present-day 
[observations] with earlier ones, that all phenomena observed up to the present 

23 Ptolemy apparently reckons 'dawn' (npoiaq) in the earlier observation as 6 a.m. in equinoctial 
hours (despite the fact that at Athens sunrise at summer solstice occurs at about 4;45 a.m.), and 
means '2 hours after midnight' in his own observation to be 2 a.m., i.e. equinoctial hours. Then the 
increment over whole days between the observations is 20 equinoctial hours = 2 day. lfwe were to 
take the times as 'precisel). sunrise' and '2 seasonal hours', the interval would be closer to 21 hours, 
or a day. 
" These accord with the Metonic and Kallippiccycles respectively. See Introduction pp. 12-1 3. 
25This phrase, which appears to have been misunderstood by all earlier translators, but is 

correctly interpreted by Rehm. 'Hipparchos' col. 1666, shows that Hipparchus published a 
catalogue of his own works with a summary of the contents of each. An example of this kind of 
publication which has come down to us is Galen's 'On his own Books' (n&$t TGV i6iov $I/~~ICOV), 
L'?c~~laiMino~a II 91 ff. From Galen's work it is apparent that for a prolific writer ofmonographs, like 
Hipparchus, such a catalogue was necessaly as a check on the ascription of his works (perhaps 
circulating in unauthorised versions) to others. 
260i paOqpar~~oi ,  which includes astronomers. One might almost think from Hipparchus' tone 

that he means 'astrologers' (this is a standard meaning in later Greek). Ptolemy, however, does not 
use the word in this sense (cf. pp. 175 and 421, where I have translated it 'astronomers'). 
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time having to do with the length of the solar year accord with the above- 
mentioned figure for the return to solstices or equinoxes. This being so, if we P a 
distribute the one day over the 300 years, every year gets 12 seconds of a day. 

3 
Subtracting these from the 365; 1 5 ~  of the {-day increment, we get the required 8 length of the year as 365; 14,48*. Such, then, is the closest possible approxima- 
tion which we can derive from the available data. 9 

Now, with regard to the determination of the positions of the sun and the 
other [heavenly bodies] for any given time, which the construction of individual 
tables is designed to provide in a handy and as it were readymade form: we 
think that the mathematician's task and goal ought to be to show all the 
heavenly phenomena being reproduced by uniform circular motions, and that 
the tabular form most appropriate and suited to this task is one which separates 
the individual uniform motions from the non-uniform [anomalistic] motion : 

which [only] seems to take place, and is [in fact] due to the circular models; the i 

:I 

apparent places of the bodies are then displayed by the combination of these 
two motions into one.27 In  order to have this type of table in a form which shall 
be usable and ready to hand for the actual proofs [which are to come], we shall 
now set out the individual uniform motions of the sun in the following manner. 

HZ09 Since we have shown that one revolution contains 365;14,48~, dividing the 
latter into the 360" of the circle, we find the mean daily motion of the sun as 
approximately 0;59,8,17,1 3,12,31° (it will be sufficient to carry out divisions to 
this number [i.e. 61 of sexagesimal places). 

Next, taking n t h  of the daily motion, we find the hourly motion as 
approximately 0;2,27,50,43,3, lo. 

Similarly, we multiply the daily motion by 30, the number of days in one 
month, and get as the mean monthly motion 29;34,8,36,36,15,30°; - 

and, multiplying it by 365, the number of days in one Egyptian year, we get 
the mean annual motion as 359;45,24,45,21,8,35O. 

Then we multiply the yearly motion by 18 years, since this number will 
produce symmetry in the layout of the tables,28 and, after reduction ofcomplete 
circles, we find the increment over 18 years to be 355;37,25,36,20,34,30". 

So we have set out three tables for the uniform motion of the sun: each again +. 

containing 45 lines, and each having two [vertical] sections. The  first table will 
'$ 
5' 

contain the mean motions of the 18-year periods, the second will contain the ii 
i: 

"This is an implicit polemic against the ephemeris kind of astronomical table which gives the 
i- 
f 

true positions of the planets (their 'apparent places'). To  judge from the surviving papyri, the most 1 

common kind of planetary table was that giving the entries ofthe heavenly bodies into the zodiacal 
signs for a period of years (see HAMA I1 785 K). Ptolemy was perhaps thinking of a kind of 
'perpetual almanac' which gives the true positions of the planets at regular intervals over a whole 
planetar)- period. His argument is that his approach (mean motion.tables modified by equation ! 

tables) gives a truer picture of the actual motions, which are uniform and circular. 
*'Despite Ptolemy's clear statement here of his motivation for choosing the 18-year period, it has 

been the subject of much fkitless debate. Starting from a standard height of 45 lines (see I 10 p. 56 1 

n.67), and allowing some space for headings, he is led by the combination ofsingle years on the same 
sheet with hours to 18 lines for that table (18 + 24 = 42 = 12 + 30 [months and days]). That is also 

i 
5 

the reason why the table for 18-year periods goes up to only 810 years (45 x 18), even though this 
does not reach Ptolemy's own time from his epoch. By the time he came to compose the Handy 
Tables. he had realised the inconvenience oft his arrangement, and switched to 25-year periods and 

'i 
an epoch closer to his own time (Era Philip, -323 Nov. 12). 

f d 



111 3. T h e  epicyclic and eccentric hypotheses 141 

yearl>r motions above and the hourly mot ions below, and the third will contain 
the monthly motions above and the daily motions beIow. The numbers 
representing time will be in the first [i.e. left-hand] section, and the 
corresponding degrees, obtained by successive addition of the appropriate 
amount for each [time-unit]: in the second [i.e. right-hand] section. The tables 
are as ~O~IOWS. ' 

2. { Table o f  the mean motion o f  the 

[See pp. 142-3.1 

3. { O n  the hypotheses for uniform circular HZ16 

O u r  next task is to demonstrate the apparent anomaly of the sun. But first we 
must make the general point that the rearward dispIacements cd the planets 
with respect to the heavens are, in ever): case: just like the motion ofthe universe 
in advance, by nature uniform and circular. That is to say, if we imagine the 
bodiesor their circles being carried around by straight lines, in absolutely every 
case the straight line in question describes equal angles at the centre of its 
revolution in equal times. The apparent irregularity [anomaly] in their motions 
is the result of the position and order of those circles in the sphere of each by 
means ofwhich the): carry out their movements, and in reality there is in essence 
nothirig alieri to their eternal nature in the 'disorder' which the phenomena are 
supposed to exhibit. The reason for the appearance of irreLgularit). can be 
explained by two hypothesest which are the most basic and simple. When their 
motion is \-iewed with respect to a circle imagined to be in the plane of the 
ecliptic, the centre of which coincides with the centre of the universe (thus its 
centre can be considered to coincide with our point of view?), then we can 
suppose, either that the uniform motion of each [body] takes place on a circle 
which is not concentric with the universe: or that they have such a concentric 
circle, but their uniform motion takes place, not actually on that circle, but on HZ1 7 
another circle, which is carried by the first circle, and [hence] is known as the 
'epicycle7. It will be shown that either of these hypotheses will enable [the 
planets] to appear, to our eyes, to traverse unequal arcs of the ecliptic (which is 
concentric to the universe) in equal times. 

In the eccentric hypothesis: [see Fig. 3.11 we imagine the eccentric circle, on 
which .the body travels with uniform motion, to be ABGD on centre E, wiih 
diameter AED, on which point Z represents the obser~er .~ '  Thus A is the 
apogee, and D the perigee. M'e cut off equal arcs AB and DG, and join BE, BZ, 
GE and GZ. Then it is immediately obvious that the body will traverse the arcs 

29 Corrections to Heiberg's text: H210,23-5, column offourths (for arguments 342,360 and 378). 
A misprint has disrupted the order, which should be A, va, IP, but has becomewx,~$, A (51,12: 30). 
H215.38. thirds : AE (35): AS, as Is. 

j0 See HAhl.4 55- 7, Pedersen 134-44. 
3' 'the ohsen-er': literally 'our point of view'. 
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TABLE OF THE SUN'S MEAN MOTION 

Distance [in Anomaly] from the Sun's Apogee in 1II 5;30° to its Mean 
Longitude in the 1 st Year of Nabonassar, 34 0;45O : 265; 15' 

18-Year 
Periods 

18 
36 
54 

72 
90 

108 

126 
144 
162 

1 80 
1 98 
216 

234 
252 
270 

288 
306 
324 

342 
360 
378 

396 
414 
432 

450 
468 
486 

504 
522 
540 

558 
576 
594 

612 
630 
648 

666 
684 
702 

720 
738 
756 

0 

355 
35 1 
346 

342 
338 
333 

329 
324 
320 

316 
31 1 
307 

303 
298 
294 

289 
285 
28 1 

276 
272 
268 

263 
259 
254 

250 

I 

37 
14 
52 

29 
7 

44 ' 
2 1 
59 
36 

14 
51 
29 

6 
43 
21 

58 
36 
13 

51 
28 
5 

43 
20 
58 

35 

21 
46 
12 

49 
26 
4 

774 
792 
810 

I  I 

25 
51 
16 

42 
8 

33 

59 
24 
50 

16 
41 
7 

32 
58 
24 

49 
15 
40 

6 
32 
57 

23 
48 
14 

40 
246 
24 1 

237 
233 
228 

224 
219 
215 

21 1 
206 
202 

1 98 
1 93 
1 89 

184 
1 180 

I76 

171 
167 
163 

5 
3 1 

56 . 
22 
48 

13 
39 
4 

30 
56 
21 ----- 
47 
13 
38 

4 
29 
55 

13 
50 

27 
5 

42 

20 
57 
35 

12 
49 
27 

4 
42 
19 

57 
34 
11 

30 
0 

30 

2 
39 
15 

111  

36 
12 
49 

25 
1 

38 

14 
50 
27 

3 
39 
16 

52 
28 
5 

4 1 
17 
54 

30 
6 

43 

19 
55 
32 - 
8 

I 1 1 1 1  

34 
9 

43 

18 
52 
27 

1 
36 
10 

45 
19 
54 

28 
3 

37 

12 
46 
21 

55 
30 
4 

39 
13 
48 

22 

I I I I  

20 
4 1 

1 

22 
42 

3 

24 
44 
5 

25 
46 
6 

27 
48 
8 

29 
49 
10 

30 
51 
12 

32 
53 
13 

34 
44 
2 1 

57 
33 
I0 

46 
22 
59 

35 
12 
48 

24 
1 

3 7 

44 
5 

25 

1 1 I 1 1 1  

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
57 
31 

6 
40 
15 

49 
24 
58 

33 
7 

42 

16 
51 
25 

54 
15 

36 
56 
17 

37 
58 
18 

39 
0 

20 

41 
1 

22 

43 
18 
52 

0 
30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

13 
50 
26 

43 
3 

24 

0 
34 
9 
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111 3. The eccentric hypothesir 

Fig. 3. 1 

AB and GD in equal times, but will [in so doing] appear to have traversed 
unequal arcs of a circle drawn on centre 2. For 

L BEA = L GED. 
But L BZA< L BEA (or L GED), 

and L GZD >L GED (or L BEA). 
HZ18 In the epicyclic hypothesis: we imagine [see Fig. 3.21 the circle concentric 

with the ecliptic as ABGD on centre E, with diameter AEG, and the epicycle 
carried by it, on which the body moves, as ZHOK on centre A. 

Then here too it is immediately obvious that, as the epicycle traverses circle 
ABCD Lvith uniform motion, say from A towards B, and as the body traverses 
the epicycle with uniform motion, then when the body is at points Z and 0, it 
wili appear to coincide with A, the centre of the epicycle, but when it is at other 
points it will  not. Thus when it is, e.g., at H, its motion will appeargreater than 
the uniform motion [of the epicycle] by arc AH, and similarly when it is at K its 
motion will appear less than the uniform by arc AK. 

Now in this kind of eccentric hypothesis3* the least speed always occurs at the 
apogee and the greatest at the perigee, since L AZB [in Fig. 3.11 is always less 
than L DZG. But in the epicyclic hypothesis both this and the reverse are 
possible. For the motion of the epicycle is towards the rear with respect to the 

HZ19 heavens. say from A towards B [in Fig. 3-21. Now if the motion of the body on 
the epicycle is such that it too moves rearwards from the apogee, that is from 
towards H, the greatest speed will occur at the apogee, since at that point both 

32 Ptolemy is hinting at the existence of another kind of eccentric hypothesis, one which is 
geometrically equivalent to that epicyclic hypothesis in which the sense of rotation is the same for 
both planet and epicycle. But he does not discuss this until XI1 1 (p. 555). where we learn that the 
equivalence was already known to Apollonius of Perge (6 .  200 B.C.). See HAMA 149- 
50. 
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Fig. 3.2 

epicycle and body are moving in the same direction. But if the motion of the 
body from the apogee is in advance on the epicycle, that is from Z towards K, 
then the reverse will occur: the least speed will occur at the apogee, since at that 
point the body is moving in the opposite direction to the epicycle. 

Having established that, we must next make the additional preliminary 
point that for bodies which exhibit a double anomaly both the above 
hypotheses may be combined, as we shall prove in our discussions of such 
bodies, but for a body which displays a single invariant anomaly, a single one of 
the above hypotheses will suffice; and tin this case] all the phenomena will be 
represented, with no difference, by either hypothesis, provided that the same 
ratios are preserved in both. By this I mean that the ratio, in the eccentric 
hypothesis, of the distance between the centre of vision and the centre of the 
eccentre to the radius of the eccentre, must be the same as the ratio, in the 
epicyclic hypothesis, of the radius of the epicycle to the radius of the deferent;33 
and furthermore that the time taken by the body, travelling towards the rear, to HZ20 
traverse the immovable eccentre, must be the same as the time taken by the 
epicycle, also travelling towards the rear, to traverse the circle with the observer 
as centre [the deferent), while the body moves with equal [angular] speed about 
the epicycle, but so that its motion at the apogee [of the epicycle] is in advance. 

If these conditions are fulfilled, the identical phenomena will result from 
either hypothesis. We shall briefly show this [now] by comparing the ratios in 
abstract, and later by means of the actual numbers we shall assign to them for 

33Ldeferent': see Introduction p. 21. 
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the sun's anomaly.34 I say then, first, that in both hypotheses, the greatest 
difference between the uniform motion and the apparent, non-uniform motion 
(which is also the notional position of the mean speed for the bodies)35 occurs 
when the apparent distance from the apogee comprises a quadrant, and that 
the time between apogee [position] and the above-mentioned mean speed 
[position] is greater than the time between mean speed and perigee. Hence, for 
the eccentric hypothesis always, and for the epicyclic hypothesis when the 
motion at apogee is in advance, the time from least speed to mean is greater 

HZ21 than the time from mean speed to greatest; for in both hypotheses the slowest. 
motion takes place at the apogee. But [for the epicyclic hypothesis] when the 
sense of revolution of the body is rearwards from the apogee on the epicycle, the 
reverse is true: the time from greatest speed to mean is greater than the time 
from mean to least, since in this case the greatest speed occurs at the apogee. 

First, then, [see Fig. 3.31 let the body's eccenter be ABGD on centre E, with 
diameter AEG. O n  this diameter take the centre of the ecliptic, that is, the 
position of the observer, at Z, and draw BZD through Z at right angles to AEG. 
Let the positions of the body be B and D, so that, obviously, its apparent 
distance from apogee A is a quadrant on either side. Mre have to prove that the 
greatest difference between mean and anomalistic motion takes place at points 
B and D. 

Join EB and ED. 
It is immediately obvious that the ratio ofL EBZ to 4 right angles equals the 

Fig. 3.3 

Y4 Refkrence to I11 4 p. 157. 
"5Ptolemy never attempts to prove this statement aboltt the position where theapparent motion 

ecluals the mean motion, but it is intuitively scen to be tr-ue fi-om the epicyclic model. See HAMi4 57, 
Pedelsen 143. 



and the tangent, is the greatest possible difference due to the anomaly. 
By the same reasoning, arc EH, which according to the sense of rotation on 

'6Thi~ expression is Iater used as a technical term for the angle corresponding toL EBZ here, and 
is usually translated 'equation of anomal!.'. See Introduction pp. 21-2. 

37Precisely this statement, that the greater angle is subtended by the ,greater side, is the 
enunciation of Euclid I I9 (which Heiberg refers to ad loc.). But in fact what underlies Ptolemy's 
statement is that, ifside a is greater than side b, angleA is greater than angle B, which is Eurlid I 18. 
Perhaps we should adopt the reading of D, bnb ~ i j v  p~icova  rrh~uphv fi p~irwv yovia G a o ~ ~ i v ~ i  
('the greater angle subtends the greater side'), and assume that the text has been assimilated to the 
(wrong) Euclidean wording. 
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of the arc of the difference due to the anomaly3' to the whole circle; for H222 
L AEB subtends the arc of the uniform motion, andL AZBsubtendsthe arc ofthe 
apparent, non-uniform motion, and the difference between them is L EBZ. 

I say, then, that no angle greater than these two [L EBZ and L EDZ] can be 
constructed on line EZ at the circumference of circle ABGD. 
[Proof:] Construct at points O and K angles EOZ and EKZ, and join ODI KD. 
Then since, in any triangle, the greater side subtends the greater angle,37 

and OZ >ZD, 
... L ODZ > L DOZ. 

But L ED@ = L E@D, since EQ = ED [radiiJ. 
Therefore, by addition, L EDZ (=L EBD) > L EOZ. 

Again, since DZ >KZ, 
L ZKD >L ZDK. 

But L EKD = L EDK, since EK = ED. 
Therefore, by subtraction, L EDZ (= L EBZ) >L EKZ. 

Therefore it is impossible for any other angle to be constructed in the way HZ23 
defined greater than those at points B and D. 

Simultaneously it is proven that arc AB, which represents the time from least 
speed to mean, exceeds BG, which represents the time from mean speed to 
greatest, by twice the arc comprising the equation of anomaly. For L AEB 
exceeds a right angle (L EZB) by L EBZ, and L BEG falls short of a right angle 
by the same amount. 

To prove the same theorem again for the other hypothesis, let [Fig. 3.41 the 
circle concentric with the universe be ABG on centre D and diameter ADB, and 
let the epicycle which is carried around it in the same plane be EZH on centre 
A. Let us suppose the body to be at H when its apparent distance from the 
apogee is a quadrant. Join AH and DHG. 

I say that DHG is tangent to the epicycle; for that is the position in which the 
difrerence between uniform and anomalistic motion is greatest. HZ24 
[Proof:] The mean motion, counted from the apogee, is represented by L EAH; 
for the body traverses the epicycle with the same [angular] speed as the epicycle 
traverses circle ABG. Furthermore the difference between mean and apparent 
motion is represented by L ADH. Therefore it is clear that the amount by which 
L EAH exceeds L ADH (namely L AHD) represents the apparent distance of 
the body from the apogee. But this distance is, by hypothesis, a quadrant. 
Therefore L AHD is a right angle, and hence line DHG is tangent to epicycle 
EZH. Therefore arc AG, since it comp;isei the distance between the centre A 
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Fig. 3.4 

the epicycle assumed here, represents the time from least speed to mean, 
exceeds arc HZ, which represents the time from mean speed to greatest, by 

HZ25 twice arc AG. For if we produce DH to@ and draw AKO at right angIes.to EZ, 
L KAH = L 

and arc KH = arc AC.39 
And arc EKH is greater than a quadrant by arc KH, 
while arc ZH is less than a quadrant by arc KH. 

Q.E.D. 
It is also true that the same effects will be produced by both hypotheses if one 

takes a partial motion over the same stretch of time for both, whether one 
considers the mean motion or the apparent, or the difference between them, 
that is the equation of anomaly. The best way to see that is as follows. 

[See Fig. 3.5. J40 Let the circle concentric with the ecliptic be ABG on centre 
D, and Iet the circle which is eccentric but equal to the concentre ABG be EZH 
on centre O.  Let the common diameter through their centres D, O and the 

38 Euclid VI 8. 
j9 To  get a grammatical text I excisebpoia at H225,4. It was introduced (at an early period, since 

it is reflected in the Arabic translations) as a correction of Ptolemy's inaccurate (to the scholastic 
mind) statement that arc KH equaLs arc AG. Since the arcs are on circles of different sizes, they are 
technically only 'similar'. An alternative correction would b e i o a ~  piv yiyvovra~ a7 TE 6x6 KAH 
~ a i  AAH yoviar (which is actually found in Theon's commentary ad loc., Rome I11 W:8, but is 
probably a paraphrase; it also seems to be behind L). 

"The figure in Heiberg (p. 225) wrongly omits the letter corresponding to L (though this is found 
in all mss.). Manitius, misied by this, 'miendrd' M at H226,23 to the nonsel~sical 'AB'. 
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apogee E be EAOD. Cut off at random an arc AB on the concentre, and with 
centre B and radius DO draw the epicycle KZ. Join KBD. 

I say that the body will be carried by both kinds of motion [i.e. according to 
both hypotheses] to point Z, the intersection of the eccentre and the epicycle, in 
the same time in all cases (that is, the three arcs, EZ on the eccentre, AB on the 

Fig. 3.5 

concentre, and K Z  on the epicycle, are all similar), and that the difference 
between uniform and anomalistic motion, and the apparent positions of the 
body, will turn out to be one and the same according to both hypotheses. 
[Proof:] Join ZO, BZ and DZ. 

Since, in the quadrilateral BDOZ, the opposite sides are equal, ZO to BD and 
BZ to DO, BDOZ is a parallelogram. 

Therefore L EOZ = L ADB = L ZBK. 
Therefore, since they are angles at the centre [ofcircles], the arcs subtended 

by them are also similar, i.e. 
Arc EZ of the eccentre 11 arc AB of the concentre 11 arc KZ of the epicycle. 
Therefore the body will be  carried by both kinds of motions in the same time 

to the same point, Z, and will appear to have traversed the same arc AL of the 
ecliptic from the apogee, and accordingly the equation of anomaly will be the 
same in both hj.potheses; for we showed that that equation is represented by 
L DZO in the eccentric hypothesis and by L BDZ in the epicyclic hypothesis, and 
these two angles are alternate and equal, since, as we have shown, ZO is parallel 
to BD. 

It is obvious that the same results will hold good for all distances [ofthe body 
from the apogee]. For quadrilateral ODZB will always be a parallelogram, and 
[hence] the motion of the body on the epicycle will actually describe the 
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eccentric circle, provided the ratios4' are similar and their members equal in 
both hypotheses. 

Moreover, even if the members are unequal in size, provided their ratios are 
similar, the same phenomena wifl result. This can be shown as follows. 

As before {see Fig. 3-61 kt ihecircle concentric with the universe be ABG on 
centre D and the diameter, on which the body reaches apogee and perigee 
positions, ADG. Let the epicycle be drawn on point B, at an arbitrary distance, 
arc AB, from apogee A. Let the arc traversed by the body ton the epicycle] be 

H228 EZ, which is, obviously, similar to A3, since the revolutions on f h t h ]  circles 
have the same p e r i d  join DBE, BZ, DZ. 

Fig. 3.6 

Now it is immediately obvious that, according to this [epicyclic] hypothesis, 
L ADE will always equal L ZBE, and the body will appear to lie on line DZ. 

But I say that the body will also appear to lie on the same line DZ according 
to the eccentric hypothesis, whether the eccentre is greater or smaller than the 
concentre ABG, provided only that one assumes that the ratios are similar and 
that the periods of revolution are the same. 
[Proof:] Let the eccentre be drawn under the conditions we have described, 
greater [than the concentre] as HO on centre K ([which must lie] on AG), and 

'I The ratios are e:R and r R. 
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smaller [than the concentre) as LM on centre N (this too [must lie on AG]). 
Produce DZ as DMZO, and DA as DLAH, and join OK, MN. 

Then since 
DB:BZ = OK:KD = MN:ND [by hypothesis], 

and L BZD = L MDN (since DA is parallel to BZ); H229 
the three triangles [ZDB,DOK,DMN] are equiangular, 

and L BDZ =L DOK = L D M N  (angles subtended by corresponding sides). 
Therefore DB, O K  and M N  are parallel. 

.'. L ADB = L AKO = L ANM. 
Since these angles are at  the centres of their circles, the arcs on them, AB, HO 

and LM, will also be similar. 
So it is true, not only that the epicycle has traversed arc AB in the same time 

as the body has traversed arc EZ, but also that the body will have traversed arcs 
HO and Lhl on the eccentres in that same time; hence in every case it will be 
seen along the same line DMZO, according to the epicyclic [hypothesis] at 
point Z, according to the greater eccentre at point 0, and according to the 
smaller eccentre at point M. T h e  same will h d d  true in all positions. 

A further consequence is that where the apparent distance of the body from 
apogee fat one moment] equals its apparent distance from perigee [at another], 
the equation of anomaly will be the same at both positions. 
[ProoE] In the eccentric hypothesis [see Fig. 3.71, we draw the eccentric circle 

G 
Fig. 3.7 

ABGD on centre E and diameter AEG through apogee A. We suppose the HZ30 
observer to be located at  Z, and draw an arbitrary [chord] BZD through Z, and 
join EB and ED. Then the apparent positions [ of the body at  B and D] will be 
equal and opposite, that is the angle AZB from the apogee will be equal and 
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opposite to angle GZD from the perigee; and the equation of anomaly will be 
the same [in both cases], since 

BE = ED, and L EBZ = L EDZ. 
So the arc [AB] of mean motion counted from the apogee A will exceed the arc of 
apparent motion (i.e. the arc subtended by angle AZB) by the same equation 
[equal to L EBZ] as the arc of mean motion counted from the perigee G is 
exceeded by the arc of apparent motion (i.e. the [equal] arc subtended by 
L GZD). For 

L AEB >L AZB, and L GED < L CZD. 
In the epicyclic hypothesis [see Fig. 3.81 if, as before, we draw the concentre 

ABG on centre D and diameter ADG, and the epicycle EZH on centre A, draw 
HZ31 an arbitrary line DHBZ, and join AZ and AH, then the arc AB representing the 

equation of anomaly will be the same at both positions, i.e. whether the body is 

b 
Fig. 3.8 

at Z or at H. And the distance of the body from the point on the ecliptic 
corresponding to the apogee when it is at Z will be equal to its distance from the 
point corresponding to the perigee when it is at H.  or the arc of its apparent 
distance from the apogee is represented by L DZA, since, as we showed, this is 
the difference between the mean motion and the equation of anomaly.42 And 
the arc of its apparent distance from the perigee is represented by L ZHA (for 
this, too, is equal to the mean motion from the perigee plus the equation of' 
anomaly). 

But L DZA = L ZHA, since AZ = AH. 

42L DZA = L EAZ-L ADZ. Shown p. 147 
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Thus here too we conclude that the mean motion exceeds the apparent near 
the apogee (i. e. L EAZ exceeds L AZD) by the same equation (namely L ADH) 
as the mean motion is exceeded by the (same) apparent motion (i,e. L HAD by HZ32 
L AHZ) near the perigee. 

Q.E.D. 

4. (On the apparent anomaly of the sun)43 

Having set out the above preliminary theorems, we must add a further 
preliminary thesis concerning the apparent anomaly ofthe sun. This has to be a 
single anomaly, of such a kind that the time taken from least speed to mean shall 
always be greater than the time from mean speed to greatest, for we find that 
this accords with the phenomena. Now this could be represented by either ofthe 
hypotheses described above, though in case of the epicyclic hypothesis the 
motion of the sun on the apogee arc of the epicycle would have to be in advance. 
However, it would seem more reasqnable to associate it with the eccentric 
hypothesis, since that is simpler and is performed by means of one motion 

c 
instead of a 

O u r  first task is to find the ratio of the eccentricity of the sun's circle, that is, 
the ratio which the distance between the centre oft he eccentre and the centre of t 

the ecliptic (located at the observer) bears to the radius ofthe eccentre. We must I 
also find the degree of the ecliptic in which the apogee of the eccentre is located. I 
These problems have been solved by Hipparchus with great care.45 He assumes HZ33 t 

that the interval from spring equinox to summer solstice is 9 4  days, and that the i 

interval from summer solstice to autumnal equinox is 92i days, and then, with 
b 

these observations as his sole data, shows that the line segment between the 
above-mentioned centres [of eccentre and ecliptic] is approximately h th of the 
radius of the eccentre, and that the apogee is approximately 240 (where the 
ecliptic is divided into 360') in advance of the summer solstice. We too, for our 
own time, find approximately the same values for the times [taken by the sun to 
traverse] the above-mentioned quadrants, and for those ratios. Hence it is clear 
to us that the sun's eccentre always maintains the same position relative to the 
soisticia1 and equinoctial points.46 

In order not to neglect this topic, but rather to display the theorem worked 
out according to our own numerical solution, we too shall solve the problem, for 
the eccentre, using the same observed data, namely, as already stated, that the 1 

i 
interval from spring equinox to summer solstice comprises 94 days, and that / 

I _ 

43See HAMA 57-8, Pedersen 144-9. 
4'On the desirability of simplicity in hypotheses see 111 1 p. 136 with n.17, 
45Reading prci nbaqq oxou6fSq (with D, Ar) at H233,l-2 for onou8flS ('with care'). 
46According to Ptolemy the sun's apogee (unlike those of the five planets, as it later turns out, IX p 

7) does not share in the motion of precession. The reproaches that have been cast on Ptolemy (e-g. 
by Manitius I 428-9) for failing to discover that rhe sun's apogee too has a motion through the 
ecliptic are unjustified To do that he would have needed observations of the time of equinox and 
solstice far more accurate than those available (to the nearest f-day), and not only for his own time 

I 
but also for an earlier time. See the papers by Rome[3] and Petefsen and Schmidt for a 
mathematical demonstration of this. 
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from summer solstice to autumnal equinox 924 days. For our own very precise 
HZ34 observations of the equinoxes and the summer solstice in the 463rd year from 

the death of Alexander confirm the day-totals in these intervals: as we said, 
[111 1, p. 1381, the autumnal equinox occurred on Athyr [III] 9, [ 139 Sept. 261, 
a f  er sunrise, the spring equinox on Pachon [IX] 7 El40 March 221, after noon 
(thus the interval [between them] is 178f days), and the summer solstice on 
Mesore [XIIJ 11/12, [I 40 June 24/25], after midnight. Thus this interval, from 
spring equinox to summer solstice, comprises 944 days, which leaves approxi- 
mately 924 days to complete the year; this number represents the interval from 
the summer solstice to the following autumnal equinox.47 

[See Fig. 3.9.1 Let the ecliptic be ABGD on centre E. In it draw two 
diameters, AG and BD, at right angles to each other, through the solsticial and 
equinoctial points. Let A represent the spring [equinox], B the summer 
[solstice], and so on in order. 

G 
Fig. 3.9 

"' In 111 1 the precise times of day given are '1 hour after sunrise', '1 hour alier noon' and '2 houri 
after midnight'. Thus the precise intervals are 178f days and 94d 1 3 ~ ,  leading to corrected figuresof 
94* 1 3 ~  and 926 1 lh  for the intervals used in the computation. But see p. 139 n.23 for the 
that the time of solstice is '2 seasonal hours' (-13 equinoctial hours). Even as small a change as 1 
hour in an interval has an  e f k t  ofabout l C  in the location ol'the apogee (cf. Petersen andSchmidt 
80-3 and Rome[3] 13- 15). 
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Now it is clear that the centre ofthe eccentre will be located between lines EA 
and EB. For semi-circle ABG comprises more than halfof the length of the year, 
and hence cuts off more than a semi-circle of the eccentre; and quadrant AB too 
comprises a longer time and cuts off a greater arc of the eccentre than quadrant 
BG. This being so, let point Z represent the centre of the eccentre, and draw the 
diameter through both centres and the apogee, EZH. With centre Z and 
arbitrary radius draw the sun's eccentre OKLM: and draw through Z lines 
NXO parallel to AG and PRS parallel to BD. Draw perpendicular OTY from 
@ to NXO and perpendicular K F Q  from K to PRS. 

Now since .the sun traverses circle OKLM with uniform motion, it will 
traverse arc OK in 94: days, and arc KL in 924 days. In 94! days its mean 
motion is approximately 93;g0, and in 92f days 91 ; 1 1 O. Therefore 

arc OKL = 1 84;20° 
and, by subtraction of the semi-circle NPO [from arc OKL], 
arc NO + arc LO [= 1 84;20° - 180'1 = 4;20° 

So arc ONY = 2 arc ON = 4;20° also, 
.-. OY = Crd arc ONY 4;3ZP where the diameter of 

and EX = OT = ~ O Y  = 2;16' the eccentre = 120P, 
Now since arc ONPK = 93;g0, 

i 
and arc ON = 2;10° and quadrant NP = 90°, 

by subtraction, arc PK = 0;5g0, 
and arc K P Q =  2 arc PK = 1;58O. 

.'. K F Q  = Crd arc K P Q  = 2;4', where the diameter 
and ZX = KF = ~ K F Q  = l;ZP of the eccentre = 120'. 

Now since EZ2 = ZX2 + EX2, 

I 
And we have shown that EX = 2;16' in the same units. 

EZ 2;2@?- where the radius of the eccentre = 60'. 
Therefore the radius of the eccentre is approximately 24 times the distance 
between the centres of the eccentre and the ecliptic. 

. Now, since EZ:ZX = 2;2$ : 1;2, 
ZX will be about 49;46' where hypotenuse EZ = 120'. 

Therefore, in the circle about right-angled triangle EZX, 
arc ZX 4g0. 

i 490° where 2 right angles = 360°0 --. L ZEX = 
24;30° where 4 right angles = 360°0. 

So, since L ZEX is an angle at the centre of the ecliptic, arc BH, which is 
the amount by which the apogee at H is in advance of the summer solstice 
at B, is also 24;30°. 

Furthermore, since quadrants OS and SN are each 90°, 
and arc OL = arc ON =2;10°, 
and arc MS = 0;5g0, 

.'. arc LM = 86;51°, 
and arc MO = 88;4g0. 

But the sun in its uniform motion travels 
86;51° in about 8 d  days, 

and 88;4g0 in about 9 d  days. 
Hence it is clear that the sun will traverse arc GD, which extends from the 
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H238 autumnal equinox to the winter solstice. in about 84 days, and arc DA, which 
extends from the winter solstice to the spring equinox, in about 9@ days. The  
above conclusions are in agreement with what Hipparchus says. 

Using these quantities, then, let us first see what the greatest difference 
between mean and anomalistic motions is, and at what points it will occur. 

[See Fig. 3.10.1 Let the eccentric circle be ABG on centre D and diameter 
ADG through the apogee A, on which E represents the centre of the ecliptic. 
Draw EB at right angles to AG, and join DB. 

Now since, where BD, the radius, equaIs 6@, DE, the eccentricity, equals 
2;3@ (according to the ration 24:1), 

in the circle about right-angled triangle BDE, 
DE = 5' where hypotenuse BD = 120P, 

and arc DE 4;46O. 
Therefore L DBE, which represents the greatest equation of anomaly, 

= i 4;460° where 2 right angles = 360°0 
H239 2;23O where 4 right angles = 360'. 

In the same units, right angle BED = 90°, 
and L BDA = L DBE + L BED = 92;23O. 

Fig. 3.10 

Thus, since L BDA is at the centre of the eccentre andL BED is at  the centre ofthe 
ecliptic, we conclude that the greatest equation of anomaly is 2;23O, and the 
position where it occurs is 92;23O from the apogee, measured along the eccentre 
in uniform motion, and (as we proved earlier) a quadrant; or 90° [from the 
apogee], measured along the ecliptic in anomalistic motion. It is obvious from 
our previous results that in the opposite semi-circle48 the mean speed and the 
greatest equation of anomaly will occur at 270° of apparent motion, and at  
267;37O of mean motion on the eccentre. 

48Reading I ~ ~ I K ~ K ~ L O V  (with D,Ar) lor ~ ~ e p a  ('segment') at H239,12. 
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We now want to use numerical computation, 'as we promised [pp. 145-61, to 
show that one derives the same quantities from the epicyclic hypothesis too, 
povided the same ratios are preserved in the way we explained. 

[See Fig. 3-11.] Let the circle concentric to the ecliptic be ABG on centre D 
and diameter ADG, and the epicycle circle EZH on centre A. From D draw a 
tangent to the epicycle, DZB, and join AZ. Then, as before, in the right-angled HZ40 
triangle ADZ, AD is 24 times AZ, so that, in the circle about right-angled 
triangle ADZ, AZ is, again, 5' where hypotenuse AD is 120P, and the arc on AZ 
is 4;46O. 

4;460° where 2 right angles = 360°0 .'. L ADZ = 
2;23O where 4 right angles = 360°. 

Fig. 3.11 

Therefore the greatest equation of anomaly, namely arc AB, has been found to 
be 2;23O here too, in agreement with [the previous result], and the arc of 
anomalistic motion is 90°, since it is represented by the right angle AZD, while 
the arc of mean motion, which is represented by L EAZ, is again 92;23O. 

5. { On the construction of a table for indiilidual subdiiisions of the anomah) 49 

In order to enable one to determine the anomalistic motion over any 

49 Reading TGV BvopaA~Gv ~ a v o v o n o ~ i a <  at H240.16- IT, with D (cE all Greek mss. in the table 
of contents, Hl90,9-10) for T<S Bvopahiag ~ ? ~ I ~ K ~ W E O S  ('investigation of the anomaly for partial 
stI-etches'. which is the reading of Ar in both place\). 

O n  rhs. 5 and 6 see H.4M.4 58-60, Pedersen 149-51. 
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subdivision [of the circle], we shall show, again for both hypotheses, how, given 
one of the arcs in question, we can compute the others. 

HZ41 [See Fig. 3.12.1 First, let the circle concentric to the ecliptic be ABG on centre 
D, the eccentre EZH on centre 0, and let the diameter through both centres 
and the apogee E be EAODH. Cut off arc EZ, and join ZD, ZO. First, let arc 
EZ be given, e.g. as 30'. 

Produce ZO and drop the perpendicular to it  from D: DM. 
Then, since arc EZ is, - by hypothesis, 30°, 

L E O Z = L D O K =  30° where 4 right angles = 360° 
60'' where 2 right angles = 360°0. 

Therefore, in the circle about right-angled triangle D@K, 
arc DK = 60° 

and arc KO = 120° (supplement). 
Therefore the corresponding chords - 

DK = 60' 
where hypotenuse DO = 12P. 

and KO = 103;55' 
Therefore, where DO = 2;3@ and radius ZO = 60P, 

DK = 1;15'andOK = 2;lP. 
H242 Therefore, by addition [of OK to radius ZO], KOZ = 62;lP 

Now since DK2 + KOZ2 = zD*, 
the hypotenuse ZD 62;11P. 

Therefore, where ZD = 12@, DK = 2;25', 
and, in the circle about right-angled triangle ZDK, 

arc DK = 2;18O. 
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2;180° where 2 right angles = 360°0 .-- L DZK = 
1;9" where 4 right angles = 360'. 

That [l;gO] will be the amount of the equation of anomaly at this position. 
And L EOZ was taken as 30'. 

Therefore, by subtraction, L ADB (which equals arc AB of the ecliptic) equals 
28;51°. 

Furthermore, if any other of the [relevant] angles be given [instead of 
L EOZ], the remaining angles will be given, as is immediately obvious if, in the 
same figure [see Fig. 3.131 we drop perpendicular OL from O on to ZD. 

Fig. 3.13 

For suppose first that arc AB of the ecliptic, i.e. L @DL, is given. Then the 
ratio DO:OL will be given.50 And since DO:@Z is also given, OZ:@L will be 
given.51 Hence L OZL, the equation of anomaly, will be given.52 and so will 
L EQZ, i.e. arc EZ of the eccentre. HZ43 

Or suppose, secondly, that the equation of anomaly, i.e. L OZD, is given: we 
wlll get the same results in reverse order, For fromL OZD the ratioOZ:Ol will 
be given, and @Z:@D is given from the beginning. Hence DO:OL will be given, 
and hence L @DL, i.e. arc AB of the ecliptic, and [hence] L EOZ, i.e. arc EZ of 
the eccent re. 

Euclid Data 40: if the angles of a triangle are given, its siaes are given in form (i.e. the ratio ofthe 
sides is given, cf. Data 3). 
" Euclid Dara 8: magnitudes having a given ratio to the same magnitude have a given ratio to 

each other. D@:QZ is given as the ratio of eccentricity. 
52 Euclid Dala 43: if, in a right-angled triangle, the sides about one oft he acute angles have a given 

ratio, the triangle is given in form (cf. n.50). 
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Next [see Fig. 3.141 let the circle concentric with the ecliptic be ABG on 
centre D and diameter ADG, and let the epicycle (in the same ratio [to circle ABG 
as the eccentricity to the eccentre]) be EZHO on centre A. Cut offarc EZ and join 
ZBD and ZA. Let arc EZ again be taken in the same amount, 30'. Drop 
perpendicular ZK from Z on to AE. 

Fig. 3.14 

Since arc EZ = 30°, 

L EAZ = i 30° where 4 right angles = 360° 
60°0 where 2 right angles = 360°0. 

Therefore in the circle about right-angled triangle AZK, 
HZ44 arc ZK = 60° 

and arc A .  = 120° (supplement). 
Therefore the corresponding chords - 

ZK = 60" 
and KA = 103;5!iP 

where the diameter AZ = 12@. 

Therefore where hypotenuse AZ = 2;3@ and radius AD = 60P 
ZK = 1;15', KA = 2;1@, 

and, by addition, KAD = 62; 10'. 
And since ZK2 + KD2 = ZBD2, 

ZD = 62; 1 lP, where ZK = 1;15'. 
So where hypotenuse DZ = 12@, ZK = 2;25', 

and, in the circle about right-angled triangle DZK, 
arc ZK = 2; 1 €to. - 

2;180° where 4 right angles = 360°0 .'- L ZDK = 
l;gO where 2 right angles = 360°. 
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This is, again, the amount of the equation of anomaly, which is represented by 
arc AB. 

And L EAZ was taken as 30°. HZ45 
Therefore, by subtraction, L AZD, which represents the arc ofapparent motion 
on the ecliptic, is 28;51°. 

These amounts are in agreement with what we found for the eccentric 
hypothesis. 

Here too, if any other angle be given [instead ofL EAZ], the remaining angles 
will be given, [as can be seen] on the same figure [see Fig. 3.151 if the 
perpendicular AL is dropped from A on to DZ. 

G 
Fig. 3.15 

For if, as before, we first take the arc of apparent motion on the ecliptic, i-e. 
L AZD, as given, from this the ratio ZAAL will be given. And since ZAAD was 
given from the beginning, DAAL will be given. HenceL ADB will be given, i.e. 
arc AB, the arc of the equation of anomaly, and so will L EAZ, i.e. arc EZ of the 
epicycle. . 

Of if, secondly, we take the equationofanomaly, i.e. LADB, as given, then, in 
the same way but in reverse order, from this AD:AL will be given; and since 
D k A Z  was given from the beginning, ZA:AL will also be given; and hence HZ46 

8 

L AZD will be given, which corresponds to the arc of apparent motion on the 
ecliptic, and so will L EAZ, i.e. arc EZ of the epicycle. 

Let us again take the previous figure for the eccentre [see Fig. 3-16], and cut 
off from H, the perigee of the eccentre, arc HZ, which we again take as 30°.Join 
DZB and ZO, and drop perpendicular DK from D on to OZ. 
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Then since arc ZH = 30°, 

{ 30° where 4 right angles = 360" 
L ZOH = 

60°0 where 2 right angles = 360°0. 
Therefore in the circle about right-angled triangle DOK, 

arc DM = 60° + 

and arc KO = 120° (supplement). 
Therefore the corresponding chords . 

DK = 60' 
where diameter DO = 120'. 

and KO = 103;55' 
Therefore where hypotenuse DO = 2;30P and radius OZ = 6@, 

DK = 1;15' and OK = 2;1@, 
and KZ = 57;5W by subtraction [of OK from OZ] 

And since DZ2 = DK2 + KZ2, 
DZ 57;51P where DK = 1 ;15'. 

Therefore where hypotenuse DZ = 120P, DK = 2;34P.53 
And, in the circle about right-angled triangle DZK, 

arc DK =- 2:27O. 

-.- 6 DZK = 
2;270° where 2 right angles = 360°0 
1 ;14O (approximately) where 4 right angles = 360°. 

--- 
53 Reading Bs for f3 A6 AS (2;34,36) at H247,6, with Ar. Accurate computation gives2;35,34 (cL 

I-eadingof'D2), but Ptolemy gives his results here only to minutes, and2;34 is correct: since Crd 227' 
= 2;33,55' 2;34'. The  36 was presumably a marginal correction to the 34 (cf: reading o ~ D  at  
H249,20), which was later mistakenly incorporated as an extra place. Thesarne correction has to be 
made at H249,20 (both made by Manitius). 
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This [1;14O], then, is the equation of anomaly. 
And since L ZOH was taken as 30°, 

by addition, L BDG, i.e. arc GB of the ecliptic, equals 3 1; 14'. 
Here too, in the same way [as before], [see Fig. 3.191, we produce BD and 

drop perpendicular OL on to it. 

Fig. 3.17 

Then if, first, we take arc GB of the ecliptic, i.e. L @DL, as given, from this the 
ratio DO:OL will be given. And since OD:OZ was also given from the HZ48 
beginning, ZO:OL will be given. Hence we will have as given angles 

L OZD, i.e. the equation of anomaly 
and L ZOD, i.e. arc HZ of the eccentre. 
Or if, secondly, we take the equation of anomaly, i.e. L OZD, as given, then 

conversely, from this ZO:OL will be given. And since ZO:OD was also given 
from the beginning, DO:OL will be given. Hence we will have, as given angles, 

L @DL, which corresponds to arc GB of the ecliptic 
and L ZOH, i.e. arc HZ of the eccentre. 

Similarly, on the previous figure of concentre and epicycle [see Fig. 3.181, we I I 

cut off arc OH from the perigee, in the same amount of 30°, join AH and DHB, ! 

and drop perpendicular HK from H on to AD. 
Then since arc OH is again 30°, 

i 30' where 4 right angles = 360' L @AH = HZ49 
60"" where 2 right angles = 360°0. 

Therefore in the circle about right-angled triangle HKA, 
arc HK = 60O 

and arc AK = 120° (supplement). 



G 
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Therefore the corresponding chords 
HK = w 

and AK = 103;55' 
where hypotenuse AH = 120P. 

Therefore where AH = 2;30P and radius AD = 6QP, 
HK = 1;15', AK = 2;10P and KD = 57;50P, by subtraction. 

and since HK2 + KD2 = DH2, 
DM = 57151' where KH = 1;15'. 

Therefore where hypotenuse DH = 120P 
HK = 2;34', 

and, in the circle about DHK, arc HK = 2;27O. 
2;270° where 2 right angles = 36P0 

H250 
-*. L HDK = 

1 ; 1 4O (approximately) where 4 right angles = 360°. 
Here too, then, that is the size of-the equation of anomaly, i.e. arc AB. 

And since L KAH was taken as 30°, by addition, L BHA, which. represents 
the apparent motion on the ecliptic [counted from perigee], is 31;14O. These 
amounts agree with those found for the eccentric [hypothesis]. 

Here too, in the same way [as before], we drop perpendicular AL on to DB 
[see Fig. 3.191. 

Then if, first, we take the arc ofthe ecliptic, i.e. L AHL, as given, from this the 
ratio HA:AL will be given. And since HA:AD was given from the beginning, 
DAAL will be given. Thence we will have as given angles 

L ADB, i.e. arc AB, representing the equation of anomaly 
and L @AH, i.e. arc OH of the epicycle. 
Or  if, secondly, we take as given arc AB, representing the equation of 
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E 



111 5. Structure of  table of solar equ~tion 

C 

Fig. 3.19 

anomaly, i.e. L ADB, then, in the same way but in reverse order, from this the HZ51 
ratio DA:AL will be given. And since DA:AH is given from the beginning, 
HA:AL will also be given. Hence we will have as given angles 

L AHL, i.e. the arc of the ecliptic 
and L @AH, i-e. arc OH of the epicycle. 
Thus we have proved what we set out to do. 

In order to have conveniently available the amount of the correction for any 
given position, [we want] to establish a table, subdivided into [appropriate] 
sections, for the computation of the apparent positions from the anomaly. The 
above theorems would allow a wide variety in the form ofsuch a table,54 but we 
prefer that form in which the argument is the mean motion and the function is 
the equation of anomaly.55 For this form accords well with the actual theories, 
and it also provides a simple but highly practical way of computing any desired 
result. So using the first set oftheorems [i-e. with the eccentric hypothesis] which 
we used in the numericai examples above, we computed geometrically, in the 
way described, for the individual subdivisions [of the circle], the equation of 
anomaly corresponding to the arc of mean motion. In general, both for the sun 
and for the other bodies, we divided the quadrants near the apogee56 into 15 HZ52 
subdivisions (thus in these quadrants the interval of tabulation is 6 O ) ,  and the 

54Ptolemy means that theoretically one could take as argument either the mean motion (E), the 
true position (K), or the equation (0). 

55 Literally 'which contains the equations of anomaly corresponding to the arcs ofmean motion'. 
56Reading npbq TOR hnoysio~q (with all rnss.) for npbq brnoy~ioy (misprint in Heiberg) at 

H251,24. Corrected by Manitius. 
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quadrants near the perigee into 30 subdivisions (thus in these the interval of 
tabulation is 3 O ) .  The reason is that the diiferences between [successive] 
equations of anomaly, for equal subdivisions [oft he argument], are greater near 
the perigee than near the apogee. 

We shall set out the table ofthe sun's anomaly, then, in 45 lines, as before, and 
3 columns. The first two columns will contain the numbers of the mean motion 
through 360°: the first 15 lines will comprise the two quadrants near the apogee, 
the next 30 the two quadrants near the perigee. The third column will contain 
the degrees of equation of anomaly to be added or subtracted, corresponding to 
the appropriate mean motion. The table is as follows. 

6.  ( Table of the sun's anomaly) 

[See p. 167.1 

HZ54 7 .  (On the epoch ofthe sun's mean motion)57 

It remains to establish the epoch ofthe sun's mean motion, in order to be able to 
compute the particular position for any given time. In making our exposition of 
that matter, we shall again use5' those positions of the body which we ourselves 
have observed most accurately (this is our general rule both for the sun and for 
the other planets), but we use the mean motions we have derived to compute 
back to the beginning oft he reign of Nabonassar for the epochs we establish. For 
that is the era beginning from which the ancient observations are, on the whole, 
preserved down to our own time." 

[See Fig. 3.20.1 Let the circle concentric with the ecliptic be BBG on centre 
D, and the sun's eccentre EZH on centre 0, and let the diameter through both 
centres and the apogee E be EAHG. Let B represent the autumnal equinox on 
the ecliptic. Join BZD and ZO, and drop perpendicular OK from O on to ZD 
produced. 

Then since B, the autumnal equinox, is located at the beginning of Libra, 
and G, the perigee, at $ 52'0, 

arc BCZ = 65:30°. 

:* L BDG = L 0 D K  = 65;30° where 4 right angles = 360° 
131°0 where 2 right angles = 360°0. { ' 

Therefore in the circle about right-angled triangle M K ,  
arc OK = 131°, 

and its chord OK = 109;lP where the diameter DO = 12V. 

='See HAMA 58-60, Pedersen 151-3. 
58Reading xot~o6pctkz (with D) for & K O ~ ~ B ~ ~ & @ O  ('we used') at H254,5. It is unclear what 

reading(s) lie behind the Arabic translations. 
59 This statement is borne out not only by the Babylonian observations preserved in the Almagest 

(the earliest ofwhich is the lunar eclipse of -720 Mar. 19, in the 1st year of Mardokernpad, or the 27th 
year of the era Nabonassar, IV 6 p. 191, but also by the extant cuneiform records: the earliest 
surviving astronomical observations (apart from the special case of the Venus tablets of 
Ammisaduqa) are from -651 (Sachs[l] 44). 



111 6- Table of ~otar  equation 

TABLE OF THE SUN'S 
ANOMALY 



1 1  7. Epoch of solar mean motion 

$ 

Fig. 3.20 * 

Therefore where DO = 5P and the hypotenuse ZO = 120P, 
f 

4 
OK = 4;33'. t 

And, in the circle about right-angled triangle OZK, 
arc OK = 4;20°. J 

i 4;20°0 where 2 right angles = 360"' ! 
:. L @ZK = i I 

2;10° where 4 right angles = 360". ";I 
I i 

And we found L BDG = 65;30°. I a 
Therefore, by subtraction, L ZOH (i.e. arc Z h  of the eccentre) = 63;20°. 
Therefore, when the sun is at the autumnal equinox, it is 63;200 in mean motion 

HZ56 in advance of the perigee (i.e. f do), and 1 1 6;40° in mean motion to the rear of 
the apogee (i-e. 5;30°). 

Now that we have established that, among the first of the equinoxes observed 
by us, one of the most accurately determined was the autumnal equinox which 
occurred in the seventeenth year of Hadrian, on Athyr [111] 7 in the Egyptian 
calendar [I32 Sept. 251, about 2 equinoctial hours after noon. [From the above 
computation] it is clear that at that time the sun, in its mean motion, was 
1 16;W to the rear of the apogee on the eccentre. Now from [the beginning of] the 
reign of Nabonassar [-746 Feb. 263 to the death of Alexander [-323 Nov. 121 is 
a total of424 Egyptian years, and from the death ofAlexander to [the beginning 
ofl the reign of Augustus [-29 Aug. 311 294 years, and from the first year of 
Augustus, Thoth 1 in the Egyptian calendar, noon (for we establish all epochs at 
noon), to the seventeenth year of Hadrian, Athyr 7 ,2  equinoctial hours after 
noon, is 161 years 66 days 2 equinoctial hours. Therefore the sum total from the 
first year ofNabonassar, Thoth 1 in the Egyptian calendar, noon, up to the time 
of the above autumnal equinox, is 879 Egyptian years 66 days and 2 equinoctial 

HZ57 hours. In that interval the mean motion of sun is approximately 21 1;25O beyond 
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revolutions. Therefore, if' to the 1 16;40°, which is the [sun's] distance 
from the apogee of the eccentre at the above autumnal equinox, we a& the 
360° ofone revolution, and subtract from the result the21 3;25Oofthe increment 
in mean motion over the interval [in question], we find for the epoch in mean 
motion in the first year ofNabonassar, Thoth 1 in the Egyptian calendar, noon, 
that the sun's distance in meanmotion is265;15O to the rear oftheapogee. Thus 
its mean position is 3f 0;45°.60 

8. (On she calculation of the solar pos i t i~n)~ '  

So whenever we want to know the sun's position for any required time, we take 
the time from epoch to the given moment (reckoned with respect to the local 
time at Alexandria), and enter with it into the table ofmean motion. We add up 
the degrees [and their subdivisions] corresponding to the various arguments 
[1 &year periods, years, months, etc.], add to this the elongation [from apogee at 
epoch],62 265; l5", subtract complete revolutions from the total, and count the 
result from II 5;30° rearwards through [i.e. in the order ofJ the signs. The point 
we come to will be the mean position of the sun. Next we enter with the same 
number, that is the distance from apogee to the sun's mean position, into the 
table of anomaly, and take the corresponding amount in the third cohmn. If 
the argument fails in the first column, that is if it is less than 180°, we subtract 
the [equation] from the mean position; but if the argument falb in the second 
column, i.e. is greater than 180°, we add it to the mean position. Thusweobtain 
the true or apparent [position of the] sun. 

9. (On the inequality in the [solar] days]63 

Such, then, we may say, are the theories concerning the sun alone. Following 
this it seems appropriate to add a brief discussion of the subject of the inequality 
of the solar day. 64 A grasp of this topic is a necessary prerequisite, since themean 
motions which we tabulate for each body are all arranged on the simple system 
of equal increments, as if all solar days were of equal length. However, it can be 
seen that this is not so. The revolution of the universe takes place uniformly 
about the poles of the equator. The more prominent ways of marking that 
revolution are by its return to the horizon, or to the meridian. Thus one 
revolution of the universe is, clearly, the return of a given point on the equator 
from some place on either the horizon or the meridian to the same place; and a 
solar day, simply defined, is the return of the sun from some point either on the 

60LiteraIly '45 minutes of thefirst degree of Pisces'. 
61!3ee HAMA 58-61, Pedersen 153-4, and Appendix A, Example 7. 
62 The reading of D,Ar at H257,18, Blcqq~ (for &lcqq~) is possible. The meaning would be the 

ame, but one would have to understand '[the elongation from apogee] at epoch', which is rather 
obscure. 

63See HAMA 61-8, Pedersen 154-8. 
M w ~ & j ~ p o v ,  literally 'a night plus a day'. See Introduction p. 23. 
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horizon or on the meridian to the same point. O n  this definition, a mean solar 
day is the period comprising the passage of the 360 time-degrees of one 
revolution of the equator plus approximately 0;59 time-degrees, which is the 
amount of the mean motion of the sun during that period; and an anomalistic 
solar day is the period comprising the passage of the 360 time-degrees of one 
revolution of the equator plus that stretch of the equator which rises with, or 
crosses the meridian with, the anomalistic motion of the sun [in that period]. 

This additional stretch of the equator, beyond the 360 time-degrees, which 
crosses [the horizon or meridian] cannot be a constant, for two reasons: firstly, 
because of the sun's apparent anomaly; and secondly, because equal sections of 
the ecliptic do not cross either the horizon or the meridian in equal times. 
Neither of these effects causes a perceptible difference between the mean and 
the anomalistic return for a single solar day, but the accumulated difference 
over a number of solar days is quite noticeable. 

As far as the effect of the solar anomaly is concerned, the greatest 
HZ60 [accumulated] difference occurs between the two positions of the sun where its 

[true] speed equals its mean speed. The sum of the [anomali~tic] solar days [over 
either of the two such intervals] will differ from the sum of the mean solar days 
[over the same interval] by about 43 time-degrees, and from the sum of 
[anomalistic] solar days over the other [such] interval by twice that amount, 
about %! time-degrees. For the apparent motion of the sun over the semi-circle 
containing the apogee is efO less than the mean, and its apparent motion over 
the semi-circle containing the perigee is the same amount [do] greater than the 
mean.65 

As far as the effect of the variation in the time taken to cross the horizon at 
rising or setting is concerned, the greatest [accumulated] difference occurs 
between the ends of the semi-circles bounded by the solsticial points. For here 
too the rising-times of either of those semi-circles will differ from the 180" of the 
mean interval by the amount by which the longest or shortest day differs from 
the equinoctial day (measured in time-degrees); and they will differ from each 
other by the amount by which the longest day (or night) differs from the 
shortest. As far as the effect of the variation in the time taken to cross the 
meridian is concerned, the greatest [accumulated] difference will occur 
between two points enclosing two signs which are on either side of either a 
solsticial or an equinoctial point. For the sum of [the rising-times at sphaera recta 
ofJ the two such signs on either side of asolstice will differ from the mean interval 
by about d time-degrees, and from [the sum of the rising-times ot] the two signs 
on either side of an equinox by 9 time-degrees, since the latter fall short of, and 

HZ6 1 the former exceed the amount for the mean by about the same quantity. 66 Hence 
we establish the beginning of the solar day at [astronomical] epochs from the 
meridian-crossing of the sun, and not from its rising or setting, since the [time-] 
difference with respect to the horizon can reach several hours, and is not the 
same everywhere but varies according to the differewe in longest or shortest 

65 The sun's maximum equation of anomaly is 2;23O (I1 6). Thus from mean speed (90' or 2704 e 

from apogee) to mean speed the mean motion is (2 x 2;23 % &) greater or less than the true. B 
66 From the table of rising-times at s p k a  reck, 11 8. the sum ofthe rising-times 0fe.g. II and 5 is 

W,32 (.J 60° + 4i0), while that of e.g. and * is 55;# (= 60" - 440). 
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day at the different latitudes, whereas the [time-]difference with respect to the 
meridian is the same at every place on earth, and is no greater than the tirne- 
variation due to the sun's anomaly. 

The greatest67 [accumulated] difference [between mean and anomalistic 
solar days] resulting from the combination of both these effects, namely that due 
to the sun's anomaly and that due to the [variation in the time of3 meridian- 
crossing, occurs over intervals where the above effects are either both additive \ 
or both subtractive. Now the [maximum] subtractive result from both effects I 

C 
occurs over the interval from the middle of Aquarius to [the end ofJ Libra, and 5 

'$ 

the [maximum] additive one over the interval from [the beginning off B 
5 

Scorpio to the middle of Aquarius. Both of these intervals produce a maximum 
additive or subtractive result which is composed of about 3520 due to the effect of 

B 
the solar anomaly, and about 4J0 due to the [variation in the time of] meridian- 
crossing-68 Thus the maximum difference arising from the combination of both 

C 1 
the above effects is 84 time-degrees, or 3 ths of an hour, between the [true] solar HZ62 f 
days over either of these intervals and the [corresponding] mean solar days, and 
twice as much, 16$ time-degrees, or if hours, between the [true] solar days of 
one such interval and those of the other. Neglect of a difference of this order 
would, perhaps, produce no perceptible error in the computation of the i 

phenomena associated with the sun or the other [planets]; but in the case of the 
moon, since its speed is so great, the resulting error could no longer be 
overlooked, since it could amount to $ of a degreee6' i 

Therefore, to state once for all the rule for converting any interval whatever, 
given in [true] solar days (by which I mean days counted from noon to noon or 
midnight to midnight), into mean solar days: we determine the ecliptic position 
of the sun in both mean and anomalistic mot ion at the beginning and end oft he I 
given interval of solar days; then we take the increment, in degrees, from [the 
first] anomalistic (i.e. apparent) position to [the second] apparent position, 1 

4 
enter with it into the table of rising-times at sphaera recta, and [thus] determine 9 
the time taken by this apparent distance [of the sun between the first and second HZ63 
positions] to cross the meridian, measured in degrees of the equator. We then 
take the difference between this number of time-degrees and the mean distance 
[of the sun from first to second positions], measured in degrees, and convert this 
difference, which is in time-degrees, to a fraction of an equinoctial hour. We 
add the result to the number of [true] solar days given ifthe amount ofthe time- 
degrees [corresponding to the rising-time of the apparent motion] was greater - 
than the mean motion, or subtract it if less. The interval we arrive at will be 
corrected for expression in mean solar days. We shall use this type of interval 
particularly in computing the mean motions of the moon from its tables. One 
can immediately comprehend that, given mean solar days, one can find the L 4 

b-: 
[corresponding] civil solar days, i.e. days defined by simple observation, by PI 

F ~2 

6'Reading~o n h b a ~ o v  G~acpopov (with DB3Ar) at H261,14 f o r ~ o  Gtbcpopov ('thr difference'). 
@For a graphical verification of the amounts and positions given here by Ptolemy seeHAMA 111 

Fig. 57 on p. 1222. 
69 The hourly mean motion of the moon (IV 3 p. 179) is about 0;32:56. So in 16 hours it moves 

0:36,36 to. 
n s 



172 111 9. Calculation of equation of time 

performing the above computation of addition or subtraction of time-degrees in 
reverse. 70 

At our epoch, that is, Year 1 of Nabonassar, Thoth 1 in the Egyptian 
calendar, noon, the position of the sun was in mean motion, as we showed just 
above, X 0 ; 4 5 O ,  and in anomalistic motion about 3€ 3 ; 8 O  

If we call the interval in true solar days between t~mes t, and t2 At, and the interval in mean 
solar days AT, then Ptolemy's rule, expressed algebraically, is Af = At + E (E corresponds, in a 
certain sense, to the modem 'equation of time'), and E = (a (t2) - a (t,)) - @. (t2) - X (t,)). For 
proofs of the validity of this rule seeHAMA 65-6, Pedersen 156- 7. Pedersen shows that the rule is in 
fact an approximation, since one should take the motion in mean longitude, not over the interval 
(t2 - t,) = At: but over the interval in mean solar days Af (which is in practice impossible). Since, 
however, the difference between At and AT never exceeds about 33 minutes, during which the sun 
moves less than 2', the error is utterly negligible. For examples ofcomputation see HAMA 63-5 and 
Appendix A. Example 8. 

5 1 Ptolemy gives the data tbr era Nabnassar because they will be required every time one needs 
to compute the lunar position accurately (i.e. in mean solar days) from his tables (e.g. for the seriesof 
obse~-vations 01' fixed stass with respect to the moon in VII 3). Neugebauer notes (HAMA 63) that 
the epoch value for the mean longitude, X 0;45O, seems itself to be corrected for the equation of time, 
since reckoning backwards 'simply' from Ptolemy's obse~vation would give X 0;44O to the nearest 
minute. 



Book IV 

1. ( T h e  kind of obserzlations which one must we to examine lunar phenomena)' 

i 
In the preceding book we treated all the phenomena associated with the sun's G 

ii 
motion. We now begin our discussion of the moon, as is appropriate to the 

f? $$ 
logical order. In doing so we think it our first duty not to take a naive or f 
arbitrary approach in our use of the relevant observations. Rather, to establish f 

# 
our general notions [on this topic], we should rely especially on those 
demonstrations which depend on observations which not only cover a long - 

period, but are actually made a t  lunar eclipses. For these are the only , 

observations which allow one to determine the lunar position precisely: all 
others,' whether they are taken from passages [of the moon] near fixed stars, or 
from [sightings with] instruments, or from solar eclipses, can contain a 

? 
considerable error due to lunar parallax. It is only for particular further s 

i 
developments [of the theory] that we should use these other kinds of 
observations for our investigations. For the distance between the sphere ofthe H266 s 

moon and the centre of the earth, unlike the distance to the ecliptic, is not so 3 
n" 

great that the earth's bulk has the ratio of a point to it. Hence it necessarily 3. 

follows that the straight line drawn from the centre of the earth (which is the 
centre of the ecliptic) through the centre of the moon2 to a point on the ecliptic, I 
which determines the true position ([as it does] for all bodies), does not in this 1 
case always coincide, even sensibly, with the line drawn from some point on the 8 

g 
a earth's surface, that is, the observer's point of view, to the moon's centre, which p. 

determines its apparent position. Only when the moon is in the observer's 
zenith do the lines from the earth's centre and the observer's eye through the 
moon's centre to the ecliptic coincide. But when the moon is displaced from the 
zenith position in any way whatever, the directions of the above lines become 
different, and hence the apparent position cannot be the same as the true, but 
[differs from it], as the [line through] the observer's eye assumes various 
positions with respect to the line drawn through the centre of the earth, [by an 
amount] proportional to the varying angle of inclination [between the two 
lines]. 

This is the reason why in the case of solar eclipses, which are caused by the H267 

'On Chs 1-3 see HAMA 68-73, 308-15, Pedersen 160-4. 
'Reading d 1 ~ 6  TOG K ~ V T ~ O U  tq< yq< T O U T ~ ~ I  TOG ~ ~ & ~ o L K o ~  616 TOG K ~ V T ~ O U  T'& o&)cqq< 

(with D, Ar) for dxb roc ~Cvrpou ec, oshfjvq~ ('the straight line drawn fiom the moon's centre', 
which is nonsense) at W66,5. The error in most Greek mss is due to hap lpphy ,  and isan important 
indication that all except D and its descendants come from a single (?Byzantine) ms. Corrected by 
Manitius. 
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moon passing below and blocking [the sun] (for when the moon falls into the 
cone from the observer's eye to the sun it produces the obscuration which lasts 
until it has passed out [of the cone] again), the same3 eclipse does not appear 
identical, either in size or in d ~ r a t i o n , ~  in all places. For the moon does not 
produce obscuration for all observers, for the reasons stated above, and [even 
for those for whom it does produce obscuration] does not appear to obscure the 
same parts of the sun [for all alike]. Whereas in the case of lunar eclipses there is 
no such variation due to parallax, since the observer's position is not a 1 
contributory cause to what happens at a lunar eclipse. For the moon's light is at 
all times caused by the illumination from the sun. Thus when it is diametrically 
opposite to the sun, it normally appears to us as lighted over its whole surface, 
since the whole of its illuminated hemisphere is turned towards us as well [as 
towards the sun] at that time. However, when its position at opposition is such i 

that it is immersed in the earth's shadow-cone (which revolves with the same 1 
f 

speed as the sun, but opposite it), then the moon loses the light over a part of its 
surface corresponding to the amount of its immersion, as the earth obstructs the / 
illumination by the sun. Hence it appears to beeclipsed for all parts ofthe earth 

HZ68 alike, both in the size [of the eclipse] and the length of the intervals [of the : 

various phases]. 
Now to establish our general theory we need to use true, and not apparent, 

positions of the moon; for the ordered and regular must necessarily precede and 
I 
I 

serve as a foundation for the disordered and irregular. So, for the above reasons, f 
% 

we declare that we must not use, for this purpose, observations of the moon into 1 
which the observer's position enters, but only lunar eclipse observations, since g 
[only] in these does the observer's position have no effect on the determination Z 
of the moon's position. For it is obvious that, ifwe find the point on the ecliptic \ 
which the sun occupies at the time of mid-eclipse (which is, as accurately as we 
can determine, the moment at  which the moon's centre is diametrically 
opposite the sun's in longitude), then at the same time of mid-eclipse the precise 
position of the moon's centre ~7ill be the point diametrically opposite. I 

t 

2. On the periods of the moon 

The above may serve as an outline of the kind of observations which must be 
I3269 examined to determine the general theory of the moon. We shall now 

endeavour to describe the method which was used by the ancients in their 
attempts at establishing a -  [lunar] theory, and which we will find a most 
convenient tool in deciding which hypotheses accord with the phenomena. 

The moon's motion appears anomalistic both in longitude and in latitude: 
the time it takes to traverse the ecliptic is not constant, and neither is the time it 

'Reading T&< act&< (with D, Ar) for takas ('these eclipses') at H267,4. Corrected by Manitius 
'duration': the Greek has the vague 'times' (ro?~ ~p6voq). This is elucidated by H268,1ro% 

tGv &amao&ov ~p6vot~,'the duration of the intervals [d' partial and total phases]'. Ptolemy may 
a h  be alluding, in both places, to the fact that the actual moments of e.g. the beginning or middle 
of a solar eclipse are different at different places, and by an amount which does not correspond 
directly to the difference in longitude. 
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takes to return to the same l a t i t ~ d e . ~  Now unless one finds the period of its 
return in anomaly it is, necessarily, impossible to determine the period of the 
other motions [in longitude and latitude]. However, from individual observa- 
tions it is apparent that the moon's mean speed can occur in any part of the 
ecliptic, as can its greatest speed and its least speed, and that it can reach its 
greatest northern or southern latitude, or  appear exactly in the ecliptic, 
anywhere, too. Hence the ancient astronomers, with good reason, tried to find 
some period in which the moon's motion in longitude would always be the 
same, on the grounds that only such a period could produce a return in 
anomaly. So they compared observations of lunar eclipses (for the reasons 
mentioned above), and tried to see whether there was an inte-rval, consisting of 
an integer number of months, such that, between whatever points one took that 
interval of  month^,^ the length in time was always the same, and so was the 
motion [of the moon] in longitude, [i.e.] either the same number of integer 
revolutions, or the same number of revolutions plus the same arc. H270 

The even more ancient [astronomers] used the somewhat crude estimate that 
such a period could be found in 65854 days. For they saw that in that interval 
occurred approximately 223 lunations, 239 returns in anomaly, 242 returns in 
latitude, and 241 revolutions in longitude plus 10io, which is the amount the 
sun travels beyond the 18 revolutions which it performs in the above time (that 
is when the motion of sun and moon is measured with respect to the fixed stars). 
They called this interval the 'Periodic', since it is the smallest single period 
which contains (approximately) an  integer number of returns of the various 
motions.' In order to obtain a period with an  integer number of days, they 
tripled the 65854 days, obtaining 19756 days, which they called 'Exeligmos'. 
Similarly, by tripling the other numbers, they obtained 669 lunations, 717 
returns in anomaly,,726 returns in latitude, and 723 revolutions in longitude 
plus 3Z0, which is the amount the sun travels beyond its 54  revolution^.^ 

However, Hipparchus already proved, by calculations from observations 
made by the Chaldaeans and in his time, that the above relationships were not 
accurate. For from the observations he set out he shows that the smallest 
constant interval defining an  ecliptic period in which the number of months HZ71 
and the amount of [lunar] motion is always the same, is 126007 days plus 1 
equinoctial hour. In this interval he finds comprised 4267 months, 4573 
complete returns in anomaly, and 461 2 revolutions on the ecliptic less about 
74 ", which is the amount by which the sun's motion falls short of 345 revolutions 
(here too the revolution of sun and moon is taken with respect to the fixed stars). 
(Hence, dividing the above number of days by the 4267 months, he finds the 

Reading ~a.rB ~Aaroq (with D) for Ka~h rb x h a ~ o ~  at H269,9. 
6'months' here means 'true synodic months'. This is generally true throughout the Afmagest 

(except where the context makes it obvious that the reference is strictly calendaric). In the 
translation I usually make the meaning explicit. 

'This period, generally, but wrongly, called 'Saros' in modern times (see Neugebauer[I]), was 
well-known in Babylonian astronomy. See HAMA 497 ff. We do not know to whom Ptolemy refers 
by 'the wen more ancient people', except that they are earlier than Hipparchus. 

'The GSQiypk (meaning 'turn of the wheel') is also mentioned by Geminus (Cap. XVIII. ecl 
Manitius pp. 200-2), who gives exactly the same numbers as Ptoiemy, including the excer: i.1 

sidereal longitude of 32'. 
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mean length of the [synodic] month as approximately 29;31,50,8,20 days). He 
shows, then, that the corresponding interval between two lunar eclipses is 
always precisely the same when they are taken over the above period 
[126007~1~]. So it is obvious that it is a period of return in anomaly, since [from 
whatever eclipse it begins], it always contains the same number [4267] of 
months, and 4611 revolutions in longitude plus 35240, as determined by its 
syzygies with the sun. 

But if one were to look for the number of months [which always cover the 
same time-interval], not between two lunar eclipses, but merely between one 

HZ72 conjunction or opposition and another syzygy of the same type, he would find 
an even smaller integer number of months containing a return in anomaly, by 
dividing the above numbers by 17 (which is their only common factor). This 
produces 251 months and 269 returns in anomaly. 

However, it was found that the above period [of 126007~1~1 did not contain 
an integer number of returns in latitude too. For it was apparent that the [pairs 
ofJ corresponding eclipses exhibited equality only with respect to the interval 
[between the pair] in time and revolution in longitude, but not with respect to 
the size and type of the ob~curat ion,~ which is the criterion for [a return in] 
latitude. Nevertheless, having already determined the period of return in 
anomaly, Hipparchus again adduces intervals containing [an integer number 
of] month which have at each end eclipses which were identical in every 
respect, both in size and in duration [of the various phases], and in which there 
was no difference due to the anomaly. Thus it is apparent that there is a return 
in latitude too. He shows that such a period is contained in 5458 months and 
5923 returns in latitude.'' 

That, then, is the method which our predecessors used for the determination 
of such [periods]. It is not simple or easy to carry out, but demands a great deal 
of extraordinary care, as we can see from the following considerations." Let us 
grant that [two] intervals [between pairs of eclipses] are found to be precisely 

HZ73 equal in time. In the first place, this is no use to us unless thesun too exhibits no 
effect due to anomaly, or exhibits the same over both intervals: for if this is not 
the case, but instead, as I said, the equation of anomaly has some effect. the sun 
will not have travelled equal distances over [the two] equal time-intervals, nor, 
obviously, will the moon. For example, let us suppose that each of the two 
intervals being compared comprises half a year beyond the same number of 
complete years, and that in this time the motion of the sun in the first inte~val 

'By 'type' Ptolemy means whether the obscuration begins from the north or south ofrhe lunar 
disk. 

l o  Ptolemy's account here is not historically accurate. In fact Hipparchus took from Babylonian 
sources the parameters [ l ]  1 synodic month = 29:31,50,8,20a, [2] 251 synodic months = 269 
anomalistic months, and [3] 5458 synodic months = 5923 returns in latitu'de (Kugler, f?ab~~lonischf 
ilrlondrechnung 4-46). Multiplying [2] by 17, he constructed an eclipse-period (Aalme[1955], whence 
H.-IM;I 310-2). An input ofsome\~alur lbr the 1enpthol.t he year produced i he solar motion over this 
period, rounded by Hipparchus to the nearrst a-sign (on which see Nerlgc*I,auer[Z], 251). Then 
Hipparchus confit-rttril (not deriiled, as Ptolemy says) the above hy comparison ofec-lipses fi-om his OMrn. 

time with Ba1,vlonian ones 345 years earlier [see Toorncr[ll] lbr the method and idrntilication o1 . - 

the vc-Iipses h e  uscd). 
"The  lbilowing (to p. 178) is well explained and illustrated by Neugebauer, H A M A  71-2. 
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starts from the position of mean speed in Pisces, and in the second interval from 
the position of mean speed in Virgo.'* Then over the first interval the sun will 

3 have traversed about 44' less than a semi-circle [beyond complete revolutions], 
but over the second about 48' more than a semi-circle. Thus the moon too will 
have traversed over the first interval 175b0 beyond complete revolutions and 
over the second 18410, although both intervals cover an equal time. Therefore 
we define as the first necessary condition [for a return in lunar anomaly] that the 
intervals must exhibit one of the following characteristics with respect to the 
sun: 
[I]  I t  must complete an integer number of revolutions [in both intervals]; or 
[2] traverse the semi-circle beginning at the apogee over one interval and the 

semi-circle beginning at the perigee over the other; or 
135 begin from the same point [of the ecliptic] in each interval; or t 
[4] be the same distance from apogee (or perigee) at the first eclipseofone interval H274 

as it is at the second eclipse of the other interval, [but] on the other side.I3 $ 
For only under one of these conditions will there be no effect due to the s ! 
anomaly, or the same effect over both intervals, so that the arc traversed beyond .: 

I: 
complete revolutions over one interval is equal to that traversed over the other, i 
or even equal t o  the mean motion of the sun [over the intervals] as well. t 

Secondly, it is our opinion that we must pay no less attention to the moon's 
[varying] sPeed.l4 For if this is not taken into account, it will be possible for the 
moon, in many situations, to cover equal arcs in longitude in equal times which 
do not at a11 represent a return in lunar anomaly as well. This will come to pass 
[I]  if in both intervals the moon starts from the same speed (either both 

increasing or both decreasing), but does not return to that speed; or 
[Z] if in one interval it starts from its greatest speed and ends at its least speed, 

while in the other interval it starts from its least speed and endsat its greatest 
speed; or 

[3] if the distance of[the position ofJ its speed at the beginning ofone interval is 
the same distance from the [position ofJ greatest or least speed as [the position 
oT] its speed at the end of the other interval, [but] on the other side." 
In  each of these situations there will again be either no effect or the same effect 

[in both intervals] of the lunar anomaly, and hence equal increments in HZ75 
longitude will be produced [over both intervals], but there will be no return in 
anomaly at  all. So the intervals adduced must avoid all the above situations if 

"That is, fi-om the positions where the equation of anomaly reaches its positive maximum 
(Pisces) and negative maximum (Virgo). Ill~rstrated by HAMA Fig. 59 p. 1223. 

I3That is, if the sun has an anomaly of a" at the beginning of the first interval, it must have an 
anomaly of (360-a)" at the end of the second interval. This situation (and the others listed here) ih 
illustr-ated by HAitIA Fig. 60 p. 1223. 

l 4  6pjpoq isoften used in early Greek astronomy for the (varying) amount which the moon travels 
in one day. The earliest example seems to be the 'Eudoxus' papyrus (ed. Blass p. 14). Wherc 
Ptolemy uses Gp6po~  Ibr the moon (e.g. V 2, H355,14; V 3, H361,16) 'speed' seems the best 
translation. For a special use of the term by Hipparchus see V 3 p. 224 with n. 14. 

.I5 Illustrated (in the order [l], [3], [2]) by HAMA Fig. 61 p. 1224, which utilizes the lunar 
epicycle model. One must presume that Ptolemy avoids talking in geometrical terms (which is the 
most convenient way to visualize the situation) because he has not yet established a lunar model. 
However, it is hard to give any sense to E~a-r6pwe&v (literally 'on opposite sides', translated here as 
'on the other side') which does not involve an epicycle model. 
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they are to provide us directly with a period of return in anomaly. O n  the 
contrary, we should select intervals [the ends of which are situated] so as to best 
indicate [whether the interval is or is not a period of anomaly], by displaying the 
discrepancy [between two intervals] when they do not contain an integer 
number of returns in anomaly. Such is the case when the intervals begin from 
speeds which are not merely different, but greatly different either in size or in 
effect. By 'in size' I mean when in one interval [the moon] starts from its least 
speed and does not end at the greatest speed, while in the other it starts from its 
greatest speed and does not end at its least speed. For in this case, unless the 
intervals contain an integer number of revolutions in anomaly, the difference in 
the increments in longitude over the two intervals will be very great; when the 
increment in anomaly is about one or three quadrants of a revolution, the 
intervals will differ by twice the [maximum] equation ofanomaly. By 'in effect' 
I mean when [the moon] starts from mean speed in both positions, not, 
however, from the same mean speed, but from the mean speed during the 
period of increasing speed at one interval, and from that during the period of 

HZ76 decreasing speed at the other. Here too, ifthere is not a return in anomaly, there 
will be a great difference in the increment in longitude [over the two intervals]; 
again, when the increment in anomaly is one or three quadrants of a revolution, 
the difference will again amount to twice the [maximum] equation of anomaly, 
and when the increment in anomaly is a semi-circle, the difference will be four 
times that amount.I6 

That is why, as we can see, Hipparchus too used his customary extreme care 
in the selection of the intervals adduced for his investigation ofthis question: he 
used [two intervals], in one of which the moon started from its greatest speed 
and did not end at its least speed, and in the other of which it started from its 
East speed and did not end at its greatest speed. Furthermore he also made a 
correction, albeit a small one, for the sun's equation of anomaly, since the sun 
fell short of an integer number of revolutions by about d of a sign, and this sign 
was different, and produced a different equation of anomaly, in each of the two 
intervals. l 7  

We have made the above remarks, not to disparage the preceding method of 
determining the periodic returns, but to show that, while it can achieve its goal 
if applied with due care and the appropriate kind of calculations, if any of the 
conditions we set out above are omitted from consideration, even the least of 

HZ77 them, it can fail utterly in its intended effect; and that, ifone does use the proper 
criteria in making one's selection of observational material, it is difficult to find 
corresponding [pairs of eclipse] observations which precisely fulfil all the 
required conditions. 

In any case, when we take the above periodic returns, as determined by 
Hipparchus' calculations, we find that the period [containing an integer 
number] of months has, as we said, been calculated as correctly as possible, and 
has no perceptible difference from the true value. But there is an error in the 

'"These two situations (of maximum eflect due to the anomaly when there is not a return in 
anomaly) are illustrated by HAMA Fig. 62 p. 1225. 

l 7  On the eclipses used by Hipparchus see Twmer[l I]. 
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of anomaly and latitude, so considerable as to become quite apparent to 
us from the procedures we devised to check these values in simpler and more 
pactical ways; we shall soon explain these, in connection with our demon- 
stration of the size of the lunar anomaly. But first, for convenience [of 
calculation] in what follows, we set out the individual mean motions [of the 
moon] in longitude, anomaly and latitude, in accordance with the above 
periods of their returns, and [abo the mean motions] calculated on the basis of 
the corrections which we shall derive later.18 

3. { O n  the inditlidual mean motions o f  the moon) HZ78 

If, then, we multiply the mean daily motion of the sun which we derived, ca. 
0;59,8,17, 13,12,31°'d, by the number of days in one [mean synodic] month, 
29;31 ,50,8,20d, and add to the result the 360° of one revolution, we will get the 
mean motion of the moon in longitude during one synodic month as ca. 
389;6,23,1,24,2,30,57°. Dividing this by the above number of days in a month, 
we get the mean daily motion of the moon in longitude as ca. 
13; 1 0,34,58,33,30,30°. 

Next; multiplying the 269 revolutions in anomaly by the 360' of one 
revolution, we get 96840°. Dividing this by the number of days in 251 months, 
7412;10,44,51 ,40d, we get the mean daily motion in anomaly as 
13;3,53,56,29,38,38O. 

Similarly, multiplying the 5923 returns in latitude by the 360° of one 
revolution, we get 2132280°. Dividing this by the number of days in 5458 HZ79 
months, 161177;58,58,3,20~, we get the mean daily motion in latitude as 
13;23;45,39,40,1 7,1g0. 

Next, subtracting the mean daily motion of the sun from the mean daily 
motion of the moon in longitude, we get the mean daily motion in elongation as 
12; 1 1,26,41 ,20, 1 7,5g0. 

However, from the methods which, as we said, we shall employ in what 
follows for investigation of this topic, we find that the mean daily motion in 
longitude (and hence, obviously, that in elongation), is practically identical to 
the above, but the mean daily motion in anomaly is 0;0,0,0,11 ,46,3g0 less: thus it 
is 13;3,53,56,17,51,59°; and the mean daily motion in latitude i~0;0,0,0,8,39,18~ 
more; thus it is 13;13,45,39,48,56,37°.'9 

Using the latter daily moiions, and takinghth of each, we get the following 
mean hourly motions: 

in longitude: 0;32,56,27,26,23,46,15O 
in anomaly: 0;32,39,44,50,44,39,57,30° 
in latitude: 0;33,4,24,9,32,21 ,32,30° 
in elongation: 0;30,28,36,43,20,44,57,30°. HZ80 

18Ptolemy's corrections to the mean motions in anomaly and latitude, given below, are 
justified at IV 7 (p. 204) and IV 9 (p. 207). 

''A11 the above computations have been carried out very precisely,and arecorrect to the nearest 
sixth (60-~ degree). In the following computations of the mean motions for the greater units, 
however, Ptolemy operates as if the last place it1 the mean daily motions were precisely correct, 
i.e. no account is taken of the accumulated error for months, years, etc. 
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Mu1 t iplying the daily motions b y  30 and subtracting complete revolutions, 
we get the following ma?thIy mean increments: 

in longitude: 35;17,29,16,45,15" 
in anomaly: 3 1 ;56,58,8,55,59,30° 
in latitude: 36;52,49,54,28,18 ,30°2' 
in elongation: 5;43,20,40,8 ,59,30°. 
Next, multiplying the daily motions by the 365 days of the Egyptian year, 

and subtracting complete revolutions, we get the fbllowing yearly mean 
increments: 

in longitude: 129;22,46,13,50,32,30" 
in anomaly: 438;43,7,28,41,13,55" 
in latitude: 1 48;42,47,12,44,25,5" 
in elongation: 129,37,21,28,29,23,55". 
Next, muhiplyingthe yearly motions by 18 (thisnumber ischosen, aswesaid, 

for convenience in tabulation), after subtracting complete revolutions we get 
the following mean increments over an eighteen-year period: 

in iongitude: 168;49,52,9,9,45" 
in anomaly: 1 %;Xi, 14,36,22,30,30" 
in latitude: 156;50,9,49,19,31 ,30° 
in efongat ion: 173; 12,26,32,49,10,30". 

HZ81 As in the case of the sun, we will again setout three tabks arranged in 45 lines, 
with 5 columns in each. The first column will contain the time-divisions 
appropriate to each table, in the first table the 18-year periods, in the second the 
years, again foliowed by the hours, in the third the months, again followed by 
the days. The remaining four columns will contain the degrees {and their 
subdivisions ] corresponding to the appropriate argument: the second coiurnn, 
longitude, the third, anomaly, the fourth, latitude, akd the fifth, elongation. 
The layout of the tables is as follows. 

4.( Tables of the mean mof ions of the moon] 

[See pp. 182- 7. J 

HZ94 5 .  {That in the simple hypothesis ofthe moon, too, the same phenomena are produced 
by both eccentric and epicyclic hypotheses) 

Our next task is to demonstrate the type and size of the moon's anomaly. For the 
time being we shall treat this as if it were single and in~ariant.~'  It is apparent 
that this anomaly, namely the one with a period corresponding to the above 
period of return, is the only one which our predecessors (just about all of them) 

''ReadingX for ('31') in the last place at H280,5, with D, Ar (cr'. also the tables IV 4)- 
Corrected b) Manitius. 

See Pedersen 165-7. 
22Reading ~ a i  T ~ S  a h i i ~  (with BD) for ~ab'tqq ('as if this were single') at H294,6. Ar read 

ra0.rqq. 
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have hit upon. Later, however, we shall show that the moon also has a second 
anomaly, linked to its distance from the sun; this [second anomaly] reaches a 

round about both [waxing and waning] half-moons, and goes 
through its period of return twice a month, [being zero] precisely at conjunction 
and opposition.23 We adopt this order of procedure in our demonstration 
because it is impossible to determine the second [anomaly] apart from the first, 
which is always combined with it, whereas the first can be found apart from the 
second, since it is determined from lunar eclipses, a t  which there is no 
Per-ceptible effect of the anomaly connected with [the distance from] the sun. 

In this first part of our demonstrations we shall use the methods of establishing 
the theorem which Hipparchus, as we see, used before We  too, using three HZ95 
lunar eclipses, shalI derive the maximum difference from mean motion and the 

of the [moon's position] at the apogee, on the assumption that only this 
[first] anomaly is taken into account, and that it is produced by the epicyclic 
hypothesis. It is true that the same phenomena would result from the eccentric 
hypothesis, but we shall find the latter more suitable to represent the second 
rnomaly, which is connected with the sun, when we come to combine both 
anomalies. However, the same phenomena wiIl in all cases result from both the 
hypotheses we have described, whether, as in the situation described for the sun, 
the period of return in anomaly and the period of return in the ecliptic [i.e. in 
longitude] are both equal, o r  whether, as in the case of the moon, they are 
unequal, provided only that the ratios [of epicycle to deferent and eccentricity 
to eccentre] are taken as identical. We can see this from the following, in which 
we use the above-mentioned simple anomaly of the moon for our examination. 

Since the moon completes its return with respect to the ecliptic sooner than its 
return with respect to this anomaly, it is clear that, in the epicyclic hypothesis, 
over a given period of time, the epicycle will always traverse a greater arc25 of 
the circle concentric to the ecliptic than the arc of the epicycle traversed by the H296 
moon in the same time; in the eccentric hypothesis, the arc traversed by the 
moon on the eccentre will be similar to the arc traversed by it on the epicycle [in 
the epicyclic hypothesis], while the eccentre will move about the centre of the 
ecliptic in the same direction as the moon by an amount equal to the increment 
of the motion in longitude over the motion in anomaly [in the same time] (this 
corresponds to the increment of the arc of the deferent over the arc of the 
epicycle [in the epicyclic hypothesis]). In this way we can preserve the equality 
of the periods of both motions [i.e. in longitude and anomaly], as well as 
equality of the ratios, in both hypotheses. 

With the above as a necessary basis (as is obvious from logic), let [Fig. 4.11 the 
circle concentric with the ecliptic be ABG on centre D and diameter AD, and 
let the epicycle be EZ on centre G. Let us suppose that when the epicycie was at 
A, the moon was at E, the apogee of the epicycle, and that in the same time as 
the epicycle has traversed arc AG, the moon has traversed arc EZ. Join ED, GZ. 

23 Reference to V 2-4. 
2 4 0 n  Hipparchus' determination of the lunar parameters see further IV 1 1 ,  Toomer[Q] and 

Toomer[2) 
"'a greater arc': literally 'an arc greater than the one similar to [the arc]'. 
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TABLES OF THE MOON'S MEAN MOTIONS 
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1 V 5. Eq~ivalence of  eccentric and epicyclic hypotheses 

Fig. 4.1 

Then, since arc AG > arc EZ, 
cut off arc BG 11 arc EZ, and join BD. 

Then it is clear that, in the same time, the eccentre will have moved through 
H297 L ADB, which represents the difference between the two motions, and its centre 

and apogee will lie along line-BD. 
This being so, let DH = GZ. Join ZH, and with centre H and radius HZ draw 

the eccentre ZO. 
I say, that 

ZH:HD = DG:CZ, 
and that in this hypothesis too the moon will be at point Z, i.e. 

arc ZO arc EZ. 
[ProoE] Since L BDG = L EGZ, GZ is parallel to DH. 

But GZ = DH [by construction]. 
Therefore ZH too is equal and parallel to GDSz6 

:- ZH:HD = DG:GZ. 
HZ98 Furthermore, since DG is parallel to HZ, 

L GDB = L ZHO; 
and, by hypothesis, L GDB = L EGZ. 

-'. arc ZO 11 arc EZ. 
Therefore the moon has reached point Z in the same time according to either 
hypothesis, since the moon itself' has traversed arc EZ on the epicycle and arc 
OZ on the eccentre, which we have shown to be similar, while the epicycle 

26 Euclid 1 33: straight lines joining equal and paralie1 lines are themselves equal and parallel. 
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centre has moved through arc AG, and the centre of the eccentre through arc 
AB, which is the increment of arc AG over arc EZ. 

Q.E.D. 
Moreover, even if [the members ofJ the ratios are unequal, and the 

eccentre is not the same size as the deferent, the same phenomena will result, 
p-ovided the ratios are similar, as will be clear from the following. 

Draw each of the hypotheses in a separate figure. Let [Fig. 4.21 the circle 
concentric to the ecliptic be ABG on centre D and diameter AD, and the 
epicycle EZ on centre G. Let the moon be at Z. Let [Fig. 4.33 the eccentre be 
HOK on centre L and diameter OLM, with the centre of the ecliptic at M. Let HZ99 
the moon be at K. In the first figure join DGE,GZ,DZ, and in the second figure 
join HM, KM, KL. 

Let DG:GE = OL:LM. 
Let us suppose that in the same time as the epicycle has moved through 

L ADG, the moon has again moved through L EGZ, the eccentre through 
L HMO, and the moon, again, through L OLK. 

Therefore, because of the assumed relationship between the motions, 
L EGZ = L OLK, 

Fig. 4.2 

and L ADG = L HMO + L OLK. 
This being so, I say that the moon will again appear to have traversed an equal 
arc in the same time according to either hypothesis, i.e. 

L ADZ = L HMK 
(for at the beginning of the time-interval the moon was at the apogee and 
appeared along lines D A  and MH, while at  the end it was at points Z and K and 
appeared along lines ZD and MK). 
[ProoE] Let arc BG again be similar to arc OK (or arc EZ). Join BD. 

Then, since DG:GZ = KL:LM, 
and the angles at G and L are equal, 
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0 

Fig. 4.3 

triangle GDZ 111 triangle KLM (sides about equal angles proportional), and the 
angles opposite the corresponding sides are equal. 

.'- L GZD = L LMK. 
But L BDZ = L GZD, 

for GZ is parallel to BD, since, by hypothesis, L ZGE = L BDG. 
.'- L ZDB = L LMK. 

But, by hypothesis, L ADB, the difference between themotions [in longitude and 
anomaly] equals L HMO, the motion of [the centreof) the eccentre. Therefore, 
by addition, 

L ADZ = L KMH. 
Q.E.D. 

6. (Demonstration of the first, simple anomah of the moon)27 

Let the preceding suffice us as preliminary theory. We shall now demonstrate 
H301 the lunar anomaly in question, by means of the epicyclic hypothesis, for the 

reason mentioned. [For this purpose] we shall use, first, among the most ancient 
eclipses available to us, three [which we have selected] as being recorded in an 
unambiguous fashion, and, secondly, [we shall repeat the procedure] using, 
among contemporaly eclipses, three which we ourselves have- observed very 
accurately. In this way our results will be valid over as long a period as possible, 
and in particular it will be apparent that approximately the same [maximum] 
equation of anomaly results from both demonstrations, and that the increment 
in the mean motions [between the two sets of eclipses] agrees28 with that 
computed from the above periods (as corrected by us). 

27 See H.4M.4 73-8, Pedersen 169-79: 
Z8Reading obpcpwvog (with D, Ar) for oCpcpovo< &&I ('always agrees') at H301,lO. 
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For the purposes of demonstrating the first anomaly, considered separately, 
the epicyclic hypothesis which we mentioned can be described as foilows. 
Imagine a circle in the sphere of the moon which is concentric to and lies in the 
same plane as the ecliptic. Inclined to this, at an angle corresponding to the 
amount of its [maximum] deviation in latitude, is another circle, which moves 
uniformly in advance (with respect to the centre of the ecliptic) with a speed 
equal to the difference between the motions in latitude and longitude. On this 
inclined circle we suppose the so-called 'epicycle' to be carried, with a uniform 
motion, towards the rear with respect to the heavens, corresponding to the 
motion in latitude. (Thismotion, obviously, will represent the [mean] motion in H302 
longitude with respect to the ecliptic). O n  the epicycle itself [we suppose] the 
moon to move, in such a way that on the arc near the apogee its motion is in 
advance with respect to the heavens, at a speed corresponding to the period of 
return in anomaly. However, for the purposes of the present demonstration we 
shall suff'er no ill consequences if we neglect the advance motion in latitude and 
the inclination of the moon's orbit, since such a small inclination has no 
noticeable effect on the position in l~ngitude. '~ 

First, the three ancient eclipses which are selected from those observed in 
Babylon. 

The first is recorded as occurring in the first year of Mardokempad, Thoth [I ] 
29/30 in the Egyptian calendar [-720 Mar. 19/20]. The eclipse began, it says, 
well over an hour after moonrise, and was total. 

Now since the sun was near the end of Pisces, and [therefore] the night was 
about 12 equinoctial hours long, the beginning of the eclipse occurred, clearly, 
4: equinoctial hours before midnight, and mid-eclipse (since it was total) 2f 
hours before midnight.30Now we takeas the standard meridian for all time deter- 
minations the meridian through Alexandria, which is about : of an equinoctial 
hour in advance [i-e. to the west] of the meridian through Babylon.3' So at 
Alexandria the middle of the eclipse in question was 3f equinoctial hours before 
midnight, at which time the true position of the sun, according to the [tables] 
calculated above, was approximately X 24; O. 

The second eclipse is recorded as occurring in the second year of the same 
Mardokempad, Thoth [I] 18/19 in the Egyptian calendar [-719 Mar. 8/91. 
The [maximum] obscuration, it says, was 3 digits32 from the south exactly at 
midnight. So, since mid-eclipse was exactly at  midnight at Babylon, it must 

"1.e. for the purposes of computing the longitude the moon's orbit is treated as if it lay in the 
plane of the ecliptic. The maximum resulting error (fort 5O) is about 6' (cf. HAMA 83). Ptolemy 
himself (VI 7 p. 297) estimates it as 5'. 

30 A total eclipse of the moon is assumed to last 4 hours from stan to finish. This agrees fairly well 
with the duration one derives from Ptolemy's own eclipse tables (VI 8) and with the actual 
maximum possible duration. The duration of the eclipse in question (Oppolzer no. 741) was in fact 
about 3Sh. 

31 This time difference corresponds to a longitudinal difference 01 1240. The actual time difference 
is about 584 minutes. In the Geograpb Ptolemy amended the difference, in the right direction but by 
far too much, to 1) hours (8.20.27), corresponding to the difference between the longitudes there 
assigned to Alexandria (6@\ 4.5.9) and Babylon (7g0, 5.20.6). 

32 Modem calculations give a considerably smaller eclipse: Oppolzer (no. 743) 1.6 digits, P.V. 
Neugebauer 1.5 digits. However Ptolemy's own tables give about 24 digits: see Appendix A, 
Example 1 1. 
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have been ah before midnight at Alexandria, at which time the true position of 
the sun was 3f 1330. 

The third eclipse is recorded as occurring in the (same) second year of 
Mardokempad, Phamenoth [VII] 15/16 in the Egyptian calendar [-719 Sept. 
1/21. The eclipse began, it says, after moonrise, and the [maximum] 
obscuration was more than half[the disk] from the north. So, since the sun was 
near the beginning of Virgo, the length of night at Babylon was about 11 

H304 equinoctial hours, and half the night was 5f [equinoctial] hours. Therefore the 
beginning of the eclipse was about 5 equinoctial hours before midnight (since it 
began after moonrise), and mid-eclipse about 3f hours before midnight (for the 
total time for an eclipse of that size must have been about 3 hours).33 So in 
Alexandria mid-eclipse occurred 4f equinoctial hours before midnight, at 
which time the true position of the sun was about ITQ 3i0. 

Then it is clear that the motion of the sun (which is the same as that of the 
moon apart from complete revolutions) is 

from the middle of the first eclipse to the middle of the second: 349;15O 
from the middle of the second eclipse to the middle of the third: 169:30°. 

The time intervals are: 

i 354d24h reckoned simply 
from first to second 

345d 2fih reckoned in mean solar days 

from second to third 
1 76d20f reckoned simply 
1 7 6 ~ 2 @ ~  reckoned in mean solar days. 

Over such short intervals it will make no appreciable difference if one uses 
H305 approximate periods [to determine the moon's mean motions].34 The moon's 

mean motions are, then, (beyond complete revolutions), approximately 
d nn { 30h;25O in anomaly 

in 354 '' 345;51° in longitude 

in l ied  2$h { 150;26O in anomaly 
1 70;7" in longitude. 

Thus it is clear that the motion on the epicycle of 306;25" over the first 
interval has produced an increment of [349;15O - 345;51°=] 3;24O over the 
mean motion, and the motion [on the epicycle] of 150;26" over the second 
interval has produced a decrement from the mean motion of [169;30° - 
170;7"=] 0;37". 

With the above as data, Iet [Fig, 4-43 the moon'sepicycle betcircle] ABG, on 

"'At a lunar eclipse the moon is diametrically opposite the sun. Therelbre moonrise coincided 
with sunset, which was 54 equinoctial-hours betbre midnight. Ptolemy allows 4-hour to account for 
'afier moonrise'. He estimates a duration of3 hours for an eclipse of more than 6 digits (according to 
Oppolzer, no. 744, this eclipse had a ma,gnitude 01'6.4 digits and a duration of almut 2;36h; P.V. 
Neugebauer calculates 6.1 digits and 2.4h). Obviously this eclipse is hardly 'recorded in an 
unambiguous fashion' (p. 190). 

"This is a point of me tho do lo^. Ptolemy's mean motion tables are based, not on the exact 
periods he took liom Hipparchus but (Sor the anomaly) on a correction applied to the number 
derivrd Srom those periods (IV 7). Howper, the correction is itself based in part on theparameten: 
derived here. It is therefbre important to note that the correction makes no difference over the short 
i n t e ~ ~ a l s  considered hcre (1)etween the Iirst and second eclipses it is only about 1 second of arc). 
From IV i 1 it is (,]ear that Hipparchus had already established the principle that it was necessary lo 
use an eclipse rrip!e close in time, so that any long-term crror in the mean motions would have a 
minimal etli-cr. 
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Fig. 4.4 
i 

D 

which point A is the location of the moon at the middle of the first eclipse, B its a 

position at the middle of the second eclipse, and G its position at the middle of 
the third eclipse. We must imagine the moon to move on the epicycle from B to 1 

4 
A and from A to G in such a way that arc AGB, which is its increment in motion 
between the first and second eclipses, is 306;25O and produces an increment of f 

k 3;24" over the mean motion, while arc BAG, which is its increment in motion H306 
between the second and third eclipses, is 1 50;26O, and produces a decrement of 
0;37" from the mean motion. Hence the motion from B to A is 53;35O and 
produces a decrement of3;24O from the mean motion, and the motion from A to 
G is 96;51° and produces an increment of 2;47O over the mean motion. ! 

! Now the perigee of the epicycle cannot lie on arc BAG. This is clear because i 
this arc has a subtractive effect, and is less than a semi-circle, while the greatest 
speed occurs at the perigee. Since, then, [the perigee] necessarily lies on arc 
GEB,35 let us take the centre of the ecliptic, which is also the centre of the 
4eferent, as point D, and draw lines DA, DEB and DG to the points 
representing [ the positionsofthemoonat] the three eclipses. Inorder tomake the 
sequence of the proof readily transferable for computations of this kind, 

p 
whether we use the epicyclic hypothesis (as now) for our demonstration, or the i 

F 

'"or a detailed argument about the location of the observer with respect to the points on the 
epicycle representing the three eclipses see H:lMA 74. 
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eccentric hypothesis, in which case [see Fig. 4.5j centre D is taken inside the 
circle, we give the following generally applicable description. 

Produce one of the three straight lines drawn [DA,DB,DG] to the opposite 
Ii307 circumference (in this case we already have DEB drawn to E from point B of the 

second eclipse), and draw a line joining the points ofthe other two eclipses (here 
AG). From the point where the first line produced cuts the circumference again 
(here E) draw lines to the other two points (here EA, EG), and [from the same 
point] drop perpendiculars on to the lines between the other two points and the 
centre of the ecliptic (here EZ on to AD and EH on to GD). From one of these 

Fig. 4.5 

two points (here G) drop a perpendicular on to the line drawn from the other 
(here A) to the extra intersection [with the circumference] (here E) resulting 
from [the first straight line, DB,] being produced (in thiscase, we drop GO on to 
AE). Whichever point we start drawing the figure from, we shall find that the 
same ratios result from the numbers used in the demonstration. Our  choice [of 
starting-point] is guided merely by convenience. 

So, since we found that arc BA subtends 3;24O of the eclipt icy 
3;24O where 4 right angles =360° 

the angle at its centre, L BDA = 6;480° where 2 right angles = 3600°. 
H308 Therefore in the circle about right-angled triangle DEZ. 

arc EZ = 6;48O 
and EZ = 7;7,0P where hypotenuse DE = 120'. 
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Similarly, since arc BA = 53;35, 
the angle [it subtends] at the circumference, 

L BEA = 53;350° where 2 right angles = 360°0. 
But, in the same units, L BDA = 6;480°. 
Therefore, by subtraction, L EAZ = 46;470° in the same units. 
Therefore in the circle about right-angled triangle AEZ, 

arc EZ = 46;47O 
and EZ = 47;38,3@ where hypotenuse EA = 12@. 

Therefore where EZ = 7;7,@ and E D  = 120P, 
AE = 17;55,32'. 

Again, since arc BAG subtends 0;37O of the ecliptic, 

{ 0;37O where 4 right angles = 360° 
the angle at its centre, L BDG = 

1 ;14OO where 2 right angles = 360''. 
Therefore in the circle about right-angled triangle DEH, 

arc E H  = 1;14O 
and EH = 1;17,30P where hypotenuse DE = 120". H309 

. Similarly, since arc BAG = 150;2ti0, 
the angle [it subtends] a t  the circumference, 

L BEG = 150;260° where 2 right angles = 360°0. 
But L BDG = 1; 1 40° in the same units. 

Therefore, by subtraction, L EGD = 149;120°. 
Therefbre in the circle about right-angled triangle GEH, 

arc E H  = 149;1Z0 
and EH = 11 5;41,21P36 where hypotenuse G E  = 120'. 

Therefore where E H  = 1 ; 1 7,30P and DE = 120P, 
GE = 1 ;20,23P, 

and, as we showed, EA = 17;55,3ZF in the same units. 
Again since, as we showed, arc AG = 96;51°, 
the angle [subtended by it] at the circumference, 

L AEG = 96;51°0 where 2 right angles = 360°0. 
Therefore in the circle about right-angled triangle GEO, 

arc GO = 96;51° 
and arc EO = 83;g0 (complement). 

So the corresponding chords 
GO = 

where hypotenuse G E  = 12@. H3 
Therefore where G E  = 1;20,23P 

GO = 1;0,8' 
and EO = 0;53,2IP. 

And, in the same units, the whole line EA was found to be 17;55,32'. 
Therefore, by subtraction, @A = 17;2,11P where GO = 1;0,8'. 
And the square on A@ is 290; 14,19 
while the square on GO is 1 ;0,17. 
But AG2 = A 0 2  + G e 2  = 291; 14,36. 

36 115;41,24 (as L) may be correct at H309,lO (computed: 115;41,28). It makes no difference to 
subsequent calculations whether one adopts 21, 24 or 28. 



1 96 IV 6. Geometrical determination of  lunar anomaly 

Therefore AG = 17;3,57' where DE = 120' and GE = 1;20,23'. 
But, where the diameter of the epicycle is 120P, AG = 89;46,14' 

(for it subtends arc AG, which is 96;51°). 
Therefore where AG = 89;46,14' and the epicycle diameter is 120P, 

DE = 631; 13,48' 
and GE = 7;2,5@. 

Therefore arc GE of the epicycle = 6;44,1°. 
And, by hypothesis, arc BAG = 150;26O. 

Therefbre, by addition, arc BGE = 157; 10,1°, 
H31 I so its chord, BE = 117;37,32' where the epicycle diameter is 120' and ED = 

631;13,48'. 
Now if we had found BE equal to the diameter of the epicycle, the epicycle 

centre would, obviously, lie on it, and we would immediately get the ratio 
between the diameters [of epicycle and deferent]. Since, however, it is less than 
the diameter, and also arc BGE is less than a semi-circle, it is clear that the 
centre of the epicycle will fall outside segment BAGE. 

Let it be [Fig. 4.6) in point K, and draw the line DMKL from D, the centre of 
the ecliptic, through K. Thus point L represents the apogee of the epicycle and 
M its perigee. Then 

BD.DE = LD.DM;37 

0 
Fig. 4.6 

37 Euclid 111 36. the rectangle contained by any line drawn from a point outside the circle and the 
segment of that line outside the circle equals the squareon the tangent to thecircle from that point. 
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and we have shown that where the epicycle diameter LKM = 12OP, 
BE = 1 1 7;37,3ZP and ED = 631;l 3,48F. 

Therefore, by addition, BD = 748;51,20P. H3 12 
Therefore LD.DM = BD-DE = 472700;5,3ZP. 

Furthermore, since LD.DM + KM2 = DK2,38 
and the radius of the epicycle, K M  = 60P, 

KM2 = 3600P, 
and DK2 = 472700;5,3ZP + 3600' = 476300;5,3ZP. 1 Therefore DK, the radius of the deferent circle concentric to the ecliptic, is s 

690;8,4ZP where KM, the radius of the epicycle, is 60'. 0 
t 

So, where the radius of the deferent, the centre of which coincides with the 
II 
1% 

observer, is 60P, the radius of the epicycle is about 5;13'. H3 13 $ 
Repeating the same figure [Fig. 4.71, drop perpendicular KNX from centre K Q 

L 
on to BE, and join BK. S 

Now, where DK = 690;8,4ZP, ! L: 
we found that DE = 631;13,48' i 

and NE = ;BE = 58;48,46P. 
Therefore, by addition, DEN = 690;2,34'. 

b 

Fig. 4.7 

" Euclid 11 6: ifa straight line (LM) be bisected and a straight line (DM) added to it, the rectangle 
contained by the whole plus the added line (LD) and the added line (DM), together with the square 
on the half (KM2) is equal to the square on the line (DK) made up of the half (KM) and the added 
line (DM). 
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Therefore in the circle about right-angled triangle DNK, 
DN = 1 19;58,57' where hypotenuse DK = 1 20P, 

and arc DN 1 78;Z0. 
1 78;Zo0 where 2 right angles = 360°0 

-'- L DKN = 
89; lo  where 4 right angles = 360°. 

Therefore arc XM of the epicycle = 89; 1 O, 
and arc LBX = 90;5g0 (complement), 

H3 14 and arc XB = ) arc BXE = 78;35O (for arc BE was determined [p. 1961 
as about 157;10°). 

Therefore, by subtraction, arc LB of the epicycle, which is the distance of the 
- .  

moon from the apogee of the epicycle at  the middle of the second eclipse in 
question, is 12,24O. 

Similarly, since, as we showed, 
L DKN = 89;1° where 4 right angles = 360°, 

by subtraction, L KDN, which represents the equation of anomaly (which is 
subtractive with respect to the mean motion) corresponding to the epicycle arc 
LB, is 0;5g0 (complement of L DKN). Therefore the mean position of the moon 
at the middle of the second eclipse was 14;44O, since its true position was 
13;45", corresponding to the position of the sun in Pisces. 

Let us now turn to the three eclipses which we have selected from those very 
carefully observed by us in Alexandria. 

The first occurred in the seventeenth year of Hadrian, Pauni [XI 20/21 in the 
Egyptian calendar [I33 May 6/71. We computed the exact time of mid-eclipse 
as; of an equinoctial hour before midnight. It was totala3' At that time thetrue 
position of the sun was about 8 13;'. 

H315 The second occurred in the nineteenth year of Hadrian, Choiak [IV] 2/3 in 
the Egyptian calendar [134 Oct. 20/21]. We competed that mid-eclipse 
occurred 1 equinoctial hour before midnight. [The moon] was eclipsed d of its 
diameter from the north. At that time the true position of the sun was about 

1 C25g0. 
The third eclipse occurred in the twentieth year of Hadrian, Pharmouthi 

[VIII] 19/20 in the Egyptian calendar El36 Mar. 5/63. We computed that mid- 
eclipse occurred 4 equinoctial hours after midnight. [The moon] was eclipsed 
half of its diameter from the north.4' At. that time the position of the sun was 
about 3€ 14r's0. 

It is clear that here too the mean motion [in longitude] of the moon, beyond 
complete revolutions, is equal to that of the sun, and is: 

from middle of the first eclipse to middle of the second: 161;55O 
from middle of the second eclipse to middle of the third: 138;55". 

The length of the first interval is: 
1 Egyptian year 166 days 23i equinoctial hours reckoned.simply 
1 Egyptian year 166 days 2% equinoctial hours reckoned accurately. 

390ppolzer no. 2071, the circumstances of which agree well with Ptolemy's report. 
400ppolzer no. 2074, the circumstances of which agree extremely well with Ptolemy's report. 
"Oppolzer no. 2075; circumstances: mid-eclipse 1;43 a.m. = 3 f  hours after midnight 

Alexandria, magnitude 5.5 digits. 
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The length of the second interval is: 
1 Egyptian year 137 days 5 equinoctial hours reckoned simply 
1 Egyptian year 137 days 5f equinoctial hours reckoned accurately. 

The approximate mean motion of - the moon (beyond complete revolutions) is: 
I 10;21 in anomaly 

in lY 66d '" 
169;370 in longitude 
81;36O in anomaly 

and i? 137d 51h 137;340 in longitude- 

Therefore, clearly, the 1 10;21° of motion on the epicycle over the first 
interval have produced a decrement from the mean motion of [16I;55O - 
169;37O=] 7;4Z0, while the 81;36O of motion on the epicycle over the second 
interval have produced an increment to the mean motion of [138;55O - 
137;34O=] 1;21°. 

With the above data, let the moon's epicycle [Fig. 4.81 be ABG. Let A be the 
point in which the moon was at the middle of the first eclipse, B its location at 
the middle of the second eclipse, and G its position at the middle of the third. 

Fig. 4.8 

We must, again, imagine the motion of the moon taking place from A to B and 
then from B to G in such a way that, as we said, arc AB, which is 1 10;21°, 
produces a decrement of 7;4Z0 with respect to the mean motion, while arc BG, 
which is 81;36O, produces an increment of 1;2l0 with respect to the mean 
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motion; thus the remaining arc GA is 168;3O and produces an increment to the f 
mean motion of 6;21°, which is the difference [between 7;42O and 1;21°]. f 

H317 It is clear that the apogee must lie on arc AB, since it can lie neitheron arc BG t 
nor on arc GA, both of which produce an additive effect and are less than a 
semi-circle. In the same way [as before],42 take the centre oftheecliptic and the 
circle carrying the epicycle as D, and draw from it, to the, points representing 

B 
the 3 eclipses, lines DEA,DB,DG. Join BG and draw from point E to B and G 
lines EB and EG, and drop on to lines BD and D G  perpendiculars EZ and EH. 
Also drop perpendicular GO from G on to BE. 

Then, since arc AB subtends 7;42O on the ecliptic, the angle at the centre of 
the ecliptic, 

{ 7;4Z0 where 4 right angles = 360° 
L ADB = 

1 5;240° where 2 right angles = 360°0. 
Therefore in the circle about right-angled triangle43 DEZ, i 

arc EZ = 15;24O 
I 
6 

H318 
E 

and EZ = 16;4,42' where hypotenuse DE = 12@. 5 

Skmilarly, since arc AB = 1 10;21°, : 

the angle {subtended by it] at the circumference, 
L AEB = 1 1 0;21°0 where 2 right angles = 360°0. 

But L ADB = 15;240° in the same units. 
Therefore, by subtraction, L EBD = 94;570°. 
Therefore in the circle about right-angled triangleg BEZ, 

arc EZ = 94;57O 
and EZ = 88:26,1'lP where hypotenuse BE = 12W. 

Therefore where EZ = 16;4,4ZP and DE = 120P, 
BE = 21;48,5gP. 

Furthermore, since, as we showed, arc GEA subtends 6;21° of the ecliptic, the 2 
I 

angle at the centre of the ecliptic also, t 

i 
4 

6;21° where 4 right angles = 360' 
L ADG = 

12;420° where 2 right angles = 360°0. 1 
Therefore in the circ1e about right-angled triangle DEH, 1 

arc EH = 12;4Z0 
and EH = 13; 16,1gP where hypotenuse DE = 120'. 

Similarly, since arc ABG = 191;57O, 
the angle [subtended by it] at the circumference, 

L AEG = 191;570° where 2 right angles = 360°0. 
H319 But L ADG was found to be 12;420° in the same units. ! 

Therefore, by sui)traction, L EGD = 179;150° in the same units. 
Therefore in the circle about right-angled triangle GEH, 

arc EH = 179;15O 
and EH = 1 19;59,50P where hypotenuse GE = 120'. I 1 ,  

& 

42 Reading 6 p o i o ~  Ibt 6pwg (35 pq bao~&lpivou rorj~ou at H317,4-5. This would mean 
'Ne\~ertheless, without this as an assumption'; but the locat ion of the apogee on arc AB ir (and must 
be) assumed in Fig. 4.8. f suppose that i>poio< ('similarly') was corrupted to b p q  ('however') k 
and the rest then added as an ancient gloss. 

"Readiny i>plfoyhv~ov (with D, Ar) lor ~piyovov at H317,25. So too at H319,4 and 319.14. 
'4Reading BEZ 6pOoyhv1ov (with D, .4r) for BEZ at H318,8. 
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Therefore where EH = 13;16,1Y and DE45 = 120P, 
GE = 13;l6,2OP. 

And, as we showed, BE = 21;48,5gP in the same units. 
Furthermore, since arc BG = 81;36O, 

the angle [subtended by it] at the circumference, 
L BEG = 81;360° where 2 right angles = 360m. 

Therefore in the circle about right-angled triangle GEO, 
arc GO = 81;36O 

and arc EO = 98;24O (supplement). 
Therefore the corresponding chords 

GO = 78;24,37'} where hypotenuse EG = 12@. 
and EO = 90;50,22' 

Therefore where GE = 13;16,20P, 
I 

i 
GO = 8;40,2@' and EO = 10;2,49P. I. 

And the whole line EB was found to be 21;48,5Y in the same units. 1; 
i 

Therefore. by subtraction [of EO from EB], i 

OB = 1 1 ;46,10P where GO = 8;40,20P. 
- 

And OB2 = 138;31,1 lP, GO2 = 75;12,27P, M320 
and BG2 = OB2 + G@* = 213;43,38P. 

Therefore BG = 14;37,1@ where DE = 120P and GE = 13;I 6,20P. 
But where the diameter of the epicycle is 120P, 

BG = 78;24,37* (chord of arc BG, which is 81;36'). 
Therefore where BG = 78;24,37' and the epicycle diameter is 120': 

DE = 643;36,3gP and GE = 7 1 ;  11,4'. 
Therefore arc GE of the epicycle = 72;46,10°. 

And, by hypothesis, arc GEA = 168;3O. 
Therefore, by subtraction, arc EA = 95;16,50° 

and therefore its chord AE = 88;40,17' 
where the epicycie diameter is 120' and where E D  = 643;36,3gP. 
Furthermore, since arc EA was shown to be less than asemi-circle, the centre I 

of the epicycle will, obviously, fall outside segment EA. Take the centre as point 
K [Fig. 4.93, and draw line DMKL, so that, again, point L represents the 
apogee and point M, the perigee. Then 

AD.DE = LD.DM, H321 
and  we have shown that, where the epicycle diameter LKM = 12W, 

AE = 88;40,17' and E D  = 643;36,3Y 
(thus, by addition, AD = 732;16,56'). 

.'. LD.DM = AD.DE = 471304;46,17. 
Again, since 

LD.DM + KM2 = DK2, 
and KM,  the radius of the epicycle, is 60P, 
if we add the 360P (of KM2)46 to the above 471304;46,17', 

we find DK2 = 474904;46,17P. 

45 Reading4 6E AE forq 6t AE Q6'Eixe~ (all mss.) at H319,7. The latter would mean'where 
DE, as was shown, equals 120P', which is nonsense, since this is assumed, not proven. D,Ar have the 
same nonsensical E 6 ~ i ~ 8 q  at H318,ll. 

46 Reading roc 67r i~6~~0v  TEV a h &  E ~ I V  < EBV T& YX 505 ~~.spa-&ov (with D,Ar) for ~ o i j  
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Fig. 4.9 

H322 Therefore the radius of the deferent, concentric with the ecliptic, 
DK = 689;8' where the radius ofthe epicycle, KM = W .  

Therefore where the line joining the centres of ecliptic and epicycle is 60P, 
the radius of the epicycle is 5;14'. 

This ratio is very nearly the same as that derived just above from the more 
ancient eclipses. 

So, in the same figure [Fig. 4.101 drop perpendicular KNX from centre K on 
to DEA, and join AK. 
Then, as we showed, where DK = 689;gP, DE = 643;36,@; 

and NE = ~ A E  = 44;20,8' in the same units. 
Therefore, by addition, DEN = 687;56,47*. 
Therefore, where hypotenuse DK = 12@, DN = 1 19;47,36', 
and in the circle about right-angled triangle DKN, 

arc DN a 173; 1 7O. 
1 73; 1 7 O0 where 2 right angles = 360°0 

-'- L DKN = 
86;38,30° where 4 right angles = 360°. 

EJcucb~Aou k ~ ? j ~ o v r a  ~FOIE? -i6 dn' a 6 q q  E, MV TU at H321,14- 15. Heiberg excises k(?j~ovra 
from the latter, but it is still very clumsy. 
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Fig. 4.10 

.: arc MEX of the epicycle = 86;38,30°, 
and arc LAX = 93;21,30° (supplement), 

and arc AX = t arc AE 47;38,30°. 
Therefore. by subtraction, arc AL = 45;43O. 
But, by hypothesis, the whole arc AB = 1 10;21 O. 

Therefore, by subtraction, arc LB = 64;38O. 
This is the distance of the moon from the apogee at the middle of the second 
eclipse determined above. 

Similarly, as we showed, 
L DKN .Y 86;38", 

so L KDN = 3;22O (complement), 
and, by hypothesis, L ADB = 7;4Z0. 

Therefore, by subtraction, L LDB = 4;20°. 
This angle subtends the arc of the ecliptic representing the equation of 

anomaly (which is subtractive with respect to the mean motion) resulting from 
arc LB of the epicycle. 

Therefore the mean position of the moon at the middle of the second eclipse H324 
was 29;30°, since its true pcsition was T 25;10°, corresponding to the 
position of the sun in Libra. 
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7. ( On the col-l-ecrion qf ' [he  mean posifion.~ /he moon in longifurlr and anoma!yf4' 

Now we have shown that the mean position of the moon at the middle of the 
second of the [three] ancient eclipses was: 

in longitude: w 1 4;44" 
in anomaly: 12;24" fi-om the apogee of the epicycle; 

and at the second of'the three eclipses in our time: 
in longitude: 29;30° 
in anomaly: 64;38" fi-om the apogee. 

So it is clcar that in the interval l~etween thc above two eclipses the mean 
motion of' the moon, beyond complete revolutions, was: 

in longitude: 224146" 
in anomaly: 52; 14". 

Now the time between Mardokcmpad 2, Thoth 18/19,; hour before midnight, 
and Hadrian 19, Choiak 2/3, 1 hour l~efbl-e midnight is 

854 Egyptian years 73-22 equinoctial hours reckoned simply 
854 Egyptian years 73' ~33f equinoctial hours reckoned accurately (in mean 

solar days). 
H325 In  days this is 31 1783 days 23f equinoctial hours. 

In this interval we find that the increment over complete revolutions, according 
to the daily motions derived above fi-om the uncol-I-ccted hypotheses, is: 

in longitude: 224;46" 
in anomaly: 52;3 1 O. 48 

Thus, as we said [p. 1791, we find that the increment in longitude is identical 
with what we derived from the above obselvations, but the increment in 
anomaly is 17 minutes too <great. Hence, before constructing the [mean motion] 
tables, we corrected the daily motion in anomaly by dividing these 17 minutes 
by the above total in days, and subtracting the I-esultingcor~~ection for 1 day (of 
0;0,0,0,11 ,46,3g0) fi-om the uncorl-ected mean daily motion in anomaly. The 
corrected motion is 13;3,53,56,17,51,5g0, which is the basis of'the otherentries, 
derived by accumulation, in the tables. 

8. f O n  the efioch d'the mean motions $the moon in longi!ude and anonra!)~~ 

In  order to establish the epochs of these [mean motions] for the same Grst year of 
Nabonassar, Thoth 1 in the Egyptian calendar, noon, we took the time-interval 

H326 from that moment to the middle of the second eclipse of the first trio (which is 
the nearer [to the epoch]). This, as we said, took place in the second year 01' 

5 Mardokempad, Thoth 18/19 in the Egyptian calendar, 6th of a n  equinoctial 
hour before midnight. This interval is computed as 27 Egyptian years, 1 7 days 

47 On chs 7 and 8 see HAMA 78-9, Pedersen 180-2. 
**If one computes accurately with Ptolemy's mean daily motions (p. 179) one finds 224,47,1 (cf. 

HAMA4 79) and 52;32,18O respectively, i.e. in each case one minute more (not utterly negligible in 
this context). I suspect that Ptolemy corn uted, not for 23;20~, but for ~ 3 ; 1 8 ~ ,  i.e. hiscorrection for R the equation of time was not precisely -4 , but -32 mins. (accurate computation gives -284 rnins.) 
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and l l b  hours both by the simple and (approximately) by the accurate 
reckoning.49 To  this interval corresponds (beyond complete revolutions) 

123;2Z0 in longitude, and 
103;35' in anomaly. 

Subtracting each of these values from the co~responding one at the middle of 
the second eclipse-[m 14;44O and 12;24O, p. 1981, we find fbr the mean positions 
of the moon in the first year of Nabonassar, Thoth I in the Egyptian calendar, 
noon: 

in longitude: 8 1 1;2Z0 
in anomaly: 268;4g0 from the apogee of the epicycle 
in elongation: 70;37O (lor, as we showed, the [mean] position of 

the sun at thesame moment was X 0 ; 4 5 O ) .  

9. {On [he con-ecrion of the mean positions in latitude of the nloon, and their e/)ochsjS0 

By the above metho-ds we have established the periodic motions and epochs [of 
the moon] in longitude and anomaly. Concerning the corresponding amounts 
for its latitude, we were formerly in error, because we too adopted Hipparchus' 
assumptions that [the diameter of) the moon goes approximately 650 times into 
its own orbit, and 24 times into [the diameter of] the earth's shadow, when it is at 
mean distance in the syzygies. For once these quantities and the size of the 
inclination of the moon's orbit are given, the !imits of individual lunar eclipses 
are given. So we took [pairs of) eclipses separated by a known interval, 
computed (from the magnitude of the obscuration at mid-eclipse) the true 
distance [of the moon] from whichever of the two nodes [the eclipse was near] 
along its inclined circle in [argument of) latitude, determined the mean position 
[in latitude] from the true by appl!.ing the equation of anomaly as already 
determined, and thus found the mean position in latitude at  the middleofeach 
eclipse, and hence the motion in latitude (as increment over complete 
revolutions) during that intervaL5' 

But now: using more elegant methods which do not require an)- of the 
previous assumptions for the solution of the problem, we have found that the 
mot ion in latitude computed by the above method is faulty. Furthermore, from 

"The equation of time between era Nabonassar (-746 Feb. 26) and the eclipse in question (-719 
Mar. 18) is in fact about -3 mins. This would make the mean motions I minute Iess in each case 
than Ptolemy's li,gures. 

50 See H.4h1.4 80-2. Pedersen 181 is inadequate. 
5'Hipparchus' method was first explained by Schmidt, 'Maanens Middelbevaegelse'. Cf. 

H.-lICf-i 313. Norman T .  Hamilton has discovered the relevance of this passage to thevalue ofthe 
moon's mean motion and position in latitude given in the Canobic Inscription, (Op. Min. 151-2, cf- 
H.iAf-4 91 4). and shown that these were derived by application of the method outlined here to the 
two eclipses Nahnassar 28 I 18 19 (n7 6, H303) and Nabonassar 882 IV 2/3 (IV 6, H315). The first 
of these had already been used by Hipparchus (cl: VI 9. H526), who had found (by this method) 
that the moon was go past the node. Applying Hipparchus' mean motion in latitude to the interval 
between the eclipses, Ptolemy found that the moon should have been 5Opast the node at the second 
eclipse. However, from the observed magnitude he computed that it must rather be 6O past the 
node, and thus 'corrected' Hipparchus' mean motion by adding lo, to be distributed over the 
intervening 31 1784 days. Cf. IV 7. This proauces exactly the value found in the Canobic Inscription. 



206 IV 9. Correction of moon's mean motion in latitude 

the motion in latitude computed from our new method without those 
assumptions, we have proven that those very assumptions concerning sizes and 
distance are false, and have corrected them. We have done something similar 

H328 with the hypotheses for Saturn and Mercury, changing some of our earlier, 
somewhat incorrect, assumptions because we later got more accurate obser- 
vations. For those who approach this science in a true spirit ofenquiry and love 
of truth ought to use any new methods they discover, which give more accurate 
1-esults, to correct not merely the ancient theories, but their own too, ifthey need 
it. They should not think it disgraceful, when the goal they profess to pursue is so 
great and divine, even if their theories are corrected and made more accurate 
by others beside themselves. As for those topics [corrections to the theories of 
Saturn and Mercury], we will explain how we deal with them a t  the proper 
places in the later part of our treatise.52 For the time being, to preserve the 
proper order of procedure, we will turn to the demonstration of the position in 
latitude, which is by the following method. 

First, then, to correct the actual mean motion in latitude, we looked for [pairs 
of] lunar eclipses (among those securely recorded) separated by as great an  
interval as possible, at both of which 
[ I ]  the size of obscuration was equal, 
[2] the eclipses took place near the same node, 
[3] the eclipse was from the same side (either both from the north or both from 

the south) and 
[4] the moon was at about the same distance [from the earth]. 

H329 If these conditions are fulfilled the moon's centre must be the same distance 
from the same node, and on the same side, at  both eclipses, and hence its true 
motion in latitude during the interval between the observations contains an  
integer number of revolutions in latitude. 

The first eclipse we used is the one observed in Babylon in the thirty-first year 
of Darius I, Tybi [V] 3/4 in the Egyptian calendar, [-490 Apr. 25/26] a t  the 
middle of the sixth hour [of night]. It is reported that at  this eclipse the moon 
was obscured 2 digits from the 

The  second eclipse we used is the one observed in Alexandria in the ninth 
year of Hadrian, Pachon [IX] 17/18 in the Egyptian calendar 1125 Apr. 5/61, 
3 f  equinoctial hours before midnight. At this eclipse too the moon was obscured 
i th  of its diameter from the 

The  position of the moon in latitude was near the descending node at  each 

52There is nothing in the discussions of Mercury and Saturn (Bks. IX and XI) which gives a clue to 
the changes which Ptolemy mentions, but Hamilton's discovery about the lunar latitude theory (see 
n.51) makes it plausible that Ptolemy is referring to the different parameters for Mercury and 
Saturn found in the Canobic Inscription. These are: for Saturn, an eccentricity of3;15' instead of 
3;25', ascending node 353;30° from Regulus instead of 327;30°; for ~ e r c u r ~ , . a n  eccentricit): of2;3@ 
instead of 3-gP, inclination of deferent 0;40° instead of 0;45O, inclination of epicycle 7O instead of 
6;15O, slant of epicycle 2;30° instead of 7O (cf. HAMA 908- 17). 

53 Opplzer  no. I1 07: time 19;55~ (- 10 p.m. Alexandria), magnitude 1.1 digits. P.V. Neugebauer 
caIculates ca. 22.7" Babylon (- 10;15 p.m. Alexandria), 1.7 digits. 

5JOppolzer no. 2058: time 18;57~ (- 9 p.m. Alexandria), magnitude 2 digits. Note that although 
this eclipse was observed in Alexandria, Ptolemy does not say that he himselfwas theobsezver- We 
may conjecture that it was observed by the Theon who 'transmitted' the planetary observations 
recorded at IX 9, X 1 and X 2 (pp. 456, 469, 471) to Ptolemy. 
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eclipse (such conclusions can be drawn even from quite crude hypo these^).^^ 
The distance [of the moon] was about the same [at both eclipses], and a little 
closer to the perigee than the mean distance. This too can be shown from our 
previous determination of the anomaly. Now, when the moon is eclipsed from 
the south, its centre is north of the ecliptic. So it is clear that at  both eclipses the 
moon's centre was an  equal amount in advance of the descending node. In the 
first eclipse the distance of the moon from the apogee of the epicycle was 
100;19°. (For the time of mid-eclipse was 4-hour before midnight at Babylon, 
and [hence] 1 $ equinoctial hours before midnight a t  A l e ~ a n d r i a ; ~ ~  from the 
Nabonassar epoch the time comes to 

i 1 @ hours reckoned simply 
256 years 122 days 

10: hours reckoned in true solar days.) 
Therefore the true position was 5 O  less than the mean.5T In the second eclipse the 
moon was 251;53O from the apogee of the epicycle. (For in this case the time 
from epoch to the middle of the eclipse comes to 

8$ equinoctial houn reckoned simply 
872 years 256 days 

8h equinoctial hours reckoned accurately.) 
Therefore the true position was 4;53O more than the mean. Therefore, in the 
~intervaI between the two eclipses, which comprises 615 Egyptian years, 133 
days and 21 d equinoctial hours,58 the true motion of the moon in latitude 
comprises an integer number of revolutions, while its mean motion fell short ofa 
complete revolution by 9 ; 5 3 O ,  which is the sum of both [equations oflanomaly. 
But according to the mean motions derived from Hipparchus' hypotheses, as set 
out above, in that interval it falls short of acomplete revolution by about 10;ZO. 
Thus the mean motion in latitude is \greater than one would expect from his 
hypotheses by 9 minutes. 

We divided these 9 minutes by the total of days in the above interval 
(approximately 224609), and added the resulting 0;0,0,0,8,39,18C to the mean 
daily motion [in latitude] derived above from those hypotheses; thus we found 
the corrected mean motion of 13;13,45,39,48,56,37°, which we again used as 
the basis for the other accumulated totals in the tables. 

Having once, in this way, determined the mean motion in latitude, we next 
proceeded to establish its epoch posit ion. For this purpose we looked for another 
pair of accurately observed eclipses at a known interval, in which all the same 
conditions were fulfilled as in the previous pair (namely, for both eclipses the 
distance of the moon was approximately equal, and [the magnitude of) the 
obscuration was equal and from the same side (either from the north or from the 
south for both), except that here the eclipseswere near opposite nodes instead of 
~ ) - r  the same node. 

55 For an example of how this can be done see HAMA 81 n.4. 
It is not clear whether Ptolemy takes the time of the observation to be given in seasonal or 

equinoctial hours. However, the 5un is closeenough to the equinox that (forf -hour) thedifference is 
minimal. 

57 The simplest way to check this (and the corresponding amount at the second eclipse) is to use 
the equation table ( f i r  10) with arguments 100;19O and 251;53'. 

58The corrections for equation of time are computed rather inaccurately, being about 4 minutes 
too great at both eclipses. However, these inaccuracies cancel out in the computation of the 
interval. 
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The first of these eclipses is the one which we also used for our demonstration 
of the anomaly [p. 1911. It occurred in the second year of' Mardokempad, 
Thoth[I] 18/19 in the Egyptian calendar [-719 Mar. 8/93, at midnight in 
Babylon, and d of an equinoctial hour before midnight at Alexandria; at this 
eclipse it is recorded that the moon was obscured 3 digits from the south. 

The second, which Hipparchus too used, occurred59 in the twentieth year of 
that Darius who succeeded Kambyses, Epiphi [XI] 28/29 in the Egyptian 
calendar [- 501 Nov. 19/20], when 64 equinoctial hours of the night had passed; 
at this eclipse the moon was, again, obscured from the south d of its diameter. 
The middle of the eclipse was f of an equinoctial hour before midnight in 
Babylon (for the length of half the night was about 6 f  equinoctial hourson that 
date), and [hence] I f equinoctial hours before midnight in Ale~andria.~'  

H333 Both of these eclipses occurred when the moon was near its greatest distance, 
but the first was near the ascending node, while the second was near the 
descending node. So here too the centre of the moon was an  equal distance 
north of the ecliptic at [both] eclipses. 

Then let [Fig. 4.1 1 ] the moon's inclined orbit be ABG on diameter AG. Let us 
take point A as the ascending node, G as the descending node, and B as the 

Fig. 4.1 1 

no1.the1.n limit. Cut offequal arcs, AD and GE, from nodesA andG towards the 
northern limit B. Then in the lirst eclipse the centre of the moon was at D and in 
the second at E. 

Now the time fi-om epoch to [the middle of) the first eclipse is 27 Egyptian 
years, 17 days 11 1 equinoctial hours (reckoned both simply and accurately). 
Hence the moon's distance fi-om the apogee of the epicycle was 12;24O, and the 

"Reading yevoptvq with C:D fbt- Y E V O ~ ~ V ~  at H332,14. 
h"Oppolze~ no. 1090: timc- 21;24~ (% 1 1;15 p.m. Alexandria), magnitude 2.1 digits. 
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mean position was greater than the true by 59 minutes. Likewise, the time [from 
to [the middle of] the second eclipse was 

245 Egyptian years, 327 days i 101 equinoctial hours reckoned simply 
10: equinoctial hours reckoned accurately. 

Hence the moon's distance from the apogee of the epicycle was 2;44O, and the H334 
mean position was greater than the true by 13 minutes. The interval between 
the observations contains 218 Egyptian years, 309 days 2322 equinoctial hours, 
which produces, for the mean motion in latitude deduced above, an increment 
[over complete revolutions] of 160;4". 

So, because of the above, let the mean position of the centre ofthe moon be at 
Z [in Fig. 4.1 11 a t  the first eclipse and at H in the second. Then since 

arc ZBH = 160;4O 
and  arc DZ = 0;5g0 and arc EH = 0;13", 

arc DE = [arc DZ + arc ZBH - arc EH = ] 1 60;50°. 
... (arc AD + arc EG) = 19;l O0 (supplement). 

And, since they are equal, arc AD = arc EG = 9;35O. 
That is the amount by which the true position of the moon at the first eclipse was 
to the rear of the ascending node, and by which the true position ofthe moon at 
the second eclipse was in advance of the descending node. Therefore, by 
additibn, 

arc AZ = [arc AD + arc DZ = ] 10;34O 
and, by subtraction, 

arc I-IG = [arc EG - arc EH = ] 9;2ZC. 
Hence the mean position of the moon at the first eclipse was 1 0 ~ 3 4 ~  to the rear of 
the ascending node, and [therefore] was 280:34O from the northern limit B, and El335 
at the second eclipse it was 9;22O in advance of the descending node, and 
[therefore] its distance from the northern limit was 80;38O. 

Next, since the time from epoch to the middle of the first eclipse produces an 
increment [over complete revolutions] of [mean motion in] latitude of 286; lgO, 
we subtract this amount from the 280;34O for the position zt the first eclipse and 
(after adding 360°) find, for the first year of Nabonassar, Thoth 1 in the 
Egyptian calendar, noon: the mean 2osition in latitude (counted from the 
northern limit): 354; 15'. 

In order to be able to check calculations concerning conjunctions and 
oppositions (since for those positions [of the moon] we have no need of the 
second anomaly which we shall demonstrate later), we shall set out a table for 
the individual [equations of anomaly]. We have calculated it geometrically, in 
the same way as we already did for the sun. Ir. this case we used the ratio 60353 
[as a basis], but, as [previously], we tabulate it at  intervals of 6O for the apogee 
quadrants, and of 3" for the perigee [quadrants]. Thus the layout of the table is 
identical to that for the sun: it consists of 45 lines and 3 columns; the first two H336 
columns contain the argument, in degrees of anomaly, while the third contains 
the equation corresponding to each argument. In calculating the longitude and 
the latitude, this equation has to be subtracted when the anomaly, counted 
from the apogee of the epicycle, is u p  to 180°, and added when the anomaly is 
more than 180°. The  table is as follows. 
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H337 1 0. { Table of the _first, simple anomaly of the moon) 
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11. (That the dzfference in the sue of the lunar anomaly, according to Hipparchus, H338 
is due not to the d$@rent hypotheses employed, but to his calc~lat ionr)~~ 

E 
1, Now that we have demonstrated the above, it would be quite reasonable for 

someone to ask why it is that the ratio [ofthe eccentricity3found by Hipparchus 
from the lunar eclipses which he adduced for the determination ofthis anomaly 
is neither identical with the one determined by us, nor [consistent with itself, 
since] the first ratio he found, using the eccentric hypothesis, differs from the 
second, which was calculated from the epicyclic hypothesis. For in his first 
demonstration he derives the ratio between the radius of the eccentre and the 
distance between the centres of the eccentre and the ecliptic as about 3144:327$ 
(which is the same as 60:6;15), while in the second he frnds the ratio between the 
line joining the centre of the ecliptic to the centre ofthe epicycle, and the radius 
of the epicycle, as 31224:2471 (which is the same as60:4;46). Now the maximum 
equation of anomaly for a ratio of 60:6$ is 5;4g0; for a ratio of 60:4;46 it is 434O, H339 
while our ratio of 60:5t produces a maximum equation of about 5°.62 

Such a discrepancy cannot, as some think, be due to some inconsistency 
between the [epicyclic and eccentric) hypotheses. Not only have we shown this 
by logical argument just above [IV 51, from the perfect agreement between the 
phenomena resulting from both hypotheses, but numerically too, if we wanted 
to carry out the calculations, we would find that the same ratio results from both 
hypotheses, provided we use the same set of data for both, and not, like 
Hipparchus, different sets. For in that case (if different sets of eclipses are used as 
basis), the discrepancy can occur [through errors] in the actual observations or 
in the computations of the intervals. At any rate, we will find that in the case of 
those eclipses [used by Hipparchus] the syzygies were observed correctly, and 
are in agreement with our proven theories for the mean and anomalistic 
motions, but the computations of the intervals (on which the demonstration of 
the size of the ratio depends) were not carried out as carefully as possible. We 
shall demonstrate both of these assertions, beginning with the first three 
eclipses. 

He says that these three eclipses which he adduces are from the series brought H340 
over from Babylon, and were observed there; that the first occurred in the 
archonship of Phanostratos at Athens, in the month P ~ s e i d e o n ; ~ ~  a small section 
of the moon's disk was eclipsed from the summer rising-point [i.e. the north- 
east] when halfan hour ofnight was remaining. He adds that it was still eclipsed 

See HAMA 3 17- 19. 
"There are some inaccuracies here: 31224 : 2471 60 : 4;45,21. The maximum equation 

resulting from an eccentricity of 4;46 in 60 is not 4;34O, but 4;33O to the nearest minute. These 
inaccuracies could be eliminated by changing 31224 to 31 124 (cf. p. 215 n.75), but ms. authority is 
unanimous at all places. Even more inaccurate is the 5;4g00f the maximum equation resulting &om 
60 : 64. Correct (to the nearest minute) is 5;5g0, and perhaps we should so emend it (v0 for p0 at 
H338,23). 

63 It is practically certain that this and the corresponding dates for the other two eclipses are in the 
astronomical Metonic calendar (see Introduction p. 12) rather than the Athenian civil calendar, for 
at the time when the Babylonian observations were 'brought overy, the equation with the old 
Athenian civil calendar could hardly have been determined, and certainly was of no interest to the 
users of the observations. 
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when it set. Now this moment is in the 366th year from Nabonassar, in the 
Egyptian calendar (as Hipparchus himseif says) Thoth 26/27 [-382 Dec. 
22/23], 54 seasonal hours after midnight (since half an hour of night was 
remaining). When the sun is near the end of' Sagittarius, 1 hour of night in 
Babylon is 18 timedegrees (Ibr the night is 14$ equinoctial hours long).64 So 5 t  
seasonal hours produce 61 equinoctial hours. Therefore the beginning of the 
eclipse was 183 equinoctial hours after noon on the 26th. And since a small d 

section {of the disk] was obscured, the duration of the whole eclipse must have 
been about 1 f hours, so the middle oft he eclipse, obviously, must have been 19; 
equinoctial hours after [noon]. Therefore mid-eclipse at Alexandria was 18: 

H341 equinoctial hours after noon on tk1e26th.~~ The  time from epoch in the first year 
of Nabonassar to the moment in question is 

i8f equinoctial hours reckoned simply 
365 Egyptian years 25 days 

18; equinoctial houn reckoned accurately. 
At this moment, using our hypotheses as set out above, we find 

the true position of the sun as $ 28; 18", 
the mean position of the moon a s I l  24;20°, 
and its true position as I3 28;I 70b" 

(for its distancc in anomaly from the apogee of'the epicycle is 227;43O). 
He says that the next eclipse occurred in the archonship of Phanostratos a t  

Athens, in the month Skirophorion, Phamenoth 24/25 in the Egyptian 
calendar, and that {the moon] was eclipsed from the summer rising-point (i.e. 
the north-east] when the first hour {of night] was well advanced. This moment is 
in the 366th year from Nabonassar, Phamenoth fVfI] 24/25 [-381 June 
18/19], about 5f seasonal hours before midnight. When the sun is near the end 
of Gemini, one hour ofthe night a t  Babylon is 12 time-degrees. Therefore the 51 
seasonal hours produce4$ equinoctial hours. So  the beginning of the eclipse was 9 

H342 7 $ equinoctial hours after noon on the24th. And since the duration ofthe whole $ 
1 

eclipse is recorded as three hours, mid-eclipse, obviously, occurred 9i0 
equinoctial houn after (noon]. So in Alexandria it must have occurred about 8; 
equinoctial hours after noon on the 24th.67 T h e  time from epoch is s 

equinoctial hours reckoned simply 
365 Egyptian years 203 days 2 equinoctial houn reckoned accurately. 

For this moment we find: 
true longitude of the sun: I1 21;46O 

'"These ligures agree well enough with those derivable from the rising-time table (I1 8) IorClima 
IV (Rhodes, M = 14th, cp = 36O), for h g  = f 28;18O. In the Geogra& (5.20.6) Ptolemy assigns . 

Babylon a latitude of 35'. 
650ppolzer no. 1275: time 5;5h (= 7 a.m. Alexandria), magnitude 2.6 digits, half-duration 52 

mins. P;V. Neugebauer calculates c. 8 a.m. Babylon [= 7 a.m. Alexandria), magnitude 3.0 digits, 
duration I .8h. 

661.e. here (and in the other five eclipses) the true moon and true sun, as calculated fi-om 
Ptolemy's hypotheses, are almost exactly 180° apart, thus giving further confirmation of those 
hypotheses. In fact more accurate calculation gives rather worse agreement (e.g. here the 
discrepancy is about 4f minutes of arc rather than It), but in no case is the difference greater than 
could be explained by the vagueness of the time given in the eclipse report. 

67 Oppolzer no. 1276: time 18;31 (= 8;30 p.m. Alexandria), half-duration 1; 1 5h. I".\'. 
Neugebauer calculates the beginning of theeclipse at Babylon as l9.flh, mid-eclipse asca. 21 . I  (- 8 
p.m. Alexandria), duration 2.7h. 
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mean longitude of the moon: 2 23;5g0 
true longitude of the moon: 2 21;48" 

(for its distance from the apogee of the epicycle in anomaly was 27;37O). 
The intervals between the first and second eclipses are: 

[time:] 1 77d 133 equinoctial hours 
motion of the sun in longitude: 173;28O, 

whereas Hipparchus carried out his demonstration on the basis of the intervals: 
[time:] 1 77d 132 equinoctial hours 

[longitude: l73O - to. 
H e  says that the third eclipse occurred in the archonship of Euandros at  

Athens, in the month Poseideon I, Thoth 16/17 in the Egyptian calendar, and H343 
that [the moon] was totally eclipsed, beginning from the summer rising-point 
[i.e. the north-east], after 4 hours [of night] had passed.68This moment is in the 
367th year from Nabonassar, Thoth [I] 16/17 [-381 Dec. l2/13], about 21 
hours before midnight. Now when the sun is about two-thirds through 
Sagittarius, one hour of night a t  Babylon is about 18 time-degrees. So  
21 seasonal hours produce 3 equinoctial hours. Therefore the beginning of the 
eclipse was 9 equinoctial hours after noon on the 16th. And since the eclipse was 
total, its duration was about 4 equinoctial hours. So mid-eclipse, clearly, was 
about '1 1 hours after noon. Therefore in Alexandria mid-eclipse must have 
occurred 106 equinoctial hours after noon on the 16th.6gThe time from epoch 
[to this moment] is 

10; equinoctial hours reckoned simply 
366 Egyptian years 15 days 

92 equinoctial hours reckoned accurately. 
For this moment we find: 

true longitude of the sun: 2 17;30° 
mean longitude of the moon: 11 17;21° 
true longitude of the moon: 11 17;2g0 

(for its distance from the apogee of the epicycle in anomaly was 181;1Z0). 
The  inten-als from the second to the third eclip, .e are: H344 

[in time:] 1 7'id 2 equinoctial hours 
[in longitude:] l'75:44O, 

whereas Hipparchus assumed the following intervals: 
[in time:] 177d 1 $ hours 

[in longitude:] 1 75t0.'0 
Thus it is apparent that he committed errors in his computations ofthe intervals 
of dth and f r d  of an equinoctial hour in time, and about 3 of a degree [in 

b8PtoIemy inte~prets this below to mean 24 seasonal hours before midnight, i.e. after 34 seasonal 
hours of night (he thus arrives at a time for the beginning of the eclipse at Babylon, 9 p.m, which 
agrees fairly weil with modern calculations: P. V. Neugebauer gives 21.3~). But 8 hp^wv 
nap~hqAuBu17iiv can only mean 'after 4 hours had passed'. Hence Manitius suggests emending to 
~ f i ~  6' &pa< npo~AqAu&ira$ ('when the fourth hour was well advanced'), cornparing T ~ S  xpcli~qq 
&pa< npoeAqhulhia< at H341, 13-14, which is i_nterp_reted (p. 212) to mean 'halfa seasonal hour 
afier sunset'. A less violent emendation would bey for 8 ('when 3 hours had passed'), cf p 6 q  &pa< 
i ~ a v 6 ~  nap&AOoljq< at H302,16-17, 'when one hour was well past'. which is interpreted as '1: 
seasonal hours (after moonrise)'. But the whole ms. tradition is unanimous for '4'. 

69 Oppolzer no. 1277; time 20;4~ (e 10 p.m. Alexandria), half-duration 1;50h. 
''Reading ~ a i  q' (with D,Ar) for pas fi (175;S0) at H344,5. 
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longitude] in each interv.al. Errors of this amount can produce a considerable 3 

discrepancy in the size of the ratio {derived]. ( 
We will pass to the second set of three eclipses he set out, which he says were t 

observed in Alexandria. He says that the first of these occurred in the 54th k 
7 

year of the Second Kailippic Cycle, Mesore [XII] 16 in the Egyptian S 
h 

calendar [-200 Sept. 221. In this eclipse the moon began to be obscured halfan $ 
hour before it rose, and its full fight was restored in the middIe ofthe third hour 
[of night]. Therefore mid-eclipse occurred a t  the beginning of the second hour, 
5 seasonal hours before midnight, .and aiso 5 equinoctial hours, since the sun 

H34.5 was near the end ofVirgo. So mid-eciipse at Alexandria occurred 7 equinoctial 
hours after noon on the 16th.71 And the time from epoch in the first year of 
Nabonassar is - 

7 equinoctial hours reckoned simply 
546 Egyptian years 345 days 64 equinoctial hours reckoned accurately. 

For this moment we find: 
true longitude of the sun: IQ 26;6" 
mean longitude of the moon: X 22" 
true longitude of the moon: 3€ 26;7" 

(for its distance in anomaiy fitom the apogee of the epicycle was 300; 1 3"). f 

He says that the next eclipse occurred in the 55th7* year of the same 
cycle, Mechir WIIf 9 in the Egyptian caiendar 1-199 Mar. 191, that it began 
when 5; hoursofnight had passed, and was total. So the beginning ofthe eclipse j 
was I l f  equinoctial hours after noon on the 9th (since the sun was near the * 

< 
end of Pisces), and mid-eclipse was 1 3f equinoctial hours after [noon], (since the 
whole moon was e ~ i i ~ s e d ) . ~ ~  The time from epoch to this moment is 

H346 547 Egyptian yean 158 days 13; equinoctial hours, whecherreckooed simply 
a, 

.t 

or accuratefy. S? i 

For this moment we find: 
true longitude of the sun: 3-€ 26;17" 
mean longitude of the moon: 1;7" 
true longitude of the moon: TIQ 26;16O 

(for its distance in anomaly from the apogee was 109;28"). 
The intervals from first to second eclipse are: 

[in time:] 1 7 8 ~  61 equinoctial hours 
[in longitude]: 180; 1 1 O, 

Oppolzer no. 1545: time 17;2~ (B 7 p.m. Alexandria), half-duration 1;2gh. 
'* Ideler, Untersuchungen 21 6 17, emended '55th' to '54th' here (H345,12) and was consequently 

forced to excise ~ G T @  ('the same') in the year designation of the third eclipse at H346,13. His 
argument was that the year begins at the summer solstice in the Kallippic calendar (see 
Introduction p. 12). Since year 1 of Cycle I begins at the summer solstice of -329, year 54 of 
Cycle I1 goes from June -200 to June -199, and thus includes this eclipseofMarch-199. However, 
the two passages H345,12 and 346,13 confirm one another, and we must allow the possibility that 
Hipparchus, who was using the Egyptian calendar within the framework of the Kallippic cycle, 
began the year, not at the summer solstice, but at Thoth 1. Thus in his reckoning year 55 of Cycle 11 
would run from Oct. of -200 to Oct. of - 199, and would include both the second and third eclipses- 
It is true that this kind of reckoning cannot be applied to the Kallippic years of the equinoxes listed 
in I11 1, but that was in another work of Hipparchus, and there is no mention of the Egyptian 
calendar there. See also \I 3 p. 224 with n.13. 
'' Oppolzer no. 1546: time 23;7h (* 1 am. Alexandria), ha!f-duration 1 ;4@. 
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whereas Hipparchus carried out his demonstration on the basis of the following 
intervals: 

[in time:] 1 7 8 ~  6 equinoctial hours 
[in longitude:] 1 80;20°. 
He says that the third eclipse occurred in the same (55th) year of the 

Second Cycle, on 'Mesore [XII] 5 in the Egyptian calendar [- 199 Sept. 1 I] and 
that it began when 6; hours of the night had passed, and was total. He alsosays 
that mid-eclipse occurred at about 83 hours of night, that is 2f seasonal h ~ u r s  
after midnight. Now when the sun is near the middle of Virgo, one hour of the 
night in Alexandria is 141 time-degrees. So 24 seasonal hours produce about 2: 
equinoctial hours. So mid-eclipse was 14: equinoctial hours after noon on the H347 
5th.74 The time from e ~ o c h  to this moment is 

14: equinoctial hours reckoned simply 
547 Egyptian years 334 days 

13 $ equinoctial hours reckoned accurately. 
For this moment we find: 

true position of the sun: r~ 15;12O 
_ mean position of the moon: X 10;24" - 

true position of the moon: X 15;t3" 
(for its distance in anomaly from the apogee of the epicycle was 249;g0). 
The interval from second to third eclipse is: 

[in time:] 176d $ equinoctial hour 
[in longitude:] 168;55O, 

whereas Hipparchus assumed the following intervals: 
[in tirne:] 176d 1 f equinoctial hours 

[in longitude:] 168;33O. 
Here too, then, it is apparent that he committed erron of about 20 and f [in 

longitude]. and about $ and" (2 t A) equinoctial hours (in tirne]. These errors 
too can result in a considerable discrepancy in the ratio calculated for the 
kart icular] hypothesis. 

'' Oppolzer no. 1547: time Sept. 12 0;28~ (- 2;30 a.m. Alexandria), half-duration 1;5d'. Note 
that for Hipparchus the whole eclipse took place on Mesore 5, although it did not begin until after 
midnight (what Ptolemy would call 'the midnight which lies towards the sixth'). See Introduction 
p. 12. 

75 Reading ' piosi ~ a i  ?pito wai 3p io~ t  ~ a i  t p i ~ q  wai ~ E K U T ~  for f ipiu~i  wai t p i q  wai 6 ~ 1 ~ 6 ~ 9  'I! ('f and f and TO') at H347,16- 17. The difference between Ptolemy's and Hipparchus' tirne intervals 
2h 14h - are: 1-11: 6dh - 6h = dh; 11-111: I jh - 5 = - (2 + {o)~. The emendation is certain and simple, but 

appears never to have been made. (In the Arabic tradition, T, Q, occurs the almost-correct variant 
' 2  + f and f + f + h'.) Manitus noticed the discrepancy, but was led astray by hismisunderstanding 
at H347,13- 14 of plaq tpitou &pa<, which he took tomean 'a third of one hour'. Thus he supposed 
the difference between Ptolemy's and Hipparchus' intervals (11-III) to be (3 - f )  = 4 minutesw 1: 
hour, and emended Heiberg's ~ E K ~ T Q I  to 6 d ~ ~ d t q  (the reading of D). I carelessly foilowed his 
interpretation and emendation in Toomer[2], in which I used Hipparchus' intervals to recompute 
the ratios for the eccentric and epicyclic models. The result was that, while I found fairly good 
agreement with the ratio 3144:327$ for the eccentric model, using the first triple ofeclipses, I codd 
derive a value close to the ratio 3122$:2474 for the epicyclic model and thesecond eclipse tripleonly 
by attributing a computational error toHipparchus. Now, however, using thecorrect time interval 
of' 1 fh for 11-111, 1 find much better agreement with the above ratio, as I shall show in detail 
elsewhere. (If the ratio were 31 121:247i, agreement would be almost perfect, and this also provides 
a better fit with the equivalences given by Ptolemy.) These calculations not only vindicate 
Hipparchus' computational abilities, but cast doubt on my claim that he was operating with a 
chord table with base R = 3438. 
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H348 Thus we have plainly displayed the reason for the above discrepancy, and it is 
clear that we can have even more confidence than before in the correctness of 
the ratio we deduced for the anomaly at lunar syzygies, since we have found 
these very same eclipses agreeing closely with our hypotheses. 



Book V 

1 . { On the construction of an hst rolabe' instrument) ' 

As far as concerns the [moon's] syzygies with the sun at conjunction and 
opposition, and the eclipses which occur at such syzygies, we find that the 
hypothesis set out above for the first, simple anomaly is sufficient, even if we 
employ it just as it  is, without any change. But for particular positions [of the 
moon] at other sun-moon configurations one will find that it is no longer 
adequate, since as we said [p. 1811, we have discovered that there is a second H351 $ 
lunar anomaly, related to its distance from the sun. This anomaly is reduced to 5 
the first [i.e. becomes zero] at both syzygies, and reaches a maximum at both % 

S 
quadratures. W e  were led to awareness of and belief'in this [second anomaly] by i 
the observations of lunar positions recorded by Hipparchus,' and also by our 
own observations, which were made by means of an  instrument which we 

i 

constructed for this purpose. The makeup of the instrument is as follows. 
We took two rings of an  appropriate size, with their surfaces precisely turned 

on the lathe so as to be squared off [i.e. with rectangular cross-sections], equal 
and similar to each other in all dimensions. W e  joined them together at 

B 
diametrically opposite points, so that they were fixed at right angles to each 
other, and their corresponding surfaces coincided: thus one of them [Fig. 
F,3] represented the ecliptic, and the other [Fig. F,41 the meridian through the 
poles of the ecliptic and the equator [i-e. a colure]. O n  the latter, using the side 
of the [inscribed] square [as measure], we marked the points representing the 
poles of the ecliptic, and pierced each p i n t  with a cylindrical peg [Fig. F,e,e] 
projecting beyond both outer and inner surfaces. On  the outer [projections] we 
pivoted another ring [Fig. F,5] the concave [inner] surface of which fitted H352 
closely on the convex [outer] surface of the two joined rings, in such a way that it 
could move freely about the above-mentioned poles of the ecliptic in the 1% p - 

' O n  the instrument described in this chapter the only good discussion is that of Rome[4], to 
which the reader is referred for all details of its construction and use. My Fig. F is based on the 
drawing there. The numbers and letters designating the rings and other parts ofthe instrument also 
follow Rome's notation In modern terms, it is an 'armillary sphere'. The adjective 'astrolabe' 
applied to it and to its parts simply means 'for takingthe[theposition 011 the stars', and has nothing 
to do with the instrument to which the name 'astrolabe' is now usually applied (on which see 
HAM.4 I1 868-79). The latter was called the 'small astrolabe' by Theon of Alexandria: see 
Rome[]] I 4 n.0; by Ptolemy it was appgrently called 'horoscopic instrument' (see HAMA I1 866). 

Examples of these are preserved at V 3 p. 224 and V 5 pp. 22? and 230. It is notable that these 
are the latest three known observations ofHipparchus. The obvious conclusion is that towards the 
end of hiscareer he suspected that the 'simple' lunar hypothesis was inadequate for positions outside 
the syzygies, and was making observations to check this. 
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Fig. F 

longitua~nal direction. Similarly we pivoted another ring [Fig. F,2] on the inner 
[projections]; this too fitted the two Ljoined] rings closely, its convex surface to 
their concave, and, like the outer ring, moved fi-eely in longitude about the 
same poles. W e  marked 011 this inner ring, and also on the ring representing the 
ecliptic, the divisions indicating the standard 360 degrees of'the circumference, 
and as small subdivisions of a degree as was practical. Then we titted snugly 
inside the inner of the two [movable] rings another thin ring [Fig. F, l ]  with 
sighting-holes [Fig. F,b,b] projecting from it a t  diametrically opposite points. 
[This ring was constructed] so that it could move laterally in the plane of'the 
ring it was fitted into, towards either of-t he above-mentioned poles, in order to 
allow observation of the variation in latitude. 

Having completed the abo\re construction, we marked ofl'fi-om both poles of 
the ecliptic, on the ring representing the circle through both poIes[Fig. F,43, an 
arc equal to the distance between the poles of ecliptic and equator (as 
determined above). At the ends of these arcs (which were, again, diametrically 

H353 opposite) we again inserted pivots [Fig. F,d,d], attaching them to a meridian 
ring [Fig. F,6] similar to that3 described at the beginning of this treatise [pp. 61-23 
for making observations of the arc of the meridian between the solsticial points. 
This meridian ring was set up in the same position as the earlier one, 
perpendicular to the plane of the horizon and a t  an eleyation of the pole 
appropriate for the place in question, and also parallel to the plane of the actual 
meridian [at that place]. Thus the inner rings [Fig. F,4 etc.] were set up  so as to 

3Reading T@ hv ckp~t  T:< oiuv.ca@q &noG~G~~ypEvw (with D,Ar) for t i iv  bv dpx5 rfk 
auvtd~acly i.1no6~6~~ypEvov (which is untranslatable) at H353,l-2. 
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revolve about the poles of the equator, fi-om east to west. following the first 
motion of the universe. 

Once we had set up  the instrument in the way described, whenever we had a 
situation in which both sun and moon could be observed above theearth at the 
same time, we set the outer astrolabe ring [Fig. F,5] to the graduation [on the 
ecliptic ring, fig. F,3] marking, as nearly as possible, the position of the sun at 
that moment. Then we rotated the ring through the poles [Fig. F,4] until the 
intersection [ofouter astl-olabe ring and ecliptic ring] marking the sun's position 
was exactly facing the sun, and thus both the ecliptic ring [Fig. F,3] and the 
[ring] which goes through the poles of the ecliptic [Fig. F,5] cast its shadow 
exactly on itselK4 Or ,  ifwe were using a star as sighting [i.e. orienting] object, we 
set the outer [astrolabe] ring to the position assumed for that star on the ecliptic- 
ring, [and then rotated the ring Fig. F,4 to such a position] that when we 
applied one eye to one face of the outer ring [Fig. F,5] the star appeared 
fastened, so to speak, to both [nearer and farther] surfaces of-that face,5 and thub H354 
was sighted in the plane through them. Then we rotated the other, inner 
astrolabe ring [Fig. F,2] towards the moon (or any other object we desired) so 
that the moon (or any other desired object) was sighted through both sighting- 
holes on the inmost ring at the same time as the sun (or the other sighting-star) 
was being sighted [as described above]. 

In this way we read off the position [of the moon or any other desired object] 
in longitude on the ecliptic, from the graduation occupied by the inner 
[astrolabe] ring [Fig. F,2] on the ring representing the ecliptic [Fig. F,3], and its 
deviation to north o r  south [of the ecliptic] along the circle through the poles of 
the ecliptic, fi-om the graduations of the inner astrolabe ring [Fig. F,2]; the 
Iatter is given by the distance between the mid-point ofthe upper6sighting-hole 

- on the inmost rotating ling [Fig. F,I] and the line drawn through the centre 
of the ecliptic ring. 

'According to Ptolemy's inst~xrctions, one has to rompui~ the solar longitude, set the outer- 
astrolabe ring (Fig. FI 5) to that position on the ecliptic ring (Fig. F, 3), and then, keeping the two in 
that position rclative to each other, swing both until one can sight the sun along theouter astrolabe 
ring. Both rin-gs should then shade themselves. Theoretically, even without knowing the sun's 
position. one could set up  thc instrument by sighting the sun along the outer astrolabe ring and then 
moving the ecliptic ring relative to the latter ilntil it shaded itself. Cf. p. 224 n.11. 

'Reading c;ioa&p K E K O ~ ~ T J ~ E V O ~  &pcporipay a6rCq raiq kxtcpaveiarq for ~ a ' t  6ta riiq 
Brrcvawiov ~ a i  srapcihhrjhov roc K ~ K ~ O V  nh&vpZig &n&p K E K O ~ A T J ~ E V ~  cip(po~Cpa1q a6-c%v ra?q 
kntcpavhiatq at H353,24-354,l. The latter would mean 'when we applied one eye to the [nearer] 
face of the outer ring and [looked] along the oppositt,, parallel face of the ring, the star appeared 
fastened, so to speak, to the surfaces of both those faces'. The w o r d s ~ a i  6ta . . . n h ~ u @ <  are a fooli~h 
explanatot-y interpolation 1)): someone who misinterpreted dpcporkpatq raiq Enlcpaveiat< to mean 
'the opposite faces' of the ring instead of the two parts of'the samt. face nearer to and farther ffom 
the eye'; then abrfiq (referring to rfi ErLpa ri3v srbvpCv) was changed to a0rGv (referring to both 
srh~vpai), or possibly a6rGv was simply interp,lated. Quite apart fkom the technical problem, the 
text as printed by Heiberg is extraordinarily clumsy. The interpolation is quitrearly, since it isalso 
in the Arabic tradition. Pappus' commentary to the passa-ge &trays no hint that he read the 
interpolation, but is not sufficiently close to the Almagest to allow us to say that he did not. 

6'upper': literally 'above the earth'. Since the centre of all the rings represents the centre of the 
earth, the sight nearer the ohserver's eye is not ionally '1)elow the earth', the other 'above the earth'. 
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2. ( O n  the h~pothesis for the double anomaly of the moonj 

When this type of observation was made without further analysis, it was found, 
H355 both from the observations recorded by Hipparchus and from our own, that the 

distance of the moon from the sun was sometimes in agreement with that 
calculated from the above [simple] hypothesis, and sometimes in disagreement, 
the discrepancy being at some times small and at other times great. But when 
we paid more attention to the circumstances of the anomaly in question, and 
examined it more carefully over a continuous period, we discovered that at 
conjunction and opposition the discrepancy [between observation and calcula- 
tion] is either imperceptible or small, the dilrerence beingofa size explicable by 
lunar parallax; at both quadratures, however, while the discrepancy is very 
small or nothing when the moon is at apogee or perigee of the epicycle, i t  
reaches a maximum when the moon is near its mean speed and [thus] the 
equation of the first anomaly is also a maximum; furthermore, at either 
quadrature, when the first anomaly is subtractive the moon's observed position 
is at an even smaller longitude than that calculated by subtracting the equation 
of the first anomaly, but when the first anomaly is additive its true position is 
even greater [than that calculated by adding the equation of the first anomaly]. 
and the size of this discrepancy is closely related to the size of the equation of the 
first anomaly. From these circumstances alone we could see that we must 
suppose the moon's epicycle to be carried on an eccentric circle, being farthest 

H356 from the earth at conjunction and opposition, and nearest to the earth at both 
quadratures. This will come about if we modify the first hypothesis along 
somewhat the following lines. 

Imagine the circle (in the inclined plane of the moon) concentric with the 
ecliptic moving in advance, as before [p. 191 1, (to represent the [motion in] 
latitude) about the poles of the ecliptic with a speed equal to the increment of 
the motion in Iatirude over the motion in longitude. Imagine, again, the moon 
traversing the so-called epicycle (moving in advance on its apogee arc) with a 
speed corresponding to the return of the first anomaly. Now. in this inclined 
plane, we suppose two motions to take place, in opposite directions, both 
uniform with respect to the centre of the eliptic: one of these carries the centre of 
the epicycle towards the rear through the signs with the speed of the motion in 
latitude, while the other carries the centre and apogee of the eccentre, which we 
assume located in the same [inclined] plane, (the centre of the epicycle will at all 
times be located on this eccentre), in advance through [i.e. in the reverse order 
ofJ the signs) by a n  amount correspondingto the difference between the motion 
in latitude and the double elongation (the elongation being the amount by 
which the moon's mean motion in longitude exceeds the sun's mean motion). 

H357 Thus, to give an  example, in one day the centre of the epicycle traverses about 
13;14O in motion of latitude towards the rear through the signs, but appears to 
have traversed 13; 1 1 in longitude on the ecliptic, since the whole inclined 
circle [of the moon] traverses the difference of 0;3O in the opposite direction, 
[i.e.] in advance; [meanwhile] the apogee of the eccentre, in turn, travels 11 ;go 

'On chs. 2-4 see H.4.44.4 84-8. Pedersen 184-9. 
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in the opposite direction, (again in advance): this is the amount by which the 
double elongation, 24;23O, exceeds the motion in latitude, 13; 14O. The 
combination o f  both of these motions, which take place in opposite directions, 
as we said, about the centre ofthe ecliptic, will produce the result that the radius 
carrying the centre of the epicycle and the radius carrying the centre of the 
eccentre will be separated by an arc which is the sum 01'13;14~ and 1 l;gO, and is 
twice the amount ofthe elongation (which is approximately 12;l 1to). Hence the 
epicycle will traverse the eccentre twice during a mean [synodic] month. We 
assume that it returns to the apogee of the eccentre at mean conjunction and 
opposition. 

In order to illustrate the detailsofthe hypothesis, imagine [Fig. 5.11 the circle 
in the moon's inclined plane concentric with the ecliptic as ABGD on centre E H358 
and diameter AEG. Let the apogee of the eccentre, the centre of the epicycle, 
the northern limit, the beginning of Aries and the mean sun [all] be located at 

G 
Fig. 5.1 

point A at the same moment. Then I say that in the course of one day the whole 
[inclined] plane moves in advance from A towards D about centre E, by about 
3': thus the northern limit (which is [still represented by] A) reaches X 29;57". 
The two opposite motions are.carried out by the radius corresponding to EA 
[moving] uniformly about E, the centre of the ecliptic. Thus I say that in the 
course of one day the radius through the centre of the eccentre corresponding to 
EA rotates uniformly in advance [i-e. in the reverse order] of the signs to the 
position ED, carrying the apogee of the eccentre to D,% and making arc AD 

"Omitting ~ a i  yp6cp~tv aepi TZ, Z ~dvrpov ~ 6 v  AH ~ K K E V T ~ O V  after A at H358,ZO-21. This 
would mean 'and describing eccentre DH about centre Z'. This is nonsense: EA does not 'describe 
the eccentre' (since it is not a radius of the eccentre), but merely marks the position of the apogee of 
the eccentre. If Ptolemy wanted to refer to the eccentre here, he would presumably have written (as 
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ll;gO. [In the same time] the radius through the centre of the epicycle 

. [corresponding to EA] < rotates uniformly, again about E, towards the rear 
% + through the signs to the position EB, carrying the centre of the epicycle to H, 

* H359 - and making arc AB 1 3; 1 4O. Thus the apparent distance of H, the centre oft he 
( epicycle, is 13;14O (in *motion of latitude) from the northern limit A, 13; 1 1 (in 

) longitude) from the beginning ofAries (for the northern limit A has moved to 3€ 
. 

' 29,57" in the same time), and 24;23O (the sum of arc AD and arc AB, and twice the 
t 

,-- . mean daily elongation) from the apogee of the eccentre D. Since, in this way, . 1; 
- ,  

, the motion through B and the motion through D meet each other once in halfa 
%.., 

mean [synodic] month, it is obvious that these motions will always be 
diametrically opposite at  intervals of a quarter and three-quarters of that 
period, i.e. at the mean quadratures. At those times the centre of the epicycle, ! 

located on EB, will be diametrically opposite the apogee of the eccentre, located I 

on ED, and [thus] will be at  the perigee of the eccentre. i 
It is also clear that under these circumstances the eccentre itself (that is, the 

7 --us-- i 
fact that the arc DB is not similar to arc DH) w i l l ~ r o d u c e  any correction to k - P--e-- 

a 
H360 the mean motion. For the uniform motion of the line EB is counted, n6 i -aKg ii 

: 
a- of the eccentre, but along arc DB of the ecliptic, since it rotates, not 

. - about the centre of the eccentre Z, but about E. The only [correction] which e .-. will result is that due to the difference in the effect of the epicycle: as the 
epicycle moves towards the perigee it produces a continuous increase in the 

;t' 
1 4 

equation of anomaly (subtractive and additive alike), since the angle formed by 
4 % 

%. 

t the epicycle at the observer's eye is greater at positions [of the epicycle] nearer 4 
5 the perigee. O n  the other hand, there will, in general, be no difference from the d 

first hypothesis when the centre of the epicycle is at  the apogee A, which is 
i 

i 
the situation at  the mean conjunctions and oppositions. 4 

For if [Fig. 5.21' we draw epicycle MN about point A, AE:AM is the same i 
ratio as that which we demonstrated from the eclipses. The greatest difference 5 

M361 will be when the epicycle reaches H, the perigee of the eccentre (as XO here). 5 
T 

! This occurs at the mean quadratures. For the ratioXH:HE is greater than that $ 
at any other position, since XH, the radius ofthe epicycle, is always a constant E 

Iength, while E H  is the shortest of ail iines drawn fiom the centreof the earth to 

In order to see what the maximum equation of anomaly is when the epicycle - 
I 

i 
is at the perigee of the eccentre, we sought observations of the distance of the E 
moon from the sun under the following conditions: t 

L 

docs Is.) ~ a i  ypacpkvroq aepi ~6 Z K ~ V T P O V  TOGAH E K K ~ V T ~ O U  'andil'ihe eccentre DH is described 
almut centre 2'. However, it seems more likely that this is an interpolation I>y someone who wanted 
an explicit rel'erencc to the drawing of'-the ec:centre DH on centre Z, represented in Fig. 5.1 and 
referred to by Ptolemy Ixlow. 

'The ligure given by Heiberg (p. 360), which is taken from the ms. tradition represented by A, is 
wrong in making E the centre ofthe circle and adding apoint K above it. My figure agrees with the 
text and with part ofthe Aralic tradition (e.g. P), except that all Arabic mss. have the equivalent of 
O for 0. Manitius already made the same correction, except that he unnecessarily added the point 
Z [unattested in the mss.) as the centre of'the circle. 
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M 

Fig. 5.2 i 

[ I ]  The moon's speed was about at the mean (for that is when the equation 
of anomaly is maximum), 
[2] The mean elongation of the moon from the sun was about a quadrant 
(for then the epicycle was near the perigee of the eccentre). 
[3] In addition to the above, the moon had no longitudinal parallax. 

If these conditions are fulfilled, the apparent observed longitudinal distance is E 

the same as the true, and thus we can safely infer the size of the second anomaly H362 
which we are seeking. When we investigate on the basis of the above kind of 
observations, we find that, when the epicycle is closest to the earth, the greatest 
equation of anomaly is about 730 with respect to the mean position (or 230 
different from [the corresponding equation of) the first anomaly). 

We will illustrate the way in which this kind ofdetermination is made from 
one or two observations by way of example. We sighted sun and moon in the 
2nd year of Antoninus, Phamenoth [VII] 25 in the Emptian calendar 1139, 
Feb. 91, after sunrise, and 54 equinoctial houn before noon. The sun was sighted 

l g O  , and J? 4 was culminating. The apparent position of the moon was n& 
9$0, and that was its true position too. since when it is near the beginning of 
~ c o b i u s ,  about I f houn to the west of the meridian at Alexandria, it has no 
noticeable parallax in longitude.I0 Now the time from epoch in the first year of 

"'Le. at that situation the angle between ecliptic and altitude circle (derived fi-omTable I1 13) is 
a b u t  No, hence the parallax aflecis onIy the latitude, not the longitude. Interpolation in the tables 
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Nabonassar to the observation is 
H363 885 Egyptian years 203 days 18i equinoctial houn (whether reckoned simply or 

accurately). 
For this moment we find: 

mean position of the sun: --" 16;27O 
true position of the sun: --" 1 8;50° (in accordance with its sighted position 

according to the astrolabe). " 
From the first hypothesis we find the mean position of the moon a t  that 
moment as Q 17;20° (thus its mean elongation from the sun was about a 
quadrant), and the moon's distance in anomaly from the apogee of the 
epicycle as 87;1g0 (which is near the position of maximum equation). Thus 
the true position of the moon was.less than the mean by 7j0 (instead of the 
5O of the first anomaly).12 

Again, to display the amount of the equation under similar conditions which 
is derived from Hipparchus' observations of such positions, we will adduce one 
of these. He says that he made the observation in the fifty-first year13 of the Third 
Kallippic Cycle, Epiphi [Xq 16 in the Egyptian calendar [- 127 Aug. 51, when f 
of the first hour had passed. 'The speed was [that of day] 241',14 he says, 'and 
while the sun was sighted in Leo 8h0 the apparent position of the moon was 
Taurus 12f0, and its true position was approximately the same'. So the true 
observed distance between moon and sun was 86;15". But when the sun is near 
the beginning of Leo, at Rhodes (where the observation was made), 1 hour of 

H364 the day is 17f time-degrees. So the 54 seasonal hours (which make u p  the 
interval to [the following] noon) produce 61 equinoctial houn. Therefore the 

f b l  Clima 111, % 9;40°, 1 jh west of the meridian, gives 83;5O. Exact computation for Alexandria 
(cp .r 31 O) gives 83;45O. For the computations here and at the other observations of V 3 and V 5 see 
HAMA 91-2. 

Is this meant as a confirmation of the accuracy of the observation? This would imply that 
Ptolemy set up the instrument by using the shadow (cf. p. 219 n.4). It may, however, merely mean 
that thi< computation is the basis ofthe position to which Ptolemy set the instrument. 

"Precise computation: mean elongation = --" 16;27O - 17;20" = 89;7O; equation = 
9;40° - ~ l l .  I7;200 = -7;W; equation from first hypothesis (from Table IV 10)' a(87;lY) - -4;57O. 
However, Ptolemy is operating with rounded numbers, quite properly here. 
" I have, doubtfully, accepted the emendationwx' forv' ('fiftieth) at H363,16. The Julian uate of' 

the observation, -127 Aug. 5, is guaranteed both by the astronomical data and by Ptolemy's 
reckoning in the era Nabonassar. Ideler (Hhtorirche L'nlersrrchungm 21 7-18) made the emendation 
because he calculated, correctly, from the known epoch of the Kallippic cycles that this must fall in 
the fifty-first year. In this case (cf. p. 214 11-72) using the Egyptian calendar makes no difference. 
However, I suspect that the error, if it is one, lies not with the scribes but with Ptolemy or even 
Hipparchus, and that possibly there is no error, but another method of counting which eludes us. 

"Literally 'The true daily motion ( S p b p q )  was the 241st7. Hipparchus is referring to a table of 
the true motion of the moon over 248 days (- 9 anornalistic months), in which the moon was 
supposed to return to the same velocity. Such a table is extant on a cuneiform tablet, 
ACT no. 190 (I11 p. 131). IfHipparchus was using that table the motion on day 241 would be 13;30° 
or 13;31 ,lo0 (according to whether one starts at the beginning or goes in reverse from the end), i.e. 
close to the mean, as our passage requircu. The historical interest of this passage has been missed 
because '241' has hitherto been interpreted as 'degrees of anomaly' (and hence 'emended', to '259' 
by Manitius and to p i o o ~ .  'mean', by Halma). I think it likely that Hipparchus was the channel 
through which usr ofthe 248-day lunar anomaly period was transmitted from Mesopotamia to the 
Greerk world (e.g. Vettius Valens I 4-5, ed. Kroll20- 1, and P. Ryl. 27, on which seeH.4M.I 808 fr.). 
and ultimately to India (the V5kya sptem, see HAMA 81 7 ff.) See provisionally Toomer [l 11 p. 108 
n. 12. 
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i observation occurred 68 equinoctial hours before noon on the sixteenth, while 

8 9O was culminating. Thus in this case the time from epoch to the observation 

172 equinoctial hours reckoned simply 619 Egyptian years 3 14 days 
173 equinoctial hours reckoned a c c ~ r a t e l ~ . ' ~  

For this moment we find from our  hypotheses (since the meridian through 
Rhodes is the same as that through Alexandria):I6 

mean position of the sun: 62 10;27" 
true position of the sun: 62 8;20° 
mean position of the moon in longitude: 8 4;25O 
(thus the mean elongation was again nearly a quadrant) 

mean distance of the moon from the apogee oftheepicycle in anomaly: 257;47O 
(which is again near the position of the maximum equation of the anomaly 
due to  the epicycle). 
So the distance from the mean moon to the true sun is calculated as93;5!j0. And 
the observed distance from the true moon to the true sun was 86;15O.I7 
Therefore the true position of the moon was greater than the mean, again by 7g0 
instead of the 5" of the first hypothesis. And it is [further] evident, that of these 
two observations taken near the second quadrature, ours was found to be less H365 
than the position computed from the first anomaly by 2:0, while Hipparchus' 
was greater by the same amount, since the total equation of anomaly was 
subtractive at our observation and additive at Hipparchus'. 

From numerous other similar observations also we find that the greatest 
equation of anomaly is about 7f0 when the epicycle is at the perigee of the 
eccent re. 

4. f On the ratio of  the eccentricit_y of the moon's circle) 

With this as a datum, let [Fig. 5.31 the moon's eccentric circle be ABG on centre 
D and diameter ADG; on which E is taken as the centre of the ecliptic. Thus A is 
the apogee of the eccentre and G the perigee. On  centre G draw the moon's 
epicycle ZHO, draw EOB tangent to it, and join GO. 

Then since the greatest equation of anomaly occurs when the moon is a t  the 
epicycle tangent, and we have shown that this amounts to 7i0 ,  the angle at  the H366 
centre of the ecliptic, 

7;40°- where 4 right angles=360° 
L GEO = 

15;20°0 where 2 right angles = 360°0. 

'"5 Neugebauer remarks, the equation of time for a solar longitude o f n  8" should be-16mins. 
rathp.1- than -5 mins. For this and other inaccuracies in Ptolemy's computations see HA4h1A 92-3. 

I6In fact Rhodes is about 1.7' west of Alexandria. The notion that they lay on the same meridian 
was traditional: see Strabo 2.5.7, where the same meridian is supposed to pass through Meroe, 
Syene, Alexandria, Rhodes, the Troad: Byzantium and the Borysthenes. This is probably derived 
from Eratosthenes via Hipparchus. 
" Note that Ptolemy takes only the distance observed by Hipparchus (86;15O) as accurate, and 

substitutes his own caIc111ation.s of the positions of sun and moon for thoseobserved (or calculated) by 
Hipparchus. 
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Therefbre in the circle about right-angled triangle GEO 
arc GO = 1 5;20° 

and the corresponding chord 
GO 16' where the hypotenuse GE = 120". 

So, where GO, the radius of the epicycle, is, as was shown, 5;15' 
and EA, the distance fi-om the centre of the ecliptic to the apogee of the 
eccentre, is 60P, 
EG, the distance from the centre of the ecliptic to the perigee ofthe eccentre, 
is 39;2Zp. 

Therefbre, by addition, diameter AG = 99;2ZP, 
and DA, the radius of the eccentre = 49;41 
and ED, the distance between the centres of the ecliptic and the eccentre = 
10;19.' 

Thus we have demonstrated the ratio ol'the eccentricity. 

Fig. 5.3 

5. ( O n  the 'direction' of the moon's epitpcle) l 8  

As far as concerns the phenomena at syzygies and at quadrature positions ofthe E 

moon, the preceding discussion would provide a full explanation of the 
D 

b ! 
hypotheses elucidating the circles of the moon described above. But from 
individual observations taken at distances of the moon [from the sun] when it is 
sickle-shaped or gibbous (which occur when the epicycle is between the apogee 

i 
5 
i 

"See HAMA 88-91, Pedersen 189-95. 
3 
4 
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and the perigee of the eccentre), we find that the moon has a peculiar 
characteristic associated with the directionig in which the epicycle points. 
Every epicycle must, in general, possess a single, unchanging point defining the 
position of return of revolution on that epicycle. We call this point the 'mean 
apogee', and establish it as the beginning from which we count motion on the 
epicycle. Thus point Z on the previous figure [5.3] is such a point. It is defined, 
for the position of the epicycle at apogee or perigee of its eccentre, by the straight 
line drawn through all the centres [of ecliptic, eccentre and epicycle] (DEG 
here). Now in all other hypotheses [involving epicycle on eccentre], we see 
absolutely nothing in the phenomena which would count against the following 
[model]: in other positions of the epicycle [outside apogee and perigee of the 
eccentre], the diameter of the epicycle through the above apogee, i.e. ZGH, 
always keeps the same position relative to the straight line which carries the 
epicycle centre round with uniform motion (here EG), and [thus] (as one would 
think appropriate) aiways points towards the centre of revolution, at which, 
furthermore, equal angles of uniform motion are traversed in equal times. In 
the case of the moon, however, the phenomena do not allow one tosuppose that, 
for positions of the epicycle between A and G, diameter ZH points towards E, 
the centre of revolution, and keeps the same position relative to EG. We do 
indeed find that the direction in which [diameter ZH] points is a single, 
unchanging point on diameter AG, but that point is neither E, the centreofthe 
ecliptic, nor D, the centre of the eccentre, but a point removed from E towards 
the perigee of the eccentre by an amount equal to DE. We shall show that this is 
so, again, by setting out, from among the numerous [relevant] observations, two 
which are particularly suitable for illustrating our point, since the epicycle at 
these observations was at distances halfway [between apogee and perigee of the 
eccentre], and the moon was near apogee or perigee of the epicycle; for in these 
situations occur the greatest effects of the above direction [of the epicycle 
diameter]. 

Now Hipparchus records that he observed the sun and the moon with his 
instrumentsz0 in Rhodes in the 197th year from the death of Alexander, 
Pharmouthi [VIII] 1 1 in the Egyptian calendar [-126 May 21, at the beginning 
of the second hour. He says that while the sun was sighted in 8 7a0, the 
apparent position of the centre of the moon was X 21 fO, and its true position 
was 3-€ 21 f + to [21;~71~].~'  Therefore at the moment in question the distance of 
the true moon from the true sun was about 313;42O, [ counting] towards the 
rear. Now the observation was made at the beginning of the second hour, about 
5 seasonal hours (which correspond to about 5 3 equinoctial hours in Rhodes on 

'g l tp6w~uorq,  used by Neugebauer and Pedersen as a technical term ('prosneusis') for this 
element of Ptolemy's lunar theory. However, it is hardly that for PtoIemy, as he applies the word in 
many other contexts (see p. 43 n.38). 

''It is usually assumed that by this is meant an armillary sphere similar to that described by 
Ptolemy in V 1 (and often, that Hipparchus was the inventor ofthat instrument). That may be true, 
but the vague expression here certainly does not require it, and whether the data described below 
do is doubtful. I consider it possible that Hipparchus used a dioptra ofthe type described by Heron 
('Dioptra', ed. Schone, 187 ff.). 

2'On the correction for parallax made by Hipparchus here (which is fairly accurate) seeHAMA 
92. 

hanif
Rectangle



228 V 5. Geometrical determinat ion of direction of mean apogee 

that date) before noon on the 11th. So the time from our epoch to the 
observation is 

184 equinoctial hours reckoned simply 620 Egyptian years 219 day 
18 equinoctial hours reckoned accurately. 

For this moment we find: 
mean sun in 8 6;41 

true sun in 8 7;45O 
in 3€ 22; 13O in longitude 

mean mson 
at  185;30° from mean apogee of epicycle in anomaly. 

Therefore the distance of the mean moon from the true sun was 314;28G. 
With these data, let [Fig. 5-41 the moon's eccentric circle be ABG on centre 13 

and diameter ADG, on which E represents the centre of the ecliptic. O n  centre 
B draw the moon's epicycle, ZHO. Let the sense of motion of the epicycle be 
towards the rear from I3 towards A, and the sense of motion of the moon on the 
epicycle be from Z towards H and [then] O .  Join DB and EOBZ. 

c 
Fig. 5.4 

Now in a mean [synodic] month occur two revolutions of the epicycle on the 
eccentre, and in the situation in question the elongation of mean moon from 
mean sun was 31 5;3Z0. So if we double the latter and subtract [the 360° ofJ a 
circle, we will get the elongation a t  that moment of the epicycle from the apogee 

H37 1 of the eccentre, [counting] towards the rear: this is 271;4O. 
.*. L AEB = 88;56O (remainder [when 271;4O is subtracted] from 3600). 

So drop perpendicular DK from D on to EB. 

... L DEB = 88;56O where 4 right angles = 360° 
1 77;520° where 2 right angles = 360m. 
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Therefore in the circle about right-angled triangle DEK, 
arc DK = 177;52" 

and arc EK = 2;8O (supplement). 
Therefore the corresponding chords 

DK = 19;5y where hypotenuse DE = 12V 
and EK = 2; 14' 

Therefore where DE, the distance between the centres, is 10;lY 
and DB, the radius of the eccentre, is 49;41P, 

DK F.: 10; 19' also, 
and EK = 0; 12'. 
But BK2 = DB2 - DK2. 

.'. BK = 48;36' in the same units, 
and, by addition, BE [= BK + EK] = 48;48'. 
Again, since the distance of the mean' moon from the true sun was found to be 
314;28O, and the distance of the true moon [from the true sun] was observed 
to be 313;4Z0, the equation of anomaly is -0;46O. Now the mean position 
of the moon is seen along the line EB. So let-the moon be located at H (since 
it is near the perigee), join EH and BH, and drop perpendicular BL from B 
on to EH produced. Then, since L BEL contains the moon's equation of 
anomaly, 

L BEL = 
0;46O where 4 right angles = 360° 
1;320° where 2 right angles = 360*. 

Therefore in the circle about right-angled triangle EBL, 
arc BL = 1;3Z0 

and the corresponding chord 
BL = 1;3@ where the hypotenuse EB = 12V. 

Therefore where BE =48;48' and BH, the radius of the epicycle, is 5;15', 
BL = 0;39P. 

Therefore where BH, the radius of the epicycle, is 12@, 
BL = 14;5Zp 

and, in the circle about right-angled triangle BHL, 
arc BL = 1 4; 1 4" 
L BHL = 14; 14"" where 2 right angles = 360°0, 

and, by subtraction 12;4Z00 where 2 right angles = 360°0 
[of L BEL], L EBH = { 6;21° where 4 right angles = 360°. 

That [6;21°], then, is the size of arc HO of the epicycle, which comprises the 
distance from the moon to the true perigee [of the epicycle]. 

But since the distance of the moon from the mean apogee at the t h e  ofthe 
observation was 185;30° [p. 2281, it is clear that the mean perigee is in advance 
of the moon, i.e. of point H. Let [the mean perigee] be point M, draw line BMN, 
and drop perpendicular EX on to it from point E. 
Then since, as was shown, 

arc OH = 6;21Q, 
and arc HM, the distance from the perigee, is given as 5;30°, 

by addition, arc OM = 11;51°. - 
1 1;51° where 4 right angles = 360° 

So LEBX = {23;4P where 2 right angles = 3Mw. 
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Therefore in the circle about right-angled triangle BEX, 
arc EX = 23;4Z0 

and EX = 24;39' where hypotenuse BE = 12V. 
Therefore where BE = 48;48* 

H374 EX = 10;Zp. 
Again, since [p. 2281 

L AEB = 1 77;5Z00 
and L EBN = 23;420° 

where 2 right angles = 360°, 

by subtraction, L ENB = 154; loo0. 
Therefore in the circle about right-angled triangle ENX, 

arc EX = 154; 1 O0 
and EX = 116;58' where hypotenuse EN = 120P. 

Therefore where EX = 10;ZP and DE, the distance between the 
centres. is 10;lgP, 

EN = 10;18'. 
Therefore the [radius of the epicycle] through the mean perigee, BM, points in a 
direction such that, when produced to N, it cuts off a line EN which is very 
nearly equal to DE. 

Similarly, in order to show that we get the same result at the opposite sides of 
eccentre and epicycle, we have again selected from the distances [between sun 
and moon] observed by Hipparchus, as already mentioned, in Rhodes, the 
observation he made in the same year [as the preceding one], being the 197th 
year from the death of Alexander, Payni [XI 17 in the Egyptian calendar 

H375 [-I26 July 7), at 94 hours. He says that while the sun was sighted at 5 10 &' the 
apparent position of the moon was 62 29'. And this was its true position too; for 
at Rhodes, near the end ofleo, about one hour past the meridian, the moon has 
no longitudinal parallax.22 Therefore the distance of the true moon from the 

3 

5 
true sun at the time in question was 48;6O towards the rear. Now since the 

1 

observation was 3 f  seasonal houn after noon on the 17th of Payni, which 
correspond to about 4 equinoctial hours in Rhodes on that date, the time from B 

our epoch to the observation is 
4 equinoctial hours reckoned simply & 

620 Egyptian years 286 days 3 
3f equinoctial hours reckoned accurately. 4 

For this moment we find: 
mean sun a t 5  12;5O 

true sun a t 5  10;MO 
mean moon atn27;20° in longitude 

(thus the distance of'the mean moon from the true sun was 46;40°) 
mean moon at 333;12O in anomaly from the apogee of the epicycle.23 

With these data, let [Fig. 5.51 the moon's eccentric circle be ABG on centre D e 
8 +  
=€. * ,  
& 

!- 
*.'For verification of' this see H A M A  92. 
"For 620\286d3ih I find: X = 147;7O, D = 333; 1 ". Since the differences horn Ptolemy's posit ions A> 

$1 
represent the lunar motion over alwut 20 mins., it is obvious that he has carelessly calculated the +-. 

r.4 -.. 
positions Ior 4 hours after noon, i.e. without making the correction for the equation oi'time. which ?,- 

he had given, correctly, as about 20 mins. This error has a not inconsiderable elfect on the final & 
result, which would not agree nearly so nea~ly ifthe computation wcre cart ied out with the almPe & 
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F1 

Fig. 5.5 

and diameter ADG, on which the centre of the ecliptic is represented by point 
E. About point B draw the moon's epicycle, ZHO, and join DB, EOBZ. 

Then since twice the mean elongation of sun and moon is 90,30°, from the 
theory already established 

L AEB = 
90,30° where 4 right angles = 360° 
1 810° where 2 right angles = 36000. - 

So if we produce BE and drop perpendicular DK on to it from D, 
L DEK = 1790° (supplement). 

Therefore in the circle about right-angled triangle DEK 
arc DK = 179" 

and arc EK = 1 O (supplement). 
Therefore the corresponding chords - 

DK = 19;58} where hypotenuse DE = 12p. 
and EK = 1;3' 

Therefore where DE, the distance between the centres, is 10;19" 
and BD, the radius of the eccenter, is 49;41P, 

DK- 10;lY 
and EK = 0;5'. 

Now since BK2 = BD2 - DK2, 
BK = 48;36', 

and, by subtraction [of EK], EB = 48;31P. 
Furthermore, since the distance of mean moon from true sun was found to be 

46;40°, and the distance of true moon [from true sun was observed as] 48;6O, the 
equation of anomaly is +1;26O. So let the position ofthe moon be at H (since it is 
near the apogee of the epicycle). Join EH, BH, and drop perpendicular BL from 
B on to EH. 
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Then since 
1;26" where 4 right angles = 360° L BEL = 
2;5Z00 where 2 right angles = 360°0, 

in the circle about right-angled triangle BEL, 
arc BL = 2;5Z0 

H378 and BL = 2;59 where hypotenuse EB = 120". 
Therefore where EB = 48;31P and BH, the radius of the epicycle, is 5;15', 

BL = 1;12'. 
So in the circle about right-angled triangle BHL, 

BL = 27;34' where hypotenuse BH = 120P,** 
and arc BL = 26;34". 

L BHL = 26;340° where 2 right angles = 3600°, 
and, by addition [of L BEL = 2;5Z00], - 

L ZBH = 
29;260° where 2 right angles = 360"". 
14;43" where 4 right angles = 360". 

That [14;43O] is the size of - the arc HZ of the epicycle, which comprises the 
distance from the moon to the true apogee. 

But since [the moon's] distance from the mean apogee at the time of the 
observation was 333; lZO, ifwe put the mean apogee at M, draw line MBN, and 
drop perpendicular EX on to it from E, then 

arc HZM = 26;48O (by subtraction [of 333;1Z0] from the circle), 
and, by subtraction [of arc HZ = 14;43O], arc ZM = 12;5". 

-'. L MBZ = L EBX = 
12;5O where 4 right angles = 360" 
24; 1 OoO where 2 right angles = 360°0. 

Therefore in the circle about right-angled triangle BEX 
arc EX = 24; 1 O0 - 

H379 and EX = 25;7' where hypotenuse BE = 12P. . 

Therefore where BE = 48;31P and DE, the line between the centres, is 10;19', 
EX = 10;8'. 

Again, since L AEB is given as 181°0 where 2 right angles = 360°0, 
and we have shown that L EBN = 24; loo0, 

by subtraction, L ENB = 156;50°0 in the same units, 
and, in the circle about right-angled triangle ENX, 

arc EX = 156;50° 
and EX = 117;33' where hypotenuse EN = 120'. 

Therefore where EX = 10;8' and DE, the line between the centres, is 10; 1 y, 
EN = 10;2@. 

So from this calculation too it turns out that MB, [the radius of the epicycle] 
through M, the mean apogee, points in a direction such that, when produced to 
N, it cuts off a line EN approximately equal to DE, the distance between the 
centres. 

We also find that approximately the same ratio results: by calculation from a 
number of other observations. Thus these observations confirm the peculiar 
characteristic of the direction of the epicycle in the hypothesis of the moon: the 

2i l;l2 x 120/5;15 = 27;25,43. Ptolemy was obviously operating, not with the value 1 ;12, but with 
1;12,22 (which leads to 27;34,5), which is in fact what one finds from the immediately preceding 
calculation, 2;59 x 48;3 1 / 120. 
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p: 
i [unifbrm] revolution of the centre of the epicycle takes place about E, the centre 

of the ecliptic, but- the diameter of the epicycle which defines the unchanging 
point of the epicycle at  which the mean epicyclic apogee is located points, not (as H380 
.it does for the other [planets]), towards E, the centre of mean motion, but 
always towards N, which is removed in the opposite direction [to D from El by 
an amount equal to DE, the distance between the centres. 

6. (HOE? [he true position of the moon can be calcutated geometrically )om the periodic 
mot ions) 25 

P 

k 

Now that we have demonstrated the above, the appropriate sequel is to show 
how, for a particular position of the moon, given the amounts of the [various] 
mean motions, we can find from the amount of the elongation and of the moon's 
[motion in anomaly] on the epicycle the amount due to the equation of anomaly 
which should be added to or  subtracted from the mean motion in longitude. If 
one uses [strictly] geometrical methods, the way to solve such a problem is via 
theorems similar to those already set out. 

Let us use the last of the above figures [5.5] as an example, and take as a basis 
of calculation the same periodic motions in elongation and anomaly, namely 

double elongation: 90;30° 
anomaly counted from the mean epicyclic apogee: 333; 1 ZC. H381 t 

[See Fig. 5-6.1 W e  drop perpendicular NX (instead of EX) and perpen- 
dicular HL (instead of BL). Then, by the same computation as before [p. 2311, 
since we are given 

I 
[ l ]  The angles at centre E: I 
[2] hypotenuse DE and hypotenuse EN (which are equal), 

DK = NX 10:19P 

F5 
! P 

2 
M 

G 
Fig. 5.6 

'%ee H.4A4A 93, Pedersen 1945. 
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where DB, the radius of the eccentre = 49;41P 
and BH, the radius of the epicycle = 5;15' 

and EK = EX = 0;5'. 
Hence, as shown before [p. 2311 BK = 48;36P 
andsimilarly,[bysubtractionofEK]BE = 48;31P 

and, by subtraction [of EX] BX = 48;26'. 
So, since BX2 + XN" BN2, 

BN = 49;31P where NX = 10;lY. 
Therefore, in the circIe about right-angled triangle BNX, 

where hypotenuse BN = 12@ 
H382 NX - 25', 

and arc NX = 24:3O 
24;30° where 2 right angles = 360°0 .'- L NBX = L ZBM = 
12; 1 (approximately) where 4 right an~les  = 360°. 

That 112; lo] is the size of the arc ZM of the epicycle. 
But since the distance of point H, representing the moon, from M, the mean 

apogee, is one revolution minus [the mean anomaly of 333;12O], i.e. 26;48O, 
by subtraction [of arc ZM from arc MH], arc HZ = 14;47O. 

{ 14;47O where 4 right angles = 360" --• L HBZ = 
29;340° where 2 right angles = 360°0 

and, in the circle about right-angled triangle HBL, 
arc HL = 29;34O 

and arc LB = 150;26O (supplement). 
Therefore where hypotenuse BH = 12@, the corresponding chords 

HL = 30;37' and LB = 1 1 6;2P. 
Therefore where BH, the radius of the epicycle, is 5;15' 

and (as was shown) BE = 48;31P, 
HL = 1;2@ and LB = 5;5'. 

H383 Therefore, by addition, EBL = 53;36' where LH = 1 ;2@. 
And since EL2 + LH2 = EH2 

EH- 53;37' in the same units. 
Therefore in the circle about right-angled triangle EHL, 

where hypotenuse EH = 12@, 
HL = 2;59 

and arc HL = 2;5Z0. 
Therefore the equation of anomaly, 

L HEL = ('2.1' O0 where 2 right angles = 360°0 
1;26O where 4 right angles = 360°.- 

Q.E.D. 

7 .  (Construction of a table for the com&lete lunar anomaly)26 

In order again to provide a ready means of computing the individual additive 
or subtractive equations by setting out a table, we have supplemented the table 

26 See HAMA 93-5, Pedersen 1 95-202. 
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for the simple hypothesis set out above [IV 101 with columns which enable one 
to correct easily for the second lunar anomaly. For this purpose we again used 
the same geometrical methods [as explained above]. After the first two columns 
containing the argument, we inserted a third column containing the equation 
to be added to or subtracted from the anomaly in order to reduce the mean H384 
motion counted from M [in Fig. 5.61, the mean apogee, to Z, the true apogee. 
[E.g.] above [p. 2341, for the elongation of 90;30°, we showed that arc ZM is 
12; 1 O ,  and thus, since the distance of the moon from M, the mean apogee, was 
333;12', we find that its distance from Z, the true apogee, was, obviously, 
345;13O, which we must use as argument for the epicyclic equation correcting 
the mean motion in longitude. In  the same way, for other elongations, taken at 
intervals appropriate [for the table], we calculated the corresponding amount 
of the equation in question. We did this by the same method [as above], (to cut a 
long story short), and entered the amount corresponding to each [tabulated] 
argument in the third column. Of  the succeeding columns, the fourth will 
contain the equations of the epicyclic anomaly (already set out in the previous 
table [IV- 1 O]), where the maximum equation reaches approximately 5; lo, 
corresponding to the ratio 60 : 5;15. The fifth column will contain the 
increments in the equations due to the second anomaly as compared with the 
first, in the situation where the maximum equation is 7iC, corresponding to the H385 
ratio 60 : 8.27 Thus the fourth column is for the situation of the epicycle at the 
apogee of the eccentre (which occurs at the syzygies), and the fifth column is for 
the increments [to the equations] accruing from [the posit ion oft he epicycle]28 
at the perigee of the eccentre (which occurs at the quadratures). 

In order to enable one to find the proportion ofthese tabulated increments [in 
the fifth column] corresponding to a position of the epicycle in between those 
two locations [at apogee and perigee of the eccentre], we have added a sixth 
column. This contains, for each tabulated argument of elongation, the 
corresponding fraction (given in sixtieths) of the tabulated increment which 
must be added to the equation ofanomaly tabulated in the fourth column. We 
have calculated these fi-actions in the following manner. 

[See Fig. 5.7.1 Let the moon's eccentre again be ABG on centre D and 
diameter ADG, on which E is taken as the centre of the ecliptic. Mark off arc 
AB, draw the epicycle, ZHOK, on centre B, and draw line EBZ. Let the 
elongation be given, e.g., as 60'. 
Hence by the same argument as before 

AEB = double the given elongation = 1204 H386 
Drop perpendicular DL from D on to BE produced, and draw HBKD. Suppose 
that the line from centre E to the moon, EMN, is tangent to the epicycle, 

27 The ratio is 39;22 (the distance from the earth to the perigee of'the moon's eccentre, p. 226) to 
5;15 (the radius of the moon's epicycle). This is approximately equal lo 60 : 8. 

Excising dtvopahia~ at H385,7. Heiberg's text would have to mean 'accruing from the anoma!r 
which is produced at the perigee of the eccentre, at the quadratures'. Besides being an exceedingly 
clumsy expression, this ruins the parallelism of the sentence. I t  is obvious that Ptolemy intended to 
contrast the two different positions of the epicycle, at apogee and perigee oft he eccentre (cf. T ~ V  660 
ro6tov Bbsov, H385,8-9). .tiis (H385'6) refers to BEosw~ (understood from above; for 
&no~eAbo0at used with 8604 cf. H394,ll- 12). The interpolation of &vopahia~ is the work of 
someone who looked for something for TT~S to refer to, but misunderstood this. 
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Fig. 5.7 

producing a maximum equation of anomaly, and join BM. Then since 

i 120' where 4 right angles = 360° 
L AEB = 

240°0 where 2 right angles = 360°0, 
L DEL = 120°0 (supplement). 

Therefore in the circle about right-angled triangle DEL, 
arc DL = 1 20° 

and arc EL = 60° (supplement). 
So the corresponding chords 

= @ }  where hypotenuse DE = 120'- 
and DL = 103;55' - 

H387 Therefore where DE = 10; 1 9  and DB = 49;41P, 
EL- 5;lV 

and DL = 8;56'. 
And, since BL2 = BD2 - DL2, 

BEL = 48;53', 
and, by subtraction [ofEl], EB = 43;43', 
where MB, the radius of the epicycle, is 5;15'. 
Therefore in the circle about right-angled triangle BEM, 

where hypotenuse EB = 12@, 
BM = 14;25' 

and arc BM = 13;4B0. 
Therefore the maximum i? i:. 

13;480° where 2 right angles = 360°0 -- - 
L BEM = 23 

F 
6;54" where 4 right angles = 360°. *t I 

Thus, at this distance in elongation, the equation of anomaly differed from ;:a & 
the 51" [ofmaximum equation] at the apogee [of the eccentre] by 1;53O. But the 
total difference [between maximum equation at apogee and] at perigee [of the 

h 
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eccentre] is 2;3g0. So, where the total din'erence is 60,1,53O will be 42;38. This is 
the amount which we will put in the sixth column corresponding to 120° of H388 
[double] elongation. 

In exactly the same way we computed, for the other tabulated arguments, the 
fractions of the dilt'erence between the two maximum equations of anomaly, 
obtained in the above manner, and entered them, expressed in sixtieths of that 
diff'erence, opposite the corresponding argument. It is obvious that the total 60 
[sixtieths] correspond to the double of 90° of elongation, which is at 1 80° of the 
eccentre, the location of the perigee. 

We also .added a seventh column containing the position of the moon in 
latitude, on either side of the ecliptic, as measured along a circle through the 
poles of the ecliptic, i.e. the arc of the latter circle cut oft' between the ecliptic 
and the inclined circle of the moon on. the same centre [as the ecliptic], fbr each 
[tabulated] position of the moon on its inclined circle. For thiswe have used the 
same procedure as we did to calculate the arcs of'the circle through the poles of' 
the equator [which are cut ofl] between the equator and the ecliptic [I 141. 
Here, however, we took the arc between the ecliptic and the northern or 
southern limit of the inclined circle, as measured along the great circle through 
both their poles, as 5O. For, like Hipparchus, we find by calculation from the 
moon's most northerly and southerly apparent positions that its ,greatest 
deviation either side of the ecliptic is approximately that amount.29 Further- H389 
more, almost a11 circumstances ofobservations ofthe moon, whether taken with 
respect to the stars, or taken with instruments, fit a maximum latitudinal 
deviation of that amount, as will I~ecome clear from subsequent demonstrations. 

The table of the complete lunar anomaly is as~follows. 

8. ( T a b l e  oJ the complele lunar anomah] 30 

[See p. 238.1 

9. (On the complete calculation of the moon's position] H392 

So, whenever we choose to calculate the moon's anomalistic position by means of 
the table set out, we take, for the moment in question at Alexandria, the mean 

"The only details of an observation which conlirm r 5O for the lunar orbit are at V 12 p. 247. 
'O In general the entries in this table are correct to within *1 in the second place. Howwer, in col. 

3, arguments 123-9,147-53 and 17 1-7 the error reaches-3 or -4, possibly because ofinterpoiation 
between computed values. In col. 5 the first 9 values (from arguments 6 to 54 inclusive) are all too 
big, and the first 7 of them fit a ratio (radius ofepicycle: distance ofepicycle centre) of.136 (instead of 
.I33 5;15 : 393 which Ptolemy's text requires and which underlies all values from argument 60 
on). This could be derived from a distance of 38;36' or an epicycle radius of 5;21P, neither ofwhich 
has any motivation. I cannot explain this discrepancy, but it is too consistent to be the result ofmere 
inaccurate calculation. In col. 6 the calculation to two sexagesimal places gives a quite illusory 
accuracy, and Ptolemy's results (for the second place) bear little relationship to what one gets with 
accurate calculation. However, this has a negiigible effect on the accuracy ofcomputations carried 
out with the table. In the Handy Tables Ptolemy quite properly tabulated only one place in this and 
the corresponding column in the planetary tables. 
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TABLE O F  THE COMPLETE LUNAR ANOMALY 

3 

Equation 
for [Mean 
to True] 
A P ~ F ~  

0 53 
I 46 
2 39 

3 31 
4 23 
5 15 

6 7 
6 58 
7 48 

8 36 
9 22 

10 6 

10 48 
11 27 
12 0 

12 15 
12 28 
12 39 

12 48 
12 56 
13 3 

1 3 6  
13 9 
I3 7 

4 

Epicyclic 
Equation 

0 29 
0 57 
1 25 

1 53 
2 19 
2 44 

3 8 
3 31 
3 51 

4 8 
- 4 24 

4 38 

4 49 
4 56 
4 59 

5 0 
5 1 
5 0 

4 59 
4 57 
4 53 

4 49 
4 44 
4 38 

4 32 

I 2 

Common 
Number-s 

6 
12 
18 

24 
30 
36 

42 
48 
54 

60 
66 
72 

78 
84 
90 

93 
96 
99 

102 
105 
108 

5 

Increment 
in 

Epicyclic 
[Equation] 

0 14 
0 28 
0 42 

0 56 
1 10 
1 23 

1 35 
1 45 
1 54 

2 3 
2 11 
2 18 

2 25 
2 31 
2 35 

2 37 
2 38 
2 39 

2 39 
2 39 
2 38 

2 38 
2 37 
2 35 

2 32 

354 
348 
342 

336 
330 
324 

318 
312 
306 

300 
294 
288 

282 
276 
270 

267 
264 
261 

258 
255 
252 

46 53 
48 18 
49 32 

50 45 
51 59 
53 12 

54 3 
54 54 
55 45 

56 36 
57 15 
57 55 

58 35 
59 4 
59 26 

PPP 

59 37 
59 49 
60 0 

13 4 
12 59 
12 50 

r ;: 
129 
132 
I35 

6 

Sixtieths 

0 12 
0 24 
1 20 

2 16 
3 24 
4 32 

6 25 
8 18 

10 22 

12 26 
15 5 
17 44 

20 34 
23 24 
26 36 

28 12 
29 49 
31 25 

33 1 
34 37 
36 14 

35 50 
39 26 
41 2 

42 38 

1111249 
114 246 

4 25 
1 4 !6 126 

231 
228 
225 

7 

Latitude 

4 58 Northern 
4 54 limit 
4 45 

4 34 
4 20 
4 3 

3 43 
3 20 
2 56 

2 30 
2 - 2  
1 33 

1 3  
0 32 
0 0 

0 I6 
0 32 
0 48 

1 3  
1 17 
1 33 

1 48 
2 2 
2 16 

2 30 
44 3 
45 28 

117 

2 28 
2 24 234 

2 20 
2 16 
2 11 

2 5 
1 58 
1 51 

1 43 
1 35 
1 27 

1 19 
I I 1  
1 2  

0 52 
0 42 
0 31 

0 21 
0 10 
0 0 

12 36 
12 16 
1 1  54 

11 29 
11 2 
10 33 

10 0 
9 22 
8 38 

7 48 
6 56 
6 3 

5 8 
4 11 
3 12 

2 1 1  
1 7  
0 0 

3 8 
3 20 
3 32 

2 43 
2 56 

243 

4 7 
3 57 
3 46 

3 35 
3 23 
3 I0 

2 57 
2 43 
2 28 

2 13 
1 57 
I 41 

1 25 
1 9  
0 52 

0 35 
0 18 
0 0 

138 
141 
144 

147 
150 
153 

156 
159 
162 

165 
168 
171 

174 
177 
180 

3 43 
3 53 
4 3 

4 11 
4 20 
4 27 

4 34 
4 40 
4 45 

4 50 
4 54 
4 56 

4 58 

222 
219 
216 

213 
210 
207 

204 
201 
198 

195 
192 
189 

186 
183 
180 

, 
4 59 Sot it hern 
5 0 limil 
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motions of the moon in longitude, elongation, anomaly and latitude, in the way 
explained.31 Then we always, first, double the figure computed for the 
elongation, and (after subtracting 360°, if necessary), enter with this into the 
table of anomaly and take the corresponding amount in the third column. Ifthe 
double elongation is less than 180° we add the amount [in the third column] to 
the mean anomaly, but if the double elongation is greater than 1 80° we subtract 
the amount from the mean anomaly. We enter with the resulting true anomaly 
into the same table, and take the corresponding equation in the fourth column 
and also the corresponding increment in the fifth column, and write [both] down 
separately. Next we enter with the doubled mean elongation into the same 
table, take the sixtieths corresponding to it in the sixth column, multiply the 
increment which we wrote down separately by that number of sixtieths, and 
always add the result to the previously computed equation from the fourth H393 
column. If the true anomaly is less than 180°, we subtract this sum from the 
mean longitude and mean [argument of) latitude, but add it to them ifthe true 
anomaly is greater than 180'. Thus we have [two] numbers: we add the one for 
the longitude to the position [of the mean moon] at  epoch: the result will be - the 
true position of the moon. With the one for the [argument ofi latitude, counted 
from the northern limit, we enter into the same table: the number correspond- 
ing to it in the seventh column will be the distance ofthe rnoon'scentre from the 
ecliptic, measured along the great circle through the poles of the ecliptic. If the 
argument falls within the first 15 lines, it will be to the north [of the ecliptic], but 
if it falls below the first 15 lines, it will be to the south. The first column of 
argument comprises the moon's motion from north to south, and the second 
column its motion from south to north. 

- 
10. f That the difference at the gzygies due to the moon's eccentre is negligible]32 H394 

Now it is .likely that some people will suspect that the moon's eccentric circle 
might also have a considerable effect at  conjunctions and oppositions and the 
eclipses occurring at  them, since the centre of the epicycle does not always 
under all circumstances stand exactly at the apogee at those times, but can be 
removed from the apogee by an arc [of the eccentre] of considerable size, 
because location precisely at the apogee occurs at the mean syzygies, whereas 
the dete~mination of true conjunction and opposition requires taking the 
anomalies of both luminaries into account. Therefore we shall try to show that 
this difference cannot produce any considerable error in [calculation of) the 
phenomena at syzygies, even if the correction due to the eccentricity is not taken 
into account. 

"I  Ptolemy has not in fact explained how to do this, but the essence oft he procedure is the same as 
that explained for the sun at 111 8. Note here, however, that the 'mean motions' in elongation, 
anomaly and latitude must include the epoch positions, whereas, according to the procedure in the 
text, the 'mean motion in longitude' does not include the epoch position, which is added only at a 
later stage. For the procedure in general see HAMA 193-6, Pedersen 197-9 and, for a worked 
example, HAM.4 96 or my Appendix A Example 9. 

'"See H.4114A 98-9. 
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Let [Fig. 5.81" the moon's eccentric circle be ABG on centre D and diameter 
H395 ADG, on which the centre of the ecliptic is taken at point E, and the point of 

' d i r e c t i ~ n ' , ~ ~  opposite to D, as Z. Cut off arc AB from the apogee A, and draw 
the epicycle, HOKL, on centre B. Join BD, HBKE and BLZ. 

Now the size of the [equation ofJ anomaly can differ from that of the apogee 
situation of the epicycle (at A) in two ways: 
[1] because the epicycle is removed. towards the perigee, the epicycle 
subtends a larger angle at E; 
[Z] the direction in which the diameter through mean apogee and perigee [of 
the epicycle] points is no longer towards E but towards Z. 

Fig. 5.8 J. 

The effect f-om the first factor is a maximum when the moon's equation of 3 
anomaly is a maximum, while the efrect of the second factor is a maximum t 
when the moon is near the apogee or perigee ofthe epicycle. Hence it is clear ! 

F 
that when the maximum effect ofthe first factor occurs, the effect ofthe second 

I. 

factor will be quite negligible, since the moon's equation of anomaly hardly z 
H396 varies for a considerable distance either side of its situation on the tangent to the 

L,  

epicycle. However, [in this situation] the true syzygy can diff'er from the mean 
by the sum oft he equations of the two luminaries, if'one is additive and the other 
subtractive. On the other hand, when the maximum effect ofthesecond factor, 
the diff'erence due to the direction, occurs, then again the effect ofthe first factor 
is negligible, since the complete equation ofanomaly is either zero or very small 
when the moon is near the apogee or perigee of the epicycle. But [in this case] 
the true syzygy will differ from the mean only by the sun's equation of anomaly. 

4 3  Fig. 5.8 is w~ongly drawn in Heiberg's text, where DO has been connected instead ofthe 
tangent EO. This is an error of Heiberg's, unsupported by the mss., and corrected by Manitius. $! 

3 4 ~ p 6 0 ~ ~ u o ~ < .  See p. 227 n.l9. * 
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L.  
~ .- ., 
j - Let us suppose, then, that the sun has a maximum additive equation of 2;23O, 

and (first) that the moon too has a maximum (but subtractive) equation of5;1°. 
Thus L AEB contains twice the sum of the above, 7;24O, i.e. 14;48". Draw EO 
from E tangent to the epicycle, and drop perpendicular BO on to it, and also 
perpendicular DM from D on to BE. Then since 

L AEB = { 14;4€i0 where 4 right angles = 360° 
29;360° where 2 right angles = 360°0, 

in the circle about right-angled triangle DEM H397 
arc DM = 29;36O 

and arc EM = 150;24O (supplement). 
Therefore the corresponding chords 

where hypotenuse DE = 120P. 
and EM = 116;lP 

Therefore where DE, the distance between the centres, is 10;l gP, 
and BD, the radius of the eccentre, is 49;41P, 

DM = 2;3gP 
and EM = 9;5gP. - 

And since BM2 = BD2 - DMZ, 
BM = 49;37', 

and, by addition [ofEM],BME = 59;36', 
where Be, the radius of the epicycle, is 5; 15'. 
Therefore in the circle about right-angled triangle BE@, 

where hypotenuse EB = 120P, 
B@ = 10;34', 

and arc B@ = 10;6O. 
Therefore the angle of the maximum equation of anomaly, 

i 10;60° ,where 2 right angles = 360°0 
L BE@ = 

5;3O where 4 right angles = 360°. 
instead of the 5;1° fbr the apogee position of the epicycle at A. H398 
Therefore the difference in the equation of anomaly due to this effect was found 
to be 2 sixtieths of a degree, which cannot produce an error of even as much as 
hth of an hour.3" 

Next let the moon be at L, the mean perigee. Thus LAEB will contain, 
approximately, only double the sun's [maximum] equation of anomaly, namely 
4;46O. With a figure 15.91 similar [to the preceding], draw line EL, and drop 
perpendiculars LN (from L) and DM (from D) on to BE, and ZX from Z on to 
BE produced. Then, by the same kind ofcalculation as before, since the angle at 
E7 

i 4;46" where 4 right angles = 360° 
[L AEB] = 

9;320° where 2 right angles = 360°0, 
in the circles about right-angled triangles EDM and EZX, 

arc DM = arc ZX = 9;3Z0 
and arc EM = arc EX = 170;280 (supplements). H399 

.'. Crd arc DM = Crd arc ZX = 9;58', where hypotenuses DE and EZ 
and Crd arc ME = Crd arc EX = 1 1 9;35P = 12W. 

'' In the time of an eclipse. See p. 136 n. 16. 
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Therefore where DE = EZ = 10;lY 
and DB, the radius of the eccentre, is 49;41P, 

DM = ZX = 0;51P 
and ME = EX = 10; 1 7'. 

And since BM2 = BD2 - DM2, 
BM = 49;41P. 

-.. BE = [BM + ME =] 59;58', 
and, by addition [of EX], BX = 70;I5' where ZX = 0;51P. 

Fig. 5.9 

Therefore by the same argument, hypotenuse BZ [of triangle BZX] will be 
approximately the same size [as BX], 70;15'. 

And BZ:ZX = BL:LN and BZ:BX = BL:BN. 
Therefore where BL, the radius of the epicycle, is 5;15', 

and BE, as was shown = 59;58', 
LN = 0;4'.and BN 5;15', 

H400 and, by subtraction [of BN from BE], NE = 54;43* where LN = 0;4'. 
And since, from the preceding, hypotenuse EL [of triangle ELN] is not 

noticeably different from this amount %of 54;43', it  fbllows that, where 
hypotenuse EL = 12@, 

LN = 0;8', 
and, in the circle about right-angled triangle ELN, 

arc LN = 0;8'. 
Therefore the difference in the moon's position due to the direction towards Z, 

0;80° where 2 right angles = 360"' 
L BEL = 

0;4O where 4 right angles = 360°.36 

36Ptolemy's final result is correct (to the nearest minute), but some of the intermediate I-esults are 
inaccurate. E.g. just above in the computation ofLN, 0;4 x 120/54;43 is much closer to 0;9 than to 
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Thus here too the difference in the moon's equation of anomaly is [only] 4 
minutes of arc; and even this does not produce a significant error in the 
phenomena a t  the syzygies, since it cannot reach as much as {th of an hour, an 
amount one may expect to encounter frequently as a purely observational 
error. 

We made the above argumentation, not to show that one cannot take these 
differences into account, very small though they be, for the computation of 
syzygies too, but to show that we committed no noticeable error in our previous 
demonstrations using lunar eclipses when we used the [simple hypothesis], and 
not that supplemented by introducing the eccentre. 

1 1. (On the moon's par all axe^)^' 

With the above we have about disposed of the [elements] necessary for finding 
the true positions of the moon. However, in the case of the moon there is the 
additional problem that its apparent position do-es not coincide with its true 
position, even to the senses. For, as we said [IV 1 p. 1731, the earth does not bear 
the ratio of a point to the distance of the moon's sphere. Hence it is both 
necessary and appropriate to discuss the lunar parallaxes, especially in order to 
deal with the theory of solar eclipses, amongst other phenomena, By means of 
the lunar parallaxes it will be possible, given a true position [of the moon], [i.e. 
its position] with respect to the centre of the earth and of the ecliptic. to 
determine its position as seen from the standpoint of the observer, that is from 
some point on the earth's surface, and, ;lice versa, to determine the true position 
from the apparent position. Now it is a feature of this kind of enquiry that one 
cannot find the amount of the parallax for individual situations unless one is 
first given the ratio of the distance [of the body to the earth's radius], nor can 
one find the ratio of the distance without the parallax for some particular 
situation being given. Hence for those bodies with no perceptible parallax, 
namely, those to [the distance off which the earth bears the ratio of a point, i t  is, H402 
obviously, impossible to find the ratio of the distance. But in the case of those 
bodies, like the moon, which do exhibit a parallax, the only appropriate 
procedure is, first given some particular parallax, to find the ratio of the 
distance. For it is possible to make an observation of a [particular] parallax of 
this kind by itself, but quite impossible to determine the amount ofthedistance 
[by itself]. 

Now Hipparchus used the sun as the main basis of his examination of this 
problem. For since it follows from certain other characteristics of the sun and 
moon (which we shall discuss subsequently) that, given the distance to one of 
the luminaries, the distance to the other is also given, Hipparchus tries to 
demonstrate the moon's distance by guessing at the sun's. First he supposes that 
the sun has the least perceptible parallax, in order to find its distance, and then 

0;8. It looks as if he computed to two sexagesimal fractional places, and then fudged the results 
somewhat in the presentation. 

.*'On chs. 1 1  and 12 see H.4~Z1.4 11001. Pedenen 203-4. 
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he uses the solar eclipse which headduces; at one time he assumes that the sun 
has no perceptible parallax, a t  another that it has a parallax big enough [to be 
observed]. As a result the ratio of the moon's distance came out different for him 
for each of the hypotheses he put forward; for it Is altogether uncertain in the 
case of the sun, not only how great its parailax is, but ever? whether it has any 
parallax at ali. '* 

1 2. ( OR !he consf rudion of a parallactic i n s t r u n ~ e n t ) ~ ~  

We, in contrast, to avoid taking any uncertain factors into our examination of 
this topic, constructed a n  instrument to enable us to observe as accurately as 
possible the amount of the moon's parallax, and its zenith distance, along the 
great circle through the poles of the horizon and the moon. 

We made two rods [Fig. G,1 23, rectangular [in cross-section], no less than 4 
cubits long, so as to admit finer graduation, and with a cross-section ofsuficient 
size that they were not distorted because of their length, but each side 
conformed very strictly to a straight line. Then we drew a straight line along the 
middle of the broader side ofeach rod, and afixed to one of them [Fig. G,2], at 
each end, centred on the line, and perpendkdar[to it], two rectangular plates, 
of equal size and parallel to each other [Fig. G,a,b]; each plate had an aperture 
exactly in the centre, the aperture a t  the eye being small, and that towards the 
moon being greater. in such a way that when one eye was placed at  the plate 

H404 with the smaller aperture, the whole of the moon would be visible through the 
aperture on the other plate? which was aligned [with the first aperture]. We 
made a perforation of equal size through both rods a t  the end ofthe median line 
near the plate with the larger hole, and fitted a peg [Fig. G,c] through both 
perforations in such a way that the sides of the rods inscribed with the lines4' 
were fastened together round the peg as a centre, but the rod with the plates 
could rotate freely in all directions without distortion. We wedged the rod with 
no plates on it [Fig. G, 11 into a base [Fig. G,4]. O n  the median line ofeach rod, 
at the end by the base, we took a point as far as possible from the centre of the 
peg (the same distance from it [on both rods]), and, on the rod with the base, 
divided the line so defined into 60 sections, subdividing each section into as 
many subdivisions as possible. We also attached to the back of the same rod, at 
its end, [two] plates [Fig. G,d,d] having their corresponding faces aligned with 

"This passage is supplemented by Pappus' commentary ad loc. (Rome[] 1 1 67-8), which extracts 
some details of the two procedures of Hipparchus from Books 1 and 2 respectively of the latter's 'On 
sizes and distances'. For details of the important historical consequences which can be drawn see 
ToomerfS] (showing that the solar eclipse referred to is that of - 189 Mar. 14), which builds on the 
work of Swerdlow, 'Hipparchus'. 

"On the instrument described in this chapter (known in the middle ages as a 'triquettum') see 
Price. 'Precision Instruments' 589-90 with Fig. 344. My Fig. G is based on the text ofthe Almagest 
rather than on the figure provided by Pappus in hiscommentary (Rome[l] I p. 71, with a modem 
reconstruction; see also Rome's notes on pp. 70-5). 

*The faces of rods 1 and  2 inscribed with the lines cannot be flush with one another, as is clear 
fi-om Fig. G. Ptolemy seems to mean only that oneviews the inscribrd faces of the two rods as radii of 
a circle with centre peg c. 
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Fig. G (part I) 

Fig. G (part 11) 

each other,41 and each being equidistant in all respects from that same median 
line, so that when a plumb-line was suspended between them, the rod could be 
set up exactly perpendicular to the plane of the horizon. We also had a meridian 
line [Fig. G,e] ready drawn in the plane parallel to that of the horizon in an 
unshaded place. We set the instrument upright in such a way that the sides of 

'I Excising the words n p k  ~ f i  aC~g ypapp5 at H404,17-18. That would mean 'each having that 
face which was on the same side as the [graduated] line aligned with the other'. But this is 
impossible, since the plates are not tooneside ofthe face with the graduations, but 'on the back', i.e. 
on the face opposite the graduated line. This is also clear from Pappus' detailed description (Rome 
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the rods which were held flush with each other by the peg lay in the meridian, 
being parallel to the meridian line, and the rod with the base was fixed exactly 
perpendicular, in a fim 2nd immovable position, while the other rod could 
move in the plane of the meridian abut  the peg, responding to the pressure [of 
the user].42 We also added another thin, straight rod, [Fig. G,3] attached by a 
small pin [Fig. G,fj at the base end of the graduated line, so that it too could be 
rotated, and long ellough to reach the end of the line on the other rod 
equidistant [from the peg] when it was rotated to its maximum distance [from 
the base];43 thus by rotztutg it a t  the same time as the latter, one could use it to 
show the straight-line distance between the ends [of the centre-lines on the two 
rods]. 

We made our observations of the moon as follows. The moon had to be 
located on the meridian, and near the solstices on the ecliptic, since at such 
situations the great circle through the poles of the horizon and the centre ofthe 
moon very nearly coincides with the great circle through the poles of the 

H406 ecliptic, along which the moon's latitude is taken. Furthermore the true 
distance [of the rn&] from the zenith can also be conveniently determined 
from the same situation. When the moon was precisely in the meridian, we 
moved the rod with the [sighting-] plateson it round to the posit ion in which the 
centre of the moon, when sighted through both apertures, was in the centre of 
the larger aperture. We marked on the thin rod the distance between the ends of 
the lines on the [two] rods, then applied the distance [marked on the thin rod] to 
the line on the upright rod graduated into 60 sections. Thus we found the 
amount of that distance in those ~tnits ofwhich the radius of the circfe described 
by the rotation [of the rod with the sighting-plates] in the plane of the meridian 
contains 60. By calculating the arc corresponding to that chord, we found the 
angular distance of the apparent centre of the moon from the zenith, measured 
along the great circle through the poles of the horizon and the moon's centre, 
which coincided at that moment with the [great circle] through the polesofthe 
equator and the ecliptic, [i-e.] the meridian. 

In order, first, to determine the precise amount of the moon's greatest 
M407 deviation in latitude, we made sightings when the moon was simultaneously 

p. 75). np6q rc a h 3  ypappq is a stupid gloss on 26 r> ab?6 pkpq, which I have translated 
'corresponding', but which literally means 'in the same direction'. The interpolation is old, since it 
is bund in the Arabic tradition. 

'21.e. the peg held the rods together tightly enough so that rod 2 would not move under its own 
weight, but loosei!. enough so that it could be rotated by the raer. 

i3This rod has indeed to be 'thin', since it has to pass ixtween the two rods 1 and 2, the hces 01' 
which are supposed to be flush. Pappus overcomes this dilliculty by saying that rod 2 has to IX 
l~oliowed out along its length to the depth ofthe thickness ofrod 3 (Rome p. 73). There is the further 
dilliculty that acco~.ding to Ptolem!.'~ instructions rot1 3 has to be long enough to reach to the end of 
rod 2 at thc maximum rotation, presumably 90': hence its length should be (d2 x length ofthe 
.grad~tated line). But since one measures the chord of the zenith.distance, not direc~ly on rod 3, but 
by marking it on rod 3 and then measuring it on the scale on rod 1, no zenith distance ,greater than 
600 (the chord ofwhich is 60P) can be measured. Hence, presumably, Papprls (p. 73) says that rod 3 
should be less than the length of the graduated line. Rome (p. 73 n.Oj suggests that Ptolemy 
delil~rately chose this limit to avoid the complicat ionsof refraction near the horizon. It seems more 
likely that it issimpiy a by-product ofPtolemy's construction, and that Pappus' shorteningoftherod 
was done to avoid [he difficulties which would result Smm trying to apply rod 3 to the %graduated line 
if i were 6@ or more. 
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h l  - near the summer solstice and near the northern limit of its inclined circle.44 For 
c .  

in the region of those points the moon's latitude remains sensibly the same over 
a considerable interval, and furthermore, since the moon is then very near the 
zenith at the parallel through Alexandria (at which we made our observations), 
its apparent position is approximately the same as its true position. At such 
situations it was found that the distance of the centre of the moon from the 
zenith was always about 210. Hence by this method too the moon's greatest 
latitude either side of the ecliptic is shown to be 5'. For the zenith distance of the 
equator at Alexandria has been shown to be 30;58O; if we subtract from this the 
2ko (which is the apparent distance [of the centre of the moon from the zenith]), 
the result [28;50i0] is about 5O greater than the distance from the equator to the 
summer solstice, which was shown to be 23;51 O. 

Then, in order to attack the problem ofthe parallaxes, we observed the moon 
in the same way, but this time when it was near the winter solstice, both for the H408 
reason already mentioned {above] and because its distance from the zenith in 
that situation is the greatest of all such meridian positions, and thus provides us 
with a greater and more easily determinable parallax. We will set out one of a 
number of parallax observations which we made at such situations. By this 
means we shall display the method of calculation and at the same time provide a 
demonstration of the rest of what is to follow in the appropriate order. 

13. (Demonstration of the disiances of the moon)45 

In the twentieth year of Hadrian, Athyr [III] 13 in the Egyptian calendar [I 35 
Oct. 11, 52 equinoctial hours after noon, just before sunset, we observed the 
moon when it was on the meridian. The apparent distance of its centre from the 
zenith, according to the instrument, was 50fi0. For the distance [measured] on 
the thin rod was 516 of the 60 subdivisions into which the radius of revolution 
had been divided, and a chord of that size subtends an arc of 50fi0. Now the 
time from epoch in the first year of Nabonassar to the moment of the above 
observation is 

equinoctial hours reckoned simply 
882 Egyptian years 72 days 

H409 
5f equinoctial hours reckoned accurately. 

For .this moment we find: 
mean longitude of the sun: fi 7;31° 
true longitude of the sun: 4 5;28" 
mean longitude of the moon: J 25;44O 
elongation: 78; 13O 
distance [in anomaly] from mean apogee of epicycle: 262;20° 
distance in [argument ofJ latitude from the northern limit: 354;40°. 

44 Since the revolution of the node takes place once m about 184 ye-, this situation occurs 9f 
years earlier or later than the similar situation of the moon near the winter solstice, observed by 
Ptolemy (V 13) in Oct. 135. Therefore these observations were madeeither in the summer of 126, or 
in the spring of 145. This is the only useful conclusion that can be drawn from the confused 
discussion of Newton, 184-6. 

45 See HAA4A 101-3, Pedenen 204-7. 
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Hence the complete equation of anomaly, derived from the appropriate table, 
was +7;26O, so that the true position of the moon at that moment was: 
in longitude: L93;lo" 
in [ar,gument of') latitude on 
the inclined circle: 2;6O from the northern Iimit 
in latitude on the great circle 

through the poles of the ecliptic 
(which almost coincided at that 
moment with the meridian): 46 4;5g0 north of the ecliptic. 
Now i4 3;10° is 23;4g0 south of the equator on the same [meridian] circle, and 

the equator is, likewise, 30;58O south of the zenith at Alexandria. Therefore the 
true distance of the centre of the moon from the zenith was [23;49 + 30;58 - 
4;59 =] 49;48O. And its apparent distance was 50;55". Therefore the moon's 

H410 parallax at the distance [of the moon from the earth] corresponding to the 
position in question was 1 ; 7O  along the great circle through the moon and the 
poles of the horizon, when its true distance from the zenith was 49;48O. 

Now that we have established that, draw [Fig. 5.10J'in the plane of the great 
circle through the poles of the horizon and the moon the following great circles, 
on the same centre: 

that of the earth, AB; 
that through the centre of the moon at the [above] observation, GD; 
the great circle to which the earth bears the ratio of a point, EZHO. 

Fig. 5.10 

46Fo~. the moon was almost at the winter solstice (cf. p. 247). 
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Let their common centre be K, and let the line through the points at thezenith 
be KAGE. Let us assume that the same distance of the moon, D, from the zenith 
at G is the amount already determined, 49;48O. Join KDH, ADO, and H411 
f~rthermore from point A, which represents the observer's eye, draw AL as 
perpendicular to KB, and AZ as parailel to KH. 

Then it is obvious that for an observer at point A the moon's parallax was arc 
HO. So arc HO is 1 ;7O, according to the calculation from the observation. But 
since arc ZO is negligibly greater than arc HO (for the whole earth bears the 
ratio of a point to circle EZHO), arc ZHO is very nearly the same, 1;7O. And 
since, again, point A is negligibly - different from the centre of circle ZO, 

1;7O where 4 right angles = 360° 
L ZAO = 

2; 140° where 2 right angles = 360°0. 
And L ADL = L ZAO = 2;140°. 

Therefore in the circle about right-angled triangle ADL, 
arc AL = 2;14O 

and Crd arc AL = 2;21P where hypotenuse AD = 12@. 
But LD is negligibly smaller than AD. 

Therefore where LA = 2;21P, LD E.: 12@. 
Furthermore since, by hypothesis, arc GD = 49;48', H412 
the aagle at the centre of the circle, * 

L GMD = 
4.9,48O where 4 right angles = 360' 
99;360° where 2 right angles = 360°0. 

Therefore in the circfe about right-angled triangle ALK 
arc AL = 99;36O 

and arc LK = 80;24O (supplement). 
Therefore the corresponding chords 

91'38} where hypotenuse AK = i ZOn 
and LK = 77;27P 

Therefore where AK, the radius of the earth, is ip, 
AL = 0;46' 

and KL = 0;39P. 
But where AL = 2;21P, LD, as was s h o ~ ~ n ,  = 12@. 

Therefore where AL = O;W, LD = 39;6'. 
And, in the same units, KL = 0;3Y. 

and the radius of the earth, KA = 1'. 
Therefore where KA, the radius of the earth, is lP, 
by addition, KLD, which represents the distance of the moon -at the 
observation, is 39;45P.47 

Now that we have demonstrated this, let [Fig. 5.1 11 the moon's eccentre be 
ABG on centre D and diameter ADG, on which E is taken as the centre of the 
ecliptic, and Z as the point towards which [the mean apogee diameter of3 the 
epicycle is directed. Draw the epicycle, HOKL, on point B, and join HBOE, BD 
and BKZ. Let L represent the position of the moon at the observation in 

"There is an accumulated error here, due to a series ofsmall inaccuracies and roundings. More 
accurate would be 39;50P. 
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question, and draw perpendiculars to BE, DM from D48 and ZN from Z. 
Then since the amount of the elongation at the time of the observation was 

78;13O [p. 2471, it follows from the theory previously established that 
L AEB = 156;26O where 4 right angles = 360°; 

- 

hence its supplement, L ZEN =LDEM = 23;34O where 4 right angles = 360' 
H414 47;80° where 2 right angles = 360°0. 

Fig. 5.1 1 

Therefore in the circles about the corresponding right-angled triangles, [ZEN, 
DEM], since DE = EZ, 

arc DM = arc ZN = 47;8O 
and arc EM = arc EM = 132;5Z0 [supplements]. 

Therefore the corresponding chords 
DM = ZN = 47;59P 1 where hypotenuse DE = hypotenuse EZ = 12@. 

and EM = EN = 1 10;OP 
Therefore where DE = EZ = 10; 1Y and DB, the radius of the eccentre, 

is 49;41 P, 
DM = ZN = 4;8' 

and EM = EN = 9;27P. 
And since BM2 = BD2 - DM2, 

BM = 49;31P. 
And BE = [BM - EM =] 40;4P, 

and, by subtraction [of EN from BE], BN = 30;37* where ZN = 4;8'. 
And since BN2 + ZN2 = BZ2, 

hypotenuse BZ = 30;54P. 

48Heiberg rightly excised k@AqO&bav ('extended') at H413,7 as an unnecessary gloss which 
disturbs the sentence structure. Transferring it after BE (as Halma and Manitius) is no 
improvement, since the perpendicular fmm Z is not on the extension of BE. 
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Therefore in the circle about right-angled triangle BZN, 
where hypotenuse BZ = 12@, 

ZN = 16;ZP 
and arc ZN = 15;21 O. 

. .'. ZBN = 1 5;2 1 O0 where 2 right angles = 360°0 H415 
about 7;40° where 4 right angles = 360°. 

That [7;40°], then, is the size of arc OK of the epicycle. 
Next, the distance of the moon from the mean apogee of the epicycle at the 

moment of the observation was 262;20° [p. 2473, and, obviously, its distance 
from K, the mean perigee, was 82;20° (by subtraction of a semi-circle). 

Therefore arc KL = 82;20° 
and arc OKL = [arc OK + arc KL =] 90;0°. 

So L OBL is a right angle. 
... EL2 = BL2 + EB2, 

and where DB, the radius of the eccentre, is 49;4IP 
and BL, the radius of the epicycle, is 5; 15', 

EB, as we showed = 40;QP. 
.'. EL = 40;25'. 

Therefore the distance of the moon at the observation is 40;25', 
where BL, the radius of the epicycle, is 5; 15' 

, and where EA, the distance from the centre of the earth to the apogee of the 
eccentre, is 60P, 
and where EG, the distance from the centre of the earth to the perigee of the 
eccentre, is 39;2ZP. 

But we showed that the moon's distance at the observation, that is EL, was 
39;45' where the radius of the earth is one. H416 
Therefore where EL, the distance of the moon at the observation, is 39;45', and 
the earth's radius is lP, 

EA, the mean distance at the syzygies = 59;0P,49 
EG, the mean distance at the quadratures = 38;43', 

and the radius of the epicycle = 5;10P. 
Q.E.D. 

1 4. { On rhe ratio of the apparent diameters of sun, moon and shadow at the gzygiesj 50 

Now that we have demonstrated the distances of the moon in the above 
manner, the appropriate sequel is to demonstrate those of the sun as well. This 

' 9 ~ h i s  result for the moon's mean distance agrees well with the facts (it isslightly greater than 60 
earth-radii), which means that Ptolemy's parallax at syzygies (i.e. at solar eclipses) is fairly 
accurate. However. the process by which it is reached contains a number of errors (in the observed 
parallax, the latitude, the declination etc., 2nd in the distance resulting from Ptolemy's model), 
which 'miraculously' cancel each other out. For details see H.4M.4 102-3. This is no accident: 
Ptolemy knew (approximately) what the parallax had to be at eclipses, and chose an observation 
which produced that amount. For a suggestion that the figure of 59 earth-radii had already been 
derived by Hipparchus see Toomer[9] 131. 

"The chapter heading is placed by most Greek mss. (and by Heiberg's text) before H416,ZO. 1 
have transferred it here (before H416,9), following the Arabic mss. (cf. also D, which has it in the 



252 V 14. Use of Hipparchan dioptra to observe apparent diameters 

too can readily be performed geometrically, if we are given, in addition to the 
distances of the moon at the syzygies, the sizes of the angles formed at the 
[observer's] eye at  the syzygies by the diameters of the sun, moon and shadow. 

Of the various methods used to solve the latter problem, we have rejected 
those claiming to measure the luminaries by measuring[the flow of) water or by 
the time [the bodies] take to rise at the equinox,51 since such methods cannot 

H417 provide an accurate result for the matter in hand. Instead, we too constructed 
the kind of dioptra which Hipparchus described, which uses a four-cubit rod,52 
and, observing with this, found that the sun's diameter always subtends 
approximately the same angle, there being no noticeable difference due to [the 
variation in] its distance, but that the moon subtends the same angle as the sun 
only when it is at its greatest distance from the earth (i.e. the apogee of the 
epicycle) at full moon, in contradiction to the hypotheses of my predecessors, 
[who assumed that it subtends the same angle as the sun at full moon] when it is 
at mean distance.53 Furthermore, we find that the angles themselves are 
considerably smaller than those traditionally accepted.54 However our com- 
putation of the latter rests, not on measurement with the dioptra, but on certain 
Iunar eclipses. For although it was possible to determine readily from the 
dioptra, as constructed, when both diameters subtend the same angle (since 
such a determination involves no actual measurement), theamount [of the angle 
subtended] seemed utterly dubious to us, since the mea~ure rnen t~~  involving the 
positioning of the width [of-the plate] which covers [the body being sighted] on 

upper margin), as a more appropriate break. Cf. Introduction p. 5. On ch. 14 see HAMA 103-8, 
Pedersen 207-9 (with the corrections Toomer [3] 140, 143, 149). - 

"According to Pappus ad loc. (Rome[l] I 87-9) 'the more ancient astronomers' used water- 
clocks to measure the time taken by the sun to cross the horizon, a procedure criticised by 
Hipparchus. He refers to a lost work of Heron, n ~ p t  Mpiov dpoo~oneiov ,  on which see also 
Proclus, Hvpoiyposiis IV 73-6 (ed. Manitius p. 120-2). At H416,21 Heiberg rightly accents 
6GpoparptGv (from the abstract S p o p ~ ~ p i n ) .  There is no evidence for the existence of 
OGpoperpiov, '\.essel for measuring flow of water', conjectured by LSJ s.v. In the corresponding 
passage Proclus p. 120 line 14 we should read GGpoAoyiov. Cf. also HAMA 103 n. 1. 

'*There are ancient descriptions of this instrument by Pappus in his commentary ad loc. 
(Rome[l] 1 90-2) and by Proclus, H y p ~ p o s i s  IV 87-96 (ed. Manitius pp. 126-30)- See Price, 
'Precision Instruments' 591, and, for modern literature, H A M A  103 n.2. The essential feature is a 
plate (rtp~opartov, H417,22-3) which can be moved along a graduated rod until it appears to 
exactly cover the object being sighted by the eye placed at one end of the rod. 

53 It was shown by Swerdlow, 'Hipparchus' 291-8, that Hipparchus was one of those who held 
this. An important consequence of this hypothesis is that annular solar eclipses become possible, 
whereas under Ptolemy's assumption they are impossible. 

54 Hipparchus (see IV 9 p 205) assumed that the moon at  mean distance subtends a six hundred 
and fiftieth of its circle, or about 0;33,14'; hence his fi-gure for the sun's diameter was the same. 
Ptolemy (below) finds that when moon and sun have the same apparent diameter (at maximum 
distance) it is 0;31 ,20°, considerably smaller. This must be what he means here. However, hisvalue 
for the lunar diameter at  mean distance, 0;33,200, is negligibly different from Hipparchus'. 

55 Excising~h&iorqq 06oqq at H417,23, to which I can attach no meaning(it cannot mean 'very 
laborious', as Manitius translates, nor, if it could, would it be true). The variant nkcio~atq 0iioa1~ 
found in D, part of the Arabic tradition (L) and Pappus (Rome[l] I 93,21) can be translated 
('involving multiple positionings'), hut it is not true that sighting the moon would require more 
than one positioning of the plate. Unless the corruption lies deeper (e.g. xheiorqq has replaced a 
word meaning 'delicate') one must assume that nA&iotay oiioatq was an inept gloss intended to 
explain why the process was inaccurate, anc! that this was corrupted to theunintelligihlertk~i~~tl5 
oiioqq by attraction to xapapsrptjoecly. 
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the length of the rod running from the eye to the plate can be inaccurate. 
However, once it was determined that the moon is at its greatest distance when H418 
it subtends the same angle at the eye as the sun, we computed the size of the 
angle it subtends from observations of lunar eclipses in which the moon was 
near. that [greatest] distance, and thence obtained immediately the size of the 
angle subtended by the sun. We shall explain the method of procedure in this by 
means of two of the eclipses used. 

In the fifth year of Nabopolassar, which is the 127th year from Nabonassar, 
Athyr [Ill] 27/28 in the Egyptian calendar [-620 Apr. 21/22], at the end of the 
eleventh hour in Babylon, the moon began to be eclipsed; the maximum 
obscuration was d of the diameter from the south. Now, since the beginning of 
the eclipse occurred 5 seasonal hours after midnight, and mid-eclipse about 6 
[seasonal hours after midnight], which correspond to 52 equinoctial houn 
at Babylon on that date (for the true position of the sun was 27;3O), it is 
clear that mid-eclipse, which is when the greatest part of the diameter is 
immersed in the shadow, occurred 53 equinoctial hours after midnight in 
Babylon, and exactly 5 [hours after midnight] at A l e ~ a n d r i a . ~ ~  - 

The time from epoch is 
17 equinoctial hours reckoned simply 

126 Egyptian .years 86 days 
H419 

16; equinoctial houn in mean solar days5' 
Therefore the lunar position was as follows: 

mean position in longitude: 6 25;3Z0 
true position in longitude: 6 27;5" 

distance [in anomaly] from the apogee of the epicycle: 340;7O 
distance [ i ~ .  latitude] from the northern limit on the inclined circle: 80;40°. 

Thus it is clear that when the centre of the moon near its greatest distance is 
9fo distant from the node, measured along its inclined circle, and the centre of 
the shadow lies on the great circle drawn through the moon's centre at right 
angles to the inclined circle (which is the situation at which the greatest 

I obscuration occurs), a of the moon's diameter is immersed in the shadow. 
Again, in the seventh year of Kambyses, which is the 225th year from 

Nabonassar, Phamenoth PI11 17/18 in the Egyptian calendar [-522 July 
16/17], 1 [equinoctial] hour before midnight at Babylon: the moon was eclipsed 
half its diameter from the north. Thus this eclipse occurred about 1 2 equinoctial 
hours before midnight at A l e ~ a n d r i a . ~ ~  The time from epoch is 

'60ppolzer no. 901: mid-eclipse 2;38 a.m. (e 4dh after midnight at Alexandria), magnitude 1 . 6 ~ .  
P.V. Neugebauer, Spezieller Kanon, gives about 5'dh after midnight (Babylon) for mid-eclipse, 

d magnitude 2.1 . 
57 The equation of time for a solar longitude of 27" is about -20 mins. rather than - 15 mins. 
580ppolzer no. 1056: mid-eclipse 21;oh (- 11 p.m. Alexandria), magnitude 6.1d. P.V. 

Neugebauer gives mid-eclipse as ca. ~ 3 . 6 ~  Babylon, magnitude 6.1d. The time used by Ptolemy is 
clearly in error (although the computed positions of sun and moon must have seemed to him to 
confirm it), but the source of his error is too complicated to discuss here. The best treatment is in 
Britton[l] 81-4. For this eclipse (alone of those preserved in Almagest) there is also an extant 
cuneiform report (published by Kugler, SSB I p. 71). According to A.J. Sachs this text should be 
translated as follows: 'Year VII, month IV, night of the fourteenth, 1 f double houn in the night a 
"total" lunar eclipse took place [with only] a little remaining [uneclipsed]. The north wind blew'. 
Here the time agrees with modern computations (and disagrees with Ptolemy), but the magnitude 
disagrees with both. 
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106 equinoctial hours reckoned simply 
224 Egyptian years 196 days 9: equinoctial hours reckoned accurately 

H420 (for the position oft he sun was 5 18; 12"). 
Therefore the lunar position was as follows: 

mean position in longitude: l&J 20;22" 
true position in longitude: l&J 18;1405' 

distance [in anomaly] from the apogee of the epicycle: 28;5060 
distance [in latitude] from the northern limit on the inclined circle: 262;12O. 
~ e n c e  it is clear that, when the centre of the moon, again near its greatest 
distance, is 7$0from thenode, asmeasured along its inclined circle, and the centre 
of the shadow has the same position relative to it as before, half of the moon's 
diameter is immersed In the shadow. 

But, when the moon's centre is 9i0 from the node along the inclined circle, it is 
48f' from the ecliptic along the great circle drawn through it at right angles to the 
inclined circle [the orbit]; and when it is 72" from the node along the inclined 
circle, it is 403' from the ecliptic along the great circle drawn through it at right 
angles to the inclined circle. " Therefore, since the difference between [the sizes 
of] the two eclipses comprises d of the moon's diameter, and the difference 

H421 between the above distances of the moon's centre from the ecliptic (i.e. from the 
centre of the shadow) comprises [48! - 4d =] 72', it is obvious that the total 
diameter of the moon subtends a great circle arc of [4 x 7: =] 31 f '. 

From the same data it is easy to see that the radius of the shadow at the same 
greatest distance ofthe moonsubtends40$'. Forwhen themoon'scentrewas that 
distance [40$'] from the centre of the shadow, it was touching the edge of the 
shadow's circumference, because [in that situation] halfof the moon's diameter 
was eclipsed. This is negligibly less than 21 times the radius of the moon, which is 
15f'. The values we derive for the above quantities from a number of similar 
observations are in agreement with these;62 hence we use them, both in other 
parts of the theory, concerning eclipses,63 and in the following demonstration of 
the solar distance, which will be along the same lines as that followed by 
Hipparchus. A further presupposition [ofthis demonstration] is that t he circlesof 

H422 sun, moon and earth enclosed by the cones are not noticeably less than great 
circles on their spheres, and the diameters too [not noticeably less than great 
circle diameters]. 64 

Possibly one should read 18;l l6  with D' (computed: 18;lO). 
60Pt~lemy has made a computing error here: correct isK= 27;54O. Obviously, he has computed 

(here only) for the uncorrected time of 10dh. However, this has no serious consequences, since it is 
merely intended to show that the moon is near the apogee of the epicycle. The discrepancy in the 
true position (see n.59) cannot be explained by this error. 

6 1 0 n  the computation of these amounts see H A M A  107. It seems probable that they were, 
properly, computed from a spherical triangle with the right angle at the moon's orbit (rather than 
lkom a plane triangle or any ofthe other approximations suggested there). But the computations are 
inaccurate: Ptolemy should have found 48:' and 402' respectively. For similar computations with 
the moon at the perigee of the epicycle see V1 5 pp. 284-5. 

62A1though Ptolemy's procedure for finding the apparent diameters ofmoon and shadow is both 
elegant and theoretically correct, it suffers from serious practical disadvantages. On these, and the 
inaccuracies involved in his actual computations, see HAMA 106-8. 

"Reference to VI 5-7 and VI 11. 
64 1.e. in Fig. 5.12 the cones from points N and X enclosing thespheres ofsun (ABG), moon.(EZH) 

and earth (KLM) have bases (the circles on AG, EH and KM) which are not sensibly less than great 
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15. ( O n  the distance o f  the sun and other consequences of the demonstration of that]65 

Now, given the above, and given that the greatest distance of the moon at the 
syzygies is 64; 10 units where the earth's radius is 1 (for we showed [p. 2511 that its 
mean distance is 59 of those units, and the radius oftheepicyle5;10)? let usseethe 
size of the sun's distance which results. 

[See Fig. 5.12.1 Let there be the followinggreat circles ofthe[various] spherical 
bodies lying in the same plane: circle ABG ofthe sun's, on centre D, circle EZH of 
the moon's at its greatest distance, on centre O, circle KLM of the earth's, on 
centre N. Let AXG be the plane through the centres [in the tangent cone] 
enclosing earth and sun, and ANG the plane through the centres [in the tangent 
cone] enclosing sun and moon, with DONX as common axis. Let the straight 
lines through the points of tangency, which are, obviously, parallel to each other, 
and sensibly equal to diameters, be ADG on the sun's circle, EOH on themoon's 
circle, KNM on the earth's circle, and OPR on the circle of the shadow in which H423 
the moon is immersed at its greatest distance (thus ON equals NP, afid each of 
them is 64;10 units where NL, the earth's radius, is 1 ). 

Then we have to find the ratio between ND, the distance of the sun, and NL, 
the earth's radius. 

Produce EH to [meet XG at] S. 
Since we demonstrated [p. 2541 that the moon's diameter at the distance in , 

question, namely the greatest distance in the syzygies, subtends 0;31 ,20° of the I 

circle drawn through the moon about the earth's centre, 
i 

1 

L ENH = 0;31 ,20° where 4 right angles = 360"' H424 i 

and L ONH = f L ENH = 0;31,20°0 where 2 right angles = 360''. i 
Therefore in the circle about right-angled triangle NHO, 

arc OH = 0;31 ,20° 
and arc ON = 1 79;28,40° (supplement). 1 

Therefore the corresponding chords 
MO = 0;32,4BP 

and NO 120P 
where diameter NH = 120'. 

Therefore where NO = 64;10, OH = 0;17,33. 
And NM, the radius of the earth, is I in the same units. 

But PR:OHa2;36 : 1 [p. 2541. 
-.- PR = 0;45,38 in the same units. 

.'. O H  + PR = 1;3,11 where N M  = 1. 
But PR + OS = 2, since PR + O S  = 2NM 

(for, as we said, all [three] are parallel, and NP = NO). 
Therefore, by subtraction [of (PR + OH) from (PR + OS)], 

HS = 0;56,49 where NM = 1. 
And NM:HS = NG:HG = ND:OD. 

circles in those spheres: thus AG, EH and KM can be treated as diameters of the spheres. This 
simpfiliing approximati011 is fully justified by the magnitude of the distances of the bodies 
compared with their diameters. 

"On chs. 15 and 16 see H.412I24 109-12, Pedersen 209- 13. 
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Therefore where ND = 1. DO = 0;56,49, and, by subtraction, O N  = 0;3,11. 
Therefore where NO = 64;10 and N M  = 1, 

the sun's distance, ND % 1210. 
Similarly, as we showed, PR = 0;45,38 where N M  = 1, 

and NM:PR = NX:XP. 
Therefore where NX = 1, XP = 0;45,38 

and, by subtraction, PN = 0;14,22. 
Therefore where PN = 64;10 and NM, the earth's radius, = 1, 

XP 203;50, 
and, by addition, XN = 268. 

Therefore we have calculated that where the earth's radius is 1 
the mean distance of the moon at the syzygies is 59 
the distance of the sun is 1210 

and the distance from the centre of the earth to the apex of the shadow cone is 
268. 

- 

1 6. {On the sizes of sun, moon and earth) M426 

The ratios of the volumes of the bodies are immediately derivable from the 
ratios of the diameters of sun, moon and earth. 

For, since we have shown that, where NM, the earth's radius, is 1, 
the moon's radius, OH = 0; 17,33 

and NO = 64; 10, 
and since NO:OH = ND:DG, 

and ND was shown to be 1210 in the same units, 
the radius of the sun, DG 5$ in the sameunits. 

So the diameters will have the same ratios. 
Therefore where the moon's diameter is 1, the earth's diameter will be about 3:' 
and the sun's 188. 
Therefore the earth's diameter is 39 times the moon's 
and the sun's diameter is 18: times the moon's 
and 54 times the earth's. H427 
And, using the same numbers, 

since 1 = I, 
and 3f3z393,  

and 18i3- 66444, 
we conclude that, where the moon's volume is I ,  
the earth's volume is 394 and the sun's 6644t. 
Therefore the sun's volume is about 170 times that of the earth.66 

66There is no point in estimating the relative volumes of the bodies, but it was evidently 
traditional in Greek astronomy, for Theon ofSmyrna (ed. Hiller p. 197) and Cdcidius (ed. Waszink 
p. 143) quote from Hipparchus' work on sizes and distances the statement that the sun is 1880 times 
the size of the earth and the earth 27 times the size ofthe moon; these ratios plainly refer to relative 
volumes. In his Planetcny Hypottheses (ed. Goldstein p. 9) Ptolemy gives the volumes of all the planets 
relative to the earth. 
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17. {On the indiz~idual pal-allaxes of'sun and 

With the above as basis, the next problem is to demonstrate, again briefly, how 
one may calculate the individual parallaxes of sun and moon fi-om the amount 
of their distances. First [we deal with] the parallaxes with respect to the great 
circle drawn through the zenith and the body.68 

H428 [See Fig. 5.13.1 In the plane of that great circle, then, let the great circle 
representing the [surface of the] earth again [as in Fig. 5-10] be AB, the great 
circle representing the [position of the] sun or moon GD, and the great circle to 
which the earth bears the ratio of a point EZHO. Let K be the centre of all 

Fig. 5'13 

[these circles], and KAGE the diameter through the zenith. Cut off from the 
zenith point G arc GD; let it be, e.g., 30°, and again draw KDH and ADO, from 
A draw AZ parallel to KH, and drop perpendicular AL on to KH. 

Now neither of the luminaries always remains at the same distance. But the 
resulting difference in the sun's parallaxes will be very small and imperceptible, 
since the eccentricity of its circle is small, and its distance great. For the moon, 
however, the resulting difference will be very perceptible, both because of its 

.' See HAMA 1 12- 15, Pedersen 21 3- 17. 
681n contrast to the longitudinal and latitudinal components of this 'total' parallax: these are 

dealt with in V 19. 
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motion on the epicycle and because of the motion of the epicycle on the f 
eccentre, each of which produces quite a large difference in the distance. 
Therefore we shall demonstrate the solar parallaxes for a single ratio, namely H429 
1210: 1, but we shall demonstrate the lunar parallaxes for the four ratios which 
will be most convenient for the methods we shall subsequently develop. The 
Sour distances we have chosen are as follows: 

The first two are 
[I] when the epicycle is at the apogee of the eccentre, 

[a] the distance to the apogee of the epicycle, which we concluded from our 
previous demonstration [p. 2551 to be 64; 10 earth-radii; 

[b] the distance to the perigee of the epicycle, which we compute to be 
[59;0 - 5;10 =] 53;50 earth-radii. 

The second two are k 
[2] when the epicycle is at the perigee of the eccentre, 

[a] the distance to the apogee of the epicycle, which we concluded from our 
previous demonstration [p. 2511 to be [38;43 + 5;10 =] 4353 earth- 
radii; 

[b] the distance to the perigee of the epicycle, which we compute as 
[38;43 - 5;10 =] 33;33 earth-radii. 

Then, since arc GD = 30°, by hypothesis, 

L GKD = i 30° where 4 right angles = 360° 
60°0 where 2 right angles = 360°0. 

Therefore in the circle about right-angled triangle AKL 
arc AL = 60°, 

and arc KL = 120' (supplement). 
Therefore the corresponding chords 

= w} where diameter AK = 120'. and KL = 103;55P - 
Therefbre where AK = lP, AL = 0;3@ and KL = 0;52'. 

And, in the same units, 

I 121 0' for the sun's distance 
64;10P for the moon's first limit [la] 

KLD = 53;50P for the moon's second limit [lbl 
43;53' for the moon's third limit [Zal 
33;33' for the moon's fourth limit [2bl- 

And, by subtraction, L D  [= KLD - KL], which is the same as AD, since the 
difference is imperceptible. 

1 
1209;8' for the sun's distance 
63;18' for the moon's first limit [la] - 

... AD = 52;5gP for the moon's second limit [lbl i 
I 

[2al 
i. - 

43; 1' for the moon's third limit 15 
tz 

32;41P for the moon's fourth Iimit [ w e  
Therefore, where hypotenuse AD = 12V7 then (assuming the same order, to 
avoid repetition) 

[Sun1 
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Therefore in the circle about right-angled triangle DLA6' 
arc AL = 0;2,50° 0;54,18' 1;4,54O about 1;20° about 1;45O. 

.'. L ADB = 0;2,50°0 0;54,180° i 1 ;4,540° 1 ;20°0 1 ;450° 
H43 1 L ZAG = where 2 right angles = 360°0 

0;1;25" 0;27,g0 0;32,27" 0;40°70 0;52,30° 
where 4 right angles = 360° . 

So, since point A is negligibly different from centre K, and arc ZHO is 
negligibly greater than arc HO (for the whole earth has the ratio of a point to 
circle EZHO), in circle EZHO, the arc of the parallax 

1 
0;1,25O for the sun's distance 
0;27,g0 for the moon's first limit 

arc HO = 0;32,27O for the moon's second l imi~ 
0;40° for the moon's third limit 
0;52,30° for the moon's fourth Iimit. 

Q.E.D. 
In the same way we calculated the parallaxes for the other zenith distances (at 

intervals of 6' up to the 90" of the quadrant) at each limit, and constructed a 
table to determine the parallaxes. The table has, again, 45 lines, and 9 columns. 

H432 In the first column we put the 90 degrees of the quadrant, tabulating them, 
obviously, at two-degree intervals; in the second column we put the minutes of 
solar parallax corresponding to each argument, in the third column the lunar 
parallax at the first limit; in the fourth column the increment in the [lunar] 
parallax at the second limit over the first limit; in the fifth column the [lunar] 
parallax at the third limit; and in the sixth the increment in the [lunar] parallax 
at the fourth limit over the third limit. Thus, for example, for an argument of 
30' we put 0;1,25O for the sun, thgn 0;27,g0 for the first limit ofthe moon; next 
0;5,18", which is the increment of the second limit over the first; then 0;40°, for 
the third limit, and next 0;12,30°, which is the increment ofthe fourth limit over 
the third. 

We needed to provide a convenient method of calculating the parallax 
(corresponding to the appropriate argument) for distances [of the moon] at 
intermediate positions between apogee and perigee [of eccentre and epicycle] 
from the parallaxes tabulated at the above four limits, using minutes [of 
interpolation]. To this end we added the remaining three columns, to account 

H433 for those differences. We calculated these columns in the following manner. 
Let [Fig. 5.1 43 the moon's epicycle be ABGD on centre E, and let Z be the 

centre of the ecliptic and the earth. Join [ZE with line] AEDZ, draw ZGB, join 
BE, GE, and drop perpendiculars on to AD, BH from B, and GO from G. Let us 
suppose, first, that arc AB, the moon's distance from A, the true apogee [of the 
epicycle] as taken with respect centre Z, is, e.g. 60°. 

.+. L BEH = 
60' where 4 right angles = 360' 
1 Z O O 0  where 2 right angles = 360°0. 

'j9Frorn here on Ptolemy drastically rounds his computations for the moon's third and fourth 
limits. His rationale, no doubt, is that in computing solar eclipses (for which the parallax table is 
principally designed) the moon is by definition near the apogee of the eccentre, and hence there is 
no use for the third and fourth limits. Cf. p. 264 n.73. 

'O Reading o ji (with D,Ar) for o ii o (0;40,0) at H431,4 and at H431,13. 



V 17. Computation of para1la.z table 

Fig. 5.14 

Therefore in the circle about right-angled triangle BEH 
arc BM = 1 20° 

and arc EM = 60° (supplement). 
Therefore the corresponding chords 

BM = 103;55' 
where dianieter EB = I2W. 

and EH = 60' 
But when centre E of the epicycle is at the apogee of the eccentre, 

ZE:EB = 60 : 5;15. 
Therefore, where EB = 5;l 5P, 

BH = 4;33' 
EH = 2;38' 

and, by addition [of EH to EZ], HEZ = 62;38'. 
And ZB2 = ZH2 + HB2. 

.*- ZB = 62;48', where 
the distance of the first limit, ZA = 65;15* 
the distance ofthe second limit, ZD = 54;45' 
and the difference between the two limits, AD = 10;30P. 
Therefore the difference at B with respect to the first limit is [65;15 - 
62;48 =] 2;27' where the total difference is 10;30P. Therefore where the total 
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difference is 60P, the difference at  B will be 14;OP. This [14;0], then, is the 
amount which we shall enter in the seventh column on the line [corresponding 
to the argument] of half of the number 60, namely 30. The reason for this is that 

M435 the 90 degrees comprised in the first column of the table contain half of the 180 
degrees from A to D. 7' 

By the same reasoning, if we suppose arc GD to be the same size [as arc AB 
above], 60°, it will be shown that 

G@ = 4;33p i where radius EG = 5; 15'. 
and EO = 2;38' 

Hence, by subtraction [of EO from ZE], ZO = 57;22'. 
By thesamereasoning[asabove], hypotenuseZG = [\/57;22' t 4;332 =] 57;33P. 
We again subtract this from the 65;15' of the first limit, and find that the result, 
7;42', is 44;Osixtiethsofthe total difference. Thisiswhat we shall enter in thesame 
[seventh] column opposite the argument 60, since arc ABG = 120°. 

With the same arcs [AB and GD] as basis, let ussuppose that centre E is at the 
perigee of the eccentre, which is the position defining the third - and fourth limits. 
In this position 

ZE:EB = 60:8.72 
Therefore where BE = 8', and assuming both arc AB and arc G D  as 60°, 

i BH = GO = 6;56' 
where ZE = 60'. 

and EH = EO = 4;OP 
.'- ZH = [ZE + EH =] 64' 

and ZO = [ZE - EH =] 56', 
so, by the same reasoning [as above] 

hypotenuse ZB = [ J Z H *  + BH2 =] 64;23' 
and hypotenuse ZG = [\/z02 + GQ2 =] 56;26P, 

w!lere the [distance oQ the third limit, ZA = 68', 
and the difference between the third and fourth limits, AD = 16'. 
And 68' - 64;23' = 3;37'$ which is 13;33 sixtieths of the total difference, 16'. 
Vv'e enter this amount [ I3331 in the eighth column opposite the argument 30, in 
the same way as before. 

Also, 68' - 56;26' = f 1;34', which is 43;24 sixtieths of the total difference, 
16'. This amount we enter, similarly, in the eighth column opposite the 
argument 60. 

That, then, is the way we shall set out the corrections computed for the 
motion of the moon on the epicycle. The corrections for the motion oT the 
epicycle on the eccentre will be derived as follows. 

H437 Let [Fig. 5.151 the moon's eccentre be ABGD on centre E and diameter AEG, 
on which Z is taken as the centre of the ecliptic. Draw BZD, and let angles AZB 
and GZD both, again, be taken as 60°. These situations occur at elongations of' 
30' (when the centre of the epicycle is at  B), and 120° (when the centre ofthe 
epicycle is at D). Join BE, ED, and drop perpendicuIar EH from E on to BZD. 

"The main part of Table \? 18 (cols. 2 to 6) is a function of the zenith distance, which varies 
between 0' and 90'. The interpolation columns 7 and 8, however, are a function of the anomalya, 
which varies between O0 and 180'. In order to use the same argument column for both, Ptolemy 
tabulates cols. 7 and 8 as a function of la .  

72Cf. V 7 p. 235. 



V 17. Computation of parallax table 

Fig. 5.15 

Then, since L BZA = 120°0 where 2 right angles = 360°0, 
in the circie about right-angled triangle EZH, 

arc EH = 120° 
and arc ZW = 60° (supplement). 

Therefore the corresponding chords 
liH = i03;55p where hypotenuse EZ = 12OP- and HZ = 60' 

Therefore where the distance between the centres, EZ = 10;lty 
and the radius of the eccentre is 49;41P, 

EH = 8;56' 
and ZH = 5;1@. 

And since BH2 = BE2 - EH2, 
BN = DH = 48;53' in the same units. 

Therefore, by addition [ of ZH to BH], ZB = 54;3P, 
and, by subtraction [of ZH from DH], ZD = 43;43' 
where [the distance for] the first [two] limits, ZA = 60P 1 

[the distance for] last [two] limits, ZG = 39;2ZP 
and the difference between them = 20;38P. 

Now 60' - 54;3' = 5;57', which is 17;18 sixtieths of the total difference of 
20;38'; b i 
and 60' - 43;4SP = 16;17', which is 47;21 sixtieths of the total difference of b' 

*- - 
20;38'. 8: 
Therefore, obviously, we shall enter 17,18 in the ninth column opposite the 
argument 30° of elongation, and 47,23 opposite 120°, i.e. again opposite 60'; - 
for, since the perigee [ofthe eccentre] lies at 90° [of elongation], an elongation of 
60' is equivalent in distance to an elongation of 120". 
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H439 In the same way we calculated the minutes [ofcoefficient of interpolation] for 
the differences over the three intervals in question for the other arcs. We 
performed the calculation a t  intervals of lZO, which corresponds to 6O in the 
arguments in the table, since the 180" from apogee [of the epicycle or eccentre] 
to perigee correspond to the 90" of [the argument column in] the table. We 
entered these minutes, calculated geometricaily, opposite the appropriate 
argument. We derived the entries for the intermediate arguments by linear 
interpolation over the six-degree intervals: for the difference between the results 
so derived and [accurate] geometrical calculation is negligible over such a short 
intewal, both for the minutes and for the actual parallaxes. 

The table is as follows. 

18. (Parallax Table) 73 

[See p. 265.1 

H444 19. ( O n  the determination of the paraliaxes) 74 

So, when we decide to determine the amount of the moon's parallax at any 
given [lunar] position, (first) with respect to the great circle drawn through the 
moon and the zenith, we examine its distance (in equinoctial hours) from the 
meridian at the latitude in question. With the distance found as argument, we 
enter the Table of Angles [I1 131 for the appropriate latitude and zodiacal sign, 
and take the amount in degrees in the second column corresponding to the 
hour, interpolating between integer hours if necessary.75 This gives us the 
distance of the moon from the zenith, measured along the great circle joining 
the two. With this as argument, we enter the Table of Parallaxes [V 181, 
determine on which line in the first column the argument is to be found, and 
taking the numbers corresponding to this in the four columns following the 
column of solar parallaxes, namely the third, fourth, fifth and sixth columns, 
write each one down separately. Then we take the corrected anomaly (i.e. with 
respect to the true apogee (of the epicycle]) at that moment: [if it is less than 

H445 180°,] we take the anomaly itself; but if it is greater than 180°, we take (360° 
minus anomaly); we always halve the amount so obtained, and, entering with 
this into the same [column of] arguments, determine the number of minutes 
corresponding to it in both the seventh and eighth columns separately. We take 
the minutes found from the seventh column, multiply them into the difference 

'3As Ptolemb- says (pp. 260 and 264), the entries in this table are calc,ulated at every 6 O  of 
argument (i.e. every third entry), the intermediate valut~ being derived by linear interpolation. 
Note that the values fbr the third and fburth limits (cols. 5 and 6), though tabulated to 3 significant 
places, are in fact calculated to only 2 places (for the reason see p. 260 n.69): the calculated values 
(for args. 6O, 12O etc.) always end in 0 or 30. They are therefore rather inaccurate. 

Correction to Heiberg: H443,41, entry in col. 9 for arg. 7 2 O ,  read V E  Ka (with D,Ar) for V E  pa 
(55,4 1 ). 

"See H.431.-1 I 14- 17: Pedersen 21 7- 19. -. 
"Literally 'either in lolo, or- the amount pl.oportional $0 the fi-action of an ho ld .  
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found from the fourth column, and (always) add the result to the parallax fi-om 
the third column. [Likewise] we take the minutes found from the eighth 
column, multiply them into the diff'erence found fi-om the sixth column, and 
again (always) add the result to the parallax fi-om the fifth column. Thus we 
have obtained two parallaxes; we take the difrerence between these and write it 
down. Next we take the mean elongation of'the moon from the sun, or else the 
mean elongation of the moon from the point opposite the [mean] sun, 
whichever of these two distances is the lesser,76 and entering with this too into 
the arguments in the first column, take the minutes corresponding to it in the 
ninth and last column. We multiply these into the difference between the two 
parallaxes which we wrote down, and (always) add the result to the smaller 
(that is, the one derived from the third and fourth columns). This sum will give 
us the moon's parallax as measured along the great circle through the moon and 
the zenith. 

H446 The  sun's parallax fbr a similar situation [i.e. as measured along an altitude 
circle] is immediately determined, in a simple fashion, (fbr solar eclipses), fiom 
the number in the second column corresponding to the size oft  he arc from the 
zenith [to the sun].77 

Now, in order to determine the parallax with respect to the ecliptic, in both 
longitude and  latitude, at  the given time, we again enter, with the same dis- 
tance of the moon from the meridian in equinoctial hours (as before], into the 
same part of the Table of Angles [I1 131, and take the number of degrees 
corresponding to that hour, in the third column if'the moon is to the east of the 
meridian, or in the fourth column if it is to the west of the meridian. We examine 
the result, and  if it is less than 90° we write down the number itselc but if it is 
greater than 90°, we write down its supplement, since that will be the size in 
degrees of the lesser of the two angles at  the intersection [ofecliptic and altitude 
circle] in question. We double the number written down, and enter with this 
[doubled] number, and also with its supplement, into the Table of' Chords 
[I 111. The ratio of the chord of the doubled number to the chord of the 
supplement will give the ratio of the latitudinal parallax to the longitudinal 

H447 parallax (for circular arcs of such small size are not noticeably different fi-om 
straight lines). So we multiply the amounts of the chords in question by the 
parallax determined with respect to the altitude circle, and divide the products, 
each separately, by 120. The results of the division give us the separate 
components of the parallax. The following general rules apply. 

For the latitudinal parallax, when the zenith is to the north of the point ofthe 
ecliptic then culminating, on the meridian, the [effect of the] parallax will be 
towards the south of it [the ecliptic]; but when the zenith is to the south of the 
culminating point, [the effect ofJ the parallax in latitude will be towards the 
north. 

For the longitudinal parallax: the angles tabulated in the Table [If 131 
represent the northernmost ofthe two angles cut off to the rearofthe intersection 

76 1.e. (see HAMA 1 14) we take as argument q' (which cannot exceed 90'). derived from the mean 
elongationij accordingtotherules05ii590:q ' = i j ; 905q5  180:q'=180-ij; 1801ii5270: 
q '  = T i  - 180; 270 5fi 5 360: q' = 360 - ii. 

77 For a parallax computation see Appendix A, Example 10. 
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of ecliptic [and altitude circle].78 Therefore, when the latitudinal paralfax is to 
the north, if the angle in question is greater than a right angle, the effect of the 
longitudinal parallax will be in advance [i-e. in reverse order] ofthe signs, but if 
the angle is less than a right angle, the effect will be towards the rear [i.e. in the 
order of the signs]. However, when the latitudinal parallax is to the south, the 
reverse will be true: if the angle in question is greater than a right angle, the 
longitudinal parallax will be towards the rear [i.e. in the order] of the signs, but H448 
if it is less than a right angle, the longitudinal parallax will be in advance.79 

Our  previous demonstrations concerning the sun proceeded on the assump- 
tion that it has no perceptible parallax, though we are well aware that the 
parallax, which, as we subsequently showed, affects the sun also, will make some 
difference in them.80 However, we do  not think that the resulting error in 
[predicting] the phenomena will be of sufficient concern to necessitate changing 
any of the theorems constructed without taking such a small effect into 
consideration. Similarly, for lunar parallaxes, we considered it sufficient to use 
the arcs and angles formed by the great circle through the poles of the horizon 
[i.e. an altitude circle] at the ecliptic, instead of those at  the moon's inclined 
circle. For we saw that the difference which would result at syzygies in which 
eclipses occur is imperceptible, and to set out the latter would ha3e been 
complicated to demonstrate and laborious to calculate; for the distance of the 
moon from the node is not fixed for a given position of the moon on the ecliptic, 
but undergoes multiple changes both in amount and in relative position. 

In order to make clear what we mean, let [Fig. 5-16] ABG be a segment of the H449 
ecliptic, A D  a segment of the moon's inclined circle, point A the node, and 19 
the centre of the moon. Draw DB at right angles to the ecliptic. Let E be the pole 
of the horizon, and draw through E the great circle arcs EDZ through the 
moon's centre, and EB through B. Let arc DH represent the moon's pasallax; 
and through point H8' draw HO at right angles to BD and HK at right angles to 
BZ. Thus AB represents the true distance [of the moon] in longitude from the node, 
and AK the apparent distance, while BD represents the true distance in latitude 
from the ecliptic, and K H  the apparent. Furthermore an arc equal to O H  
represents the longitudinal component of parallax (with respect to the ecliptic) 
derived from DH, and an  arc equal to DO represents the latitudinal component 
of parallax. 

From the preceding theorems, [we know that] parallax DH can be found if H450 
arc ED is given, and both [components of3 parallax, DO and OH, if L GZE is 
given. But what we determined previously was the arcs and angles formed a t  
given points of the ecliptic by the altitude circle; and the only point on the 
ecliptic which is given in this situation is B. Hence it is clear that we are using arc 
EB instead of arc ED, and L GBE instead of L GZE. 

78Cf. 11 10 p. 105. 
"See the last part of Appendix A, Example 10. 
80 I.e., nowhere in Bks. I11 to V were ton-ections made to the solar position to account for 

paraIlax, although in some cases it would theoreticall?. make a difference (e.g. in observations made 
with the astrolabe in which both sun and moon were sighted, V 3). 

Reading 6th ~ 0 3  H (with Ar, 6th 10% D) for 61' a C ~ o 3  at H449,16. Suggested by Heiberg and 
adopted by Manitius. 



Hipparchus' at tempt to correct parallax for 

F 

lunar latitude 

Fig. 5.16 

Now Hipparchus attempted to correct this kind [of inaccuracy] too, but it is 
apparent that he attacked the problem in a very careless and irrational waye8* 1 

For firstly, he does it for bust] a single value of the distance AD, instead of ali 
[poss~ble] values, or a number of values, as would have been appropriate in a il 

situation where one has chosen to be nicely accurate about small [errors]. 
Furthermore, without realising it, he has fallen into a number of [even] stranger 
errors. Having also [like us] previously demonstrated [the amounts of] the arcs 
and angles with respect to [intersections of altitude circles with] the ecliptic, and 
shown that, if ED is given, DH can be found (he shows this in Bk. I of his 'On 'r 

2 
H451 parallaxes'), in order to get ED as a given quantity, he assumes that arc EZ  and di 

a 

L EZG are given (in this way, in Bk. II, he ca1cuIates ZD and takes ED as 
?. 

remainder [of EZ-ZD]). However he was misled by his failure to notice that the 
given point of the ecliptic is not Z but B, and hence the given arc is not EZ, but 

4 
EB, and the given angle not EZG but EBG. Yet it is these [arc EZ and L EZG] I; 

which were the [necessary] starting-points for making even such a partial 3 

correction. For in many situations there is a quite noticeable difference between 
the arc ED and the arc EZ,83 whereas the difference between BE (which really is 

[ 
"So one has given a satisfactor) explanation of the procedure of Hipparchus which Ptolemy 

alludes to here. Pappus devotes a section of his commentary to it (Rome[l] 1 151-5), hut his 
I-econuruction of Hipparchus' method seems entirely fictitious (see H.4MA 323-5); there are errors 
in Rome's text and notes ad loc. 

"At certain situations (cf. Table I1 13) the angle between altitude circle and ecliptic (L EZA in 
Fig. 5.16) can be close to 180°: then the angle hetwen altitude circle and moon's orbit (L EDA) will 
also be close to 180°, and hence DZ will be a large arc. and the error of taking EZ for ED can be 
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given) and ED is, at most, the amount of the arc BD for any given distance [oi' 
the moon] from the node. 

The logical procedure fbr making the correction by a [mathematically] 
sound method can be displayed as follows. 

[First, see Fig. 5.1 73, let ABG be the ecliptic, and DBE at right angles to it. 
Let the moon be 't either D or E, at a latitudinal distance from the ecliptic ABG 
which is a given arc, e.g. BD or BE. Then the zenith arcs and the angles are H452 
given at point B of the ecliptic, and the [corresponding arcs and angles] at D or 
E are to be fbund. 

Fig. 5.19 

Now if the position of the ecliptic is such that it is at  right angles to the great 
circle drawn through point Z (which we set as the pole ofthe horizon) and point 
IS, i.e. ZB, it is obvious that this great circle will coincide with arc DE: and the 
angles at D and E will not differ from that given at  B: for [arcs] drawn through 
these points [from the zenith] are also at right angles to the ecliptic. 

And ZD = ZB - BD 
ZE = ZB + BE, where both BD and BE are given. 

[Second,] let the ecliptic ABG coincide with the great circle through the 
zenith. Then if [see Fig. 5.181 we take A as the pole of the horizon and draw AD H453 
and AE, these [two arcs] will differ from arc AB, and angles BAD and BAE will 
differ from [the corresponding angle] in the previous case, which was zero.84 

considerable, whereas the error of taking EB for ED cannot exceed arc BD which (sinceL DBA is 
right) cannot exceed the inclination of the moon's orbit, 5'. After this I have excised, at H451,12- 
13,61h ~b noh'u pElhov k ~ ~ i v o v  a6t5~ pfi 6~6608at, 'because the former [ED] is even farther from 
being given than the latter [EZ]', as an interpolation which is a (very lame) explanation of the 
preceding (in fact it is a consequence, not a cause). Heiberg's punctuation of this passage makes it 
unintelligible: remove the stop after EZT (line 9) and insert a comma before xohhaxt (line 10). 

84 Literally 'which did not exist'. The angle in question is L BZD in Fig. 5.17. 
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R 

Fig. 5.18 

And AD and BE are given from the quantities AB and BD: BE (we speak in 
terms of straight lines, since the difference [from arcs] is negligible), 

since ihB2 + BD2 = AD2 
* 

+  BE^ = A E . ~  
And the angles BAD and BAE can thence be derived. 

[Third,] let the ecliptic be inclined [to the altitude circle]. If [Fig. 5.1 91 we 
take Z as pole of the horizon and draw ZB, ZHD and ZEO, arc ZB and L ABZ 
will be given, and so again, obviously, will be BD and BE. What we need to be 
given are arcs ZD and ZE, and angles AHZ, AOZ. These too are given if 
perpendiculars DM and  EL are drawn to ZB. 

H454 For since L ABZ is given, and L ABE is always a right angle, the right-angled 
triangles BKD and BLE are given, and so is the ratio of ZB to the sides 
containing the right angle, since [the ratio of ZB] to the hypotenuses DB and BE 
is given. Hence there will be given ZD, the hypotenuse [of right-angled triangle 
ZDK, of which sides ZK and KD are given], and ZE, the hypotenuse [ofright- 
angled triangle ZLE, ofwhich sides ZL and LE are given], and also the angles 
DZK and EZL, which are the differences fi-om the required angles. For 

L A H Z = L A B Z + L D Z B  
and L AOZ = L ABZ - L EZL. 

It is clear that, for the same latitudinal distance, the greatest difference [with 
respect to the arcs and angles at B] will occur 
[ I ]  fbr the angles, when point B itself is the zenith. For if the angle [formed by 

the altitude circle through the moon] at B is zero, the [arcs) through D and 
E from the zenith fbrm right angles with the ecliptic; 
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Z 

'b 

Fig. 5.19 

121 for the arcs 
[a] in the same situation [i.e. when point B is in the zenith]. For when the 

arc [from the zenith] to B is zero? the arcs to D and E wiil be equal ir? size 
to the moon's latitude; also - [bj when the circle through the zenith is perpendicular to the ecliptic. r or 
the difference between arc ZB and ZD or ZE will again be equal to the 
whole amount of the [lunar] latitude. 

Bur in other situations, in which DE is inclined to ZB, the resultant 
differences between the arcs and angles will be less. Thus, when the moon's 
distance in latitude from the ecliptic is jO, the greatest difrerence in the 
parallaxes [as computed at the ecliptic and a t  the moon's orbit] will be about f 0 
minutes. For the 5O, representing the greatest difference between the arcs, 
produces that number of minutes [when one enters Table V 181 at the least 
distance and the greatest difference. But when the moon is at the maximum 
latitude which it can attain at a solar eclipse, which is about 1 f o ,  the difrerence 
between the parallaxes will be the same number, [i.e. J 14, of minutes. And this 
happens rarely, 85 

%'To vvrif). these ii,.res, take entries at 5' interval in Talde V 18, using cols. 5 and 6 (which are 
chosen ~~ecause  they give the maximum dillel-ence). The rate oi'change is lastesr near zero, hence: 
lor arg. 0,O + 0 = 0; for at-g. 5": 07.30 + 0;2,5 = 0:9,35= 10'. For eciipses, which wcul  at conjunc.t ion. 
we have to take the \,slues horn cols. 3 and 4. Here. between O0 and 1 jC, we lind: 0 + 0 = 0,0:1,25 + 
0;0,18 = 0;I .43 (which is closer to 1 f' than 1 !').The maximum latitudeof'the moon at a sola~.erlipse 

I is almut 1 zC, the sum ol'the apparent radii ofthe Imdies (rach a1,out 40) and the maximum parallax 
at conjunction (about lo; see VI 6 p. 8 3 ) .  There is no reason to suspect an interpolat ion here, with 
Manitius (p. 447): he has misundelstood thr passage, notably mistranslating r6 ioa kl ;qroo~a ,  
H455,15- 16. 
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A convenient method for making the above kind of correction of the angles 
and arcs, if anyone wants to make it  when the [dif'ferences] involved are so small, 

i 

would be as fol1ows. 
H456 As a general rule, we double the amount of the angle [between altitude circle 

I 
I 
i 

and ecliptic], and entering with this as argument into the Table ofchords take 
the chord corresponding to it: and also the chord corresponding to its 
supplement. We multiply both of the latter separately by the[moon7s] latitude, I 

in degrees, divide each of the products by 120, and record the results 1 
[separately]. As for the result derived from the first angle, we subtract it from 
the relevant arc from the zenith [to the ecliptic] when the moon is on the same 
side [ofthe ecliptic] as thezenith, but add i t  when it is on theopposite side [ofthe 
ecliptic to the zenith]. We square the result, add that to the result derived from i 

the supplementary angle, also squared, and take the square root ofthe sum: this I 

will give us the corresponding arc [ZE or ZD in Fig. 5.191 which is required. 1 
Next we take the result which we recorded from the [second,] supplementary 

angle, multiply it by 120, and divide the result by the arc we found [ZEorZD].  
With the resulting [chord] we enter into the [body of the] Table of Chords 
[I 1 I], take the corresponding arc [in the column of argument], and halve it. If 
the corrected arc [ZE or ZD] is greater than the original [ZB] we add the result 
to the amount of the original angle, but if [the corrected arc is] less [than the 
original]. we subtract it: the result will be the corrected angle. 

K457 T o  give an example, in the previous figure [5.20] let arc ZB be 45O, 
L ABZ 30°, and both arc DB and arc BE 5" in latitude. 

Fig. 5.20 
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Now Crd (2 x 30)O = Crd 60° = 6@, 
and Crd (180 - 60)' = Crd 120° 104', 

... BL:LE = BK:DKa6 = 60: 104: where the hypotenuse [BE or BD] = 120'. 
So we multiply each number by the 5O of the hypotenuse and divide by 120. 

.'. KB = BL = 2;30° 
' 

and DM = EL = 4;20°. 
First let us suppose the moon to be at E: 
so we subtract the 2;30° from the 45" of arc ZB, since the moon's distance in 

latitude is in the same direction as the zenith (i.e. they are either both south or 
both north of the ecliptic). 

Thus arc ZL = 42;30°. 
Secondly, suppose the moon to be at point D. Then we add [2;30°] to the 45O, 

since the relative positions are reversed, and 
ZK = 47;30°. 

We form either ZL2 + EL2 = 42;302 + 4;202 
or ZM2 + DK2 = 47;302 + 4;202, 

and get either ZE e 42;46O 
or ZD 47;44O. 

We multiply 4;20 by 120 and divide by 42;46 and 47;44 separately. 
Then EL= 12;8' where hypotenuse ZE = 120' 
and DK= 102' where hypotenuse ZD = 120'. 

The arc corresponding to the chord 12;8' is about 1 1 ?0 
and the arc corresponding to the chord 102' is about 10fo. 
Taking half of these, we subtract L EZL, [namely] 520, from L ABZ, i.e. 30°, 
since arc ZE is less than arc ZB. 

Thus L AOZ = 24: O; 

and we add L DZK, [namely] 510, to the same [L ABZ, i-e.] 30°, 
since arc ZD is greater than arc ZB. 

Thus L AHZ = 3560. 
Such is the procedure which was required.87 

86Change the full stop after $ at H457,7 to a comma. 
87Although one might expect that, as Neugebauer states (HAMA 116, which gives an incorrect 

account of Ptolemy's procedure) that this method, which treats the large spherical triangJes ZBD 
and ZBE as plane triangles, would lead to gieat inaccuracy, this is not so (as I have verilied by 
taking the worst possible cases): the reason is that the bases ofthese triangles are small (BD and BE 
cannot exceed 5O, the maximum lunar latitude). 



Book VI 

1. ( On conjunctions and oppositions of sun and moon) ' H46 1 

The next subject we have to treat concerns the syzygies of sun and moon at 
which eclipses occur. The first topic of this, in turn, is the determination of the 
true conjunctions and oppositions. Now we do indeed think that the periodic 
and anomalistic motions which we have [already] established for each af the 
luminaries are sufficient for the first determination of the above; for these 
[motions] enable one, if he does not shrink from [the labour ofl comparing the 
individual positions of the luminaries at every appropriate occasion,' to 
compute the places and times of the resuiting syzygies, both those taken with 
respect to the mean motions and the true syzygies, Ei.e.3 taking the 
anomaly into account. Nevertheless, in order to provide a more convenient way 
of finding these [syzygies] too, by having set out in a readily available form the 
times and places of the mean conjunctions and oppositions, together with the 
position of the moon in anomaly and latitude at [these] mean times (which are 
the basis for the correction leading to the true syzygies and thence to the ecliptic 
syzygies), we constructed tables for this purpose. Their structure is as follows. 

- 

2. { Const~uction 0f' t h ~  tables of mean syrygies) H462 

First, we want to begin the epoch of the [synodic] months, like all other epochs, 
from the first year of Nabonassar. So we divided the mean position [of the 
moon] in elongation at noon, Thoth I3 in the Egyptian calendar in that year, 
which we showed above [IV 8 p. 2051 to be 70;37" by the mean daily motion in 
elongation, and found 5;47,33d. Therefore the previous mean conjunction 
preceded noon on Thoth 1 by that amount. So the next [mean conjunction] 
occurred about [29;31,50 - 5;47;33 =] 23;44,1 7d after that noon, i.e. 0;44,17~ 
after noon on the 24th. 

In 23;44,17' 

' On chs. 1 and 2 see HAMA4 118-21, Pedersen 220-2. 
'1.e. at every s)-zygy (whereas Ptolemy's tables VI 3 enable one to pick out the syzygies at which 

eclipses are possible with much less labour). 
"ere (H%2,5) and elsewhere in this chapter (H462,9 and 16; H463,3) most Greek mss. and 

Pappus' commentary give v~opqvia (literally 'new moon') to express this date. As Manitius notes 
(338 n. d), the word is appropriate for the f i t  day of the month in Greek luni-solar calendars, but 
not in the Egyptian calendar, where the months bear no relationship to the phases of the moon. In 
all but the last of these places D has 6 ('l'), which may well have been Ptolemy's designation. 
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mean motion of the sun = 23;23,50° 
mean motion of the moon in anomaly = 310;8,15O 
mean motion of the moon in latitude = 314;2,21°. 

And the mean positions at noon on Thoth 1 were: 
longitude of sun: X 0;45" 
distance of sun from its apogee (this is convenient to have): 265;I5O 
anomaly of moon, counted from the apogee or the epicycle: 268;4g0 

H463 [argument of] latitude of moon, counted from the northern limit on [the 
moon's] indined circle: 354; 1 so. 

Therefore, a t  the above-mentioned moment of the [first] mean conjunction 
after the first day [of Thoth], 

the distance of the sun and moon in mean longitude from the sun's apogee, 
namely 5;30°, was 288;38,50° 
the distance of the moon in anomaly from the apogee [of the epicycle] was 
218;57,15O 
the distance of the moon in latitude from the northern limit was 308;17,21 O. 
So we will set out, first, a table of conjunctions, containing, again, 45 lines, 

and 5 columns. On the first line we wili put, in the first column, year 1 of 
Nabonassar; in the second column, the days of Thoth, 24;44,17 (for the sixtieths 
[of a day] are after noon on the 24ti1);~ in the third column the distance 
from the sun's apogee of the mean position [of sun and moon], 288;38,5U0; in 
the fourth column the moon's distance in anomaly from the apogee [of the 
epicycle], 218;57,15O; and in the fifth column the [moon's] distance in 
[argument ofi latitude from the northern limit, 308; 1 7,21°. 

Now hatf a mean [synodic] month comprises approximately 14;45,55', 
14;33,12O ofsolar [mean] motion, 192;54,30° of lunar anomaly, and 195;20,6' of' 
f argument ofj latitude; we subtract the above amounts from the [corresponding 

H464 positions] for the conjunction in question, and put the results, arranged in the 
same way as befbre, a t  the beginning of the second table, which has a skrrac:ure 
similar [to the first], but will serve for the oppositions. 
The entries are: 
days: 9;58,2zd 
distance from the sun's apogee: 274;5,380 
distance in anomaly from the moon's apogee: 26;2,45O 
distance in latitude from the northern limit: 1 12;57,15". 

Now 25 Egyptian years less 0;2,47,5~ contain approximately an integer 
number of [mean synodic] months;' and [in 25 years] the mean motions 
(beyond complete revolutions) are: 
sun: 353;52,34,13" 
moon, anomaly: 57;21 ,44,1° 
moon, latitude: 1 17.; 12,49,54O. 

'Although the conjunction is only 23;44,1 7d after epoch, Ptolemy tabulates 24;44,17, i.e. he is 
here using inclusive reckoning for dates. The convenience oft  his to the user became so obviol~s that 
in his Handy Tables he adopted it generally. 

5The relationship 25 Egyptian yearsc 309 synodic months was probably known in Egypt long 
before Ptolemy. For an example of its use in Egypt, and the reasons for dating its origin to the fourth 
century B.C., see HAMA 11 563-64. 309 x 29;31,50,8,20d = 2,32,4;57,I2,55, which is exactb (not 
approximately, as PtoIemy implies) 0;2,47,Sd short of 25 x 365 = 2,32,5d. 
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So we will increase [each line in succession ofJ the first columns of the two 
tables by 25 years, and decrease [those ofJ the second columns by 0;2,47,5, and 
increase [those ofj the remaining columns, the third by 353;52,34, 13O, the 
fourth by 57;21 ,44,1°, and the fifth by 11 7;12,49,54O. 

Following this we construct a table of years, in 24 lines, and then beneath it 
another table, of months, in 12 lines, each having the same number of columns 
as the first [two tables]. In the table for months we will enter on the first line, in 
the first co1umn;t he first month; in the second column, the days in one [synodic] 
month, 29;31,50,8,20; in the third column, the [mean] motion ofthe sun during H465 
that period, 29;6,23,1°; in the fourth column, the motion of the moon in 
anomaly [in one synodic month], 25;49,0,8O; and in the fifth, the motion -in 
[argument ofJ latitude, 30;40,14,9°. The [line to line] increments in this table 
will be the same as the entries in the first line. 

In the table for years we will enter on the first line, in the first column, year 1; 
in the second column, the number of days [beyond 3651 contained in 13 synodic 
months, 18;53,51,48;~ in the third column, the increment in sun's motion 
during that period, 18;22,59,18°; in the fourth column, the moon's motion in 
anomaly, 335;37,1,51°; and in the fifth column, the motion in latitude, 
38;43,3,51°. The [line to line] increments in this table will sometimes be the 
above 13-month increments, and at other times the 12-month increments. The  
latter come to: 

days: 354;22,1 ,ad 
sun's [mean] motion: 349; 16,36,16" 
moon's anomalist ic motion: 309;48,1 ,4Z0 
moon's !at itudinal motion: 8;2,49,42". 

This [alternation between 12- and 13-month intervals] is in order that what 
appears in the table will he the first syzygy in each integer Egyptian year.7 

In the actuai tabular entries it will be sufficient to go only as far as the second 
sexagesirnal [fractional] place. The layout of the tables is as follows. 

3. f Tables of conjunctions and opposifionsj8 K466-7 1 
a .  

[See pp. 278-80.1 

4. {How to determine the mean and true 

So when we want to find the mean syzygies for any given year, we calculate the 
number of the year in question in the era Nabonassar.1° Then we determine 
what combination of 25-year periods (taken from the first or second table, as the 

6Reading E: for 3 (18;53,52:48) at H465,10, with D,Ar. Corrected by Manitius. 
'For an explanation of how this principle works for the choice of 12- or 13-month increment see 

H A M A  120. 
As Ptolemy says, these tables are computed to 3 sexagesimal fractional places, but rounded to 2 

in the actual tabulation. 
The eclipse limits on p. 280 are those derived later, W 5 pp. 286-7. 

See HAMA 121-4, Pedersen 223-6. 
'O1.e. we enter with the current year. Cf. p. 276 n.4. 
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TABLE OF CONJUNCTIONS 

1 

25-year 
periods 

1 
26 
51 

76 
101 
126 

151 
176 
20 1 

226 
25 1 
276 

30 1 
326 
35 1 

376 
401 
426 

2 

Days of 
Thot h 

24 44 17 
24 41 30 
24 38 43 

24 35 56 
24 33 9 
24 30 n 
24 27 35 
24 24 47 
24 22 0 

24 19 13 
24 16 26 
24 13 39 

24 I0 52 
24 8 5 
24 5 18 

24 2 31 
23 59 44 
23 56 57 

1 

3 
Distance 01' 
Sun from 
its Apogee 

0 I N  

288 38 50 
282 31 24 
276 23 58 

270 16 33 
264 9 7 
258 I 41 

251 54 15 
245 46 50 
239 39 24 

233 31 58 
227 24 32 
221 17 6 

215 9 41 
209 2 15 
202 54 49 

196 47 23 
190 39 57 
184 32 32 

I 

45 1 
476 
50 1 

526 
55 1 
576 

60 1 

171 28 27 
228 50 1 1  
286 1 1  55 

343 33 39 
40 55 23 
98 17 7 

155 38 51 

258 8 19 
15 21 9 

132 33 59 

249 46 49 
6 59 39 

124 12 29 

241 25 19 

4 
Anomaly of 
Moon from 
Epicyclic 
Apogee 

o r ?# 

218 57 15 
276 18 59 
333 40 43 

31 2 27 
88 24 1 1  

145 45 55 

203 7 39 
260 29 23 
317 51 7 

15 12 51 
72 34 35 

129 56 19 

187 18 3 
244 39 47 
302 1 31 

359 23 15 
56 44 59 

114 6 43 

626 
65 I 

23 54 10 
23 51 22 

i 

5 
Latitude 

fi.orn Northern 
Lin:it 

C ! rf  

308 17 21 
65 30 1 I 

182 43 1 

299 55 51 
57 8 41 

174 21 31 

291 34 20 
48 47 10 

166 0 0 

283 12 50 
40 25 40 

i57 38 30 

274 51 20 
32 4 10 

149 17 0 

266 29 50 
23 42 39 

140 55 29 

178 25 6 
172 17 40 

23 48 35 166 10 14 I 

23 34 40 
23 31 53 

23 45 48 
23 43 1 
23 40 14 

135 33 5 
I29 25 40 

213 0 35 
270 22 19 

160 2 49 
-153 55 23 
147 47 57 

123 18 14 
117 10 48 
111  3 22 

104 55 57 
98 48 3 1 
92 41 5 

86 33 39 
80 26 13 
74 18 48 

68 11 22 
62 3 56 
55 56 30 

49 49 4 
43 41 39 
37 34 13 

31 26 47 
25 19 21 
19 1 1  5tj 

358 38 9 
115 50 58 

327 44 3 
25 5 47 
82 27 31 

139 49 16 
197 11 0 
254 33 44 

311 54 28 
9 16 12 

66 37 56 

123 59 40 
181 21 24 
238 43 8 

296 4 52 
353 26 36 
50 48 20 

108 10 4 
165 31 48 
222 53 32 

676 
70 1 
726 

75 1 
776 
80 1 

826 
85 1 
876 

90 1 
926 
95 1 

976 
1001 
1026 

1051 
1076 
1 I01 

233 3 48 
350 16 38 
107 29 28 

224 42 18 
341 55 8 
99 7 58 

216 20 48 
333 33 38 
90 46 28 

207 59 17 
325 12 7 
82 24 57 

199 37 47 
316 50 37 

74 3 27 

191 16 17 
308 2!) 7 
64 41 57 

23 29 6 
23 26 19 
23 23 32 

23 20 45 
23 17 57 
23 15 10 

23 12 23 
23 9 36 
23 6 49 

23 4 2 
23 1 1 5  
22 58 28 

22 55 41 
22 52 54 
22 50 7 

22 47 20 
22 44 32 
22 41 45 

23 37 27 141 40 31 
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TABLE OF OPPOSITIONS 

from Northern 

0 I N  0 I // 0 I l, 

151 
176 
20 1 

226 
25 1 
276 

30 1 
326 
35 1 

376 
401 
426 

9 41 40 
9 38 52 
9 3 6  5 

9 33 18 
9 30 31 
9 27 44 

9 24 57 
9 22 10 
9 19 23 

9 16 36 
9 13 49 
9 11 2 

237 21 3 
231 13 38 
225 6 12 

218 58 46 
212 51 20 
206 43 54 

200 36 29 
194 29 3 
188 21 37 

182 14 11 
176 6 45 
169 59 20 

476 9 5 2 7  / 151 ! 8 1 5  501 i 9 2 4 0  

163 51 54 
157 44 28 
151 37 2 

145 29 35 
139 22 11 
133 14 45 

127 7 19 
120 59 53 
t 14 52 28 

526 

10 13 9 1 96 14 14 

8 59 53 

67 34 53 
124 56 37 

182 18 21 
239 40 5 
297 1 49 

354 23 33 
51 45 17 

I09 7 1 

338 33 57 1 62 48 13 
35 55 41 1 180 1 3  
93 17 25 1 297 13 53 

150 39 9 I 54 26 43 
208 0 53 1 1513933  

676 
70 1 
726 

75 1 
776 
80 1 

826 
85 1 
876 

901 
926 
95 1 

976 
1001 
1 026 

1051 
1076 
1101 

213 27 4 
330 39 54 

87 52 44 
205 5 34 
322 18 24 

79 31 14 
136 44 4 
3i3 56 54 

265 22 37 

322 44 21 
20 6 5 

55 1 8 5 7  6 

134 49 33 
192 11 17 
249 33 i 

306 54 45 
4 16 29 

61 38 14 

118 59 58 
176 21 42 
233 43 26 

291 5 I0 
348 26 54 
45 48 38 

103 10 22 
I60 32 6 
217 53 50 

255 15 34 
332 37 18 
29 59 2 

288 52 23 

46 5 13 
163 18 3 

1 576 

601 
626 
65 f 

8 43 I 1  
8 40 24 
8 3'7 37 

8 34 50 

37 43 42 
154 56 32 
272 9 22 

29 22 12 I 
146 35 2 
263 47 52 

21 0 42 
138 I3 32 
255 26 22 

12 39 11 
129 52 1 
247 4 51 

4 17 41 
121 30 31 
238 43 21 

355 56 11  
113 9 1 
230 21 51 

166 28 45 
223 50 29 
281 12 13 

77 27 49 1 280 30 52 

I 8 5 4 1 9  

8 51 32 
8 48 45 
8 45 58 

108 45 2 
102 37 36 
96 30 10 

90 22 45 

51 9 4 4  
188 22 33 
305 35 23 

8 3 2 2  1 8 4 1 5 1 9  
8 29 15 

8 26 28 
8 23 41 
8 20 54 

8 1 8  7 
8 15 20 
8 12 33 

8 9 4 6  

78 7 53 

72 0 27 
65 53 1 
59 45 36 

53 38 10 
47 30 44 
41 23 18 

35 15 52 
8 6 5 9  I 29 8 27 
8 4 1 2  

8 I 25 
7 58 37 
7 55 50 

23 I 1 

16 53 35 
10 46 9 
4 38 44 



280 VI 3. Tables o f  conjunctions and oppositions 

[ECLIPSE] LILTITS OF S U N  I S  hlEAN [LATITUDINAL] hIOTION: 
flom 69; 19' to 101 ;22O and fi-om 258;38' to 290;41° 

[ECLIPSE] LIhfITS O F  hlOOS I S  MEAN [LATITUDINAL] MOTION: 
ilom 54:48' to 105; 12' and from 254:48O to 285;12O 

\'EARLY 

1 

Singlr 
yeat \ 

! 
2 
3 

4 
5 
6 

5 
8 
9 

10 
I I 
12 

13 
14 
15 

16 
I5 
18 

19 
20 
2 1 

22 
23 
24 

[AND MONTHL\'] INCREMENTS l o r  CONJUNCTION and OPPOSITION 

1 

2 

Da1.a 

18 53 52 
8 15 53 

27 9 45 

16 31 47 
5 53 49 

24 47 40 

14 9 42 
3 31 44 

22 25 36 

1 1  47 37 
1 9 39 

20 3 31 

9 25 32 
28 19 24 
17 41 26 

7 3 2 8  
2.5 55 19 
15 19 21 

4 41 23 
23 35 14 
12 57 16 

2 19 i8  

Sun from 
Apogee 

29 6 23 
58 12 46 
87 19 9 

116 25 32 
145 31 55 
174 38 18 

203 44 41 
232 51 4 
261 55 25 

Month:, 

1 
2 
3 

4 
5 
6 

7 
8 
9 

3 
Sun liom 
Apoqee 

0 I I1 

18 22 59 
7 39 36 

26 2 35 

15 19 1 1  
4 35 47 

22 58 47 

12 I5 23 
1 3 1  59 

19 54 59 

9 1 1  35 
358 28 1 1  

16 51 I0 

6 7 4 7  
24 30 46 
13 47 22 

3 3 5 9  
21 26 58 
10 43 34 

0 0 1 0  
18 23 10 
5 39 46 

356 56 22 

4 
[ ILloon'h] 
Xnomaly 
0 / I /  

335 37 2 
285 25 4 
261 2 5 

210 50 7 
160 38 9 
136 15 1 1  

86 3 12 
35 51 I4 
1 1  28 I6 

321 16 18 
271 4 19 
246 41 21 

196 29 23 
172 6 25 
121 54 26 

71 42 28 
47 19 30 

357 7 32 

306 55 33 
282 32 35 
232 20 37 

182 8 39 

D a y  

29 31 50 
59 3 40 
88 35 30 

118 7 21 
147 39 1 1  
IT7 1 1  1 

206 42 51 
236 14 41 
265 46 31 

21 13 10 
I0 35 1 1  

5 

Latitude 
0 I I /  

38 43 4 
46 45 54 
85 28 57 

93 31 47 
101 34 37 
140 17 41 

148 20 30 
156 23 20 
195 6 24 

203 9 14 
211 I2 3 
249 55 7 

257 57 57 
296 41 1 
304 43 50 

312 46 40 
351 29 44 
359 32 34 

7 35 23 
46 18 27 
54 21 17 

62 24 7 

f hloon's] 
Anomaly 

25 49 0 
51 38 0 
77 25 0 

103 16 1 
129 5 1 
154 54 1 

180 43 1 
206 32 1 
23221 1 

Latitude 

30 40 14 
61 20 28 
92 0 42 

122 40 57 
153 21 1 1  
184 1 25 

- 214 41 39 
245 21 53 
276 2 7 

I01 7 !O 
109 10 0 

15 19 22 I 1554541 
4 35 58 107 33 42 
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case may be [i.e. for conjunction or opposition]) and single years (taken from the 
third table) adds u p  to that number of years, take the entries corresponding to 
those lines [ln the table], and add the entries from [each] successive column 
separately: for conjunctions we add the entries from the first and third tables, 
and likewise for oppositions we add the entries from the second and third tables. 
The sum derived.from the entries in the second column will give us the moment 
of syzygy, counted from the beginning of that year; e.g., if the sum is ~ 4 ; 4 4 ~ ,  [the 
syzygy will be] 44 sixtieths of a day after noon on Thoth 24; or, again, if it is 
34;Md, it will be 44 sixtieths of a day after noon on Phaophi 4. The sum derived 
from the entries in the third column will give us the [mean] position of the sun 
in degrees counted from the apogee; the fourth column, the anomaly of the 
moon counted frcm the apogee [of the epicycle]; the fifth column, the 
[argument o q  latitude counted from the northern limit. At the same time we 
can readily calculate the subsequent [syzygies ofthe year in question], either all, 
or some, as we choose, in logical fashion, by adding the appropriate entries in 
the fourth, monthly table. For practical purposes we will always convert the 
time measurements from sixtieths ofa day into equinoctial hours. However, the 
time in hours resulting from the addition [of the entries] will be expressed in 
mean solar days, whereas the time expressed in seasonal hours is not always 
identical with that, but is based on true solar days. So we will correct this too, by 
calculating the difference due to this effect, by the method indicated above: if 
the amount of time-degrees corresponding to [the rising-time of] the apparent 
motion is greater [than the interval in mean motion], we subtract the difference 
from the total [of hours] derived on the basis of mean solar days, but if it is less, 
w e  add it to that total.'' 

Once we have derilred, by the above procedure, ihe time of mean 
conjunction or opposition. and the position ofeach luminary in anomaly at  that 
time, it will be easy to determine the time and place ofthe true syzygy, and also 
the rnoon's position in latitude, by comparing the anomaiies of the two bodies. 
For by appfying each anomaly in turn, we calcuIate the true position ofsun, moon 
and moon's latitude, a t  the moment defined by the mean svzygy in question, by 
means of the equation thus found, and examine these positions. Ifwe find that 
the bodies are still a t  the same longitude [for conjunction], or  exactly opposite 
[fbr opposition], then the time of true syzygy will be the same [as that of mean 
syzygy]. If not, we take the difference between the bodies in longitude, 
expressed in degrees, and increase it by a twelfth part of itself,'' to account 
approximately for the additional mstion of the sun [between mean and true 
syzygy]. We then determine how tong, in equinoctial hours, the moon in its 
anomalistic [i-e. true] motion, takes to cover that interval. If the true longitude 

" Ptolemy here echoes 111 9 p. 171. There he expressed the rule in the Ibm necessary f'r going 
fi-om true to mean time. Here the case (and the rule) are reversed. 

"This rule is justified by a particular example at VI 5 (p. 286); where Ptolemy, assuming the moon 
I 1  to move 13 times as fast as the sun, calculates that the extra distance required is + T'3 x i j  " i? 

of the original. Hence Pedersen (224) assumes that Ptolemy found i$ by summing the convergent 
series {J + (i!!)' + . . . Although the passage VI 5 supports him, one can also derive it 
without summing a series, as follows: if the moon starting fiom point A and the sun starting from 
point B meet at point C, and the moon's speed is 13 times the sun's, then AC = 13BC, hence AB (the 
original distznce between them) is 12 times BC (the extra dlstance travelled). 
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of'the moon [at mean syzygyj is less than the true longitude ol'the sun, we add 
the result to the time ol'mean syzygy, but if it [the moan's longitude] is greater, 
we subtract the result from the time of mean syzygy. Similarly, if' the true 
longitude ol'the moon at  mean syzygy is less than the sun's [true longitude], we 
add the in t e r~a l  in degrees (increased, again, b y  a twellih) to both the longitude 
and the argument of latitude [at mean syzygy], but if'it is greater ive subtract i t  

[li-om both]. Thus we get thc time ol'true syzygy, and the approximate true 
position of the moon on its inclined circle.':' 

The method offinding the moon's true hourly motion at the syzygy for any 
given position is as fbllows. We enter the table of the moon's anomaly [IV 101 
with the anomaly at  the moment in question, take the corresponding equation, 
and then determine the size of the increment in the equation [at that point] 

H475 corresponding to an increment of 1 degree in anomaly. We multiply this incre- 
ment by the mean motion in anomaly in 1 hour, 0;32,40°,14 and, ifthe anomaly 
[with which wc entered the table] as argument is in the lines above the greatest 
equation, we subtract the product from the mean hourly motion in longitude, 
0;32,56O, but if [the anomaly] is in the lines below [the greatest equation], we 
add the product to 0;32,56O. The result will be the moon's true motion in 
longitude in one equinoctial hour at that position.15 

Now the above procedure will give us the time oftrue s y z y a  at Alexandria, 
since all epochs have been defined in terms of time as expressed in hours [i-e. 
counted from noon] with respect to the meridian through Alexandria. But it is 
easy to find the time of'a given syzygy lor any place whatever fi-om the time of 
that syzygy at Alexandria. '"ram the difference in position between the two 
places, we determine the interval, in degrees, between the meridian thsough the 
place required and the meridian through Alexandria. If't he meridian through 
the required plaee is to the east of' the meridian through Alexandria: the 
phenomenon will appear to be observed there that amount (intime-degreesj 
later, but if it is to the west, that amount earlier. (Obviously, as always: 15 time- 
degrees represent f equinoctial hour.) 

5. {On the ecliptic limits of sun and moon)" 

Now that we have explained the above methods, it would be appropriate to 
follow up with the considerations pertinent to the ecliptic limits for both solar 
and lunar eclipses. The purpose of this is that if we decide to compute, not all 

13For a year's series of computed mean and true oppositions see H.4M.4 121, 123-4. See also 
Appendix A, Examples 1 1  and 12. 

'' Reading o F for o @ P o (0;32.40.0) at H475.2. and similarly o 13 1br0 o (0;32,56,0) 
at H475,b-6. Supported by f),Ar. 

I5For a justification of this rule see Pedersen 226. He objects that it is approximately validonly if 
the lunar deferent has no eccentl-icity, i.e. if one uses the simple hypothesis of Bk. IV. But Ptolemy 
advocates its use only 'at the syzygy', and he has already shown that there is nosignificant dilference 
between the two hypotheses at syzygy (V 10). 

160mitting the clause (H475,15-17) 600tvroq to$ ~ a r '  a h q v  nhfieovs T ~ V  icqp~p1vZvc3pCv 
T ~ S  6x0 TO$ ~ E O ~ ~ $ P I V O $  & ~ o ~ ? j <  (.once we are glven the distance of it [the syzygyj from the 
meridian, expressed in equinoctial hours'), a clumsy and confusing interpolation found in all mss. 

"See HAMA 125-9, Pedersen 227-30. 
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mean syzygles [ ~ n  a gven yearJ, but just those which could fa l l  Into the categor;- 
concerning eclipse prognostications,'8 we may have a handy method of 
deciding which these are from the entry for the moon's mean position in latitude 
at  each mean s~~zygy. 

Now in the preceding book [V 14, p. 2541 we have shown that the moon's 
diameter subtends an arc which is 0;31 ,20° of the great circle drawn about the 
centre of the ecliptic at the moon's greatest distance. We calculated this by 
means of two eclipses which occurred near the apogee of the moon's epicycle. So 
now too, when we propose to determine the maximum limits of ecliptic syzygies 
(which limits are determined by the position of the moon at the perigee of the 
epicycle), we shall, in this situation too, demonstrate in the same way the size of 
the arc subtended by the moon's diameter, by means of two eclipses [this time] 
from among those which have been observed near the perigee [ofthe epicycle]. 
For it is safer to demonstrate this kind of parameter from the actual phenomena. 

In the seventh year of Philometor, which is the 574th from Nabonassar, on 
Bhzmenoth [VII] 27/28 in the Egyptian calendar [-I73 May 0/1], from the 
beginning of the eighth hour till the end of the tenth in Alexandria, there was an 
eclipse of the moon which reachcd a maximum obscuration of 7 digits from the 
north. So mid-eclipse occurred 24 seasonal hours after midnight, which 
corfesponds to 2f equinoctial hours, since the true position of the sun was 
t3 6i0.l9 And the time from epoch to mid-eclipse is 

f 144 equinoctial hours reckoned simpIy 573 Egyptian years 206 days 
14 equinoctial hours reckoned in mean solar 

days. 
At this moment the position of the centre of the moon was as follows: 

mean longitude: tq. 7;4g0 
true longitude: - .irl 6; I 6 O Z 0  
dlstance [in anomaly) from the apogee of' the epicycle: 1 63;40° 
distance from the northern limit on the inclined circle: 98;20°. 
Hence it is clear that when the moon's centre is 8;2Q0 from the node 

(measured along the inclined circle), while the moon is near its least distance [at 
s).zygy], and the centre of the shadow is on the great circle drawn through the 
moon's centre at right angles to the inclined circle (which is the position of 

"The word used here, 6moqpuoia1, means 'prognostication [concerning weather]' or 
'significance in pro,postication' at HI1 2M,/ and HI 536,21; 537,8; 540,7. This is a traditional 
meaning (e.g. Ptolemy, Phaseis, Op. Min. 11,4: 20,5), also applying to the verb Ernoqpaivstv (ibid. 
3 1.10; cf. Apot~l~~nralica 11 14, ed. BolLBoer 100,17). 1 therefore assume that meaning wherever it 
orrurs in the Almapst. except in the phrase E n ~ o q p a d a ~  hctat n6h&rq, HI 188,3, where it means 
merely 'desetving note'. There is a good discussion of imoqpaiv~tv  and related terms in Pfeiffer, 
Slildi~n Z N I ~ I  anliken Sterngfauben 84-93. 

"Reading 5 6' for 5 8 (6;4O) at H477,lO. The reading is assured by computation (I = 8 
16;13,25O) and by the position of the true moon just below. 6$ is thereadingofAD, Ar and probably 
a11 mss. (i.e. the error is Heiberg's). Corrected by Manitius. 

''This implies an equation of -1 ;33", which agrees fairly well with that derived from an anomaly 
of 163;40° (below : accurate, would be -1 ;3Z0), if one uses the simple lunar hypothesis. However, if 
one computes with the full accuracy of the tables V 9, one finds h p = 216;23O (for at true syzygy 217 

5fo, which produces a change in a of +501, and hence a decrease in the equation of4' (precisely the 
maximum amount by wh~ch, according to Ptolemy in V 10 p. 243, the full hypothesis can differ 
li-om the simple at syzygy). 'l'his also affects the moon's position on 11s orbit, whlch should be 8;22" 
(rather than 8;20°) from the node. 
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greatest obscuration), ($ + &)th of the moon's dlameter is immersed in the 
shadow." 

Again, in the thirty-seventh year of the Third Kallippic Cycle. which is the 
H478 607th jrom Nabonassar, Tybi C\i] 213 in the Egyptian calendar [-I40 Jan. 

27/28], at  the beginning of the fifth hour [of night] in Rhodes, the moon began 
to be eclipsed; the maximum obscuration was 3 digits from the south. 

Here, then, the beginning of'the echpse was2 seasonal hours before midnlghr, 
which corresponds to 2f equinoctial hours in Rhodes and in Alexandria, since 
the true position of the sun was Z 5;8O. And mid-eclipse, at which the greatest 
obscuration occurred, was about l i equinoctial hours before midnight. The  
time fi-om epoch to mid-eclipse is 
606 Egyptian years 121 days 10: equinoctial hours, whether reckoned simply or 
in mean solar days. 
At this moment the position of the centre of the moon was as f llows: 

mean longitude: 62 5;16" 
true longitude: 5;8°22 
distance [in anomaly] from the apogee of the epicycle: 178;46O 
distance from the northern limit on the inclined circle: 280;36O. 

Hence i t  is clear that when the moon's centre is 10;36O (measured along the 
inclined circle) from the node, while the moon is (as before) near the least 
distance, and the centre of the shadow is at the intersection of the ecliptic and 
the great circle drawn through the moon'scentre at right angles to the [moon's] 
inclined circle, then a quarter of the moon's diameter wiIl he immersed in the 
shadow. 23 

H479 Butz4 when the moon's centre is 85" from the node on its inclined circle, It is 
43rb', measured along the great circle drawn through the poles of the inclined 
circle, from the ecliptic; and when it is $ 0 2 ~  from the node on its inclined circle, 
it is 54:': measured along the great circle drawn through the poles of the 
inclined circle, from the ecliptic. Now the difference [in magnitude] between 
the two eciipscs comprises {rd of the moon's diameter, and the difference in the 
above two distances of its centre, measured along the same great circle, from the 
same point of the ecliptic (i.e. the centre of the shadow) is O;Z 1,47". So it is clear 
that the whole diameter of the moon subtends an arc of about 0;35,20° of the 
great circle drawn on the centre of the ecliptic at the moon's least distance [at 

SYZY~YI.  
Furthermore, in the second eclipse, in which 4 of the moon's diameter was 

2' Oppolzer no 1587 : mid-eclipse 23;44h (5.; 1 ;45 a.m. Alexandria, which is very close to the time 
of true conjunction one finds from Ptolemy tables), magnitude 7.4 digits. 

22 Again (cf. p. 283 n.20) the equation implied, -0;8O, agrees well enough with that derived from 
the anomaly of 178;46O according to the simple hypothesis, but application of the full hypothesis 
produces a significant difference in the true longitude of the moon (a 5;13') and its position on the 
orbit (10;42O from the node instead of 10;36O). 

23 That this eclipse was observed by Hipparchus, as one would expect from the date and place, is 
confirmed at \'I 9 (P. 309). It is Oppolzer no. 1638: time 20;lh (z 10 p.m. Alexandria),magnitude 
3.zd, half-duration 58 mins. Ptolemy assumes 30 mins., which is only about halfofwhat he would 
derive from his own eclipse tables, VI 8. The  difficulties associated with the observation and 
reduction of this eclipse have been much discussed: see Fotheringham [3] 579, with references to 
older literature, and Britton [1] 94. 

For the following calculations see HAM.4 105-8. and cf. p. 254 n.61. 



moon's diameter (i.e. 8:') from the point at which the linejoining the centres [of H480 
moon and shadow] intersects the perimeter of the shadow. Hence it is 
immediately obvious that, by subtraction, the radius of the shadow at the 

least distance is 46'. This is negligibly greater than 2; times the moon's 
I-adius, which is 17f '. Moreover, the sun's radius subtends 0; 15,40° of-the great 
circle drawn through the sun a b u t  the centre of the ecliptic. For, as we 
demonstrated [V 141, the sun covers the same amount of its circle [i.e. subtends 
the same angle] as the moon does when it is at its greatest distance at syzygy. 

k- Therefore, when the apparent centre of' the moon is [0;17,40 + 0;15,40 = ] 
c - 0;33,20° f'rom the centre ofthe sun, [measured orthogonally to the moon's orbit] 
I 
F on either side of the ecliptic, that is the limiting position in which the moon can 
I 

% 

kc- just be in apparent contact with the sun. 
For example [see Fig. 6-11 let us imagine AB as an arc of the ecliptic and GD 

as an arc of the moon's inclined circle. These are sensibly parallel to  each other, 
at least as far as concerns the positions [of the bodies] at the time of eclipses. We 

G D 

Fig. 6.1 

draw the arc of the great circle through the poles ofthe [moon's] inclined circle, 
AEG, and imagine the semi-circle of the sun on centre A, and the semi-circle of 
the apparent moon on centre E, in such a position that it is just touching the sun 
at point 2. Then arc AE, which is the distance of E, the apparent centre of the H481 
moon, from A, the centre of the sun, can at  times be as much as 0;33,20°, as 
established above. But in the regions stretching from Meroe, where the longest 
day is 13 equinoctial hours, u p  to the mouths of the Borysthenes, where the 
longest day is 16 equinoctial hours, the maximum northward effect of the lunar 
parallax for the moon at  least distance in the syzygies (if we subtract the solar 
parallax) is about 0;8O, and the maximum southward effect, under the same 
conditions, is 0;58O. When its [latitudinal] parallax is 0;8O northwards, it has a 
maximum longitudinal parallax of about 0;30°, round about Leo and Gemini; 
and when its [latitudinal] parallax is 0;58O southwards, it has a maximum 
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longitudinal parallax of about 0;15O, round about Scorpius and Pisces.25 So if 
we suppose that the true centre of the moon is a t  D, and draw line DE, which 
represents the total parallax, DG will (approximately) represent the parallax in 
longitude, and GE the parallax in latitude. 

Therefore, when the moon is to the north of the sun and has a maximum 
southward parallax, 

H482 arc DG will be 0; 15", and arc  AEG [0;33,20° + 0;58O =] about 1 ;31 O. 
Now the ratio between the a rc  from the node to G and the arc GA is about 
11 $ : 1 for distances between the eclipse limits: this can easily be seen from our 
previous demonstration of the inclination of the lunar orbit.'%o the distance 
from the node to G will be 17;26", and GD added to this makes 1 7;41°. 

And when the moon is to  the south of the sun and has its maximum 
northward parallax, arc DG will be 0;30°, and the whole of arc AEG, 
[0;33,20°+ 0;8" ] 0;41°. By the same kind of calculation as before, the 
distance from the node to G will be 7;5Z0, and the total distance, including arc 
GD, 8;2Z0. 

Therefore, the limiting positions, in which the moon can just be in apparent 
contact with the sun, for the above regions of our part of the inhabited world, 
are when the true distance of the centre of the moon from either ofthe nodes on 
its inclined circle is 17;41 towards the north, or 8;22O towards the south. 

Furthermore, since, as we showed, the maximum equation of' anomaly is 
2;23O for the sun and 5;1° for the moon near the syzygies, it will at times be 
possible for the true distance ofthe moon from the sun at mean syzygies to reach 

M483 T;24O. But, in the time the moon takes to traverse the distance [7;24"], the sun 
will traverse an extra distance of about ;~th of that amount, i.e. 0;34"; and 
again, while the moon is traversing that extra 0;34O, the sun will traverse an 
extra-i$th of that. or about 0;3O ( a h t h  ofthe latter is negligible). So ifwe add the 
sum, 0;37O (which is h t h  of the original 7;24°)27 to the 2;23" of the solar 
[equation ofl anomaly, we get 3O, which is, approximately, the maximum 
difference in longitude and [argument of] latitude between mean position [of 
the bodies] at mean syzygy and their true position [at true syzygy]. So the 
iimiting positions in which the moon can just be in apparent contact with the 
sun, for the above regions, are when the mean distance ofthe centre of the moon 
from [either of3 the nodes on its inclined circie is 20;41 to the north, or 1 1 ;2Z0 to 
the south. And by the same argument, the above effect can take place in the 
regions in question only when the amount-of the distance of the moon from the 
northern limit corresponding [in the fifth column of Table VI 31 to the mean 
syzygy falls between 69; 19O and 101;22O, or between 258;38O and 290;41 O. 

H484 Next, to obtain the moon's ecliptic limits: since, as we showed [p. 2841, the 
moon's radius at  its least distance [at syzygy] subtends 0; 1 7,40°, and the 

"Ptolemy computes the maximum eflect of the parallax on ecliptic limits for the region 
embracing the standard '7 climata' (see Introduction p. 19). There are some serious problems in his 
(~nsupport~d) statements here, for which see H A M A  127-9. 

'".c. taking the inclination as 5O (V 12 p. 247), and taking the small spherical triangle Iormed by 
the latitude, the ecliptic and the moon's orbit as plane, we compute o : fJ = Crd 110° : Crd lo0 = 
119;32,37 : 10;27,32 = 11.43 : 1 = 1 i f  : 1 .  

27 Cf. p. 281 n. 12. 
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shadow's radius, being about 24 times that, comes to 0;45,56°,'8 it is clear that 
when the true distance of the moon's centre is 1 ; 3 , 3 6 O  from the shadow's centre 
on either side o! the ecliptic (as measured along the great circle drawn through 
the poles of'the moon's inclined orbit), or about 12; 12" from either of the nodes 
on its inclined circle (according to the ratio 1 : 11 i), that is the limitingposition 
in which the moon can just touch the shadow. And by the same argument as was 
deduced above from the anomaly, the limiting position for the moon to touch 
the shadow will be when the distance of the mean moon's centre from the node 
on its inclined circle is 15; 12'. Hence the [mean moon], in distance horn the 
northern limit, must fall within the boundaries 74;48" to 105;1Z0, or 254;48O to 
285; 12". 

We will, then, include these numbers for the moon's [argument ofJ latitude at 
solar and lunar [eclipse] limits in the preceding table of syzygies, in order to H485 
provide a convenient method of determining whether [a given syzygy ] could 
fall into the category of an eclipse. 

6. (On the internal o f  months between e c l ~ s e . ~ ) ~ ~  

In addition to the above, it would also be useful to discuss the problem of the 
intervals a t  which, in general, i t  is possible for ecliptic syzygies to occur, so that, 
once we have determined a single example of a n  ecliptic syzygy, we need not 
apply our examination of the [ecliptic] limits to every succeeding syzygy in 
turn, but only to those which are separated [from the first] by an interval of 
months a t  which it is possible for an eclipse to recur. 

Noh i t  is immediately obvious that eclipses of both sun and moon can occur 
at 6-month intervals, since the increment in the moon's mean motion in 
[argument of) latitude over 6 months comes to 184; 1,25", and the arcs between 
the ecliptic limits [at opposite nodes]: for both sun and moon, comprise less than 
the above amount if they are less than a semi-circle, and more than the above 
amount if' they are greater than a semi-circle." 

For, in the case of the sun, the ecliptic limits cut off 20j41° (as we showed 
[p. 2861) to the north of both nodes on the moon's inclined circle, and 11 ;2Z0 to 
the south. 'Fhus" the arcs on which eclipses cannot occur comprise 138;38" to the 
north [of the nodes], and 157;16O to the south. H486 

And, in the case of the moon, the ecliptic limits cut off 15;1Z0 [above] of the 
circle [of the moon's orbit] from the nodes on both sides of the ecliptic. Thus 
each of the arcs on which eclipses cannot occur comprises 149;36O. 

28 Note that Ptolemy takes precisely 233 times the moon's radius, instead of the value which he had 
actually derived from the observations, 0;46O. 

?'See H.-1M.4 129-34. Pedersen 230-1 is too summary to be useful. 
'"For what follows refer to Fig. H, and, for the increments in motion, to Table VI 3. For the 

moon, DA = BC = 149;36O < 184;1,25', and AD = CB = 21 0;24O > 184;1,25'. For the sun, BC = 
138:38" < 184; 1,25O; AD = 202;44" > 184;1,25O; DA = 157;16O < 184;1,25O; and CB = 221;2Z0 > 
184;1,2!j0. It is necessary that both conditions be fulfilled for it to follow that when the (mean) moon 
is on one of the ecliptic arcs (AB, CD) at the beginning of the interval it will be on the other (at a 
distance of 184;1,25O) at the end. 

" Omitting ~ a \  (wiih D) at H485,22. 
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O n  the basis of the theories developed abol~e, it is possible for eclipses of the 
moon to recur at a 5-month interval which is the longest possible, i.e. an interval 
in which the sun has the greatest possible motion and the moon the least. We 
can see that as follows. 

In the mean 5-month interval we find the following increments in the 
mot ions: 

mean motion in the longitude of both luminaries: 145;32O 
motion of the moon on the epicycle in anomaly: 129;5O. 

The sun's 145;32", when its [true] motion is greatest, [i.e. distributed 
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symmetrically] either side of the perigee, produce an addition to the mean 
motion of 4;38°.32 The 129;5" of the moon's anomaly on the epicycle, when its 
[true] motion is least, [i.e. distributed symmetrically] either side of the apogee, 
produce a decrement from the mean motion of 8;40°. Therefore over the period 
of 5 mean synodic months during which the sun has its greatest possible motion 
and the moon its least, the moon will still be in advance ofthe sun by thesum of 
both [above equations oQ anomaly, i.e. 13;18O. We take h t h  of this (for the 
reasons explained above [p. 286]), and get about 1;6O for the additional motion 
of the sun before the moon overtakes it. So, since it  has an additional 4;38O of' H487 
motion from its own anomaly, and another 1;6O from the motion needed lor 
overtaking [the sun] at true s17zygy, the greatest possible ti-month interval will 
be greater than the mean by 5;440 of longitude. Hence the moon's additional 
motion in latitude on its inclined circle will be about the same amount [5;44O] 
over the mean motion in latitude in 5 months, which comes to about 153;21 O. 
Thus the true motion in latitude over the greatest possible 5-month interval 
comes to 159;5O. 

But the ecliptic limits ofthe moon for the moon's mean distance enclose about 
l o  (either side of the ecliptic) of the great circle drawn through the poles of the 
moon's inclined circle; for: at  the moon's least distance [the corresponding 
amount] is 1;3,36O, and a t  its greatest distance 0;56,24°;33 thus [the ecliptic 
limits enclose] 1 1;30° of the inclined circle either side of the nodes, and hence 
the anecliptic arc between them comprises 1 57;0°. This amount is 2;5O less than 
the 159:5" of the [moon's] inclined circle which is the increment over the 
greatest possible 5-month interval. From these considerations it is clear that. if W488 
one takes the longest possible 5-month interval, the moon can be eclipsed at the 
opposition at the heginning of that interval. while it is receding from either of 
the nodes, and then be eclipsed again at the opposition at the end of the interval, 
while it is approaching the opposite node. The obscuration will take place from 
the same side of the ec!iptic (never from opposite sides) in both eclipses. 

Thus we have shown that the longest possible 5-month interval can produce 
two Iunar eclipses. However. it is impossible for this to occur if 7 months 
intervene, even ifwe assume the shortest possible 5-month interval, namely that 
in which the sun has its least motion and the moon its greatest. We can see this 
by the same method as above. 

For in the mean 7-month interval the increments in motion are as follows: 
mean motion in longitude of both luminaries: 203;45O 
moon's motion on-the epicycle: 180;43". 

'The sun's 203;45O, when its [true] motion isleast, [i.e. distributedsymmetrically] 
either side of the apogee, produce a decrement from the mean motion of 4;4Z0, 
while the 180;43" of the moon's [anomaly] on the epicycle, when its [true] 
motion is greatest, [i.e. distributed symmetrically] either side of the perigee, 
produce an addition to the mean motion of9;5B0. Thereforeover the period of7 

32 1.e. the solar equation is -2;1g0 at a solar anomaly of 180°-(145;32i2)0, or 107;14O, and +2; 19O 
at the symmetric position of 252;46O. The corresponding true longitudes are 65;30° greater, or 
about 20" and --" 20°, cf. p. 290. 

33See pp. 287 and 254. The amount is the sum of the radii of moon and shadow. At greatest 
distance this is 0;15,40° + (23 x 0;15,40)' = 0;56;24O. 
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H489 mean synodic months in which the sun has its least possible motion and the 
moon its greatest, the moon will I>e beyond the sun by the sum of 'b th  [above 
equations of] anomal,., 1 4;40°. For the same reason [as belore], we take h t h  of 
this, [1;13°], and add it to the decrement due to the sun's anomaly, 4'42'. The  
result, 5,55O, gives us the approximate amount by which [the bodies'] motion in 
longitude over the shortest possible 7-month interval falls sho1-t oi't hat over the 
mean 7-month interval. The moon's motion in latitude will fall short of'that 
over the mean 7-month interval, 214;4Z0, I>y thesame amount [5;55O]. So in the 
least possibie 7-month interval the inclrment in the moon's latitudinal motion 
on its inclined circle will be 208;47O. But the total amount of'the greatest arc 
between the [ecliptic] ! h i t s  of' tbc  moon at mean distance, that is the arc 
between the limit preceding one node and the limit fbllowing the other node, is 
only [180° + 2 x 1 1;30° =] 203O. Therefore it is impossible for the moon to be 
eclipsed at the first opposition of' a 7-month interval and then to be eclipsed 
dgain, in any way whatever, at the last opposition of that interval, even if it is 
the shortest possible. 

We must now prove that? oc7er the greatest possil~le 5-month interval, the sun 
too can be eclipsed twice for obsel-vers in the same place, and in all regions afoul. 
part of'the inhabited world. 

In the longest possible 5-month interval, the moon's increment in [argument 
ofJ latitude is, as we have shown [p. 2891, 159;5O. And the arc on which solar 

M490 eclipses cannot occur, fbr the moon's mean distance, is 167;36O; lor the sun's 
ecliptic limits are 0;32,20° from the ecliptic, as measured along the great ciscle 
through the poles of'the ecliptic, and about 6; lZO, as measured along the moon's 
inclined ~ i r c l e . " ~  So it  is clear that, if' the moon has no parallax, the event in 
question [solar eclipses at a 5-month interval] will be impossible, since the 
anecliptic arc exceeds the motion over the longest possible 5-month intel-s:al by 
8;31° counted along the [moon's] i n c h e d  circle, which cori-esponds to about 
0;45" on the [great circle] orthogonal to the ecliptic. However-, at any place 
where the moon can attain a parallax so great that the parallax at either of'the 
conjunctions at the two ends [of the interval], or the sum of the parallaxes at 
both conjunctions combined, exceeds 0;45O, it is possible fbr the ~on~junctions at  
both ends to produce an eclipse at that place. 

Now we have shown [p. 2893 that, over the period of that mean.'5 5-month 
interval in which the moon has its least possible motion and the sun its greatest, 
[which is] from two-thirds through Virgo up to two-thirds through ~ ~ u a r i u s , " "  
the moon is still in advance of the sun by the sum of both [equations of] anomaly, 

d I h  0 37 13;1tI0. It takes the moon, in mean motion, 1 2, tom0ve(l3;18~+ if x 13;18 ). 

34The ecliptic limits of the sun are, in latitude: the sum of the radiiof the sun (0;15,M0, p. 285) 
and the moon at mean distance (mean between 0;15,40°, p. 254, and 0;17,M0, p. 285, i.e. 0;16,40°). 
0; 15,40° + 0;1 6,40° = 0;32,20°. The corresponding distance from the node is I 14 x 0;32,20° = 6; 1 1 ,50° 
% 6;lZ". So the anecliptic arc is (180° - 2 x 6;1 ZO) = 167;36". 

35 It is essential to read (with D,Ar) rq< p&oq< x~vrapfivou at H490,16 for .rq< p € y i ~ ~ f l <  
aevrapfivou ('the greatest 5-month interval'). The meaning is 'the interval of 5 mean synodic 
months'. The change to p&yio.rq< was probably made by someone who compared Ev rc peyiorq 
n~vrapfivcg (H489,25), where the phrase is in order only because it refers to true synodic months. 
However, for a purely mechanical confusion between pioov/piy~orov compare p. 292 11-43. 

36 See p. 289 n.32. 
'7 1n la 2jh the moon moves 14;24,42O in longitude. 13;18O + 1 ; 6 O  (p. 289) = 14;24O. 
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Hence it is clear, since the period of the mean 5-month interval is about 
1 4 7 ~  152h,38 that the period of the longest possible 5-month interval will be 
14gd 1 8 ~ .  Therefore the last conjunction, which takes place about two-thirds H491 
through Aquarius, will be earlier [in the day] than the first conjunction, which 
takes place about two-thirds through Virgo, by 6 hours (which is the difference 
[of the above period] from an  integer number ofdays). So we have to search for 
a place and time at which, if the moon is in Virgo [ca. 20°] and also, 6 hours 
earlier, in Aquarius [ca. 20°], its parallax exceeds the above-mentioned 0;45O, 
that is, either its parallax in one of those signs taken singly, or the combined 
parallax in both of those signs. 

Now we find that the moon's northward parallax never reaches that amount 
(under the prescribed conditions) in any place in our past of the inhabited 
world. Hence it is impossible fbr the sun to be eclipsed twice in the longest 
possible 5-month interval when the moon's position is to the south of the 
ecliptic. that is when it is receding from the descending node at the first 
conjunction and approaching the ascending node at  the last. However, i t  can 
achieve a southward parallax of'this amount, in all regions (beginning almost at 
the equator, and going northwards), if one takes the combined parallax at  both 
the above signs with a 6-hour difference. This occurs when 20° is at the 
setting-point at the first conjunction, and Z 20° in the meridian at the second 
con.junction. For in those situations we find the following approxinlate 
southward parallaxes, fbl- the moon at mean distance (subtracting the solar H492 
parallax):3q 

ll i n n l ~  > i n =  
at the equator 0;2Z0 0; 14" 
where the longest day is 12ih 0;27" 0;2Z0. 

Thus already in Iatter region the combined parallaxes exceed the 0;45O in 
question by 4 minutes. And since the southward parallax increases as one takes 
regions farther north, it is obvious that there will be an increasing possibility, [as 
one goes to regions farther north,] for the sun to be eclipsed for the inhabitants of 
those regions twice in the longest possible 5-month interval. However, this can 
happen only while the moon's position is to the north of the ecliptic, that is when 
it is receding from the ascending node at the first eclipse and approaching the 
descending node at  the second. 

I say, furthermore, that it is possible for the sun to be eclipsed twice for 
observers in the same place also in the shortest 7-month interval. For, as we 
have shown [p. 2901, the moon's motion in [argument ofJ latitude over the 
shortest 7-month interval is 208;47O. And the greatest arc of the [moon's] 
inclined circle intercepted between [two] ecliptic limits (which is the arc 
between the limit preceding one node and the limit succeeding the opposite 
node) is, for the sun when the moon is at mean distance, 192;24°.40 So it is again El493 
clear that, if the moon has no parallax, the event in question cannot take place, 
since the arc of the [moon's] inclined circle covered in the shortest 7-month 

38Re~ult of multiplying 29,31;50,8.20~ by 5. More accurate would be 159. 
''The details of the computation of these are given in the commentary of Pappus (Rome [ l]  I 

225-9), who linds 0;2g0 instead of 0;27O. - 

''1.e. 180° + 2~6;12O. Cf. p. 290 n.34. 
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interval exceed\ the greatest arc cut off between the sun's ecliptic limits by 
16;23O, as measured on the inclined circle, [which corresponds to] 1;25O on the 
circle through the poles of the ecliptic. But in any place where the moon's 
parallax is great enough so that the paralIax zt either of the conjunctions at the 
rwo ends [of the intervalj, or the sum of the parallaxes at  both conjurlctions 
combined, exceeds 1 ;25O, it is possible for the conjunctions at bcrh ends to 
produce an eclipse at that place. 

Now we have shown [p. 2901 that, over the period of that mean 7-month interval 
in which the moon has its greatest [true] motion, and the sun its least, [which is] 
fi-om the end of Aquarius to the middle of Virgo,41 the moon, in true motion, has 
already over-taken the sun by 14;4OC. The moon in mean motion traverses 
(14;40 + $3 x 14;40)O in l d  5h.42 Hence, since the period of the mean 7-month 
interval comprises about 206" 7" the period of the shortest possible 7-month 
interval will be 2 0 5 ~  1 2 ~ .  Therefore, the last conjunction, which takes place 

H494 about the middle of Virgo, will be 12 hours later [in the day] than the first 
conjunction, which takes place about the end ofAquarius. So we have to search 
for a place and time at which the moon's parallax can exceed 1 ;25O, either at 

one of those situations singly or at  both situations combined, when the two 
situations are separated by 12 hours. i.e. one sign is setting and the other rising 
(for otherwise it will be impossible for both eclipses to occur above the horizon). 

Now, again, i t  is impossible for the moon to achieve a northward parallax of 
that amount for any region in our part of the inhabited world, since, even fbr 
those living directly below the equator, the [northward] parallax in latitude at 
the [moon's] mean43 distance never exceeds 23 minutes. Hence i t  is impossibie 
for the sun to be eclipsed twice in the shortest 7-month interval when the moon's 
position is to the south of the ecliptic, i.e. when it is approaching the ascending 
node at the first conjunction and receding from the descending node at  the last 
conjunction. But we find that a southward parallax of that amount [i-e. greater 
than 1;25O] is achieved [for regions north of a latitude which is] approximately 
the through Rhodes, when the end ofAquarius is rising and the middle 
of lTirgo is setting. For in Rhodes, and those regions beneath the same parallel, 

M495 at both of the above situations the parallax of the moon at  mean distance (with 
the solar parallax subtracted) is about 0;46C  southward^.^^ Thus already in 
these regions the sum of the parallaxes at both conjunctions is greater than 
1;25". And since for regions yet farther north than this parallel the southward 
parallax is greater, it is obvious that for the inhabitants of those regions an 

4'Cf. p. 289 n.32. Here the longitudes are given by 

43Readinp pboov (with Ar) for piytorov ('greatest distance') at H494;12. The reading is 
multiply guaranteed: Ptolemy uses the moon's mean distance throughout this section (ct: pp. 289, 
290); taking the grearesf distance decreases the parallax (which is in conflict with the argument here). 
Numerically, from Table V 18, for a zenith distance of 24" (the maximum zenith distance of the 
ecliptic at the terrestrial equator) the parallax (lunar minus solar) at mean distance is 0;22,6 + f x 
0;4,I8 - O;I,9 = 0;23,6" (likewise at minimum distance it  is 0;22,6 + 0;4,18 - 0;1,9 = 0;25,15O, cf. 
p. 294). Corrected by Manitius. 

44A somewhat unsatisfactory numerical verification of this (using the Handy Tables) is in 
Pappus' commentary (Rome[I] I 232-4). 
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eclipse of' the sun can be observed tlvice in the shortest 7-month interval. 
Howeve]-, this is, again, possible only when the moon's position is north of the 
ecliptic, i.e. when it is approaching the descending node at the first eclipse and 
receding li-om the ascending node at the second. 

It semains for us to prove that it is impossible for the sun to be eclipsed twice 
at one month's iniewal in our part of'the inhabited world, either[for observers] 
at the same latitude or at diflerent latitudes, even if one assumes a combination 
of conditions which could not in fact all hold true at the same time, but which 
may be lumped together in avain attempt to provide a possibility ofthe event in 
quest ion happening. These assumptions are, that the moon is at least distance 
(to make its parallax greater); that the month is the shortest possible (so that the 
amount by which the month's motion in latitude exceeds the distance between 
the sun's ecliptic limits be as small as possible);45 and that we use, without 
analysis [of whether it is a possible situation], those times and zodiacal signs in H496 
which the moon's apparent parallax is greatest. 

Now in I mean synodic month the mean motions of the bodies are as follows: 
increment of motion in longitude for both luminaries: 29;6O 
moon's [ancmaly] on the epicycle: 25;4g0. 

The 29;6" ol'the sun's motion, [when distributed symmetrically] either side of 
the apogee to produce its least [true] motion, result in an equation of- 1 ;8O from 
the mean. -4nd the 25;4g0 of the moon's motion, [when distributed symmetri- 
cally] either side of the perigee to produce its greatest [true] motion, result in an  
equation of +2;28O to the mean. In  accordance with our previous 
demonstration, we take the sum of both equations of anomaly, 3;36O, and add 
T$th of'this, O;18", to the amount by which the sun was behind [i.e. 1 ;8O]. This 
gives us I;2G0 for the amount by which the motion over the shortest month in 
longitude and [argument ofJ latitude is exceeded by that in 1 mean synodic 
month. Therefore, since the motion in latitude duringone mean synodic month 
I s  30;40°, that in the shortest month is 29;14", which corresponds to about 2;33O 
on the great circle perpendicular to the ecliptic. But the total amount of [the 
corresponding distance at] the sun's ecliptic limits when the moon is at least 
distance is 1;6°,'6 which the shortest-month distance exceeds by 1;27O. H497 
Therefore, if'the sun is to be eclipsed twice at a n  interval of 1 month, it would be 
absolutely necessary either for the moon to have no parallax at one conjunction 
and more than 1;27O at the other, or, secondly, for the parallax at  both 
conjunctions to be in the same direction and for the difference between the 
parallaxes to be greater than 1;27O, or, [thirdly], for the parallax at  one 
conjunction to be towards the north and the parallax at theother to be towards 
the south, while their sum exceeded that amount [1;27O]. But nowhere on earth 
does the moon at  syzygy, even at  its least distance, have a latitudinal parallax of 
more than lo (when the solar parallax is subtracted). Therefore it will not be 
possible for a solar eclipse to occur twice at  the interval of the shortest month 

45As Ptolemy implies, these two conditions cannot both hold: for the moon, to achieve greatest 
parallax, has to he at the perigee of the epicycle, but to produce the shortest month (see below) has 
to be at symmetrical positions either side of the perigee. 

46 The sum of the radii of sun and moon at least distance is 0;33,20° (p. 285). Ptolemy rounds this 
to 0;33O and doubles it (smce we are dealing with two eclipses). 
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either when the moon has no parallax a t  one conjunction or when its parallax is 
in the same direction at both conjunctions. For the difference between the 
parallaxes cannot exceed lo, and we need 1;27". Hence the event in question 
could occur only under the condition that the two parallaxes are in opposite 

H498 directions, and that the sum ofboth exceed 1 ;27O. This could happen for parts of 
the inhabited.zones in different [parts of the earth], since it is possible for the 
southward parallax of the moon in the regions north of the equator, in our part 
of the inhabited world, and the northward parallax in the regions south of the 
equator, among the so-called 'antipodes', to reach as much as l o  (with 
subtraction of the solar parallax).47 However, it could never happen in the same 
part of the inhabited world, since in both [oikoumenai] alike, for those situated 
directly beneath the equator, the maximum parallax of the moon, both to the 
north and to the south, does not exceed 25',48and for those at the extreme north, 
or extreme south [respectively of their oikoumene] the parallax in the opposite 
direction does not exceed the above-mentioned lo, so that even in this case [i.e. 
taking the equator and the extreme northern or southern limits] the sum of the 
parallaxes is still less than 1;27O. And since both opposite parallaxes become 
progressively much smaller in regions between the equator and the other 
extreme [of each oikoumene], the impossibility becomes ever greater for such 
regions. Therefore it is impossible for the sun to be eclipsed twice in one month 
for the same observers anywhere on earth, or for different observers in the same 
part of the inhabited world. This was what we intended to prove. 

7'. (Construction of eclipse ta blesf 4' 

By means of the above it has become clear to us which intervals between 
syzygies should be taken into account when we are examining for eclipses. Now, 
after having determined the times of mid-eclipse at these [syzygies], and 
computed the moon's positions at that moment, (the apparent positions at 
conjunctions and the true positions at oppositions), we want to have a 
convenient means of determining, from the moon's position in latitude, which 
of those syzygies will definitely produce an eclipse, and the magnitudes and 
times of obscuration for these eclipses. T o  solve this problem we have 
constructed tables, two for solar eclipses and two for lunar eclipses ([in each 
case] one for the moon's greatest distance and one for its least distance). The 
interval which we establish [between successive entries in the tables] is 

j7 This was already shown hy Hipparchus, as is clear fi-om Pliny, N H I1 57, a passage which shows 
that Hipparchus had anticipated Ptolemy in the investigation of the topic of eclipse intervals. Cf. 
H.412f.4 322. The word I have translated 'antipodes' i sdvr i~8ov~<  ('[people in] the opposite [part of 
the] earth'). See LSJ S.V. 2. I have excised dn6 o iZT: at H498,8. This would have to mean 'to be be- 
tween the limits of 0;25O and 1°', which is nonsense, since the lower limit is zero. The phrase was 
interpolated by someone who m~isunderstood this use ol'pbxpl, and took the 25' (senselcss in this 
context) li-om just I>elow. 

46Cf. p. 292 n.43. 
49See HAM.4 134-41, Pedetsen 231-5. 
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determined by the amount of obscuration, being ibth of the diameter of 
whichever of the luminaries is eclipsed.50 

'The first table for solar eclipses, which covers the interval between the limits 
of eclipses at the moon's greatest distance, will be arranged on 25 lines in 4 
columns. The Grst two columns will contain the apparent position of the moon 
in [argument of? latitude on the [moon's] inclined circle for each [unit ofJ 
obscuration. Since the sun's diameter is 0;3 I ,20°, and, as was proven [p. 254 ], the H500 
moon's diameter at  its greatest distance is also0;31,20°, it follows that when the 
moon's apparent centre is 0;31 ,20° from the sun's centre on the great circle 
through both their centres, (and thus is 6O from the node aiong its inclined 

f circle, according to the previous ratio, 11;30 : I), that will be the situation in 
! which the moon just touches the sun. So in the first line of the first column we 
t 
5 put '84O', and in the first line of the second column, '276O'; again, in the last line 
! of the first column we put '9607, and in the last line of the second column, '264O'. 

Furthermore, since the amount of the [moon's] inclined circle which 
corresponds to?? th ofthe solar diameter is about 0;30°75' we increase or decrease 
the entries in the above-mentioned two columns by that amount, beginning 
from the lines at  both ends and going towards the middle. On the middle line we 
put '90"' and '270°'. 

The third column will contain the magnitude oftheobscuration. O n  the two 
lines at  top and bottom we put the '0' representing the touching position, on the 
two lines next to those 'I digit' (representingAth of the diameter), and so forth 
for the rest, with an increment [from line to line] of l digit up to the middle line, 
which will receive the entry '12 digits'. H50 1 

The fourth column will contain the distance travelled by the centre of the 
moon corresponding to each [tabulated] obscuration, without however taking 
into account either the sun's additional motion [during the phase ofthe eclipse] 
or the moon's epiparaliax [i.e. the change in the moon's parallax]. 

The second table for solar eclipses, which covers the interval between the 
limits of eclipses at  the moon's least distance, will be arranged in the same way 
as the first, except that it will have 27 lines in 4 columns. The moon's radius at its 
least distance is, as we have shown [p. 2841,O; 1 7,M0 where the sun's radius is 
0;15,40°. So when the moon [at least distance] is just touching the sun, its 
apparent centre is 0;33,20° from the sun's centre, and 6;24O from the node along 
its inclined circle. So52 the entries for the apparent [argument ofl latitude in the 
top and bottom Iines are '83;36', 276;2407, and '96;24O, 263;36O' [respectively j, 

501.e. the intervals between successive arguments in the tables (cols. I and 2 in Table VI 8) is 
determined by taking integer values of the magnitude (col. 3), in contrast with the normal 
procedure, in which one takes the argument at purely arbitrary intervals. This is more of a 
convenience for the compiler of the tables than for the user, but it persisted in eclipse tables ofthe 
Handy Tables and in many of the mediaeval tables derived from them (see e.g. Toomer [lo] no. 59 p. 
88). 

51 

0;3''20 x 11: = 0;30,2 = 0;30. 
12 

52Heiberg's text in this paragraph is in disarray. To produce a logical sequence, insert a 
strong stop at the end of 50I,9, begin the next sentence ( ~ a i )  6td (with Ar), remove the strong 
stop at the end of 501,17, and excise the yap (with D,Ar) in 501,18. 
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and the entry for the digits on the middle line, if we use linear extrapolation, wilt 
be 1s digits. For this entry there will also be a duration of totality.53 

Each of the lunar [eclipse] tables will be arranged in 45 lines and 5 columns. 
In the first table we will tabulate the [argument of] latitude for greatest distance 
of the moon. The moon's radius at its greatest distance is, as we showed [p. 2541, 
0;l 5,40°, and the radius of the shadow, 0;40,44O. So, when the moon is just 
touching the shadow, the moon's centre is 0;56,24O from the shadow's centre 
along the great circle through both centres, and 10;48O from the node along the 
[moon's] inclined circle. So we put, on the first line, '79;1Z0' [in the first column] 
and '280;48O' [in the second column], and on the last line '100;48°' and 
259;12O'. By the same reasoning as in the first [solar table], we increase or  
decrease each line by 0;30°, which corresponds to ifth of the lunar diameter for 
that distance. 

In the second table we will tabulate the [argument ofJ latitude for the moon 
at  least distance, at which, as was shown [p. 2841, its radius is 0; 17,40°, and the 
radius of the shadow 0;45,56O. Therefore, when the moon just touches the 
shadow, its cer,tre is, by the same argument as before, 1 ;3,36" from the centre of 
the shadow, and 12;1Z0 from the node along the moon's inclined circle. Hence 
we put, on the first line, '77;4803 and '282;1Z0', and, on the last line, '102; 1 2 O '  
and '257;48OY, and again increase or decrease the entries by the amount 
corresponding to h th  of the lunar diameter for that distance, [namely] 0;34O. 

The third column [in each table], for the digits, will be arranged in the same 
way as that in the solar tables. So too will be the succeeding columns, which 
contain the travel of the moon for each [tabulated] obscuration, namely [the 
but-th column] for both immersion and emersion, and also [the fifth column] for 
half of totality. - 

h r e  computed the travel of' the moon tabulated for each obscuration 
~eometricallv, but as if [the problem were confined to] a single plane and 
L, 

straight lines, since such small arcs do  not differ sensibly from the corresponding 
chords, and furthermore the moon's motion on its inclined circle is not 
noticeably different fi-om its motion with respect to the ecliptic. 

[I  say this] in case anyone should suppose that we do not realise that, in 
general, the moon's motion in longitude is afrected by the use of arcs ofthe inclined 
circle instead of arcs of the ecliptic, and also that it  does not follow that the time 
of syzygy is exactly the same as the time of mid-eclipse. [To illustrate this, see 
Fig. 6-21, we cut off from the node A two equal arcs of the circles in qu;stion 
[orl~it and ecliptic], AB and AG, join BG and from B draw BD perpendicular to 
AG. Then it is immediately obvious that, if we suppose the moon at  B, when we 
use arc AG ol'the ecliptic instead of arc AD, then, since motion with respect to 
the ecliptic is determined by [the great circle] through the poles of the ecliptic, 
the difference [in longitude] due to the inclination of the lunar orbit will be GD. 

"' The intewal ol'ar-gument corresponding to 1 digit of eclipse magnitude is 0;30° elsewhere in the 
table. Since the interval here is 0;24O, the corresponding amount in digits is 9. Accurate 
computation fi-om the radii 0;17:40° and 0;1 5,40° gives the rnagnitudeofthekaximum solar eclipse 
as 12;46J. The amount beyond 12 digits represents the 'duration of totality' (povfi), as in lunar 
eclipses. See also p. 305 n.63. 
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Fig. 6.2 

O r  again, if we imagine the sun or the centre of the shadow at B,54 the time of 
syzygy will occur when the moon is at  G ([we can say this] since the difference 
due to the two circles [ecliptic and orbit] is negligible), but the time of mid- 
eclipse when the moon is at  D, since, again, the time ofrnid-eclipse is defined by 
the circle through the poles of the moon's orbit. And [thus] the time of syzygy 
will differ from the time of mid-eclipse by arc GD. 

Fig. J 

The reason that we did not take these arcs into account in our derivations of I3505 
the individual (entries] is that the differences they cause are small and 
imperceptible. While it would be absurd not to recognise any of these effects, on 
the other hand, when one considers the resulting complication in the methods 
necessary to deaI with each of them, deliberate neglect of effects small enough to 
be overlooked both in theory and observation evokes [in the reader] a strong 
feeling of the advantage of greater simplicity, and no regret, or little, for the 
resulting error in representing the phenomena, In any case, we find that the arc 
corresponding to GD does not, in general, exceed 0;5O. This can be 
demonstrated by means of the same theorem which tare used [I[ 163 to calcuiate 
the difference between arcs of the equator and corresponding arcs of the 
ecliptic, as defined by a [great] circle drawn through the poles of the equator. 
And in eclipses [the arc corresponding to GD] does not exceed 2'. For, ifwe take 

54 1.e. the two arcs are now interchanged, AB being theecliptic and AG the moon's orbit. Instead 
of using the same figure: Ptolerny should have drawn another one, in which GB i\perpendicular to 
AB (i.e. AB # -4G). Compare Fig. J (taken from Manitius 452-53), which shows that the true s y z y . ~  
(at G) precedes the eclipse-middle (at D) before the node, but succeeds it after the node. 
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arc AB = arc AG = lZO, which is the maximum amount of'themoon'sdistance 
[from the node] at eclipses, then BD is about 1 O. And hence AD is about 11;58O, 
and, by subtraction, GD is 2', which corresponds to less than k t h  of an 
equinoctial hour .s~crupulous accuracy about such a small amount is a sign of 
vain conceit rather than love of truth. 

For the above reasons we have computed the travel of'the moon during the 
obscurations in question as if the circles [of ecliptic and orbit] were sensibly 
identical. The method of calculation, to give one or two examples, isas fbllows. 

Let [Fig. 6.3Is6 A be the centre ofthe sun or the shadow, and BGD the straight 
line representing !he arc of' the moon's [inclined] circle. Let the points 
representing the moon's centre when it is just touching the sun or the shadow 
be, at the moon's approach [i.e. at first contact] B, and at its recession [i.e. at last 
contact] D. Join AB and AD, and drop perpendicular AG from A on to BD. 

Fig. 6.3 

Now it is clear that eclipse middle and greatest obscuration occur when the 
centre of the moon is at G, because [ I ]  AB equals AD, and  hence the distances 
travelled, BG and GD, are also equal, and because [ Z ]  AG is the least of ail lines 
ioining the two centres [when the moon is] on BD. It is also clear that AB and 
AD each comprise the sum of the radii of moon and sun or [moon and] shadow, 
and that each of them exceeds AG by that part ofthe diameter ofthe eclipsed 
body which is cut off by the obscuration. 

This being the case, let the obscuration be, e.g., 3 digits. First let A represent 
the sun's centre. 
T h e r e f ~ r e , ~ ~  when the moon is at its greatest distance, 

AB = 31;20 minutes [p. 2951. 
.'. AB2 = 98 1 ;47. 

And AG = 23;30 minutes, since it is less than AB byhths  
of the sun's diameter, i.e. 7;50 minutes. 

55Cf: H.4MA 83 n.5, estimating a maximum error of 6' as a result ofneglecting the inclination of 
the lunar orbit in computing longitudes. Using the formula tan h = tan o cos 1, I find, for I =So, the 
maximum difference between h and w as about 64' for o = 45;3O. Usin the same formula for o = 7 12". I find A = 1 1 ;57,20°, hence GD = 0;2,40°, which still leads to less than 77th of an hour'? difference 
in the time of mideclipse. Ptolemy computes crudely BD- AB/l 1 f 1, AD = d m %  1 1;58. 

5b Figs. 6.3 and 6.4 are elucidated by Figs. K and L respectively, in which the c~rcles representing 
the sun, moon and shadow are drawn in. These are taken from Manitius, but are also very similar to 
the alternative diagrams found in ms. D. i 

5'Keading E m  pkv &pa (with D) for Em pEv 0% &pa at H507,3. 
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Fig. K 

So AG2 = 552;3 5. 
Hence BG2 = 429;32, 

and BG x 20;43 minutes. 
This is the amount which we will enter in the fourth column of the first table for 
solar [eclipses] opposite '3 digits'. 
For the moon's least distance 

AB = 33;20 minutes [p. 2951. 
.'. AB2 = 1111;7. 

And AG = [0;33,20° - 0;7,50° =] 25:30 minutes, 
so AG2 = 650;15. 

And, by subtraction, BG2 = 460;52, 
and so BG = 21128 minutes. 

This is the amount which we will enter in the fourth column ofthe second table 
I'or soiar- [eclipses] opposite '3 digits'. 

Next !et A represent the centre of the shadow' and let the obscuration be  the 
I same fi-action as before, 4, [but now] of'the Iunar diameter. 

Then, for the moon's greatest distance, 
AB = 56;24 minutes [p. 2961, 

so AB2 = 31 80;58. H508 

and AG = 48;34 minutes, since it is less than AB by! of 
the lunar diameter; i.e. (for the moon's 
greatest distance) 7;50 minutes. 

So AG' = 2358;43. 
Hence, by subtraction, BG2 = 822;15, 

and BG = 28;41 minutes. 
This is the amount which we will enter in the fourth column ofthe first table for 
lunar [eclipses] opposite '3 digits'. It represents the travel during immersion, 
which is sensibly equal to that during emersion. 

For the [moon's] least distance 
AB = 63;36 minutes [p. 2961, 

so AB2 = 4044;58. 
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And AG = 54;46 minutes, since the difference [between 
AB and AG], 8;50 minutes, is, again, ?r of the 
moon's diameter, [here] at least distance. 

--. A G ~  = 2999;23. 
So. bjr subtraction, BG' = 1045;35, 

and BG = 32:20 minutes. 
This is the amount which we will enter opposite '3 digits', as before, in the 
fourth column of'the second table for lunar [eclipses]. 

Next, to represent those [phases oq the Iunar obscurations comprising the 
H509 duration of'totality, let [Fig. 6.41 A be the centre of'the shadow, and BGBEZ the 

straight line standing fbl- the arc of the moon's inclined circle. Lei B represent 

Fig. 6.4 

the place of the centre of rhe moon when it isjust externally tangent to the circle 
of the shadobv. at approach, G the place of the centre of the moon when it is just 
internally tangent to the circle of the shadow at the beginning oftotality, E the 
place of the centre of the moon when it is just internally tangent to the circie of 
the shadcw as [the moon] recedes [at the end of totality]: and Z the place ofthe 
centre of the moon when it is externally tangent to the shadow at the very end of' 
its emersion [from obscuration]. Again drop perpendicular AD from A on to 
BZ. The same conclusions as before remain valid, and i t  is filrthermcrre clear 

Fig. L 
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that AG and AE each comprise the amount by which the radius oi'the shadcxv 
exceeds the radius o!'the moon. Hencc the distance GD is equal to the d' istance 
DE, and each represents half'oftotality, while BG, the remainder [of'BD-GD]. 
which represents the immersion, is equal to EZ, the remainder [of DZ-DE], 
which represents the emer-sion. 

So let us take lfbr an example] an eclipse for which the entry [in the table; is 
' 15 lunar digits', i.e. one in which D? the moon's centre [at mid-eclipse], lies l b H5 10 
lunar diameters inside the boundary set by the limits of'the eclipse. Tha t  is to 
say: when 

(AB - AD) = (AZ - AD) = 1 $ lunar diameters 
i 

and (AG - AD) = (AE - AD) = 4 lunar diameter. 
Then; for the moon's greatest distance, 

as belbre [p. 2991, AB = 56;24 minutes and AB2 = 3180;58. 
And AG = 25;4 minutes, since the moon's diameter at 

greatest distance is 31 120 minutes. 
-*. AG2 = 628;20: 

and, by asimilarar,gurnent: AD = [56;24 - (31;20 + 750) =I l7;14 minutes and 
AD' = 296;59. 

So, by  subtraction [of AD2 from AB2], BD2 = 2883;59, 
and BD = 53;42 minutes. 

And, by subtraction [of AD2 from AG'], GD2 = 331 ;21 
and GD = 18;12 minutes. 

So, I>y subtraction, BG = 35130 minutes. 
So we will put, opposite the entry ' 1  5 digits' in the first table fbr lunar eclipses. in 
the fourth coiurnn '35;30 minutes' for the immersion (which w i l l  be the same fbr 
the emersion), and, in the fifth column ' 18112 minutes' for half the duration of 
totality. 

Fcr the moon's Ieast distance, M j f  l 
as before [p. 2991, AB = 63;36 minutes 

and AB2 = 4044;58: 
AG = 28; lfi minutes, since? as was shown. the  

moon's diameter at Ieast distance i s  35120 
minutes, 

and AG2 = 799;O. 
And, by asimilarargument,AD = [63;36 - (35;20 + 8;50) =] 19;26 minutes, 

so AD2 = 377;39. 
Therefore, by subtraction, BD2 = 3667; 19, 

and BD = 60;34 minutes. 
And, by subtraction, GD2 = 421 ;21 

and G D  = 20;32 minutes. 
So, by subtraction, BG = 40;2 minutes. 

Therefore we will put, opposite the entry '15 digits' in the second table for lunar 
eclipses, in the fourth column '40;2 minutes' for the immersion (which will 
again be the same for the emersion), and, in the fifth column, '20;32 minutes' for 
half the duration of totality. 

In order to have a convenient way of obtaining the fraction of the difference 
[between values derived from the first and second tables] for ~osit ions of the 
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moon on the epicycle in between greatest and least distances ([which we do] by 
the method of sixtieths [of interpolation]), we have drawn up, below the above 
tables, another little table. This contains, as argument, the position [in 
anomaly] on the epicycle, and, [as function], the corresponding number of 

H5I2 sixtieths to be applied [as interpolation coeficient] ir! every case to the 
difference [between values] derived from5' the first and second eclipse tables. 
We have already computed the amounts of these sixtieths for the table of the 
moon's parallax [V 181: they are set out in the seventh column [of that table], 
since the epicycle has to  be taken at  the apogee of the eccentre to represent [the 
situation at] syzygy. 

But most of those who observe the [weather] indications derived from eclipses 
measure the size of the obscuration, not by the diameters of the disks [of sun and 
moon], but, on the whole, by [the amount ofJ the total surface of the disks,5g 
since, when one approaches the problem naively, the eye compares the whole 
part of the surface which is visible with the whole of that which is invisible. For 
this reason we have added to the above table yet another little table with 12 
lines and 3 columns. In the first column we put the digits from 1 to 12, where 
each digit represents h th of the diameter of each luminary, as in the actual 
eclipse tables. In the other two columns we put twelfths of the whole surface- 
area corresponding to these [linear digits], those for the sun in the second, and 
those for the moon in the third. We computed these amounts only for the sizes 
[of the apparent diameters] for the moon at mean distance, since very nearly 
the same ratio will result [at other distances], given so small a variation in the 
diameters. Furthermore, we assumed that the ratio of the circumference to the 

H513 diameter is 3;8,30 : I , since this ratio is about half-way between 34 : 1 and 3f?:  I ,  
which Archimedes used as rough [bounds].60 

First, to represent solar eclipses, let [Fig. 6-51 the sun's disk be ABGD on 
centre E, and the disk of the moon at mean distance AZCH o n  centre O ,  
intersecting the sun's disk at points A and G. Join BEOH, and let us suppose 
that d of the sun's diameter iS  eclipsed. 

Thus ZD = 3 where diameter BD = 12, 
and the moon's diameter, ZH 12;20 in the same units, according to the ratio 

15;40 : 16;40. 6' 

H514 Hence EO = [f (12 + 12;20) - 3 =] 9;10 in the same units. 
Therefore the circumferences of the disks are, according to the ratio 1 : 3;8,30, 

58Reading ytvoptvwv for cpatvopivwv ('which appear from') at H512,l. Although found in all 
Greek mss. and part of'the Arabic tradition, the latter is without parallel in the Almaged, and must 
I K  replaced by a word like y~vopivov (palaeographically close), or ouvayoptvwv . Cf: e.g. 
H384.21-2, TGV ytvopivov 81acpopi5v EK ?fiS 8&uTipa< dvwpahia~, H385,5-7, rGv ouvayopivov 
Gnspo~Gv b~ ~ f i <  . . . 8vwpaAiaq. Is has 'allati tukraju', which supports rny emendation. 

S%lthough there is no reason to doubt Ptolemy's statement, I know of no surviving ancient 
eclipse ma.gnitude which is unambi,guously given in these 'area digits'. 

60Archimedes, 'Measurement of the Circle', ed. Heiberg I 232-42, tr. Heath 91-8. 
The sun's radius is 0;15,40° (p. 285). The moon's radius at mean distance is the mean between 

0;15,40° and 0;I 'i,40°. i.e. 0;16,40°. But Ptolemy has made a calculating error (cf: Manitius p. 
385 n. b) and Pappus, Rome [ I ]  1261) : 12 x (16;40/15;40)- 12;46, not 12;20. This affects the accuracy 
of ever). entry in the second columnl but the results are so crudely rounded that it is of little 
irnjn)~'tanc.c.. 
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Fig. 6.5 
- 

sun's circumference: 37;4Zp 
moon's circumference: 38;46'. 

Similarly, since the product of the radius and the circumference is twice the 
area of the circle, the areas of the whole disks are: 

sun's area: 1 13;6' 
moon's area: 3 19;3ZP. 

With the above as given quantities, let the problem be to find the area of the 
surface enclosed by ADGZ, where the total area of the sun's surface is 12 parts. 

Join AE, A@, CE, GO, and also draw perpendicular AKG. 
- Ncw, where EO = 9;10", 

A E = E G = 6 '  
by assumption. 

and A@ = OG = 6;10P 
Furthermore, the angle at K is right. 
Therefore, if we divide (@A2 - AE2), or 2;2, by EO, we will get (KO - EK) as 
0;13$~.~* 

Hence EK comes out to 4;28' and KO to 4;4ZP. 
Therefore AK = KG 4'. 

Accordingly the area of triangle AEG = 17;5ZP 
and the area of triangle AOG = 18;48'. 
Furthermore, where diameterBD = 12' and ZH = 12;20P, AG = 8'; 

so where diameter BD = 120P, AG = 80P, 
and where diameter ZH = 120P, AG = 77;50P. 

Therefore the corresponding arcs are: 
arc ADG = 83;37O of circle ABGD 

and arc AZG = 80;5Z0 of circle AZGH. 

@A2 - AK2 = KO2, AE2 - AK2 = EK2; subtracting, @A2 - AE2 = K e 2  - = 
(KO + EK) (KO - EK) = EO (KO - EK). 
At H514,20 I read y' (with A,D2, Is) forV7 (13;3'). Corrected by Rome[l]I 262 n. (3), whence 
Neugebauel- in the 2nd edn. of Rfanitius. 
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So, since the ratio of a circle to one of its arcs equals the ratio of the area of the 
whole circle to the area of the sector beneath that arc, 

area of sector AEGD = 26; 16' where area of circle ABGD = 1 13;6', 
as was shcwn, 

and, in the same units, area of sector AOGZ = 26;51P 
(for circle AZGH was shown to be 1 19;3ZP). 

And, in the same units, we showed that 
area of triangle AEG = 17;52' 

and area of triangle AOG = 18;48'. 
Therefore, by subtraction, area of segment ADGK = 8;24' 

and area of segment AZGK = 8;3'. 
So, by addition, area ofAZGD = 16;27' where area of circle ABGD = 1 1 3;CiP. 

Therefore where the area of the sun's disk equals I2', 
H516 the area of the eclipsed partz lip. 

This is the amount which we will enter in the above-mentioned table in the 
second column on the line with '3 digits' [as argument]. 

Again, in the same figure [Fig. 6.51, to represent lunar eclipses, let the moon's 
disk be ABGD, and the shadow's disk a t  mean [lunar] distance AZGH, and, as 
before, let of the diameter of the moon be eclipsed. 

Hence, where diameter BD = 12', the eclipsed section, ZD = 3'. 
And, according to the ratio 2;36 : 1, 

thediameteroftheshadow,ZH = 31;12'. 
Therefore EKO comes to [$(12 + 31 ;12) - 3 =] 18;36'. 
So  the circumferences are as follows: 
moon's disk: 37;42' 
shadow's disk: 98;lp 
and the areas are: 
moon's disk: 
shadow's disk: 

Here again, where EO = 1&36P, 
-I A E = E G = G P i  

by assumption. 
and A@ = O G  = 15:36' 

.'. (KO - EK) = (@A2 - .AE2)/E0 = 1 1;8'. 
H517 So EK comes out to 3;44P and KO to 14;5ZP. 

Hence AK = KG = 4;42'. 
Accordingly, the area of triangle AEG = 17;33' 
and the area of triangle AOG = 69;5ZP. 

Furthermore, where diameter BD = 12' and ZH = 31;12', AG = 9~24'. 
So where diameter BD = 120P, AG = 94', 

and  where diameter ZH = 120P, AG = 36;gP. 
Therefore the corresponding arcs are: 

arc ADG = 103;8O of circle ABGD 
and arc AZG = 35;4O of circle AZGH. 

Therefore, by the previous argument, 
area of sector AEGD = 32;24' where, as was shown, area of circle ABGD = 1 13;6' 
and, in the same units, area ofsector AGO2 = 74;28', 
since area of circle AZGH was shown to be 764;32'. 
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And, as we showed, ir. the same units 
area of triangle AEG = 17;33' 

and area of triangle AOG = 69;5ZP. 
Therefore, by subtraction, area of segment ADGK = 14;51 

and area of segment AZGK = 4;36'. 
So, by addition, the area enclosed by AZGD is 19:2'iP 
where the area of circle ABGD is taken as 113;6'. HS18 
Therefore, where the area of the lunar disk is 12', 
the area comprised by its eclipsed section will be about 2#. 
This is the amount which we will enter in the above-mentioned table in the 
third, lunar, column, on the line with '3 digits' [as argument]. 

The layout of the tables is as follows. 

8. f Eclipse fables] " 

[See pp. 306-8.1 

9. f Detelnzina tion of  lunar eclipses] 64 H523 

Having set out the above as a preliminary, we can predict lunar eclipses in the 
following manner. 

We set down the amounts in degrees, computed for the required opposition at 
the time of mid-syzygy at Alexandria, of the so-called anomaly, [countedj from 
the apogee of the epicycle, and the [argument ofJ latitude, [counted] from the 
northern limit. Having corrected the latter by means of the equation [of 
anomaly], we first enter with this corrected [argument ofJ latitude into the 
tables for lunar edipses. If it falls within the range of the numbers in the first two 
coiumns, we take the amounts corresponding to the argument of Iatitclde in the 
columns for the [lunar] travel and the column for the digits [of magnitude] in 
both tables, and write them down separately. Then, with the anomaly as 

"There ar-e a number of individual errors in these tables: but it is not always certain which are 
due to corruption and which to Ptolemy's faulty computation. Certain scribal errors (corrected in 
the translationj are: 
Solar eclipse. least distance col. 4, arg. 90;O. Heiberg (H519,20) prints this (following most Greek 
mss.) as hy K$ O: i.e. 33;22,0. It was originally two entries, 33;20 (correctly computed) and 2;0, 
where the fint represents the immersion, and the second the duration of totality (PO*), computed 
from the difference between lunar and solar radii, 17;40' and 15;40'. There is a reference to thison 
p. 296 (H501,23), but I suspect both that remark and the entry 2;O here of being interpolations. 
Most Arabic mss. have just 33;20. 
Lunar eclipse, least distance col. 5, args. 89;8 and 90;52, read KC v$ f0r~C pfJ (27;42) at H521,27 (with 
D, Ar) and H52l,31 (with Ar). Same col., for arg. 90;O; read ~q 15 f 0 r ~ q  5 (2816) at H521,29, with 
D,Ar. 
Lunar eclipse, col. 3, for arg. 90;O. text has rch~ia (all mss. except P, wh~ch has '21'). From the 
ratio shadow to moon of2; : 1 one finds the rnaxlmum magnitude of a lunareclipse as 21 ;36 digits 
in a11 cases. From Ptolemy's interpolation method (cf. p. 296 n.53) one finds 21;36 at greatest 
distance and about 21~32 at least distance. 

See H.4M.I 138-9 (with computed examples), Pedersen 234-5. and Appendix A, Example 11. 
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argument, we enter into the correction table, and take the corresponding 
number of sixtieths. We then take this fraction of the difference between the 
[two sets of] digits, [derived from] the two tables, which we wrote down, and 
also of the difference between the [two sets of3 minutes of travel, and add the 
results to the amounts derived from the first table. If, however, i t  happens that 
the argument of latitude falls within the range ofthe second table on!y, we take [as 

H524 final result] the appropriate fraction (determined by the number of sixtieths 
found [from the correction table]) of the digits and minutes [of travel] 
corresponding [to the argument of latitude] in the second table alone. The  
number of digits which we find as a result of the above correction will give us the 
magnitude of the obscuration, in twelfths of the lunar diameter, at mid-eclipse. 

As for the minutes [of travel] resulting from the same correction, we always 
increase them by th, to allow for the sun's additional motion [during the phase 
of the eclipse], and divide the result by the moon's anomalistic [i-e. true] hourly 

'I'AB1,E FOR SOLXR EC1,IPSES 
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VI 8. Auxiliary ecl$se tables 

motion at that point.65 The results of the division will give us the duration of 
each phase of the eclipse in equinoctial hours: the result derived from the fourth 
column will give the duration of the immersion (and also that of the emersion 
likewise); and the result derived from the fifth column will give the duration of 
half of the totality. The times of entry and exit at beginning and end [of the 
various phases] can be derived immediately by adding or subtracting the 
individual durations to or from the time of the middle of totality, that is, 
approximately, the time of true opposition. We can also immediately find the 
area digits by entering with the digits of the diameter into the final small table 

"This will already have been determined in the computation ofthe timeof-the true syzygy (cfp. 
282). 



VI 9. Computation of lunar eclipse 

and taking the corresponding amount in the third column (and similarly ibr 
solar eclipses by taking the corresponding amount in the second column). 

Now reason informs us that the time interval from the beginning ofan eclipse 
to its middle is not always equal to the time interval from mid-eclipse to the end, 
because of solar and lunar anomaly, the effect of which is that equal distances 
are covered [by the bodies] in unequal times. However, as far as the senses are 
concerned, no noticeable error with respect to the phenomena would result 
from supposing these intervals equal in time. For, even when [the luminaries] 
are near mean speed, where the change [in speed] resulting from an [equal] 
increment [in the argument] is greater [than elsewhere], the motion over the 
number of hours represented by the whole duration of [even] the maximum 
possible eclipse does not exhibit the Ieast noticeable difference [in duration] due 
to the change [in speed]. 

Furthermore, we can [now] see, by examining the matter on the above basis, 
that we were quite right to reject as erroneous the period for the moon's [return 
in] latitude which Hipparchus demonstrated. [As we saw, p. 207,f the 
increment [in argument of latitude] between the [two] eclipses which he set out 
appeared smaller according to his hypothesis, whereas according to our 
calculations it was found to be greater.66 

T o  demonstrate his thesis [of the period of return in Iatitude], he chose t ~ 7 o  
eclipses with an interval between them of 7160 [synodic] months, in both s f  
which it happened that a quarter of the moon's diameter was eclipsed, at the 
same distance from the ascending node. The  first of these was observed in the 
second year of Mardokempad and the second in the thirty-seventh year of the 
Third Mallippic Cycle.67 In order to demonstrate the return [in latitude], he 
makes the assumption that each eclipse exhibits the same position in mean 
argument of latitude,68 on the grounds that the first eclipse occurred when the 
moon was at  the apogee of the epicycle, and  the second when it was at the 
perigee, and hence, he thought, the anomaly had no effect. However, his first 
mistake is in this very point, since there indeed was a considerable effect from 
the anomaly: the mean motion was greater than the true at both eclipses, [and] 
not by an equal amount, but by about l o  in the first eclipse, andiO in the second 
eclipse. Thus, in this respect, the period in Iatitude [between the two eclipses] 
falls short of' an integer number of returns by Q0 of the moon's orbit. 
Furthermore, he failed to take into account the effect of the lunar distance on 
the size of the obscuration, although the difference [due to this effect] was the 
greatest possible between [precisely] these eclipses, since the first occurred when 
the moon was at  its greatest distance, and the second when it was at its least. For 

66The increment in argument of latitude over the 211438~ 23h between the two eclipses 
mentioned below is, according to Hipparchus' value for the mean motion, only about 3' beyond 
complete revolutions, but about 12' according to Ptoterny's value. 
" These are the eclipses of - 7 19 Mar. 8 and - 1 4 0  Jan. 27, both of which have been used before: 

see I\/ 6 p. 191, IV 9 p. 208, and VI 5 p. 284, q.v. for details of the anomaly. See also, for the first 
eclipse, Appendix A, Example 1 1 .  

68Literally 'the same position in Iatitude is comprised at each of the eclipses, from uniform 
[motion] (2, cipaho5)'. On the assumption that the moon was precisely at apogee and perigee ofthe 
epicycle, then (in Hipparchus' simple lunar hypothesis) the true position of the moon coincides with 
the mean. 
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the same obscuration, of f  [of the diameter], must necessarily result at a lesser 
distance from the ascending node at  the first eclipse, and a greater distance at 
the second. We have shown that the difference between these distances comes to 
1 f 0.69 Hence, in this respect, the period of latitude exceeds an integer number of 
returns by that amount [If0]. Thus, with respect to the absolute error, the 
return in latitude would have been out by about two degrees (the sum of the 
[above] two errors), if it happened that the effect of both had been 
subtractive or additive. However, since one had the effect of falling short of a 
return and the other of exceeding a return, by a chance stroke of good luck 
(perhaps Hipparchus too noticed that these effects counterbalance each other 
somewhat) it turns out that the [motion in latitude] exceeds an [exact] return by 
only the difference between the [two] errors, [or] a third of a degree. 

10. (Determin&ion of  solar eclipses) 70 

Correct prediction of lunar eclipses can be achieved merely by the above, if the 
computations are carried out accurately in the way described. Solar eclipses, 
however, with which we deaf next, are more complicated to predict because of 
lunar parallax. We will do it as follows. 

We determine the number ofequinoctial hours by which the time of true 
syzygy at Alexandria precedes or follows noon. Then, if the geographical 
position in question, ti.e.1 that of the required place, is different [from that], i.e. 
if it does not lie beneath the same meridian as Alexandria, we add or 
subtract the difference in longitude between the two meridians, expressed in 
equinoctial hours, and [thus] decide how many hours before or after noon the 
true syzygy occurred at that place too. Then we determine, first, the time of 
apparent syzygy (which will be approximately the same as mid-eclipse) at the 
required geographical location, by applying the method of computing 
parallaxes which we explained previously [V 191, [as follows]. 

We enter the Table of Angles [I1 13) and the Table of'Parallaxes [V 181, using 
[as arguments] the appropriate latitude, distance in hours from the meridian, 
point on the ecliptic where the conjunction occurred, and also distance of the 
moon. We thus find, first, the moon's parallax along the great circle drawn 
through the zenith and the moon's centre. We always subtract from this that 
solar parallax which is on the same line, and from the reskt determine, in the way 
indicated, the component of parallax in longitude by itself, which is computed 
by means of the angle we found [from the table] between the ecliptic and the great 
circle through the zenith. We always add to this [longitudinal parallax] the incre- 
ment of 'epiparallax' corresponding to the number of equinoctial hours 
represented by the longitudinal parallax. This epiparallax is determined as 
Ibllows. We take the difference (as determined from the same table) between the 
parallax corresponding to the original zenith distance and the parallax 

"F~.om 'I'afde VI 8, moon, entries for magnitude 3 digits: greatest distance. o = 80;42O, least 
distanct., o = 79;30°; difltrence 1; I2O. 

'"See Appendix A, Example 12. 
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corresponding to the zenith distance after :he passage of the number of 
equinoctial hours [represented by the longitudinai parallax]. We take the 
longitudinal component of this by itself, plus an additional amount (if it is 
significant) which is the same fraction of the latter as the latter is of the original 
[longitudinal] parallax.7' T o  the total parallax in longitude, computed in this 
way, we add h t h  ot'itself, to account for the additional moticn of the sun, and 
convert the total to equinoctial hours by dividing it by the moon's true hourly 
motion at the conjunction. If the longitudinal parallax we found is towards the 
rear [i.e. in the order] of the signs (we explained previously [p. 2673 how to 
determine this), we subtract the amount in degrees which we had converted 
into equinoctial hours from the moon's position, as previously determined, at H530 
the moment of true conjunction, in longitude, latitude and anomaly (each 
separately): this gives us the [corresponding] true positions of the moon at the 
moment of apparent conjunction, while the number of hours itself [resulting 
from the above computation] tells us by how much the apparent conjunction 
precedes the true. But if the longitudinal parallax we found is in advance [i.e. in 
the reverse order] of the signs, contrariwise, we add the amount in degrees to the 
position, as previously determined, at the moment of true conjunction, in 
longitude, iatitude and anomaly (each separately); and the number of hours 
will give us theamount by which the apparent conjunction is later than the true. 

Next, using the same methods, we determine from the distance in equinoctial 
hours of the apparent conjunction from the meridian, first, what the moon's 
parallax is measured along the great circle through the moon and the zenith. 
From the result we subtract the solar parallax for the same argument, and use 
this result to determine, as before, (by means of the angle formed between the 
circles [of ecliptic and altitude] a t  that moment), the latitudinal parailax [i.e. 
the para!Iaxj along a circle orthogonal to the ecliptic. We convert the result to a 
distance along [the moon's] inclined circie, i.e. we multiply it by l2.'* If the 
effect of the latitudinal parallax is northwards with respect to the ecliptic, we H53l 
add the result to the previously determined true position in [argument off 
latitude at the moment of apparent conjunction when the moon is near the 
ascending node, but subtract it when the moon is near the descending node. 
Contrariwise, if the effect of the iatitudinal parallax is southwards with respect 
to the ecliptic, we subtract the distance derived from the parallax from the 
previously determined position in [argument ofl latitude at  the moment of 
apparent conjunction, when the moon is near the ascending node, but add it 
when the moon is near the descending node. 

We thus obtain the amount of apparent [argument ofJ latitude at the 
moment of apparent conjunction. With this as argument, we enter the solar 
eclipse tables, and if our argument falls within the range of the numbers in the 

i " 1.e. suppose the original longitudinal parallax to be 1,: this gives us a correction to the time of 
conjunction (for the method of computing which see below), and hence a new zenith distance, 
which will lead to a new longitudinal parallax 12. Ptolemy's rule is: form 1, - 1, = e. Then the 
'epiparallax' e' is given by e' = e + e (ell,), and the final longitudinal parallax by 
1  = I l  + e ' = l l  + ( I 2  - 1 1 )  + ( I 2 -  11)2/11. 

"From Ptolemy's earlier practice (e.g. VI 5 p. 286 with n.26) one would expect ' 1 1  $', and 
this is indeed Sound in the Arabic tradition (Q Ger). However, thecrudity ofthe approximation to 
]/sin 5' is almost negligible when one considers that the latitudinal parallax is usually small. 
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first two coltrmns, we can say that there will be a solar eclipse, ar,d that its 
middle coincides approximately with the moment defining apparent conjunc- 
tion. So we set down separately the amountsofthe [magnitude in] digits and the 
mlnutes of immersion and ernersion corresponding to the argument of latitude. 
as derived from each of the two tables, thenenter, with the distance of the moon 
in anomaly frcm t$e apogee [of the epicycle] at the apparent conjrtnction, inec 
the table of correction. take the corresponding number ofminutes, and take the 
corresponding fraction of the difference between each [pair of] results we wrote 

K532 dowr,. In every case we add the result to the number derived from the first table. 
The digits fbund by this procedure give us, again. the amount, in twelfths of'the 
sun's diameter, \z hich will be obscured at approximately mid-eclipse. I%e 
increase the minutes of'travel (found by this procedure] for both [stretches, i.e. 

1 immersion and erne!-sion] by isth, to account for the sun's additional motion, 
and convert the result into equinoctial hours [by dividing] by the moon's true 
[hourly] mction. Thus Me have the length of both immersion and ernersion; 
this. howe~ er, is on the assumption that the [change in] parallax has no effect on 
these time-intervals. 

Now there is in fact a noticeable inequality in these intervals, due, not to the 
anomalistic motion of the I ~ r n i n a r i e s , ~ ~  but to the moon's parallax. The effect of 
this is to make each of the two intervals [immersion and ernersion], separately, 
always greater than the amount derived by the above method, and, generally, 
unequal to each other. We shaH not neglect to take this into account, even ifit is 
small. This phenomenon is due to the fact that the effect of the parallax on the 
moon's apparent motion is alwa;;s to produce the appearance of motion which 
would be in advance (if one were to disregard the moon's proper motion 
towards the rear). For suppose, first, that the moon's apparent position is before 
[i.e. to the east off the meridian: then, as it gradually rises Kigher [above the 
horizon], its eastw~ard parallax becomes continually smaller than at  the 

E533 moment preceding, and thus its motion towzrds the rear appears slower. O r  
suppose! secondly, that its apparent positior, is after t ie.  to the MIPS: of] the 
meridian: then, again, as it graduaily descends [towards the horizon], its 
v;esttvard parzllzx becomes continually greater than at  the moment preceding! 
and thus, as before: its motion towards the rear appears slower. For this reason 
the inten-als in questior! are always greater than those derived by the simple 
procedure described. Furthermore, the difference between successive parallaxes 
[at equal intervals of time] becomes greater as one approaches the meridian: 
hence those intervals [of immersion oremersion] which are nearer the meridian 
must necessarily become more drawn-out. For this reason. the only situation in 
which the time of immersion is approximately equal to the time of'emersion is 
when mid-eclipse occurs precisely at noon, for then the appearance of motion in 
advance resulting from the parallax is about equal on b,orh sides [of mid- 
eclipse]. But when mid-eclipse occurs before noon, then the interval of 
emersion is closer to the meridian and [thus] longer, while if mid-eclipse occurs 
after noon, then the interval of immersion is closer to the meridian and longer. 

So in order io con-ect the time-intervals Sol- this efrect: m.e [first] determine, in 

j3I.e. to the fact that the true speed el' both sun and moon does not remain constant o\,er the 
course of the eclipse. Cf. p. 309. 
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the way explained, the uncorrected length of each of the intends in question, H534 
and the zenith distance at mid-eclipse. Suppose, bbrexample, that each interval 
is I equinoctial hour, and the zenith distance 75O. In the Parallax Table [V 181 
we look for the minutes ofparallax corresponding to the argument 75O (for, e.g., 
the moon's greatest distance, for which one takes the entries in the third 
column). We find, corresponding to 75O, 52'. Since: by hypothesis, the time- 
intervals of both immersion and emersion, in the mean, is I equinoctial hour, or 
15 time-degrees, we subtract these 15' from the 75' of the zenith distance, and 
find the minutes of parallax in the same column corresponding to the resulting 
60°, [namely], 47'. Hence the displacement in advance resulting from the 
parallax at the ( a ~ e r a g e ) ~ '  position nearer the meridian comes to 5'. We also 
add the [I5O] to the 75", and find the minutes oftotal parallax corresponding io 
the resulting 90' in the same column, 534'. Thus here the displacement in 
advance resulting from the [parallax at] the position nearer the horizon is 14'. 
'We take the longitudinal components of these increments we have found, and 
convert each [separately] into a fraction of an equinoctial hour by means of the M535 
moon's true motion, as described, and then add each result to the appropriate 
mean interval, calculated simply, of immersion or emersion; that is, u7e add the 
greatel- to the intelval bounded by the position nearer to the meridian, and the 
lesser to the interval bounded by the position nearer the horizon. It is obvious 
that the difrerence between the two intervals in the above example is 3!', or 
about 6th of an equinoctial hour, which is the time taken by the moon in mean 
motion to traverse that distance.j5 

There remains only the readily accomplished task, if \ye wish. of converting 
the time in equinoctial hours at each interval into the seasonal hours particular 
[to the given latitude and date]: by the method explained in the earlier part of 
our treatise [II 91. 

I I .  { O n  the angles of inclination at eclipse:) 7" 

The next topic is the examination of the inclinationsi5 which are formed at  
eclipses. This kind of investigation is based both on the inclination of the 

i4 ptoqv. 11'not an interpolation, this must mean, taking the position obtained by applying the 
15' ofthe motion of the heavens in 1 hour directly to the zenith distance. In fact 15" is themimum 
possible change in the zenith distance in 1 equinoctial hour. Cf. 11.75. 

75Ptolemy's procedure here is, to say the Last, crude. Instead of computing the actual zenith 
distances of the bodies at beginning and end of the eclipse, he simply applies the 1 5 O  of one hour's 
motion of the heavens to the zenith distance at mid-eclipse. Finding the total parallax from the 
zenith distance, he applies it as if it were the longitudinal parallax. The procedure is perhaps 
explicable as illustrating the maximum possible effect of this factor: the longest ~ossible solar eclipse is 
about 2 hours; to get the maximum parallacticdifference between the two intervalswe have to take 
the zenith distance as great as possible. Allowing 15' hourly motion (cf: n.74), is0 is the maximum 
zenith distance which permits the whole eclipse to be visible. The total parallax is the maximum 
possible value of the longitudinal parallax. To be consistent, however, Ptolemy should have taken 
the moon at least distance (for which the difference between parallaxes is greater), i.e. col. 3 + coL 4 
in V 18. This would have given him corrections of6' and 2', with a difference of4' (stiH only ith ofan 
hour). 

jbOn Chs. 11-13 see H A M A  141-4. 
"Or 'directions', scpooveGos~g. For other uses of this word see p. 43 n 38 and p. 227 n. 19. The 

purpose of computing: these angles was presumably weather prediction: see HAMA I1 999. 



VI 1 I .  Angles of inclination at eclipses 

eclipsed part [of the body] to the ecliptic and on the inclination ofthe ecliptic 
itself' to the horizon. Both of these angles, during the course ol'every eclipse 

H536 phase, undergo great changes as a result ofthe shifi in position [of-the bodies], in 
a way which could not be controlled if' one wanted to undertake the task of' 
computing the inclinations throughout the whole of' the duration [of the 
eclipse], a superfluous task, since predictions on such a scale are riot in the least 
necessary or usef'ul. For, since the situation ofthe ecliptic relative to the horizon 
is determined from the position on the horizon occupied by its rising or setting 
points, the angle formed b y  the ecliptic at the horizon must necessarily change 
continuously during the course of an eclipse, as those points on the ecliptic 
which are rising or setting change continuously. Similarly, since the inclination 
of the eclipsed part [of' the body] to the ecliptic is determined from the great 
circle drawn through the two centres, [i.e.] the centres ofmoon and shadow or 
the centres of'moon and sun, it is, again, a necessary consequence ofthe motion 
of' the moon's centre during the course of an eclipse that the circle through the 
two centres occupy a continuously varying position relative to the ecliptic, and 
[hence] that the angle formed at their intersection vary continuously. Therefore 
[the need for] this kind of'examination will he satisfied if'it is carried out only for 
those points in [the progress of] the eclipse which have some significance, and 
only roughly for the inclinations with respect to the horizon. [To achieve this 
kind of'accuracy] people who actually observe the eclipse as it occurs could, 

H537 merely by eye, estimate'the important inclinations by Iooking at the relative 
positions in both cases [at eclipse and horizon], since, as we said, a rough notion 
[of the amount] is suf'ficient in such matters. Nevertheless, not to pass over this 
topic altogether, we shall try to set out some ways ol'achieving the kind of'result 
desired as conveniently as possible. 

The points in [the progress of-) the eclipse which we too take into 
consideration as deserving to be thought significant are: 
[I]  the point of the start of obscuration, which coincides with the very 

beginning of the whole eclipse; 
f2] the point of the completion of obscuration, which coincides with the 

beginning of the phase of totality; 
[3] the point of greatest obscuration, which coincides with the middle of 

totality;78 
[4] the point of the start of emersion, which coincides with the end of'the whole 

total phase; 
[5] the point of the completion ofemersion, which coincides with the end of the 

whole eclipse. 
The inclinations [with respect to the horizon] which we take into considera- 

tion as being more reasonable and more significant are those bounded by the 
meridian and also those bounded by the rising and setting points of theecliptic 
at the equinoxes and at  summer and winter solstices. As for the points bounding 

'*Reading q ~ t q  Ev r@ pioq xpbvq rfiq povcq ytvstal (with D,Ar) for i i ~ t q  Ev TG ~Coq X@V@ 

re< E ~ h e i ~ ~ w q  6vsv T ~ S  po$q yivsral at H537, 12- 13. The latter would mean 'which coincides 
with the middle of the eclipse [for those eclipses] in which thereis no total phase'. The interpolation 
is presumably the remains of a feeble attempt to list all possible cases. 



Vd 11. Drawing horizon diagram 

the various 'wind-dire~tions',~%hey may be understood in many dif'ferent ways 
by many people; nevertheless, ifdesired, they can be indicated by means of the 
angles we set out along the horizon. 

Considering the intersections of meridian with horizon, let us make the H538 
follou~ing definitions: 

the northern intersection is the 'northpoint'; 
the southern intersection is the 'southpoint'. 
Considering the rising and setting [points of the ecliptic, let us make the 

following definitions]: 
the intersections of the beginning of Aries or Libra with the horizon are 

known as 'equinoctial rising7 and 'equinoctial setting7; these are always the 
same distance, [i.e.] a quadrant, from the point where the meridian intersects 
[the horizon]; 

the intersections of the beginning of Cancer [are known] as 'summer rising' 
and 'summer setting', and the intersections of the beginning of Capricorn as 
'winter rising' and 'winter setting'. 

The distances [from the meridian intersection] of these last [four] points vary 
according to the latitude in question. The  inclinations are sufficiently 
characterised by saying that they are at one of the above situations or between 
some pair of them. 

T o  enable one to determine the position of the ecliptic relative to the horizon 
for any gix en situation, we computed, by the method indicated in the first books 
of our trea?i~e,~@the distance along the horizon, at rising and setting, of the 
beginning of' each zodiacal sign horn the points where the equator intersects 
[the horizon. computing them] on either side of it [i.e. north or south]. i%'e did 
this for each of those latitudes fi-om Meroe toBorysthenes for which we [earlier] 

-tabulated the angles [I1 131. T o  pro\ride a means of readily surveying these.*' 
instead of a table, we drew a diagram [Fig 6.75 consisting of8 concentric circles. 
conceived as 1) ing in the plane of the horizon, to ccntain the [various] distancn 
and nomenclzture for the 7 climata. Then we drew two lines, at right angles to H539 
each other. through all the circles: a horizontal one representing the 
intersection of the planes of horizon and equator, and another, vertical one 
representing the intersection of the planes of horizon and meridian. O n  the 
innermost8' circle we wrote, at the ends of the horizontal line 'equinoctial rising' 
and 'equinoctial setting', and at the ends of the vertical line'north' and 'south'. 
Similarl!. we drew [four]- straight lines through all the circles at equal 

79Greek astronomy sometimes adopted the popular way of indicating the points of the compass 
I>y wind-names. These do not occur in the Almagest. except for oiqA~uirq< and Aiv in VlII 4 to 
desi,wate the general directions 'east' and 'west', and in the diagram Fig. 6.7, where they are a later 
interpolation in the mss., not mentioned in the text (see below n.82). On the systemsofwind-names 
(which do indeed vary) see Rehm. Grieckisch~ Windrosen. 

80 11 2 p. 77. 
*'KUT~ TO ~h6chpqrov. One would rather exFct 6th TO &6$&(i)pq~ov, which is implied by Ishxq7s 

translation. 
**In the fi<gures in the Greek mss. these designations are on the outermost circle; hence Heiberg (at 

H539.7; cf'. ibid. p. VI) emended Em&, the reading of all mss.. to ~ K T O ~  ('outermost'). But in the 
Arabic tradition they do appear, all w in part, on the inmost circle. and it seems likely that they 
were transferred to the outermost circle when the names ofthe winds were (afierPto1emy) added in 
the inmost circle (cf. above n.79). 
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incIinati~ns either side of'the equator [i.e. the horizontal line]: and wrote along 
these, in the seven interlinear spaces, the horizon distance ofthe solsticial point 
from the equator which we found for each latitude (in units where one quadrant 
contains 90C). At the ends where these lines meet the inmost circle we wrote, fbr 
the southern ones, 'winter rising' and 'winter setting', and fbr :he northern ones, 
'summer I-ising' and 'summer setting'. T o  indicate the signs in between 
[equinoxes and solstices] we inserted two more lines in each of the four segments, 
and [wrote]'along these the horizon distance from the equator of [the beginning 
of) the appropriate zodiacal sign, adding the name of' each sign on the 
outermost circle. ?Ue also wrote: along the meridian line, for [each] parallel, its 

H540 name, the length [of the longest day] in hours, and the elevation of the pole. In 
writing in [the data for a11 of the above], we began with the largest, outermost 
circle for the northernmost data, [and so on].83 

In order to hzve tabulated the apparent inclinations of the actual phases to 
the ecliptic, i.e. the angles formed between the ecliptic and the great circle 
joining the centres in question at  each of' the significant points mentioned 
above, we computed these too, for [successive] positions of the moon 
corresponding to a difference of i digit in obscuration. Howeve;-, we did this 
only for lunar positions at meandistance (since that issuficient), and under the 
assumption that those arcs of the ecliptic and the moon's inclined circle ~ ~ h i c h  
we consider for the obscurations are sensibly paralleI to each other. 

For example, let [ ~ i ~ .  '6.61 Iine AB represent the arc ol'the eciiptic, with A as 
the centre of the sun or the shadow, and let line GDE represent the moon's 
inclined circle: with G as the point at  which the moon's centre is at  eclipse 
middle, and D as the point at which the centre is when it is just totally eclipsed 

H541 orjust about to begin emerging fr-om totality (i-e. when the moon is internally 
tangent to the circle of the shadow). Let E be the point at which the moon's 

Fig. 6.6 

8 3 0 n  this figure see HAMA 38-9. As Ptolemy drew it, it is, as he says, a schematic representation 
of a table. But it closely resembles a representation in polar coordinates. If it were truly such, 
however, all the straight lines except the horizontal and vertical ones would become curves (see 
HAM.4 p. 1216 Fig. 32). I have omrtted the wind-names found in the Greek and some Arabic 
mss., and in Heiberg's figure. Cf. p. 315 11.82. The figure is on p. 320. 

Correction to Heiberp: for the latitude of Clima VI read pc a (with AD. Is) for p& 16 (45;34'). 
Corrected by Heiberg ad loc. 



. , . . centre is \vhen ezt rler sun or moon is just I~egmn~ng to be ec!ipsed or has .just 
completed emel-sion (i.e. vihrn thc' c:irc-1es are externaily iangent).Join AG, AD, 
AE. 

It is ol)\.ious that angles BAG and AGE, which <or]-espond tc. the time of'mid- 
eclipse? are right angles to the senses, and that L BAE represents the angles at 
the i;c.xinning anif end of'the cc!ipse. while L BAD represents the angles at the 
end of'tthe pavtial phase of] the eclipse and at the beginning o!'emersion. And it  
is immediately clear that AE represents the sum of'the radii of'both circles, and 
AD their diflt~.ence.*~ 

Then let us take as an example an eclipse in which half'the sun's diameter is 
ol~scured at mid-eclipse. Let A be the sun's centre. Then in all cases (since we 
aksume the moon at mean distance) AE comes to [O;15,40c + 0;16,40° =] 
0;32,2Q0, and AG. which is less than that by half the sun's diameter, comes to 
0: 1 6,4Q0. 

Therefore, since XG = 16;40P where hypotenuse EA = 32;20P 
(according to the magnitude of obscuration assumed), 

- where hypotenuse AE = 120' 
AG = 6:;51P, 

and, in the circle about right-angled triangle AGE 
arc AG = 62;Z0. 

62;20° where 2 right angles = 360°0 
-'- L AEG = L BAE = 

31 ; 1 where 4 right angles = 360'. 
-Again, to take the case of a lunar eclipse, let A be the centre of the shadow. 

Then, since, as before? we assume the moon at mean distance, AE wiIl always be 
tile same amount, namely [0;43?20° + O;16,40°=] 60 minutes, and AD, likewise, 
iviIL always be [0;43,20° - 0; 1 6,40° =I 26140 minutes. Let the moon be eclipsed 
in a situation such that the magnitude is 18 digits. Thus AG is again less than 
.%El by half the diameter [of the rnoon18" and; by subtraction [of 16;40' from 
26;40f], LAG comes to 1010 miniltes. 
Then, where hypotenuse AE = 1 20P, AG = 20;OP, 

and, in the circle about right-angled triangle AGE, 
arc AG = 19:12O. c 

19;120° where 2 right angles = 360'' -'. L AEG = L BAE = 
9;36O where 4 right angles = 360°. 

Similarly, where hypotenuse AD = 12@, AG = 45', 
and, in the circle about right-angled triangle AGD, 

arc AG = 44:2O. 
44;20° where 2 right angles = 360°0 

-'- L ADG = L BAD = 
22; 1 where 4 right angles = 360°. 

In the same way we computed the sizes of the angIes for the other [integer] 
digits [of magnitude], [always taking] that angle which was less than a right 
angle, in units where one right angle equals 90' (corresponding to the 
graduation of the quadrant of the horizon). We constructed a table with 22 lines 

84 Cf. HAMA Fig. 124 p. 1244. 
85 See Fig. M (copied from the figure on p. 409 of Manitius). Since the eclipse has a magnitude of 

18 digits, by definition XY = 6d = radius of moon. Therefore AX = AY - XY = radius of shadow 
minus radius of moon = AD. Therefbre Ati = AX - XG = AD minus radius of moon. 
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Y 
Fig. M 

and 4 columns. The  first column contains the digits of actual obscuration, 
measured along the diameter, found for mid-eclipse; the second contains the 
angles occurring at solaf eclipses at the moment of the beginning of the eclipse 
and the moment of the end of emersion; the third contains the angles occurring 
at  lunar eclipses a t  the moments of the beginning of the eclipse and ofrhe end of 
emersion; and the fourth also contains the angles occurring at  lunar eclipses, at  
the moment of the end of[the partial phase of] the eclipse and the moment of the 
beginning of emersion. The  layout of table and circle [diagram] are as follows. 

12. {L>ispla_ti of' diagl-a~ns .for [he inclinaiion~)~" 

[See pp. 319,320.1 

Thus, as a preliminary, we determine, by the method explained [VI 9- 101, the 
time of each ~ i~p i f i can t  point [in the eclipse) listed above, and, ii-om the times, 
those points on the ecliptic which are rising and setting at  those moments. and, 
from the d i a g a m  [Fig. 6.7j, the situation [of ecliptic] with respect to the 
horizon. Then, when the centre of the moon (the apparent centre at solar 
eclipses and the true centre a t  lunar eclipses) is exactly on the ecliptic, we get the in- 
clination for a solar eclipse a t  the beginning of the eclipse, and the inclination for 

86Corrections to Heiberg: 
Arg. 4 digits, col. 3, read v6 16 for v6 KC (54;27Of at H544,13. All mss. have the incorrect reading, 
but it is obviously repeated in error from the line above. 
Arg. 14 digits, col. 4, read vp Ka for vf3 ~6 (52;24O), with D,Ar, at H544,23. 



k.'I 12. Table of angles of inclination at eclipsa 

1 

Digits 

2 
Sun 

Beginning 
or Eclipse 

and End of 
Emersion 

3 
Moon 

Beginning 
of Eclipse 

and End of 
Emenion 

4 
[Moon] 

End of Partia 
Phase and 

Beginning of 
Emersion 

a lunar eclipse at the end of the partial phase and aiso at  the end of emersion. from 
the situation on the horizon of'the polnt of the ecliptic setting at the moment sn 
question; we get the inclination for a solar eclipse at  the end of the eclipse. and 
the inclination for a lunar eclipse at the beginning of the eclipse and the 
beginning of ernersion [i.e. end of totality], from the [horizon situation] of the 
rising-point of the ecliptic. When the moon's centre is not exactly on the 
ecliptic, we take from the table the angles corresponding to the relevant 
magnitude [ofthe eclipse] in digits, and apply those angles to the intersection of 
horizon and ecliptic. If the moon's centre is north of the ecliptic, we set off the 
angle to the north of the setting-point fbr eclipse-beginning in solar eclipses and 
for the end of the partial phase in lunar eclipses; we set it off to the north of the H546 
rising-point for the end of emersion in solar eclipses and the beginning of 
emersion in lunar eclipses; furthermore we set it off to the south of the rising- 
point for eclipse-beginning in lunar eclipses, and to the south of the setting- 
point for eclipse-end in lunar eclipses. If the moon's centre is south of the 
ecliptic, we set the angle off to the south of the setting-point for eclipse- 
beginning in solar eclipses and for end of the partial phase in lunar eclipses; to 
the south of the rising-point for the eclipse-end in solar eclipses and for the 
beginning of emersion in lunar eclipses; to the north of the rising-point for 



VII.2. Horizon diagram 

Fig. 6.7 

eclipse-beginning in lunar eclipses; and to the north of the setting-point fbr 
eclipse-end in lunar eclipses. The resuit of this procedure wiH give us the point on 
the horizon towards which (speaking I-oughly. as n.e said), are inclined those 
points of the luminaries comprising the significant [moments of' the phases], 
namely the beginning and end of eclipse and of total phase.85 

e i  Literal!!; 'the beginnifigs and ends of the eclipse and enel-sion': i.e. beginning ofeclipse, end of 

partial phase (- beginning of totality): beginning of emersion (= end of totaIit);), end ofemersion. 



Book VII 

1. { That .the3xed stars alaays maintain the same position reelatiue to each other)' H2 

In the preceding part of this treatise, Syrus, we discussed the phenomena 
associated with sphae7-a recta and sphaeln obligua, and also the details of the 
hypotheses for the motions of sun and moon and the combinations of positions 
which are seen to result from them. Now, to deal with the next part of the 
theory, we shall begin discussing the stars, and first, in accordance with the 
logical order, the so-called fixed stars. 

First of all we must make the following introductory point. Concerning the 
terminology we use, in as much as the stars themselves patently maintain the 
formations [of their consteIIations] unchanged and their distances from each 
other the same, we are quite right to call them 'fixed'; but in as much as their 
sphere, taken as a whole, to which they are attached, as it were, as they are 
carried around, also [like the other spheres] has a regular motion of its own 
towards the rear and the east with respect to the first [daily] h notion,^ it would 
not be appropriate to call this [sphere] too 'fixed'. For we find that both these 
statements are true, at least on the [obsera:atlonal] basis afTorded by the amount 
of time [preceding us]: even before this Hipparchus conceived of both these 
notions on the basis of the phenomena available to him, but under conditions 
which fbrced him, as far as concerns :he effect over a Iong period, to conjecture 
rather than to predict, since he had found very few observations cf fixed stars H3 
before his own time, in fact practically none besides those recorded by Aristyllos 
and Timocharis, and everr these were rieither free from uncertainty nor 
carefully worked out; but we too come to the same conclusions by comparing 
present phenomena with those of that time, but with more assurance, both 
because our examination is conducted [with material taken] from a longer 
time-interval, and because the fixed-star observations recorded by Hipparchus, 
which are our chief source for comparisons, have been handed down to us in a 
thoroughly satisfactory form. 

First, then, no change has taken place in the relative positions of the stars 
even up to the present time. O n  the contrary, the configurations observed in 

' On. chs. 1 and 2 see Pedersen 237-45. 
Note that the motion which in modern terminolog? is 'precession of the equinoxes' (i.e. a motion 

in the direction of decreasing longitudes of the tropical points with respect to the Gxed stars) is 
described by Ptolemy as a motion ofthe fixed stars with respect to the tropical points in the direction 
of increasing longitudes. This accords with his taking the tropical points as the primary reference 
points (Ill 1 p. 132). Hipparchus, however, seems at times to have adopted the modem convention, 
to judge from the titleofhis work 'On the displacement of the solsticial and equinoctial points' (111 1 
p. 132 and VII 2 pp. 327 and 329). 
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Hipparchus' time are seen to be absolutely identical now too. This is true not 
only of the positions of the stars in the zodiac relative to each other, or of the 
stars outside the zodiac relative to other stars outside the zodiac (which would 
[still] be the case ifonly stars in the vicinity of the zodiac had a rearward motion, 
as Hipparchus proposes in the first hypothesis he puts forward); but it is also 
true of the positions of stars in the zodiac relative to those outside itt  even those 
a t  considerable distances. This can easily be seen by anyone who is willing to 
make an inspection of the matter and examine, in the spirit of love of truth, 

H4 whether present phenomena agree with those recorded for Hipparchus' time. 
In any case, to provide a convenient test of the matter, we too will adduce 

here a few of his observations, [namely] those which are most suitable for easy 
comprehension and also for giving an overview of the whole method of 
comparison, by showing that the configurations formed by stars outside the 
zodiac, both with each other and with stars in the zodiac, have been preserved 
unchanged.3 

Stars in Cuncer. wipparchus] records that the star in the southern claw of 
Cancer [a Cnc], the bright star which is in advance of the !atter and of the head 
of Hydra [p Cncj, and the bright star in Procyon [a CMi] lie almost on a straight 
line.' For the one in the middle lies i f  digits5 to the north and east of the6 
straight line joining the two end ones, and the distances [from it to each of them] 
are equal. 

Stars in Leo. [Me records] that the easternmost two [p, E Leo] of the four stars in 
the head of Leo [p, E, K, A], and the star in the place where the neck joins [the 
head] of Hydra [a Hya], lie on a straight Also, that the line drawn 
through the tail of Leo [PI and the star in the end of the tail of Ursa Major [q 

H5 UMaj cuts off the bright star under the tail of Ursa Major [a CVn] I digit to the 
west [i.e. passes 1 digit to the east of it].* Similarly, [he records] that the line 
through the star under the tail of Ursa Major and the tail of Leo passes through 
the more advanced of the stars in Coma  ber re nice^].^ 

In the following lists I give in brackets the modern designation ofthe stars in question, when the 
identification is reasonably certain, and, in footnotes, the equivalent in Ptolemy's catalogue. 
Several of the stars mentioned by Hipparchus are not recorded in that catalogue, and his 
descriptions of those that are often differ from Ptolemy's. In Ptolemy's own alignments which 
follow, the descriptions also vary somewhat from the catalogue. The alignments are discussed in 
detail by Manitius, 'Fiternbeobachtungen'. 

"Catalogue XXV 6 and 9 and XXXIX 2. Like Manitius, I do not understand 'to the north and 
east'. In the given situation, the only possible deviation is to the north-west or the south-east. I 
calculate that in Hipparchus' time it was about 5' to the north and west. 

The 'digit' ( 6 a ~ ~ u h o q )  and 'cubit' (nGXuq, seep. 323) as astronomical measurements were taken 
by Hipparchus from Babylonian astronomy (in the Almagest they are found only in the Babylonian 
observations IX 7, pp. 452-3, and X I  7, p. 541, and in passages derived from Hipparchus). 
The cubit in Babylonian astronomy can represent either 2fo or 2O (the latter normal in the 
Hellenistic period: see HAML4 I1 591-93). Strabo, 2.1.18, quotes data from Hipparchus in which 
the Z0 norm is certain. It is also found in Hipparchus' commentary on Aratus, where Vogt, 
'Wiederherstellung', col. 30, argued for the 2j0 norm. In the passage below, a 2' cubit produces a 
smaller error in the estimated distance (inaccurate in either case). The 'digit' in Babylonian 
astronomy is izth of the 2O cubit or joth of the 2f0  cubit, 5' in either case. 

6Reading rfk for TI)V (misprint in Heiberg) at H4, 14. 
Catalogue XXVI 3 and 4 and XLI 6. 

8Catalogue XXVI 27, I1 27 and I1 28. By my calculation, the line passed more Like halfa degree 
:o the east of a CVn. 

'The latter are probably catalogue XXVI 33 and 34, doubtfully identified as 15 and 7 Com. 



YZI I .  Hipparchus' star alignments 

Stars in Vzrgo. [He records] that between the northern foot of Virgc [p Vir] 
and the right foot of Bootes [c Boo]1D lie two stars; the southern one ofthese [lo9 
Boo], which is equally bright as the [right] foot of Eootes, lies to the east of the 
line joining the feet, while the northern one [31 Boo], which is half-bright, lies 
on a straight line with the feet. Furthermore, of these two stars, the half-bright 
one is preceded by two bright stars, which form, together with the half-bright 
one, an isosceles triangle of which the half-bright one is the apex.'' These [two 
bright stars] lie on a straight line with Arcturus [a Boo] and the southern foot of 
Virgo [h Vir].12 Also, that between Spica [a Vir] and the second star from the 
end ofthe tail in Hydra [y Hya]13 lie three stars, all on one straight line [57,63,69 
Vir].14 The middle one of these [63] lies on a straight line with Spica and the 
second star from the end of the tail in Hydra. 

Stars in Libra. [He records] that the star [p Ser] which is very nearly on a 
straight line towards the north with the [two] bright stars in the claws [a, P Lib] 
is bright and triple: for on both sides of it lie single small stars [36,30 Ser].15 

Stars in Scorpius. [He records] that the straight line drawn through the 
rearmost of the stars in the sting of Scorpius [h Sco] and through the right knee of W6 
Ophiuchus [q Oph] bisects the interval between the two advance stars in the 
right foot of Ophiuchus [36,6 Oph]16 and that the fifth and seventh joints [in the 
tail of Scorpius, 6, K Sco] lie on a straight line with the bright star in the middle 
of Ara [a Ara].17 Furthermore, that the northernmost star [o] of the two in the 
base of Ara [a, ell8 lies between and almost on a straight line with the fifth joint 
and the star in the middle of Ara, being almost equidistant from both. 

Stars in Sagittarius. [He records] that to the east and south of the Circle under 
Sagittarius [i-e. of Corona Australis] lie two bright stars [a, P Sgr], quite some 
distance (about 3 cubits) from each other.lg The southernmost and brighter of 
these [PI: which is on the foot of Sagittarius, lies very nearly on a straight line 
with the midmost [a CrA] of the three bright stars in the Circle (which lie 
furthest towards the east in that [constellation]) [y, a, P CrA], and with the 
rearrnost [c Sgr] of the [two] bright stars [c, o Sgr] a t  opposite angles of the 
Quadrilateral [in Sagittarius, 6 ,  T, o, cp]: the two intervals [between these three 
stars] are equal. The northernmost [of the two stars to the east of the Circle, a 
Sgr] lies to the east of this straight line, but is on a straight line with the [two] 
bright stars [C,, a] at opposite angles of the Q~adri ia teral . '~  

l o  CataloguP XXVII 26 and V 19. 
" Manitius identifies these two stars as nos. 43 and 46 of Bootes in the catalogue of Heis (Koln, 

1872). I have not tracked these down in a more recent catalogue, since any identification seems 
utterly uncertain. 

"Catalogue V 23 and XXVII 25. 
13Catalogue XXVII 14 and XLI 24. 
"This seems preferable to Manitius' identification (61, 63, 69). 
l 5  The first three are catalogue XIV 1 1 and XXVIII 1 and 3. My identification of the 'triple star' 

is far more likely than Manitius' cz Ser plus A ,  29 Ser. 
16Catalogue XXIX 20 and XI11 12, 14 and 15. 
"Catalogue XXIX 17 and 19 and XLVI 3. 
''Catalogue XLVI 1 and 2. 
I9Catalogue XXX 24 and 23. On the cubit see p. 322 n.5. 
20The equivalents in Ptolemy's catalogue are: a, $ Sgx XXX 24,23; 7 ,  a, fl CrA: XLVII 8,7,6; 

<,T, o, cp Sgr: XXX 22, 21, 6, 7 (not described as a quadrilaterab). 
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Stars tn Aquarzus. [He records] that the two stars close together in the head of 
Pegasus [0, v Peg] and the rear shoulder of Aquarius [a Aqr] are almost on a 

H7 straight line," to which the line from the advance shoulder ofAquarius [B Aqrf 
to the star in the cheek of Pegasus [E Peg] is paraHel.22 Also, that the advance 
shoulder of Aquarius [Pf: the bright star [< Peg] of the two in the neck ofpegasus 
[(, 51, and the star in the navei of Pegasus [a  And] lie on a strzight line, with 
equal intervals between Furthermore, that the line through the muzzle 
[E] of Pegasus and the easternmost [q Aqr] of the four stars in the vessel [of 
Aquarius, q, 6 ,  ~ e ,  yIz4 bisects, almost at  right angles, the line through the two 
stars [€I, v] close together in the head of Pegasus. 

Stars in Pisces. [He records] that the star [b Psc] in the snout of the southern- 
most fish [of Pisces], the bright star in the shoulders of Pegasus [a Peg], and the 
bright star in the chest of Pegasus [P Peg] lie on a straight line.25 

Stars in Aries. [He records] that the advance star [P Tri] in the base of 
Triangulum lies I digit to the ezst ofthe straight line drawn through the star in 
the muzzle of Aries [a Ari] and the left foot of Andromeda [y And].26 Also, that 
the most advanced of the stars in the head ofAries [P, y Ari] and the midpoint of 
the base of Triangulum [i.e. halfway between $ and y Tri] lie on 2 straight 
line.27 

Stars in Taurus. [He records] that the [two] easternmost stars of the Hyades [a, 
E Tau] and that star [sc' Ori] in the pelt held in Orion's left hand which is sixth, 
counted fi-om the south, lie on a straight line.28And that the line drawn through 

H8 the advance eye of Taurus [E Tau] and the seventh star from the south in the 
pelt [o' Ori] cuts oBthe bright star in the Hgades [a Tau] 1 digit to the north.29 

Stars in Gemini. [ He records] that the heads of Gemini [a, B Gem] lie on a 
straight line with a certain star [( Cnc] which lies to the rear of the rearmost 
head by a distance three times that between the heads. and that the same star 
abo lies on a straight line with the [two] southernmost (0,6 Cnc] of the four stars 
[0, 6 ,  y, q]  round the nebula [P rae~e~e ] .~ '  

In these alignments: and similar alignments which enable us to carry out 

'' Catalogue XIX 15 and 16 and XXXII 2. 
22Catalogue XXXII 4 and XXX 17. 
"Catalogue XIX 11, 12 and 1.  
24Catalogue XXXII 12, 1 I ,  10, 9. 
25Catalogue XXXIlI 1 and XIX 4 and 3. 
26Cata10gue XXI 2, XXII 14 and XX 15. Using the coordinates for these 3 stars computed by 

Peters-Knobel (pp. 81 -2) for the time ofHipparchus, I find fl Tri well over a degree to the east of the 
line connecting a Ari and y And. There is no doubt about the identification of the stars. 

27Catalogue XXII 2 and 1 and XXI 2 and 4. I havedubiously adopted Manitius' identifications 
here. However, it seems possible that by 'the midpoint ofthe base of the triangle' Hipparchus may 
have been referring to the star 6 Tri. This lies approximately on a straight line with A and fl Ari. 
While y Ari is 'more advanced' than either of these, Hipparchus may, like Ptolemy, have put that 
'on the horn' rather than 'in the head'. )i Ari is not included in Ptoiemy's catalogue. 

28Catalogue XXlII 14 and 15 and XXXV 20. Ptolerny counts the stars in the pelt from the 
opposite direct ion, the north. 

29Catalogue XXIII 15, XXXV 19 and XXlIl 14. Manitius identifies the first star with 8 Tau, 
but not only is this discrepant from Ptolemy's catalogue, but it produces a deviation from the line of 
about lo to the north, whereas, if one takes the line from& Tau to 0' Ori, a Tau lies about 8' to the 
north, in good agreement with the equivalence, I digit = 5'. 

30Catalogue XXIV I and 2; XXIV 25; XXV 3, 5. 4, 2; and XXlr I. 
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comparisons practically throughout the sphere [of the fixed stars], we see that 
no change has occsrred up to the present time. Yet very noticeable changes 
would have occurred in the 260 or so years between [Hipparchus and now] if 
the stars near the ecliptic were the only ones to perform an eastward motion. 

But, in order to provide those who come after us with a means ofcomparison 
over a longer interva.1 [than was possible for us], from an even larger number of 
alignments of the above kind, we shall add the most easily re~o~gnisable from 
among those which we have observed but which were not previously recorded. 
We begin from the 

Stars in Anes. The two northernmost [a, P Ari] of the three stars in the head of 
Aries [a, p, y] and the bright star In the southern knee of Perseus [s Per] and the 
star called Capella [a Aur] lie on a straight line.31 

[,)'tar5 in Tau?  us.] The line drawn through the star called Capella [a Aur] and 
the bright star in the Hyades [a Tau] cuts off 32 the star in the advance leg of 
Auriga [t Aur] a little to the east.33 Also, the star called Capella [a Aur], the star 
which is common to the rearmost foot ofAuriga and the tip ofthe northern horn 
of Taurus [p Tau], and the star in the advance shoulder of Orion [y Ori] lie on a 
straight 

[,';lars in Gemini.] Furthermore, the [two] bright stars in the heads of Gemini 
[a, p Gem ] and the bright star in the neck of Hydra [8 Hya] iie very nearly on a 
straight line.35 

[Stars in Cancer.] Furthermore, the two stars close together in the front leg of 
Ursa Major [t, K UMa], the star on the tip of the northern claw of' Cancer [t 
Cnc], and the northernmost of the [two] 'Aselli' [y Cnc] lie on a straight line.36 
Similarly, the southern Asellus [6 Cnc], the bright star in Procyon [a CMi], and 
the bright star between them (which is in advance of the head of Hydra) [P 
Cnc]), lie almost on a straight line.3' 

[,kars in Leo.] Furthermore, the straight line drawn from the midmost star [y 
Leo] of the [three] bright stars in the neck of Leo [l,, y, q ]  to the bright star in 
Hydra [a Hya] cuts off the star on the heart of Leo [a Leo] a little to the east.38 
The [line] from the bright star in the rump of Leo [6 Leo] to the bright star [y 
UMa] in the back of the thigh ofUrsa Major (which is the southernmost star on 
the rear side of the quadrilateral), cuts off, a littie to the west, the two stars which 
are close together in the rear paw of Ursa Major [v, 5 UMa].39 

[Slars in Virgo.] Furthermore, the line from the star in the back of the thigh of 

Catalogue XXII 14, 2, 1; XI 23; and XI1 3. 
"Reading dnohap/3av~1 (with DG) for Aappdvst at H9, 4. Corrected by Manitius and by 

Heiberg himself (Op. Min. p. XIV). 
""atalogue XI1 3, XXIII 14 and XI1 10. 
'*Catalogue XI1 3; XI1 11 and XXXV 3. 
"5 Catalogue -XXIV I and 2 and XLI 7. 
3%atalogue I1 12 and 13 andXXV 7 and 4. The identifications are certain, but the h e  through 1 

and K UMa passes far to the east of y and I Cnc, both now and (according to the coordinates of 
Peters-Knobel) in Ptolemy's time. I have not computed whether modern proper motions suffice to 
account for this discrepancy. If Ptolemy had written 'the northernmost of the two-stars close 
together' the alignment would be more plausible. 

37Catalogue XXV 5, XXXIX 2 and XXV 9. 
"Catalogue XXVI 5, 6, 7 ((, y, q Leonis); XLI 12; and XXVI 8. 
"Catalogue XXVI 20, I1 19, I1 23 and 24. 
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Virgo [& Vir] to the second star from the tip of Hydra's tail [y Hya] cuts off the 
star called Spica [a Vir] a little to the west. The  line from Spica to the star in the 
head of Bootes [P Boo) cuts off Arcturus [a Boo] a little to the east. Spica and the 
[two] stars on the wings of Corvus [6, y Crv] lie on a straight line. Spica, the star 
in the back of Virgo's thigh [C, Vir]: and the northernmost, bright star [q Boo] of 
the three in the advance knee of Bootes [q, t, u] lie on a straight line.4" 

[Stars in Libra.] Furthermore, the [two] bright stars in the claws [a, P Lib] and 
the star on  the tip of Hydra's tail [n Hya] are very nearly on astraight line. The 
bright star in the southern claw [a Lib], Arcturus [a Boo], and the midmost [< 
UMa] of the three stars in the tail of Ursa Major [E, c,  q ]  lie on a straight line. 
The  bright star in the northern claw [P Lib], Arcturus [a Boo], and the star in 
the back of the thigh of Ursa Major [y UMa] lie on a straight line.4' 

[Stars in Scorpius.] Furthermore, the star on the rear shin of Ophiuchus [c 
Oph], the star in the fifth tail-joint of Scorpius [0 Sco], and the more advanced 
[u] of the two stars close together in its sting [h, u ] lie on a straight line. The most 
advanced [o] of the three stars in the breast of Scorpius [o, a ,  T], and the two 

H11 stars in the knees of Ophiuchus [q,( Oph], form an isosceles triangle, the apex of 
which is the most advanced of the three stars in the breast.42 

[Stars in Sagittarius.] Furthermore, the star on the front, southern hock of 
Sagittarius (which is of second magnitude) [P Sgr], the star on the arrow-head 
[y Sgr], and the star in the rear knee of Ophiuchus [q Oph] lie on a straight line,. 
The  star [a Sgr] in the knee ofthe same [front] leg ofSagittarius (which lies near 
Corona [Australis]), the star on the arrow-head [y Sgr], and the star in the 
advance knee of Ophiuchus [C, Oph] lie on a straight line.43 

[Stars in Capricorn.] Furthermore, the line drawn from the bright star in Lyra 
[a  Lyr] to the stars44 in the horns of Capricorn [a ,  P, v, 5 Cap] cutsoff the bright 
star in Aquila [a  Aql] a little to the east. The  fine from the bright star in Aquila 
to the first-magnitude star in the mouth of Piscis Austrinus [a PsA] bisects, 
approximately, the interval between the two bright stars on the tail ofCapricorn 
[ y  , F Cap].45 

[Stars in Aquarius.] Furthermore, the line from the first-magnitude star in the 
mouth of Piscis Austrinus [a PsA] to the star in the muzzle of Pegasus [E Peg] 
cuts off the bright star in the rear shoulder of Aquarius [a Aqr], a little to the 

[Stars in Pisces.] Furthermore, the stars in the mouths of Piscis Austrinus [a 

'"Catalogue XXVII 15 (6 Vir), XLI 24 (y Hya), XXVII 14 (a Vir), V 6 and 23 @, a Boo), 
XLIII 5 and 4 (6, y Cor); and V 20, 21, !22 (q, r, u Boo). 

"Catalogue XXVIII 1 and 3 (a, $ Lib); XLI 25 ( A  Hya); V 23 (a Boo); I1 25,26,27 (&,[, q 
UMa); and I1 19 (y UMa). 

42Catalogue XI11 13 (5 Oph); XXIX 17,20,21 (0, h,  u Sco); XXIX 7,8, 9(o.a,r  S o )  andXII1 
12 and 19 (q, 6 Oph). 

43 Catalogue XXX 2Sand 1 ($, y Sgr); XI11 12 (q Oph); XXX 24 (a Sgr); and XI11 19 (6 Oph). 
*' Reading TOOG, with D, Ar (other Creek mss. roc) for Heiberg's emendation ~civ 'the star' at 

H11 10. Corrected by Manitius, who supposes the stars to be a and $ Cap. But these would not give 
the correct alignment, and in the catalogue Ptolemy puts both these stars on the same horn. I 
therefore suppose that he is referring to the general direction from Vega of the group of stars. 

45 Catalogue VIII 1 (a Lyr); XXXI 1,2,3,4 (a, v, P, 5 Cap); XVI 3 (a Aql); XLVIII 1 (a PsA); 
and XXXI 23, 24 (y, 6 Cap). 

46 Catalogue XLVIII 1 ,  XIX 17 and XXXII 2. 
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PsA] and the southern fish [of Pisces, Psc] and the [two} advance stars of the 
quadrilateral in Pegasus [a ,  P Peg] lie on a straight line.4' 

If one were to match the above alignments too against the diagrams forming 
the constellations on Hipparchus' celestial globe,48 he would find that the H12 
positions of the [relevant stars] on the globe resulting from the observations 
made at that time .[of Hipparchus], according to what he recorded, are very 
nearly the same as at present. 

2. f That the sphere o j ~ h e j x e d  stars, too, performs a rearward motion along the ecliptic] 

From these considerations, and others like these, we can be assured that 
absolutely all the so-called fixed stars maintain one and the same position 
relative [to each other], and share one and the same motion. But the sphere of 
the fixed stars also performs a motion of its own in the opposite direction to the 
revolution of the universe, that is, [the motion ofJ the great circle through both 
poles, that of the equator and that of the We can see this mainly from 
the fact that the same stars do  not maintain the same distances with respect to 
the solsticial and equinoctial points in our times as the): had in former times: 
rather. the distance [of a given star] towards the rear with respect to [one ofJ 
those same points is found to be greater in proportion as the time [of 
observation] is later. 

For Hipparchus too, in his work 'On the displacement of the solsticial and 
equinoctial points', adducing lunar eclipses from among those accurately 
observed by himself, and from those observed earlier by Timocharis, computes 
that the distance by which Spica is in advance of the autumnal [equinoctial] 
point is about 6' in his own time, but was about 8' in Timocharis' time.50 For his , H13 
final conclusion is expressed as follows: 'If, then, Spica, for example, was 
formerIy 8', in zodiacal longitude, in advance of the autumnal [equinoctial] 
point, but is now 6' in advance', and so forth. Furthermore he shows that in the 
case of almost all the other fixed stars for which he carried out the comparison, 
the reanvard motion was of the same amount. And we also, comparing the 
distances of fixed stars from the solsticial and equinoctial points as they appear 
in our time with those observed and recorded by Hipparchus, find that their 
motion towards the rear with respect to the ecliptic is, proportionally, similar to 
the above amount. We conducted this type of investigation by means of the 
instrument which we constructed previously [see V 11 for the observations of 

47Catalogue XLVlII 1 ,  XXXlII 1 ,  and XIX 4 and 3. The 'quadrilateral' in Pegasus (not 
mentioned in the catalogue) is formed by the stan a Peg, P Peg a And and y Peg. 

481 interpret this to mean that Hipparchus published a description of the constellations to be 
drawn on a celestial globe (literally 'solid sphere', o r ~ p ~ a  ocpa?pa,cf. VIII 3). What relationship, if 
any, this had to Hipparchus' putative 'Catalogue' is obscure. On the general problem see HAMA 
284-92. 

49 Reference back to I 8 pp. 46-7. This makes it obvious that wemust de l e t e~ i~ra  Enbp~wx (omitted 
by al-IJajiij) at H12,12: it is senseless to talk about a motion 'towards the rear' with respect to a 
circle which is itself in motion. The motive for the interpolation was to gloss 'in the opposite 
direction'. 
50Cf. I11 I p. 135 with n.14 for the lunar eclipses involved. 
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individual moon-sun distances. [In this case] we set one of the astrolabe rings to 
the apparent position of the moon (computed fbr the moment ofobservation), 
then adjusted the other astrolabe ring to align it with the star being sighted, so 
that both moon and star would be sighted simultaneously in the proper 
positions. Thus we obtained the position of every one of the bright stars from its 
distance from the moon. 5' 

T o  [illustrate this procedure] by a single example. In the second year of 
M14 Antoninus, on Pharmouthi V I I I ]  9 in the Egyptian calendar [I39 Feb. 231, 

when the sun wasjust about to set in Alexandria, and the last degree ofTaurus 
I was culminating, i.e. 5 5  equinoctial hours after noon on the ninth, we observed 

the apparent distance of'the moon from the sun (which was sighted at  about X 
3') as 92i0. Half an hour later, the sun now having set, and the [first] quarter of 
Gemini [i.e. I1 7;30°] culminating, the apparent moon was sighted in the same 
position [with respect to the astrolabe ring], and the star on the heart of Leo [a 
Leo, Regulus]] had a n  apparent distance from the moon, [as measured] by 
means of the other astrolabe [ring], of57f0 towards the rear along the ecliptic. 

Now at the first [observation] the true position of'the sun was very nearly 3€ 
5ho. Hence the apparent position of the moon, since it was 92i0 towards the 
real- [ol'the sun], was approximately 11 5i0, which is also the position it ought to 
occupy according to our hypotheses. Half an hour later the moon should have 
moved about io towards the rear, and have a parallax in advance, relative to the 

I first situation, of about izO.  Therefore the apparent position of the moon halfan 
H15 hour later was 11 5f0. Hence the star on the heart, since its apparent distance 

from the moon was 57d0 to the rear, had a position o f n  2i0, and its distance 
horn the summer solstice was 32;0.~* 

But in the 50th year of the Third Kailippic Cycle [- 128/7], as Mipparchus 
records fkom his own obsenrations, [that star] had a distance to the rear of 
the summer solstice o!'29do. Therefore the star on the heart of'leo has moved 
2;' towards the rear along the ecliptic in the 265 or so years from the 
observation of Hipparchus to the beginning[of the reign] ofAntoninus [137/8], 
which was when we made the majority ofour observations of the positions of the 
fixed stars. From this we find that lo  rearward motion takes place in 
approximately 100 years. as Hipparchus too seems to have suspected, according 
to the following quotation from his work 'On the length of the year': 'For if the 
solstices and equinoxes were moving, from that cause, not less than Tba th of a 

H16 degree in advance-[i-e. in the reverse order] of the signs, in the 300 years they 
should have moved not less than 3°'.5" 

i n  the same way we took sightings of Spica and the brightest among those 
stars near the ecIiptic, from the moon, and then [having done that], were in a 

'' See V 1,  with notes, fbr a detailed explanation ol'theuseofthe instrument. Ptolemy's procedure 
explains why the mean error in the longitudes of his star ~atalo~gue, about lo, is the same as the mean 
error of his lunar and solar positions, derived from his faulty equinox (see I11 1 p. 138 with n.21). 

'2This obse~vation is discussed in some detail by Pedersen, 240-5, with a computation of the 
parallax. Unfortunately he has made errors, notably in the angle between ecliptic and hour-circle 
in the first observation (see Toomer [3] p. 143). 

j3 The '300 years' is a reference to the interval between the solstice observation of Meton (-431: 
cf. 111 I p. 138) and Hipparchus' own time. This was obviollsly one of the comparisons which 
Hipparchus made. 
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better position to use ?.hose stars to take sightings of the rest. We [thusj find that 
their distances relative to each other are, axpint  very nearly the same as those 
observed by Hipparchus, but their individual distances fi-om the soisticia1 or 
equinoctial points are in each case about 2iG farther to the rear than those 
derivable from what Hipparc hus recorded. 

3. ( That /he real-ulard mo/ion of the sphere oJ- the $xed sfallr, too, takes place 
aboul [he poles of the 

From the above it has become clear to us that the sphere of'rhe fixed stars, too. 
performs a rearward motion along the ecliptic, of approximately the amount 
indicated. Our  next task is to determine the type of this motion, that is to say, 
whether it takes place about the poles of the equator or  about the poles of the 
inclined circle of the ecliptic. Since great circles drawn through the poles of 
either one of the above [equator or ecliptic] cut off unequal arcs on the other, 
[the answer to] the above [question] would become apparent merely from the 
motion in longitude: were it not for the fact that the motion in longitudeoverthe H17 
time available [for comparison of obsen-ations] is so extremely smaH that the 
diff'erence due to the above effect would be. as yet, imperceptible. The easiest 
way to detect [the answer] is through [comparison ofl the positions [of the stars] 
in latitude5? in ancient times and now. For i t  is obvious that whichever of the 
two circles, equator and ecliptic, it  is from which they can be shown to maintain 
a constant distance in latitude. that is the circle about the poles of which the 
motion of their sphere will take pface. 

Now Hipparchus agrees n ith [the idea of) the motion :aking pface about the 
poles of the ecliptic. Foi- in 'On the displacement ofthe solsticia1 and equinwtial 
points9 he deduces f r ~ m  the observations of Timocharis and himself that Spica 
(again) has maintained the same distance in latitude. not with respect to the 
equator bat with respect to the ecliptic, being Z0 south of the ecliptic at both 
earlier and later periods. That is why in 'On the length of the year' he assumes 
only the motion which takes place about the poles of the ecliptic, although he Is HI8 
still dubious, as he himself declares, both because the observations of the school 
of Tirnocharis are not trustworthy, having been made very crudely. and 
because the difrerence in time between [Timocharis and himselff is not 
sufficient to provide a secure result. We, however, find the [latitudinal distances 
with respect to the ecliptic] preserved over the much longer interval [down to 
our times], and that for practically all fixed stars. We can therefore with good 
reason consider the motion about the poles of the ecliptic as now more firmly 
established. For when we observe the latitudinal distance of any star with 
respect to the ecliptic, as measured abng  the great circle through the p i e s  of 
the ecliptic, we find chat it is practically the same as that computed from the 

54 See Pedersen 246-9. 
'"latitude' is ambiguous here and below. It means 'direction orthogonal to the circle in 

question', i.e. 'latitude' (in the modem sense) with respect to the ecliptic, and 'declination' with 
respect to the equator. Cf. Introduction p. 21 and p. 63 n.74. 
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records of Hipparchus,5b or if there is a discrepancy, it is of very small size, such 
as can be accounted for by small observational errors. But when weconsider the 
distances [of the stars] from the equator, as measured along great circles 
through the poles of the equator, we find [I]  that those observed by us do not 
agree with those recorded i r ~  the same way by Hipparchus, and [Z] that the 
latter do not agree tvith those recorded even earlier by Timocharis and his 
associates; rather, the constancy of their latitudes with respect to the ecliptic is 
confirmed even more by these very obsenrations, since the distances from the 
equator of the stars located on the hemisphere from the winter solstice through 
the spring equinox to the summer solstice are found to be ever more northerly 
compared to those [of the same stars] in earlier periods, while for stars located 
on the opposite hemisphere they are ever more southerly. Furthermore the 
differences [between earlier and later observations] are greater for stars near the 
equinoctial points, and less for stars near the solstices, and these differences are 
just about the same as the amount by which that section of the ecliptic to the 
rear [of the earliest longitude of any particular star] defined by the correspond- 
ing motion in longitude [during the period in question] produces a displace- 
ment to the north or south of the equator. 

In order to illustrate this point for a few easily recognisable stars we will set 
out, for each of the two hemispheres mentioned, their vertical distances from 
the equator, as measured along the great circle through the poles of the equator, 
as recorded by the schwl ofTimocharis, as recorded by Hipparchus, and also as 
determined in the same fashion by ourselves.57 [See p. 331.3 

In the case of all the above stars, which are located (to speak of their 
longitudinal position) on that one of the above-defined hemispheres which 
contains the spring equinox, the vertical distances from the equator which are 
later in time are all more northerly than the earlier, and for those sthrs very near 
the solsticial points [the difference] is very small, while for those near the 
equinoxes58 i: is quite considerable: this accords with a rearward motion about 
the poles of the ecliptic, for if one takes successive sections of this semi-circle [of 
the ecliptic] going towards the rear, each is more northerly than the one in 
advance of it, and the difference [between successive equal sections] is again 
greater near the equinoxes and less near the solstices. 

[See p. 332.1 

"ra?~ K ~ T U  T ~ V  "IKRUPXOV &vay~ypapp&va~< ~ a i  mvayopkvatq, literally 'those recorded and 
computed according to Hipparchus'. I take this to mean that Hipparchus recorded certain stellar 
positions (mainly declinations), from which Ptolemy computed the latitudes. All the evidence 
(including this passage) is in favour of the hypothesis that Hipparchus did not record stellar 
positions in latitude and longitude (except for a few special cases like that ofSpica mentioned above, 
for the specific purpose of determining the precession). Otherwise it is impossible to explain why 
Ptolemy went through the cumbersome process of comparing declinations (pp. 331-2), instead of 
simply comparing latitudes observed by Hipparchus and himself. 

57 These stars are listed in Ptolemy's catalogue as W-as, l.XVI3:2, not listed, but cf. XXIII 30- 
2; 3, XXIII 14; 4,XII 3; 5,XXXV 3; 6,XXXV 2;7, XXXVIII 1; 8, XXIV 1; 9,XXIV 2. 1 have 
followed Manitius in arranging Ptolemy's continuous text in tabular form. 

'*Sic (plural, although only the spring equinox is involved). The inaccuracy is probably 
Ptolemy's, caused by his thinking of the general situation (differences large near either equinox, 
small near either solstice). 



North or south of As recorded by As recorded by As found by us 
equator [Aristyllos or] Hipparchus 

Tirnocharis 

[ l ]  The bright star in Aquila north 5j0 540 5d0 

[2] The middle of the Pleiades north 1440 1540 I 640 

HZ0 [3] The bright star in the Hyades north 8420 9a0 1 lo  

[4] The brightest star in Auriga, called north 40" 4030 41 i0 
Capella (Aristyllos) 

[5] The star in the advance shoulder of Orion north 

[6] The star in the rear shoulder of Orion north 360 44 o 540 

[7] The bright star in the mouth of Canis Major south 16f" 16' 1 5a" 

[8] The more advanced of the [two] bright stars 
in the heads of Gemini 

north # 330 
(Aristy 110s) 

H21 [9] The rearmost [of the bright stars in the heads 
of Gemini] 

north 30° 
(Aristyllos) 



In the opposite hemisphere:59 

North or south of As recorded by As recorded by As found by us 
equator [Aristyllos or] Hipparchus 

Timocharis 

[ l ]  The star on the heart of Leo north 21f0 20j0 1920 

M22 [2] The star called Spica north 1 f 0  only j 0  north f"  south 

Of the 3 stars in the tail of Ursa Major: 
[3] the one at the tip north 

141 the second from the end, in the middle of north 
the tail 

(51 the third from the end, about where the tail north 
joins [the hody] 

61 f o  

(Aristyllos) 
67i0 

(Arist 110s) 
68i0 

(Aristyllos) 

[6] Arcturus north 31 f "  3 1 O 29d0 

Of the bright stars in the claws of Scorpius 
[i.e. in Libra]: 

[7] the one in the tip of the southern claw 
M23 [8] the one in the tip of the northern claw 

south 
north 

50 5 i0 7d0 
140  only 30 north lo  south 

[9] The bright star in the chest of Scorpius, 
called Antares 

south 18f0 1 go 20a0 

'These stars are listed in Ptolemy's catalogue as follows: I ,  XXVI 8; 2,XXVII 14; 3,II 27; 4, II 26; 5, IH 25; G,V 23; 7,XXVIJI 1; 8,XXVIIK 3; 9,XXIX 8. 
"ID2 and Ar have 673 , which may be correct. 
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- .  Thus in the case of all these stars, the reverse [of the abovej is true, as one 

woulci logically expect: the later vertical distances from the equator are more 
southerly than the earlier, in proportion [to the time intervals and Iccations]. 

Furthermore one can conciude from these data that the rearward motion in 
longitude of the sphere of the fixed stars is, as we said previously [p. 3281, lo  in 
about 100 years, or 2:" in the 265 years between Hipparchus' and arir 
observations. It is particularly [easy to do this] frcrn the differences in 
declination found for those stars near the equinoctial points. 

For the middle of the Pleiades, which was found to be 15:" north of the 
%-LO equator in Hipparchus' time, and 16i0 in our time, has [thus] rnovea 

northward in the interval between us: this is nearly the same as the difference in 
declination,frorn the equator between [both ends ofJ the 210 of the ecliptic near 3 2 4  
the end of Aries which represents the rearward motion in iongitude over that 
in te r~a l .~ '  And the star called Capella, which was found to be GO?" north of the 
equator in Hipparchus' time, and 41 d o  in our time, has [thus] moved n o r t h a r d  
4 
5": this is, again, the same as the difference in declination from the equator of 
[the ends ofJ the [intervening] 2;" of the ecliptic near the middie of Taurus. 
Also, the star on the advance shoulder of Orion, which was found tc be f +" 
north of the equator in Hipparchus' time, and 24 in our time, has [thus] moved 
northward about lo, which is nearly the same as the difference in declination 
from the equator of [the ends of] the [intervening] 2:" of the ecliptic two-thirds 
through Taurus. 62 

The situation is similar on the opposite hemisphere. Spica, which Mias found 
I to be $" north ofthe equator in Hipparchus' time, but 3' south in our time. bas 

[thus] rnoved southwards lr'oo7 which is, again, the amount of the difference in 
declination from the equator of the [ends ofthe] 2:" of the ecliptic near the cnd 
of Virgo. And the star in the tip ofthe tail ofUrsa Major. which was found to be H25 
6d0 north of the equator in Hipparchus' time, but 5%" in our time. has [rhvs] 
moved southwards li!zO, which is the amount of the difference in declination 
from the equator of the 230 of the ecliptic near the beginning of the sign of 
Libra.63 Also, Arcturus, which was found to be 31" north of the equator in 
Hipparchus' time; but 2%" in our time. has [thus] rnoved southward lee. which 
is, likewise, approximately the amount of the difference in declination from the 
equator of the 2:" of the ecliptic near the beginning of Libra. 

" From Table 1 15, 

\ - ,  , ,  , 
which is considerably less than Ptoiemy's 1 Perhaps he hascarelessly computed 6 ( 3 0 ' ) ~  1 I:MO, 
2fi30 x 11;40" = 1;2O. 

62 In the catalogue these two stars have very nearly the same lonqitude. Capellci being placed ir? 
lj 25 (XI1 3) and the star in Orion in 8 24 (XXXV 3). Yet here they are $aced 'in the middle of 
'l'aurus' and 'two-thirds through Taurus' respectively, and this is the basis of Pto1em)'s 
calculations. For, from table I 15: the difference in declination of2i0 near 45O is about 49', and near 
55' is about 41'. Thus the statement regarding Capella seems to rest on an error. 

"Sic! The longitude of the star in question is 292 in the catalogue (I1 27), so one would expect 
'the beginning of Virgo' here. But the mss. are unanimous, and I hesitate to emend, both because of 
the other gross inaccuracies in this passage, and because a difference in declination of 1 ibO is too 
great for the beginning of Virgo (from Table I 15 one finds about 57' for an argument of 30'). 
However, Ptolemy gives the same amount. I for the 'end of Xries' (above, ~ i t h  n.61). 
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The point in question will become even clearer to us from the following 
observations. 64 

[Firstly] Timocharis, who observed at Alexandria, records the following. 
In the 47th year of the First Kallippic 76-year period, on the eighth of 
An the~ te r ion ,~~  which is Athyr29 in the Egyptian calendar, towards the end of 
the third hour [ofnight], the southern halfof the moon was seen to cover exactly 

HZ6 either the rearmost third or [the rearmost] halP6 of the Pleiades. That moment 
is in the 465th year fi-om Nabonassar, Athyr [111] 29/30 in the Egyptian 
calendar [-282 Jan. 29/30], 3 seasonal hours before midnight, 01-34 equinoctial 
hours (since the sun was in about Z 7'). The interval reckoned in mean solar 
days comes to about the same number of equinoctial hours [3f] before mid- 
night. At that moment, according to the hypotheses we demonstrated pre- 
viously, the position of the moon was as follows: 

true longitude: 8 0;20a 
(i.e. distance from the spring equinox: 30;20°) 

[latitude]: 3;45O north of the ecliptic 
apparent longitude 29;20° 

i in Alexandria 
apparent [latitude] 3;35O north of the ecliptic67 

(for the culminating point was J'rds through Gemini). 
Therefore at  that time the rearmost end of the Pleiades was about 2&0 towards 
the rear from the spring equinox (for the moon's centre was still in advance of 
it), and was about 330 north of the ecliptic (for, again, it was a little north of the 
moon's centre). 

HZ7 [Secondly] Agrippa, who observed in Bithynia, records that in the twelfth 
year of Domitian, on the seventh of Metroos according to the calendar of that 
region,68 at the beginning of the third hour of night, the moon occulted the 
rearmost, southern part of the Pleiades with its southern horn. That moment is 
in the 840th year from Nabonassar, Tybi [V] 2/3 in the Egyptian calendar 
[92, Nov. 29/30], 4 seasonal hours before midnight, or 5 equinoctial hours 
(since the sun was in about 2 6°).69 Therefore, reduced to the meridian of 

b4 There are numerous difficulties connected with the following observations of occultations, 
Ptolemy's interpretations ofthem, and his calculations. T o  deal with them here would require too 
lengthy a discussion. Although they have been much discussed (e.g. by ~chjellerup, 'Recherches' 
111, Fotheringham [I ]  and Fotheringham [2]), the only satisfactory treatment is in Britton [I], 107- 
28, to which the reader interested in Ptolemy's (often strange) interpretation of the data is referred. 
However, Britton does not consider the aspect of the errors resulting from Ptolemy's miscomputa- 
tions on the basis of his own theory. The more gross of these are noted below. These-only reinforce 
Britton's conclusion that the observations could not have been selected at  random. 

65These and similar dates (pp. 335,336 and 337) attributed to Timocharis must be dates in the 
artificial Metonic/Kallippic calendar. See Introduction p. 12. 

or in the *It is most unclear what is meant here. Were there discrepancies in Timocharis' repor. ( 
mss. of it available to Ptolemy)? O r  does this represent variations in the Almagesl ms. tradition?The 
translation of al-Ua$j has 'a half only. 

67C~mputed from Ptolemy's tables- 1 @ Z 7;8O, A (( 30;11°, P (( +3;45O. Apparent longitude and 
latitude at Alexandria 29;0° and +3;38O. 

68Metroos is the month of the Bithynian calendar. See Introduction p. 14. Agrippa is 
unknown apart ti-om this passage. 

bgThis implies that the 10n~gest day was about that of Clima V (Hellespont). which is 
approximately correct for Bithynia. But Ptoiemy's correction of' -20 mins. fbr reduction to the 
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Alexandria, the observation occurred 55 equinoctial hours before midnight, or 
5$ hours with respect to mean solar days. At this moment the positions of the 
centre of the moon were as follows: 

true longitude: 8 3;7O 
[latitude]: 420 north of the ecliptic. 

apparent longitude 8 3;15O 

I in Bithynia 
apparent [latitude] 4" north of the ecliptic 

(for the culminating point was two-thirds through Pi~ces).~'  
Therefore at that time the rearrnost section ofthePleiadeswas, inlongitude, 3360 
towards the rear from the spring equinox, and, [in latitude], 310 north of the 
ecliptic." 

Hence i t  is clear that the rearmost part of the Pleiades was, both then and H28 
now: the same distance in latitude, 3g0, north of the ecliptic, asmeasured along 
the great circle through the poles ofthe ecliptic, while in longitude it has moved 
3;45" towards the rear from the spring equinox (since it was 2910 from the 
equinox at t he  first observation and 33b0 at the second) in the interval of 375 
years comprised between the two  observation^.^' Therefore in I00 years the 
rearmost part of the Pleiades has moved l o  towards the rear. 

Again, [firstly] Timocharis, who observed at Alexandria, records that in the 
36th year of the First Kallippic Cycle, on Elaphebolion 15, which is Tybi 
5, at  the beginning of the third hour, the moon covered Spica with the middle of 
that edge of its disk which is towards the equinoctial rising-point [i-e. the east], 
and that Spica, in passing through, cut off exactly the northern third of [the 
moon's] diameter. 

This moment is in the 454th year from Nabonassar, Tybi [V] 5/6 in the 
Egyptian calendar 1-293 Mar. 9/10], 4 seasonal hours before midnight, which 
is a l s ~  4 equinoctial hours approximately, since the sun was in about X 15'; 
and reckoning with respect to mean solar days leads to about the same number 
of hours before [midnight]. At that moment the positions of the moon's centre H29 
were as follows: 

true longitude: WQ 21 ;21° 
(i.e. distance kom the summer solstice was 81;21° towards the rear) 

meridian of' Alexandria implies that Agrippa was observing at a place 5 O  to the east: in fact no place 
in Bithynia was more than 3 O  to the east of Alexandria; moreover, in the Geog~aphv (8.17.3-7) 
Ptolemy puts all the cities in Bithynia zc.es/ of Alexandria. 

70 There are some gross errors here. Computed @or 6; 15p.m. Alexandria): A = 32;13O (0;54O less 
than the text!), B < = +4;53O. One might think that Ptolemy computed tor 8 p.m., i.e. took 'at the 
beginning of the third hour' as if it were equinoclial hours at :3le~-and~ia, were it not that the 
culminating point he gives is approximately correct (for 7 p.m. local time Bithynia I find X 185"). 
His parallax corrections are also inaccurate (I find ph = +O;lgO, pp = -0;38O, and hence, for the 
apparent position of the moon, A = 32;3Z0, P = +4;15". One need hardly say that this error is 
disastrous for the 'verification' of Ptolemy's precession constant. 
" As Manitiuspointsout (p. 402), in hiscatalogue (XXIII 32) Ptolemy assignsalatitudeof+3~ to 

the rearmost end of the Pleiades. But the discrepancy can easily be explained by the fact 
that he is referring, not to a specific star, but to part of the general mass. 

7'From Nabonassar 465 to Nabonassar 840. 
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true [latitude]: 120 south of ecliptic 
apparent longitude: 82A0 from the summer soistice7' 
apparent [latitude]: about 2' south ot' the ecliptic 

(for the middle of'cancer was culminating). 
Therefbre. fi-om the above, [we conclude that] Spica was p t  that moment 824' 
in Iongitude fi-om the summer solstice, and just about 2O ~outii  of the ecliptic. 

Likewise, [secondly] in the 48th year of the same [First Kallippic] Cycle, 
he says that on the sixth day from the end of the last third of Pj.anepsion,T4 
which is Thoth 7, when as much as half' an hour o f t h e  tenth hour had gone I,)?: 
and the moon had risen above the horizon, Spica appeared exactl;.~ touching the 
northern point on [the moon]. 

This moment is in the 466th year from Nabonassar, Thoth [I] 7/8 in the 
Egyptian calendar [-282 Nov. 8/91; [the hour is], according to Timocharis 
himself, 35 seasonal hours after midnight, or approxirnateIy 3 i  equinoctia! 

H30 since the sun was near the middle ofscorpius; but, according to logical 
reasoning, [it must have been] 24 hours after midnight. For that is the time 
when D 22i0 is culminating, and np 224" (approximately) is rising:'6 and that 
[m 22401 was the longitude of the moon at that moment when, as he says, it was 
rising. Reckoning with respect to mean solar days, we find that only 2 
equinoctial hours had passed since midnight. At this time the positions of the 
centre of the moon were as follows: 

true [longitude]: distance from the summer solstice: 81;30° 
true [latitude]: 2 i0  south of the ecliptic 

apparent longitude: 8240 [fi-om the silmrner solstice] 
apparent [latitude]: 2i0 south [of the eclipt ir].'; 

Therefore, according to this observation too, Spica was the same distance of 
about 2O south ofthe ecliptic, and was 82!0 fi-om the summer solstice. So in the 
i 2 years between the txvo observations it moved about d o  to~vards the rear fi-om 
the summer solctilce. 

[Thirdly] the geometer hdfenelaus sa? that the following obse~~7ation was 
made j b ~  him] in Rome. In the tirst year of Tra.jan, hlechir 15,. 16; when the 
tenth hour [ofnight] was completed, Spica had been occulted by the moon (for 
i t  could not bc seen), bilt totvards the end of the eleventh hour it  was seen in 

7"Reading $ tP '  (with A'BCD) for $ @ (82;12O, the reading of' Ar) at H29,7. In the circum- 
stances of the observation this seems more likely to lead to the position of 82{%hich Ptolemy 
deduces Lor Spica (below). It isalsocloser tomy computation (A ([ , apparent, 172;'1°), though this is 
no argument. Corrected by Manitius. 

7 ' ~ G  5' (P&VOMOS, i.e. the 25th of the month. For this way of counting days see In trcduction p. 
13. The true Attic lbrm ol'the month name is lIuavoyiov, but the spelling with epsilon is found 
outside Attica (see LSJ s.v.), and is probably that used by Timocharis himself: 

75 Since the length of 1 seasonal night-hour was 16;38O, the length of3! hours was 58; 13O, or about 
3; equinoctial hours. Hence I considered emending the text at H29,21 t o s  A~lxoGoaq fi (4 - Q). 
However, it seems more probable that Ptolemy simply made the error of computing day-hours 
instead of night-hours, which does indeed lead to 3! equinoctial houri. The error has no 
consequences, since Ptolemy takes a quite dilyel-ent time. 

i ti 
- - For calculations of' these see Appendix A Examples 4 and 5. 
"Calculated fcf: Appendix 4 Examples 9 and IO): = 17l;35Jc, P ( = -2;i0. Apparent 

positions: A = 173:l0, B = -2:20°. 



advance of the moon's centre, equidistant fi-om the [two] horns \I!, an amount H31 
less than the moon's diameter. 

This rnoment is in the 845th year from Nabonassar, Mechir [VI] 15/16 in the 
Egyptian calendar [98 Jan. 10/11], 4 seasonal hours after midnight when the 
moon's centre was approximately covering Spica, which corresponds to 5 
equinociial hours, since the sun u7as in about 0 20'; whez reduced to the 
meridian through Alexandria this is 6f equinoctial hours,58 and [this], with 
respect to mean 'solar days, is 6$ hours (or a little more). At this moment the 
positions of the centre of the moon were as follows: 

true [longitude]: 85:' from the summer solstice 
true [latitude]: about 1 +' south of the ecliptic 

apparent longitude: 86:' from [the summer solstice] 
apparent [latitude]: 2' south [of the ecliptic] 

(for the culminating point was about a quartet- of the way through 
Therefore that was the position of Spica too at  that moment.80 

It is clear that Spica was, again, the same amount south of. the ecliptic, 
namely 2@, both ineTimocharis' time and in our time, a6d that its movement 
toivards the rear- in longitude is 

- 2;55O in the 391 years from the observation in the 36th year jof'the First 
'Ka.ilippic Cycle to :he observation of h//lenelausl, and 

3;45@ in the 379 years81 from the observation in the 48th year. 
Hence i.om these data too ive conclude that the motion of'Spica tou!al-ds the 
rear- in 1 (SQ ),ears is about t O. 

Again: Tinocharis, who observed in Alexzndria, says that in the 36ih year 
of the First Mailippic Cycle, on Poseideon 25, which is Phaophi !6: at the 
beginning of the tenth hour, the moor! appeared to occult the northel-nmost of 
the sear:- in the forehead of Scorpius sery precisely with its nosthern rim. 

,- - 
This rnoment is in the 454th year f~-om Nabonassar, Fhaophi [If] 16/L / In :he 

Egyptian calendar [-294 Dec. 20/211, 3 seasonal hours after midnight, or 3: 
equinoctial hours, since the sun Mras in about $ 26'. Reduced to mean solar 
days this is 3; hours. At this moment the position ofthe centre of the moon was 
as follows: 

in true [longitude]: 31 io from the autumnal equinox [towards the rear] 
[in true latitude]: 1 4' north of the eclipticB2 

'9.e. the longitudinal difference between Rome and Alexandria is taken as about 20°. In fact i t  is 
about 1 7i0. In the (;eo.qrapf!l! the error is evrn more exaggerated. There (8.5.3 Nobbe) Ptolemy,states 
that Rome is 1 the west of Alexandria, in accordance with the assigned longitudes of 3 6 3 O  and 
6040 (ibid. 3.1.61 and 4.5.9). Heron, Ijiop~t-a, took the difkrence as 2 hours (Neugebauer 131, 22). 
" Here toomy computationsshowsignificant discrepancies: h (3 175;27O, P (3 - 1; 19,30". Apparent 

positions at Rome, h 1 75:3g0, P -2; 10". Ptolemy's parallaxes, f 30' in longitude and - 40'in latitude. 
imply a total parallax of50'. which is approximately correct, and an angle between altitude circle 

1h and ecliptic ofc. 140", which is impossible at the situation in question (moon roughly: west of 
meridian, as his culminating point shows). Could he have taken the easrel-n angle in error? 

In the catalogue (XXVII 14) Spica has coordinates o f w  2640 and -2O, in agreement with the 
data here (allowing for a movement cf 25' in longitude in about lorty years). 

~ e a d i n g ~ q  (with D,Ar) f o r m  ('375') at H32,l. Corrected by Manitius, and by Heiberg, OP. 
:\,fin. p. XI\'. 

*'Computed: h( 211;23", P(3 +I;l'iG. 
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in apparent 10n~itude:~" 3Z0 [from the autumnal equinox] 
in apparent [latitude]: l Ao north of the ecliptic8* 

(fbr the culminating point was the middle of Leo). 
Therefbre at that moment the northernmost of the stars in the forehead of' 

H33 Scorpius was the same amount, 3Z0, from the autumnal equinox in longitude, 
and about I f o  north of the ecliptic [in latitude]. 

Similarlv, Menelaus, who observed in Rome, says that in the first year of' 
Trzijan, ~ e c h i r  18/19, towards the end ofthe eleventh hour, the southern horn 
01' the moon appeared on a straight line with the middle and the southernmost 
of the stars in the forehead of Scorpius, and its centre was to the rear of that 
straight line, and was the same distance from the middle star as the 
middle star was from the southernmost; it appeared to have occulted the 
northernmost of the stars in the forehead, since [this star] was nowhere to be 
seen. 

This moment is, again, in the 845th year from Nabonassar, h4echir YlJ 
18/19 in the Egyptian calendar [98 Jan. 13/14], 5 seasonal hours after mid- 
night, or 6: equinoctial hours, since the sun was in about 0 23O. Reduced to 
the meridianofAlexandria this is 7f equinoctial hours, and it is about the same 
with respect to mean solar days. At this moment the position ofthe centre of the 
moon was as follows: 

true [longitude]: 35f0 from the autumnal equinox [towards the rear] 
true [latitude]: 220 north of the ecliptic85 

apparent longitude: 35;55O [from the autumnal equinox] 
apparent [latitude]: I f north [of the ecliptic] 
(for the cuiminating point was the end of Libra).86 

Therefore the northernmost of the stars in the forehead of Scorpius had 
approximately the same position at  the mo6ent. 

H 3 f  Hencc it is clear that for this star too its distance in latitude from the ecliptic 
has been ohsen7ed to be the same in fbrmer times and in our times, while its 
position in longitude has moved away from the autumnal equinox towards the 
rear b y  an amount of 3;55O in the time betu'een the observations, which 
comprise 391 years. from which it follows that in 100 years the motion ofthe star 
towards the rear amounts to lo. 

"Reading & ~ t ~ o v  (with D,Ar) for Entxov here (H32,18) and at the similar place H33,20. 
Corrected by Mar'  I I~IUS.  

84 Reading iE rp' (with Ar) for ti $ (1;12O) at H32,19. This gives better agreement with the 
observational data if a latitude of lfo is to be deduced (below). Corrected by Manitius. 
Computed apparent position: A(( 212;3V, Pa +l;lO. 

85 Computed: A 21 5;21°, f3 a +2;5O. 
86 Neugebauer has displayed all thecomputations leading up to this in various places in H.4MA I ,  

culminating in his remarks on pp. 1 1  7- 18 about the impossibility ofassigninga specific cause to the 
error in the final result. He also suggests ( I  17 n.7) that one should read 2;6O and 1;3O for the true and 
apparent latitude. Although these numbers agree better with the calculation, I lo is certainly the 
correct reading, for it agrees with the latitude found from Timocharis' observation, and also with 
that assigned to this star in the catalogue (XXIX I ) .  
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4. {On the merhod used to  record [the posr'rions qf]  fhe j ixed  slarsj 

Thus, fi-om our observations and comparisons ol'the above stars, from similar 
observations and comparisons of' the other bright stars, and from the fact that 
we found the distances of the other stars with respect to the [bright stars] which 
we had established to be in agreement [with the results ofour predecessors], we 
have confirmed that the sphere ofthe fixed stars, too, has a movement towards 
the rear with respect to the solsticial and equinoctial points of the amount 
determined (in so far as the time [for which observations are] available allows); 
furthermore, [we have confirmed] that this motion of theirs takes place about 
the poles of the ecliptic, and not those of the equator (i-e. the poles ot'the first 
motion). So we thought it appropriate, in making our observations and records 
of each of the above fixed stars, and ofthe others too, to give their positions, as Pf35 
observed in our time, in terms of longitude and latitude, not with respect to the 
equator, bur with respect to the ecliptic, [i.e.] as determined by the great circle 
drawn through the poles ofthe ecliptic and each individual star. In this way. in 
accordance with the hypothesis of their motion established above, their 
positions in latitude ~ ~ i t h  respect to the ecliptic must necessarily remain the 
same, while their positions in longitude must always traverse equal arcs towards 
the rear in equal times. 

Hence, again using the same instrument [as we did for the moon, V 11,  
(because the astrolabe rings in i t  are constructed to  rotate about the polesofthe 
ecliptic), we obsenied as many stars as we could sight down to the sixth 
magnitude. [We proceeded as follows.] We always arranged the first of the 
above-mentioned astrolabe rings [Fig. F,5] [to sight] one of the bright stars 
whose position we had previously determined b y  means of the moon, setting the 
ring to the proper graduation on the ecliptic [ring (Fig. F.3) for that star], then 
set the other ring [Fig. F,2], which was graduated along its entire length and 
could also be rotated in latitude towards the poles of the ecliptic,87 to the 
.required star, so that at the same time as the control star was sighted [in its 
proper position], this star too was sighted through the hole on its own ring. For H36 
when these conditions were met, we could readily obtain both coordinates of 
the required star at  the same time by means of its astrolabe ring [Fig. F,2]: the 
position in longitude wasdefined by the intersection ofthat ring and the ecliptic 
[ring), and the position in latitude by the arc of the astrolabe ring cut OK 
between the same intersection and the upper88 sighting-hole. 

In order to display the arrangement of stars on the solid globe89 according to 
the above method, we have set it out below in the form ofa table in four sections. 
For each star (taken by constellation), we give, in the first section, its description 
as a part of the con~ te l l a t i on ;~~  in the second section, its posit ion in longitude, as 

If the text is sound, Ptolemy is speaking carelessly here. As is clear from the description at V 1. 
ring no. 2 is indeed graduated, but cannot perform a latitudinal movement; that is done by ring no. 
1, which fits inside no. 2 and has the sighting-holes attached to it. 

88Litera11y 'above the earth'. Cf: p. 219 n.6. 
"For a description of this instrument see VlII 3. 

Literally 'the shapes' ( ~ d q  popcpha~iq), i.e. its position as a part of the mythological figure 
(animal, anthropomorphic or inanimate) which was delineated on the globe and (notionally) in 
the heavens. 
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derived fi-om observation, for the beginning of the reign of Antoninusg' ([the 
posit ion is given] within a sign of the zodiac, the beginning of each quadrant of 
the zodiac being, a s  before, established at  [one ofl the solsticial or equinoctial 
points); in the third section we give its distance from the ecliptic in latitude, to 
the north or south as the case may be for the particular star; and in the fourth, 
the class to which it belongs in magnitude. The  latitudinal distances will remain 
always unchanged, and the positions in longitude can provide a ready means of 
determining the [corresponding] longitude at other points in time, if we 
[calcuiate] the distance in degrees between the epoch and the time in question 
on the basis of a motion of l o  in 100 years, {and] subtract it from the epoch 

H37 position for eartier times, but add it tcr the epoch position92 for iater times. 
For thesame reasons: our indications [ofrelative positions] in the descriptions 

must also be understood to accord with the above kind of hypot hesis about the 
arrangement o f t  he stars, and with thedefrnition [of position] by [circles drawn] 
through the poles of the eciiptic. Thus, when we speak of a star as 'in zdvance of' 
or 'to the rear of another, we mean that it occupies the relative position in 
question as defined by the ecliptic position [of the two stars, 'in advance o f ]  
referring to the section of the ecliptic which is in advance, and ['to the rear'] 
referring to the section of the ecliptic which is towards the rea~-;~%nd by 'more 
to the south' or  'rnol-e to the north', we mean nearer to the pole of the ecliptic 
(southern or northern as the case may be). Furthermore, the descriptions which 
we have applied to the individual stars as parts of the constelfation are not in 
every case the same as those of our predecessors ('just as their descriptions differ 
from their predecessors'): in many cases our descriptions are different because 
they seemed to be more natural and to give a better proportioned out1 ine to the 
figures dewribed. Thus, for instance, those stars which Hipparchus places 'on 
the shoulders of Virgo' we describe as 'on her sides','* since their distance from 
the stars in her head appears greater than their distance from the stars in her 
hands, and that situation fits f a  location] 'on her side', bur is totally 
inappropriate to  f a  location] 'on her shoulders'. However, one has a ready 
means of identifying those stars which are described differently [by others]; this 
can be done immediately simply by comparing the recorded positions. 

The la)-out of the catalogue is as follows. 

1.e. according to the Canon Basileon (see Introduction p.1 l) ,  Thoth 1 of Nabonassar 
885 (= 137 July 20). 

"Reading r a ? ~  T ~ S  h n o ~ f j ~  Eni ro3 p ~ ~ a y e v ~ o t i p o u  (with D,Ar) at H37,2 for r a ? ~  TOG 
pcray~vcorEpou. Corrected by Manitius. 

93Although this is in general true, there appear to be exceptions. See Introduction p. 20, p.344 
n.110 (on catalogue 111 15-18) and p. 377 11.35 (on catalogue XXXII 23-4). 

94 Thus F Vir is described by Hipparchus ((.brnm. in ;ira/. 2.5.5., ed. Manitius p.190,lO) as 'the 
northern shoulder of Virgo'. and by Ptolemy (catalogue XXVlI 10) as 'the star in the right side 
under the girdle'. 



[Number in 

'5 (Tabular layoul o f  the con.rlcllationr in lire norihern herni~phere)~'  

-- *.- 
[Modern 

Description --- 
[I]  ons st ell at ion of LJrsa Minor 

The  star on the end of the tail 3 a UMi 
T h e  one next to i t  on the tail 4 6 UMi 
The  one next to that, before the place where the tail,joins [the body] "LI 10d9" 4 E UMi 
T h e  southernmost of the stars in the advance side of the rectangle n 29< 4 6 UMi 
T h e  northernfiost of [those in] the same side 4 pl UMi 
The  southern star in the rear side 2 fi UMi 
The northern one in the same side 2 y UMi 
(7  stars, 2 of the second magnitude, 1 of the third, 4 of the f'ourth) 

Nearby star outside the constellation: 
The star lying on a straight l i n t  with the stars in the rear side [of'the 

rectangle] and south of them 
star of the fourth magnitude] 

"011 the principles on which my translation of: the star catilloguc is arrangecl see Hntroduciion pp. 14-17. Here Y note only that I have followcd 
Manitius in adding, as the first andsixth columns, runningnr~mbers within each constellation, and the identification ofthe star; and that an asterisk next to 
any element indicates that there is some uncertainty about its correctness. For an  idea of the arrangement in the Greek rnss, see Peters a.nd Mnobel pls. 
11-IV. 
Abbreviations: 

S (plus number) the list of variants in the various Arabic versions according to ibn as-salah, 83--96 of I<unitzsch's cdn. 
P- K Peters and Knobel, Ptolemy's Calalogue qf 6S/al:r 
B.YC Yale Catalogue of Bright Stars 
CGal ' Cumulr~s Galacticus (Galactic cluster) 
CGlo C~lrnulus Globaris (Glob~ilar c:l~lster). 

9"eading~ s ' ,  wit.h B. According to S 1 ,  10d was in thc Syriac and a1-X;iasari versions. Xleiberg (H39,6j printst5 (16), which isalso the reading ofthe rest 
of the Arabic tradition. 

"The reading 17i  is found in somc Greek mss. (not recorrled by Heit)erg) and the Arabic: tradition (I,,T,E,F), and is adopted bv P.-K. 



Longitude [Number in 
constellat ion] 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16-19 

in degrees Description 

[11] Constellation of' Ursa M ~ j o r  
The star on the end of the snout 
The more advanced of'the stars in the t,wo rycs 
The one to the rear 
The more advanced of the two stars in the forehead 
The one to the rear 
The star on the tip ofthe advancc ear 
The more advanced of the two stars irt the ncck 
The one to the rear 
The northernmost ol'the two stars in the c.hest 
The southernmost of them 
The star on the left knee 
The northernmost ol'the [two] in the front lelt paw"'" 
The southernmost of them 
The star above the right knee 
The star below the right knee 
The stars in the quadrilateral: 

the one on the back 

Latitude 
in degrees Magnitude I 

the one on the flank 
the one on the place where the tail.joins [the body] 
the remaining one, on the leli hind thigh 

20 The more advanced of the [two stars] in the leli hind paw 
The one to the rear of' it 

[Modem 
designat ion] 

o UMa 
2(A) UMa 

n2 UMa 
p UMa 

a2 UMa 
24(d) lJMa 

t lJMa 
23(h) UMa 

u UMa 
cp UMa 
8 UMa 
t UMa 
K UMa 

18(e) UMa 
15(1) UMa 

ci UMa 
UMa 

6 UMa 
y UMa 
h LJMa 
p UMa 

98P-K adopt 274 on very poor authority. 
99The Greek and Arabic ms. tradition issolid for 44, which is much too great. According toS 2 both the IsbZq and'l'hzbit versions had 41 (the latter is not 

borne out by extant mss.) Independently of each other ibn ag-$alfib (p. 48) and Peters (p. 96 no. 18) correct to 37 and 37!, but the corrections are 
?alaeographically improbable. 

lo0d~p6nou5. Following Hellenistic practice, Ptolemy normally uses ROC< and ~ c i p  to denote 'leg' and 'arm'. (But not always, cf. e.g. XI11 14 and 24, or 
XIV 1 1 and 12). Hence for 'foot' and 'hand' he has to use terms Iiked~ponou< (fi~pon66tov) and a ~ p o ~ ~ i p ~ o v .  Translators have often misrepresented the 
latter by expressions such as 'tip of the foot' and 'end of the hand'. 

lo' The variant 30f is found in part of both Creek (A'BD) and Arahic t.raditions (S 3). 





'OAydvug, which could also be translated 'cheek'. 
log P-K adopt 81 3, from the Arabic (all mss. which I have examined). 
"OReading rcpoqyo0y~vog (with DL E Ger) for knoy~voq (other Greek rnss., FT), 'rearmost', at H44,19. Although no. 17 has a greatcr ecliptic 

longitude than no. 18, and thus would normally be 'to the rear' of it, for stars with c-xtreme northern latitudes, their declinations may he greater than that of 
the pole of the ecliptic (90' - E),  in which case thc normal rule may not apply. Indeed, on Ptolemy's star globe the eqrratorial coordinates of  nos. 15-18 
would be 

cr. 6 
15 291.9" 67.9" 
16 294.7O 68.7O 
17 274.9' 71.4O 
18 282.6" 70.7O 

Thus 16 is 'to the rear of' 15, but 17 is 'in advance of' 1.8, and 17 and 18 are 'in atlvance of' 15 and 16, in agrrement with the text I adopt. Corrected by 
Manitius. 

[Number in 
constellation] 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 

Description 

[111] Constellation of Draco 
The star on the tongue 
The star in the mouth 
The star above the eye 
The star on the ,jawLo8 
The star above the head 
The northernmost of the 3 stars in a straight line in the first bend of the 

neck 
The southernmost of these 
The middle one 
The star to the rear and due east ofthe latter 
The sor~thern star of the [two] forming thc advance side of the 

quadrilateral in the next hend 
The more northerly star of the advance sidc 
The northern star of the rear side [ol the quadrilateral] 
The southern star of the  ear \ide 
The sor~thern star ol' [thosc forming] the triangle in the next bend 
The more advanced of the other two stars of the triangle 
The one to the rear 
The most advanced'I0 of the three stars in the next triangle, which is in 

advance [of the last] 

Longitude 
in degrees 

* 26i 
m, l l i  
nL, 13fr 

271 
V, 29i 
J? 244 

b 21 
$ 282 
bJ 19i 
3f 8 

X 204 
q' 7'7 
n 22; 
T' 10f 
0 21; 
0 264 
II[ 1st 

[Modern 
designation] 

y Dra 
v Dra 
p Dra 
5 Dra 
y Dra 

39(b) Dra 

46(c) Dra 
45 (d) Dra 

o Dra 
R Dra 

6 Dra 
E Dra 
p Dra 
a Drn 
u Dra 
r Dra 

y i  Dra 

Latitude 
in degrees 

t76f 
t78f 
t754 
t80 4 
+75f 
t82 f 

t78f 
t80 f 
t81 t 
+81 f 

t83 
178; 
+77a 
+80 4 

lt+81 + I o 9  

t80 t 
+84 1 

Magnitude 

4 
>4 

3 
4 
3 
4 

4 
4 
4 
4 

4 
4 
4 
5 
5 
5 
4 























- 
[Number in 

constellation] 

18 
19 
20 

2 1 
22 
23 
24 

25 
26 
2 7 
28 
29 

[XIVl Constellation of Serpensls" 1 

Description -- 
The star to the rear of these, which touches the heel 
The star in the left knee 
The northernmost of the 3 stars in a straight line in the lefi 

lower leg 
The middle one of these 
The southernmost of the three 
The star on the left heel 
The star touching the hollow of the left foot 
(24 stars, 5 of the third magnitude, IS of the fourth, 6 ofthe fifth) 

Stars around Ophiuchus outside the constellation: 
'The northernmost of the 3 to the east of the right shoulder 
The middle one of the three 
The southernmost of them 
'The star to the rear of these 3, approximately over the middle one 
The lone star north of [these] 4 [nos 25-28] 
(5 stars of the fourth magnitude) 

Stars on the cluadrilateral in the heads: I 

Longitude 
in degrees 

rn 2 7 i  
m, 12h! 

11: 

l& 101 
% 96 
?lL 12; 
TI& 10: 

4' 2 
f 2: 
;P 3Is2 
f 3f 
T a{ 

the on; on the end of the jaw 
the one touching the nostrils 
the one in the temple 
the one where the neck joins [the head] I 
the one in the middle of the quadrilateral, in t l x  mouth 

The star outside the head, to the north of i t  
The one after the first bend in the neck 

Latitude 

+ 1 

+3,! 
"tl f 
to? 

0 ;! - 4 

5 
>5 

5 
4 

X O P ~  
W Qph 
w Oph 
P Oph 

4 
4 
4 
4 
4 

'52The later Arabic tradition is solid for the variant 04 (see S 20). 
'53Literally 'of the snake of the snake-holder [Ophiuchus]'. 'This is to distinguish it from Draco and Hydra (the big snake and the water-snake). 
15'The Greek tradition is uniform for 21 f . Heiberg adopted 244 as an emendation by Bode, However, it is well-attested in the Arabic tradition: see S 22. 
155Reading KY c'  (with BCD and the later Arabic tradition, see S 23) for KG G' (266) at  H71,18. 

66(n) Oph 
67 Oph 
68 Oph 
70 Oph 
72 Oph 

s 18i 
il 211 
"il: 244"' 
2 22 - 1 - 217 

+38 
+40 
+36 
+34t 
+374 

4 
4 
3 
3 
4 

L Ser 
p Ser 
y Ser 
p Ser 
K Ser 



lS6 136 is Heiberg's emendation (following Bode, whq in fact conjectured '13'). All rnss. have 164. See the discussion of P-K, pp. 99-100. 
I5'The variant 16 is found in the Greek ms. D and in the later Arabic tradition (see S 24). 
15'This is the reading of D, adopted by Heiberg, where most Greek mss. have 371. The Arabic tradition varies between 38) and 381 (see S 25). 
15'The phrase 'place between the shoulders' is my translation ofpezacppsvov, This seems more accurate than LSJ's 'broad of the back', which is certainly 

impossible here because of the iconography. It is clear from the orientation ('left', 'right' and 'head') that one is supposed to see theundersideofthe bird (in 
agnement with the depiction on the Farnese globe, Thiele PI. I11 bottom, where one is looking at the outside, cf. Introduction p. 15). Therefore one can 
have at  best only a glimpse of the back. The modern name of this star is Altair. 

Longitude 
in degrees 

G 242 
r: 244 
G 26; 
fi 286 

nt, 8$ 
nb 23f 
% 27 
nt 272 

3f 
2' 8f 
2' 184 

bl01"' 
0 d 
0 53 
l4 43: 
ID 33f 

b 76 
0 446 
l4 3$ 

[Number in 
constellation] 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 

1 
2 
3 
4 
5 

1 
2 ' 

3 

[Modern 
designation] 

A Ser 
a Ser 
E Ser 
p Ser 

u Oph 
v Ser 
5 Ser 
o Ser 
( Ser 
q Ser 
8 Ser 

Y s?F 
c Sge 
6 Sge 
a Sge 
P Sge 

z Aql 
P Aql 
a Aql 

Latitude 
)in degrees 

t26f 
t25t 
t24 
t16f 

* t 1 3 1 ' ~ ~  
t10t 
+84 
+lo2 
t20 
t216 
t27 

I 

t39j  
t39r; 
t39f 
t39 

*t38f ' 5 8  

t262 
4 7 6  
t29k 

Description 

The northernmost of the 3 following this 
The middle one of the three 
The southernmost of them 
The star after the next bend, which is in advance of the left hand of 

Ophiuchus 
The star to the rear of those in the hand [ofOphiuchus, nos. XI11 7-81 
The one after the back of the right thigh of Ophi~ichus 
The southernmost of the 2 to the rear of the latter 
The northernmost of them 
The one after the right hand [of Ophiuchus], on the bend in the tail 
The one to the rear of this, likewise on the tail 
The star on the tip of the tail 
(18 stars, 5 of the third magnitude, 12 of the fourth, 1 of the fifth) 

[XV] Constellation of Sagitea 
The lone star on the arrow-head 
The rearmost of the three stars in the shaft 
The middle one 
The most advanced of the three P 

The star on the end of the notch 
(5 stars, 1 of the fourth magnitude, 3 of the fifth, 1 of the sixth] 

, 

[XVI] Constellation of Aquila 
The star in the middle of the head 
The one in advance of this, on the neck 
The bright star on the place between the shoulders, called AquilalS9 

Magnitude 

4 
3 
3 
4 

5 
4 

>4 
4 
4 

>4 
4 

4 
6 
5 
5 
5 

4 
3 

>2 



1 [Number in 
I constellation Description 

The one close to this towards the north 
The more advanced of the 2 in the left shoulder 
The rearmost of them 
The more advanced of the two in the right shoulder 
The rearmost of them 
The star some distance under the tail of Aquila, touching the Milky Way 
{9 stars, I of the second magnitude, 4 of the third, 1 of the fourth, 3 of the 

fifth] 
The stars around Aquila, to which the name 'Antinous' is given1"' 
The more advanced of the 2 stars south of the head of Aquila 
The rearmost of them 
The star to the south and west of the sight shoulder of Aquila 
The one to the south of this 
The one to the south again of the latter 
The star most in adirance of all 
(6 stars, 4 of the third magnitude, P of the fourth, 1 of the fifth] 

[XVII] Constellation of' Delphinus 
The most advanced of the 3 stars in the tail 
The northernmost of the other 2 
The southernmost of them 
The stars in the rhomboidI6' quadrilateral: 

the so~~thernmost one on the advance side 
. the northernmost one on the advance side 
the southernmost one on the rear side of the rhombus 
the northernmost one on the rear side 

Longitude 
in degrees 

k? 44 
b 36 
lD 6 
2 29f 
lo 1 6  
r 226 

Latitude 
in degrees 

+30 
+31f 
t31f 
+28 f 
+26$ 
t363 

Magnitude 

<3 
3 
5 
5 

>5 
3 

[Modern 
designation] 

"0 Aql 
Y Aql 
cP Aql 
P Aql 
a Aql 
4 Aql 

rl Aql 
8 Aql 
6 Aql 
l Aql 

+K Aql 
h Aql 

E Del 
1 Del 

K Del 

6 Del 

- y Del -- 
'60 Antinous was the emperor Hadrian's favourite, who died Ily drowning in the Nile in A.D. 130. This 'catasterism' is confirmation of the statement in 

Dio Cassius (69,11,4) that Hadrian claimed to have himself seen the star into which the soul of Antinous was transformed. Could Ptolemy have had 
anything to do with this identification? It turned out to be ephemeral. 

16' 1.e. with only two of its b u r  sides parallel. 
lb2All Greek mss. have KG (26). Heiberg adopted K q '  (206) as an emendation of Bode; but it is in fact found in all Arabic mss. I have examined. 



'63The variant 34 occurs in the Greek (C; '31' in D) and Arabic traditions (see S 26). 
16' Literally 'bust' or 'figurehead' (nporopli) 'ofa horse'. In fact only the head appears to have been represented. There are no ancient illustrations (see 

Boll-Gundel927-8), and indeed most ancient authorities ignore this constellation. The designation is confusing, since Pegasus too is represented as only the 
forepart of a horse. 

'65 Literally 'the horse'; but the references to its wings make it  clear that i t  is depicted as Pegasus. The identification was made as early as Aratus (216-24). 
166The star is also known as 6 Pegasi, but in modern times is defined as being in Andromeda. 

p u m b e r  in 
constellation] 

* 

8 
9 

10 

1 
2 
3 
4 

1 

2 
3 
4 

5 
6 
7 
8 

Description 

The southernmost of the 3 stars hetween the tail and thc rhornbr~s 
The more advanced of the othcr 2 t,o the north 
The remaining, rearmost one 
(10 stars, 5 of the third magnitude, 2 of the fourth, 3 of the sixth) 

[XVIII] Constellation of E q ~ ~ ~ ~ l e u s ' 6 4  
The more advanced of the 2 stars in the head 
The rearmost of them 
The more advanced of the two stars in the mouth 
The rearmost of them 
(4  stars, [all] faint) 

[XIX] Constellation of Pegasr~s'"~ 
The star. on the navel, which is [applied in] common to the head of' 

Andromeda 
The star on the rump and the wing-tip 
The star on the right shoulder and the place where the leg,joins [it] 
The star on the place between the: shorllders and the shonlder-part of' 

the wing 
The northernmost of the two stars in the body under the wing 
The southernmost of them 
The northernmost of the two stars in the right knce 
The southernmost of them 

Longitude 
in de,grees 

lo 174 
b 174 
k? 19 

& 26: 
0 28 
tP 26f ' 

L4 27: 

3+ 172 

X 121 
X 21 
-" 263 

34 44 
X 5 
I" 29 
--" 284 

Latitude 
in degrees 

*+304 I f i 3  

t312 
t314 

+20f 
+20 f 
t25f  
+25 

+26 

t12f  
t 3  1 
+ 19s 

t25f 
t 2 5  
4.35 
t344 

Magnitude 

6 
6 
6 

f. 
f. 
f. 
f. 

<2 

<2 
<2 
<2 

4 
4 
3 
5 

[Modern 
designation] 

Q Del 
6 Del 
8 Del 

a Equ 
p Eqlr 
y Equ 
6 Equ 

a AndIh" 

Y peg 
I3 Peg 
a Peg 

r Peg 
u Peg 
rl PCS 
o Peg 



[Number in 
constellation Description 

The more advanced of the two stars close together in the chest 
The rearmost of them 
The more advanced of the 2 stars close together in the neck 
The rearmost of them 
The southernmost of the two stars on the mane 
The northernmost of them 
The northernmost of the two stars close together on the head 
The southernmost of them 
The star in the m~lzzle 
The star in the right hock 
The star on the left knee 
The star in the left hock 
(20 stars, 4 ofthe second magnitude, 4 of the third, 9 ofthe fourth, 3 ofthe I fifth) 

[XX] Gonstellatiorl of Andromeda 
The star in the place between the shoulders 
The star in the right shoulder 
The star in the left shoulder 
The southernmost of the 3 stars on the right upper arm 
The northernmost of them 
The middle one of the three 
The southernmost of the 3 stars on the right hand 
The middle one of these 
The northernmost of the three 
The star on the left upper arm 
The star on the left elbow 
The southernmost of the 3 stars over the girdle 
The middle one of these 

1 The northernmost of the three 

16' Most Creek mss (AIBC) and Is have 96. Heiberg adopts the reading of D,L. 

Magnitude 

4 
4 
3 
4 
5 
5 
3 
4 

>3 
>4 
>4 
>4 

Longitude 
.in degrees 

1" 26! 
lw 27 
;r= 182 
Z 204 
Z 21f 
1" 204 
*lw 94'" 
;r= 8 
lw 54 
1" 234 
1" 17; 
1" 124 

[Modern 
designation] 

Latitude 
in degrees 

+29 
+29f 
t 18 
t19 
t 15 
+ 16 
7164 
t16 
+22 f 
+41 d 
+344 
t36d 

h Peg 
CI Peg 
5 Peg 
5 peg 
P Reg 
a Peg 
8 Peg 
v Peg 
E Peg 
n Peg 
1 Peg 

K Peg 

6 And 
K And 
E And 
a And 
8 Ar~d 
p And 
I And 

K And 
h And 
( And 
q And 

And 
11 And 
v And 



PI84 

1 6 8 A l ~ ~  known as u Persei, but within the constellation Andromeda according to the modern boundaries. 

- 
[Number in 

constellation] 

15 
16 
17 

Description 

The star over the left foot 
The star in the right foot 
The one south of the latter 

Longitude 
in degrees 

T 162 
T l7b 
T 156 
CT 124 

T 104 
T 125 
T 146 
X 113 

9' 11 
7' 16 
T 161 
T 16d 

r d 
?, 7f  
CT 11 
T I I ~  

The northernmost of the 2 stars on the left knee-bend 
The southernmost of them 
The star on the right knee 
The northernmost of the two stars in the lower hem [of the garment] 
The southernmost of them 
The star in advance of the three in the right hand, outside [of it] 
(23 stars, 4 of the third magnitude, 15 of the fourth, 4 of the fifth) 

[XXI] Constellation of Triangulum 
The star in the apex of the triangle 
The most advanced of the 3 on the base 
The middle one of these 
The rearmost of the three 
{4 stars, 3 of the third magnitude, 1 of the fourth) 
{Total for the northernsegment: 360 stars, 3 of the first magnitude, 18 of 

the second, 81 of the third, 177 of the fourth, 58 of the fifth, 13 of 
the sixth, 9 faint, 1 nebulous) 

{Constellations in the zodiac] 

[XXII] Constellation of Aries 
The more advanced of the 2 stars on the horn 
The rearmost of them 

[Modern 
designation] 

y And 
cg Per 

51 And1@' 
u And 
t And 
cp And 

*49(A) And 
" X  And 
o And 

a Tri 
p Tri 
6 Tri 
y Tri 

y Ari 
Ari 
Ari 

0 Ari 

Latitude 
in degrees 

+28 
+37f 
+35{ 
+29 
+28 
+35j 
+34f 
+32f 
+44 

+16$ 
+203 
+19f 
+19 

+7+ 
+8 5' 
+ 7f 
+6 

Magnitude 

3 
<4 
>4 

4 
4 
5 
5 
5 
3 

3 
3 
4 
3 

<3 
3 
5 
5 











[Number in 
constellation] 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 

Latitude 
in degrees 

+1 i, 
- 21 
-Q! *, 6203 

- 1 f  
-11 
-31 
-75 
- 104 

Drscription - 
The star on the left knee of the advance twin 
The star under1'' the left knee of the rear twin 
The star in the left groin of the rear twin 
The star over the bend in the right kneez0' of the same [rear] twin 
The star on the forward foot2'" of the advance twin 
The one to the rear of this on the same foot 
The star on the right foot of the advance twin 
?'he star on the left foot of the rear twin 
The star on the right foot of the rear twin 
118 stars, 2 of the second magnitude, 5 of the third, 9 ot the fourth, 2 of 

I9 
20 

22 2 1 

23 
24 
25 

Longitude 
in deLgrees 

X7 13 
*I2 7:84200 
a 213 

21 f202 
a sf 
+n 84205 
a l0d 
.El 12 
n 14j 

Magnitude 

3 
3 
3 
3 

>4 
>4 
>4 

3 
4 

[Modern 
designation] 

E Gem 
i 
6 Gem 
h Gem 
q Gem 
p Gem 
v Gem 
y G e ~ n  
5 Gm 

'"D has 6ntp ('over'), and this was the reading behind the Arabic ('fjwqa'). 
200P-K emend to 184 (the readingofGer; the rest ofthe Arabic tradition ha.s 18f), on the grounds that the fraction: is not used in the longitudes (theonly 

other examples are XXVII 17 and 29and XXXIII 36). But in X 1 (p. 469) Ptolemy gives the longitude ofthisstar as 1840, and that position isconlirmed by 
his subsequent computations. 

2 0 1 d y ~ 6 h ~ l .  This would normally mean'elbow', and is so translated by Manitius. But the position ofthe star on the figure shows that it must be on the leg, 
and therefbre we must refer it to the bend in the leg (as in animal figures, e.g. Aries, XXII 12). 

202 The variant 21 f is found in D,Ar. 
'03This is the reading of D,Ar ('5', F). Most Greek mss. have L c,' (4 + d ) ,  which is very strange, as 3 is normally written as P;;. 
'04 'forward foot': xpcixovq, also used e.g. as the spur of a mountain. 'The twin is depicted with one foot (or leg) advanced before theother. xpdnou~ was 

used as a name for this particular star, see Hipparchus, Cornm. in Aml. 3.4.12 (ed. Manitius 268,28). 
2058t! D,Ar, adopted by P-K. 
206D has 3, adopted by Manitius. P-K adopt 54 (from Ger). All the Arabic mss. I have seen have O f .  

the fifth) 

Stars around Gemini outside the constellation: 
The star in advance of the forward Soot of the advance twin 
The bright star in advance of the advance knee 

The The northernmost star in advance ofthe of the three left stars knee in of a the straight rear twin line to !.he rear of the 
right arm of the rear twin 

The middle one of the three 
The southernmost of them, near the lbrearrn of the [right] arm 
The bright star to the rear of the above-mentioned 3 
( 7  stars, 3 of the fourth magnitude, 4 of the lifth) 

n 46 
n 64 

L3 II 28f 15d 1 - - 24 1 s 

Sr 26; - 3f  
a 26 .  -44 
~s 0+20:_2f 

--- 
>/ 

36(d) l ( H : 2 z y i  *85 Gem Gem 

"8 1. (g) Gem 
'74(Q Gem 

'( Cnc 



2 m q a ~ ~ ~  ('manger'). Manitius and P-K identify this as& Cnc, which is indeed in the middle ofthe galacticcluster, but Ptolemy is clearly not referring to 
an individual star. 

208The variants 3 (B) and 03, i.e. (Ar) are found. The latter is adopted by P-K. 
2096~01 ('asses'). 
2100n  the large error in latitude see P-K no. 457 p. 102. 

The variant 19d is found in some Greek mss. (BC) and in the earlier Arabic tradition. According to S 40 the IshLq translation and ThHbit's i-evision ofit 
had 15i. Extant Arabic mss. (except for at-TGsi's revision, which has 156) exhibit 19:. If we accept the latter, the most probable identification isx Cnc 
(adopted by Manitius). P-K adopt 153(!) and identify the star as Q ' + o2 Cnc. 

212F~llowing P-K and Manitius (who does it without commen~), I have dubiously transposed the latitudes of nos. 12 and 13, which then fit the actual 
positions of v and 5 Cnc fairly well. There is no ms. authority for this: 

[Number in 
constellation] 

1 

2-5 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

- - 

Description 

[XXV] Constellation of Cancrr 
The middle of the nebulous mass in the chrst, called Praesepe2"' 

The quadrilateral containing t tie nchula [no. 1 1: 
the northernmost of the two stars in advance 
the southernmost of the two stars in advance 
the northernmost of the rear 2 stars on the qrladrilateral, which 
are called 'A~e l l i ' ~~"  
the southernmost of these two 

The star on the southern claw 
The star on the northern claw 
The star on the northern back leg 
The star on the southern back leg 
19 stars, 7 of the fourth magnitude, 1 of the fifth, 1 nebulous] 

Stars around Cancer outside the constellation: 
The star over the joint in the southcrn claw 
The star to the rear of the tip of the sor~therri claw 
The more advanced of the two stars over the nehula and to the rear of it 
The rearmost of these [two] 
14 stars, 2 of the fourth magnitude, 2 ol' thc fifth] 

Latitude 
in degrees 

*+o {20R 

+I b 
- l k ,  
+ 25 

-Od 
- 5 ;  
+ 1 1 ?  
+ 1 

*-7f210 

-2; 
I 

-55 
* + 7 1 2 1 2  

"+4 2 

Longitude: 
in degrees 

5 10: 

5 7 :  
8 

5 104  

5 113 
5 16i 
5 8 i  
5 22j 
5 7 i  

*= 1952" 
I ' I c  

5 14 
5 17 

Magnitude 

riel). 

<4 
<4 
>4 

>4 
4 
4 
5 

>4 

<4 
<4 

5 
5 

[Modern 
designation] 

CGal 2632 
(Messicr 44) 

q Cnc 
8 Cnc 
y Cnc 

6 Cnc 
a Cnc 
1 Cnc 
p Cnc 
p Cnc 

"IT Cnc 
K Cnc 

"v Cric: 
"5 Cnc: 

1 



Latitude 
in degrees 

H98 

HlOO 

[Modern 

K Leo 
h Leo 
CI Leo 
E Leo 
5 Leo 
y Leo 
q Leo 
a Leo 

3 1 (A) Leo 
v Leo 
y Leo 
k Leo 
o Leo 
n Leo 
P Leo 

46(i) Leo 
52(k) Leo 
53(1) Leo 

60(b) Leo 
6 Leo 

*81 Leo2" 
0 Leo 

[Number in 
constellation] 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1 
22 

""The variant 46 occurs in the early Arabic tradition according to S 41. 
'I46pci5, literally 'grasping hand'. The  lion is represented with claws out and hooked, as in Thiele Fig. 26 p. 99. 
215All mss, except D give magnitude 6 here. Heiberg adopts 5 to reach agreement with the sub-total for the constellation. P-K adopt 6 here a n d 5  at no. 

19 (from the Arabic), perhaps rightly. 
2 1 V h e  variant 13 occurs in the Arabic tradition (sce S 42). 
'I7Cf, n. 215 on no. 12. All Creek mss, have 6, but the Arabic tradition is unanimous for 5. If correctly identified as 60 Leonis, this star has, by modern 

definition and measurement, magnitude 4.4. 
218T.he identification is extremely uncertain: see P- K on no. 482, pp. 102-3.81 Leonis is possible only ifthe longitude is emended to be greater than that 

of no. 22, for which there is no authority. 

: 
Description 

[XXVI] Constellation of Leo 
The star on the tip of the nostrils 
The star in the gaping jaws 
The northernmost of the two stars in the head 
The southernmost of these 
The northernmost of the 3 stars in the neck 
The one close to this, the middle one of the three 
The  southernmost of them 
The star on the heart, called 'Regulus' 
The one south of this, about on the chest 
The star a little in advance of the'star on the heart [no, 81 
The star on the right knee 
The star on the right front claw-clutch"4 
The star on the left front claw-clutch 
The  star on the left [front] knee 
The i tar  on the left armpit 
The most advanced of the three stars in the belly 
The northernmost of the other, rearmost 2 
The southerrlmost of these [two] 
The more advanced of' the two stars on the rump 
The rearmost of them 
The  northernmost o f the  2 stars in the buttocks 
The southernmost of them 

Longitude 
in degrees 

5 18; 
5 216 
5 244 
5 246' 
62 0 ~ ~ 1 3  
sl 246 
61 0 j  
sz 2f 
0 34 
61 0 
5 27$ 
5 2446 
5 274 
a 24 
&I 9d 
61 7 
f l  10f2I6 
a 1261 
fl l l f  
62 14d 

"61 14; 
0. 164 



[Number in 
constellation 

23 
24 
25 
26 
27 

28 
29 
30 
3 1 
32 
33 

The star in the hind thighsz1' 
The star in the hind leg-bends 
The one south of this, about in the lower legs 
The star on the hind claw-clutches 
The star on the end ol'the tail 
(27 stars, 2 of the first magnitude, 2 ofthe second, 6 ofthe third, 8 ofthe 

fourth, 5 of the fifth, 4 of the sixth) 

' 

Stars around Leo outside the constellation: 
The more advanced of the 2 over the back 
The rearmost of them 
The northernmost of the 3 under the flank 
The middle one 01' these 
The so~rthernmost of them 
The northernmost part of the neb~~lous mass between the edges ol'Leo 

and Ursa [Major], called Coma  ber re nice^]^^.' 
The most advanced of ihe sor~thern olltrunners of Coma 
The rearmost of them, shaped like an ivy leal' 
(5  stars, 1 of the fourth magnitude, 4 of the fifth, plus Goma] 

[XXVII] Constellation of Virgo 
The southernmost of the 2 stars in the top of the skull 
The northernmost of them 

Longitude 
in degrees 

Latitude 
in degrees 

41 LMi 
54 Leo 
x Leo 

59(c) Leo 
58(d) Leo 

*15(c) Com 

Magnitude 

3 
4 
4 
5 

[Modern 
designation] 

I Leo 
cr Leo 
t Leo 
u Leo 

4 1 1 1 v v i r  1 
+5t I; Vir 

f. 
f. 

21"'The lion is represented with both hind legs together. CI: nos. 24 to 26, and e.g. Thieie Fig. 26 p. 99. 
220The variant 24f occurs in the Greek (AID) and iatrr P,rahic traditions (see S 43). 
22' Readingy c,' (with D,.adopted by Manitius) Cory E '  (3;) at H101,6. The latter fraction would I,e unique in the whole catalogue. The Arabic tradition 

(see S 44) varies bctween of and 3.' P-K adopt the latter, which might bc correct. 
222The varizint 04 occurs in the later Arabic tradition (see S 45). 
22"ne can make out many of the stars of this cluster with the naked eye. But it isdubious whether one should identify the points named by Ptolemy with 

individual stars, as I have done following Manitius and P-K, For here P~olemy uses the neuter (TO ~ o p ~ i i ) ~ a t o v ) ,  not the masculine (which would imply 
dorrjp, 'star'). The group was named x h o ~ a p o <  ('lock') in honour of the lock of Berenice by Conon: see the poem of Ca.llimachus, Aelia fr. 110. 

2 2 4 0 n  the peculiar designation of the magnitude in most Greek mss,, namely cipaupo~ ('faint') with hapxpoc, ('bright') over it, see P-K p. 103. 
2 2 T h e  longitude of no. 1 should be greater than that of no. 2, but the only alternative ms. reading for the longitude of no. 1,25 (AIBC) is even smaller. 

Hence P-K interchange the longitudes of the two stars. Manitius (p. 403) would prefer to correct the longitude of no. 2 to 26. 

*7(h) Corn 
+23(k) Corn 



226Readingq' at H103,7 for y ' (Oj), the reading of D. 0% is the reading of the Greek rnss. BC (confirmed by CCAG I cod. 12 ~ . 1 4 2 ~ ,  13) and the later 
Arabic tradition (see S 46). It is adopted by P-K. A and thc rest ofthe Arabic tradition have 6. 

227Reading a g' (with allpmss. except D) for a L '  (1 f )  at H103,8. Corrected by P-K. 
228Reading P L '  y '  (with all rnss. except D, '2f' and T, '2;lO') lbr P L ' (24) at H103,lO. Corrected by P-K. 
229The variant 113 occurs in the early Arabic tradition according to S 47. 
230The variant 136, adopted by P-K, is the reading of Ar. 
231 The variant 16 is found in the Greek (AIBC) and later Arabic traditions (see S 48). 
232npo~puyqr~p ,  'the harbinger of vintage'. 
233 This is the reading of D,Ar. The other Greek rnss. have 20;. P-K adopt 16 on no ms. authority. 
23'ara~uq, an ear of wheat or other cereal. 
Z 3 5 ~ ~ p i l ; o p a  (clothing worn about the loins), probably dilrerent from the (Qv-q (girdle) in no. 10. 
236P-K and Manitius agree on the identification of these four stars, but as Manitius points out (p. 403), it is hard to see them as forming any kind ol'a 

'quadrilateral'. To remedy this P-K (no. 515 p. 104) suggest an implausible interchange in the coordinates of nos. 19 and 20. 
237 The variant 6 is found in part of the Arabic tradition (see S 49). 
238The variant 04 is found in the Arabic tradition (see S 51). 

[Modern 
designation] 

o Vir 
n Vir 
p Vir 
7 Vir 
y Vir 

"46 Vir 
0 Vir 
6 Vir 
p Vir 

32(d2) Vir 
E Vir 
a Vir 
( Vir 

*74(12) Vir 
"76(h) Vir 

*82(m) Vir 
*68(i) Vir 

Latitude 
in degrees 

+8 
+5 f 

++0422b 

++1 i t zz7  
t26 

c+22228 
4.1 f 
+8f 

*+13tZ3O 
+I  i f  

*+15AzJ3 
-2 
+83 

+3 4 
+ 0 6 ~ ' ~  
+I  f - 3238 

Longitude 
in degrees 

h? 03 
W of 
62 29 
IQ! 84 
w 13% 
TW 174 
W 21 
np 14fZz9 
ml 8d 
w l ~ i ~ ~ ~  
W 124 
m? 263 
IW 246 

w 264 
"a 274 
il: 0 
W 28 

[Number in 
constellation] 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16-19 
16 
17 
18 
19 

Magnitude 

5 
5 
3 
3 
3 
5 
4 
3 
5 
6 

>3 
1 
3 

5 
6 

<4 
5 

Description 

The northernmost of the 2 stars to the rear of these, in the face 
The southernmost of them 
The star on the tip of the southern, left wing , 
The most advanced ol'the 4 stars in the left wing 
The one to the rear of this 
The one to the rear again of this 
The last and rearmost of the 4 
The star in the right side under the girdle 
The most advanced of the 3 stars in the right, northern wing 
The southernmost of the other 2 
The northernmost of these, called ' V i n d e m i a t r i ~ ' ~ ~ ~  
The star on the left hand, called 'Spica'234 
The star under the apron,235just about over the right buttock 
The quadrilateral in the left thigh:2J6 

the northern star on the advance side 
the southern star on the advance side 
the northernmost of the 2 stars on the rear side 
the southernmost star on the rear side 



2" In part of the Arabic tradition the latitude is northerly (see S 52). 
240Longitude: 63 is the'reading ofD,Ar. Most Greek mss. have 6:. Latitude: fbllowing P-K, I read [ L ' (with all mss. except D) for 6 q ' (72) at H105,7. 
24"This is the rrading of the Creek mss. P-K adopt 71, found as a variant in the Aral,ic (L,E,T2, Ger). 
242For this identification of the 'double star' (which i t  is not), see P-K no. 527 on p. 104. 11 is extremely dubious. 

d 

[Number in 
constellation] 

20 
2 1 
22 
23 
24 
25 
26 

27 
28 
29 
30 
3 1 
32 

[Modern 
designation] 

86 Vir 
*90(p) Vir 

t Vir 
K Vir 
cp Vir 
h Vir 
p Vir 

x Vir 
y/ Vir 

49 Vir 
53 Vir 

*61 + 63 Vi?42 
89 Vir 

Description 

The star on the leli knee 
The star in the back of the right thigh 
The middle star of the 3 in the garmcnt-hem round the feet 
The so~rthernmost of them 
The northernmost of the three 
The star on the left, southern foot 
The star on the right, northern foot 
{26 stars, 1 of the first magnitude, 6 of the third, 7 ol'the fourth, 10 ofthe 

fifth, 2 of the sixth) 

Stars around Virgo ootside the constellation: 
The most advanced of the three in a straight line under the left forearm 
The middle one of these 
The rearmost of the 3 
The most advanced of the 3 stars almost on a straight llne under Spica 
The middle one of these, which is a double star 
'The rearmost of the three 
(6  stars, 4 of the fifth magnitude, 2 of the sixth) 

Longitude 
in degrees - lf 

rrll 28 
*- 6f 
~2 74 
5 84 
e 10 
- A 123 

nq 145 
n? 19 

"tw 22t 
m 274 
t r l ~  286 
h 5 

Latitude 
in degrees 

- 1 4239 
+81 
+7 f 240 

+21 
+ l l ~  
+of 
+9d 

-3f 
-3f 
-34 

* - 7 p  
- 8: 
- 72 

Magnitude 

5 
5 
4 
4 
4 
4 
4 

5 
5 
5 
6 
5 
6 



VIII I .  Constellation XXVIIP : Libra 

1 (Tabular  Inyoul' of &he consie1lalion.r in the souihern hemisphere) 

' ~ q h a i ,  literally 'claws' (of Scorpius). Both Suy65 ('balance', hence Libra) and xqhai are fbund in the Greek texts, but Ptolemy always uses the latter 
except at  IX 7 (H267,14), which is a quotation from an earlier observation. See Boll-Gundel cols. 963-5. 

2The  variant 3 is found in the Greek ms. B and in part of the Arabic tradition (see S 53). 
3The  identification of nos. 13 and 14 is highly uncertain. The stars I have designated are in approximately the same relative positions as Ptolemy 

indicates. But, if the identifications are correct, why does Ptolemy mention K Lib? P-K identify as K Lib and oh Arg 14782 (which is BSC5810, adopted 
by me), Manitius as 41 Lib and K Lib. Another problem is the magnitudes: K is 4.72, 41 is 5.38, and BSC 5810 only 5.94. 

[Number in 
constellation] 

1-2 
1 
2 
3-4 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 

.- 

Description 

[XXVIII] Constellation of Libra' 
Stars on the tip of the southern claw: 

the bright one 
the star to the north of this and fainter than it 

Stars on the tip of the northern claw: 
the bright one 
the faint star in advancr of this 

The star in the middle of the southern claw 
The one in advance of this on the same claw 
The star in the middle of the northern claw 
The one to the rear of this on the same claw 
(8 stars, 2 of the second magnitude, 4 of the fourth, 2 of the fifth) 

Stars around Libra outside the constellation: 
The most advanced of the 3 stars north of the northern claw 
The southernmost of the rearmost 2 [of these] 
The northernmost of them 
The rearmost of the 3 stars between the claws 
The northernmost of the other 2 in advance [of the latter] 

[Modern 
designation] 

a Lib 
JA Lib 

f3 Lib 
6 Lib 
I Lib 
v Lib 
y Lib 
8 Lib 

37 Lib 
48 Lib 
6 Sco 
A Lib 

'41 Lib3 

Longitude 
in degrees 

-- 18 
2 17 

I 

^ 22; 
fi 17f 
fi 24 
fi 214 
fi 272 
% 3 

r: 26if 
Q 3$ 
% 44 
nt 34 
nL of 

Latitude 
in degrees 

+o$ 
+21 

+82 
+8 f 
- l $  
+ld 
+4$ 
+3$ 

+9 
+6f 
+94 
+of 

*+of 

Magnitude 

2 
5 

2 
5 
4 
4 
4 

<4 

5 
<4 
<4 

6 
5 



[Number in Longitude Latitude [Modern 
constellation] Description in degrees in degrees Magnitude designation] 

14 The southernmost of them fll, 14 - 1 f 4 *BSC 5810 
15 The most advanced of the 3 stars south of the southern claw 23 -74 3 20 Lib 
16 The northernmost of the other, rear 2 Q 14 *-8i4 4 39 Lib 
17 The southernmoit of them nL 2 -93 4 40 Lib 

(9 stars, 1 of the third magnitude, 5 of the fourth, 2 of the fifth, 1 of the 

[XXIX] Constellation of Scorpius 
'l'he northernmost of the 3 bright stars in the forehead 
The middle one of these 
The southernmost of the three 
The star soirth again of this, on one of the legs 

The most advanced of the 3 bright stars in the body 
The middle one of these, which is reddish and called 'Antares' 
The rearmost of the 3 

This is the reading of all Greek mss. except D, which has 8 i  (so too Ar; adopted by P-K). 
5 S  54 records the variant 6$  in the Syriac version. 
"he variant 6d is found in D,Ar. 
'It is generally agreed that nos. 14 and 15 are to be identified with [' and c2 Sco, but it is not clear which is which. Furthermore what Ptolemy calls the 

southern one has (in the mss.) a more northerly latitude (-la0) than what he calls the northern one (-1840). I have therefore, dubiously, reversed the data of 
14 and 15. Manitius reverses the latitudes only. P-K (no. 560 on p. 105) identify 14 as <' and 15 as C2, emending -18 to -19. Everything is uncertain. 



I [Number in 
conste~lation], I Description I Longitude 

in degrees 

The one alier that, in the 5th joint 
The next one again, in the 6th joint 
The star in the 7th joint, the,joint next to the sting 
The rearmost of the 2 stars in the sting 
The more advanced of these 
(21 stars, 1 of the second magnitude, 1.3 of the third, 5 of the fourth, 2 ol 

the fifth) 

Stars around Scorpius outside the constellation: 
The nebulous star to the I-ear of the sting 
The mast advanced of the 2 stars to the north of the sting 
The rearmost of them 
(3 stars, 2 of the fifth magnitude, 1 nebulor~s) 

[XXX] Constellation of Sagittarius'" 
'The star on the point of'the arrow 
The star in the [bow-]grip held by the left hand 
The star in the southern portion of the bow 
The southernmost of the [2] stars in the northern portion of the bow 
The northernmost of these, on the tip of the bow 
The star on the left shoulder 
The one in advance of this, just over the arrow 
The star on the eye, which is nebulous and double 
The most advanced of the 3 stars in the head 

'Manitius identifies this as G Scorpii, P-K as y Telescopii, an obsolete designation which is the same as G Scorpii (BS'C6630). But the description 
'nebulous' obviously includes the globular cluster (cf. P-K no. 567 p. 105 and Burnham 111 1689). 

'Reading KO L' (with Ar) for ICE 1' (25;) at H113,7. This correction, adopted by P-K, is confirmed by the description ('to the rear', cf. no. 23). 
''This is the reading of D,Ar. Most Greek rnss. have 1 i .  The identification depends on the coordinates one adopts. With those of the translation, 3 Sgr 

(adopted by P-K) seems right. 
" The archer, re resented as a centaur. f 

1 

'*The variant 3 , found in the Arabic (XJ,T2,E, Ger), is adopted by P-K. 



[Number in 
constellation] Description 

The middle one of these 
The rearmost of the three 
'The southernmost of the 3 stars in the nort hcrn cloak-attachment l 3  

The middle one of these 
The northernmost of the three 

,The faint star to the rear of these thrrr 
The northernmost of the 2 stars on the southern cloak-attachment 
The southernmost of thcm 
The star on the right shoulder 
The star on the right elbow 
The three stars in the back: 

the one just above the place between the shoulders 
the middle one, just above the shoulder-blade 
the other one, under the armpit 

The star on the front left hock 
The one on the knee of the same leg 
The star on the front right hock 
The star on the left thigh 

Longitude 
in degrees 

Latitude 
in dcgrees 

[Modern 
Magnitude desigriation] 1 

o Sgr 
x Sgr 

43(d) Sgr 
P Sgr 
u Sgr 

55(e) Sgr 
61(g) Sgr 

*57 Sgr 
5' Sgr 

*5l (h') + 52(h2) Sgr 

W SR'. 
r Sgr 
c SR' +ol + P2 Sgr 
a Sgr 
u Sgr 

*K' + K* Sqr 

l 3  tcpanti~. This word is mistreated in the dictionaries. It is a piece of cloth which was attached (hence the name) to a mounted soldier's cloak at the 
shoulder, and which was, in theory, used to wrap round the arm as a guard (defined by Poliux IV 116, ed. Bethe 1235, ouotp~ppanov rropcpupdv fi 
cpotvrwo~, 6 X E P ~  T~!V ~ A p a  AXov oi Z O ~ & ~ O ~ V T E $  fi oi oqpbvr~q) ,  but in practice was largely decorative, being often of purple or embroidered (see 
Athenaeus V 194f and 196f, passages from Hellenistic a~rthors), and streaming free from the shoulder BS the wearer galloped. This is how i t  (or they, oneon 
each shoulder) appeared in the depictions of Sagittarius (e.g. Thiele Fig. 42 on p. 1 17), where they may be n Greek adaptation ofthe wings ofa Babylonian 
original (see e.g. King, Babylonian Boundary S(0ne.r PI. XXIX A; but i t  is only a plausible conjecture that this figure represents a constellation. See Seidl, 
Kudurru-Religs 177, with further literature). This attribute of Sagittarius is as early as Hipparchus (e.g. (;bmm. zn Arat. 2.5.16, ed. Manitius 198,27). I do not 
know whether Hephaestion (ed. Pingree 1,3,10), in referring to 'wings or cloak-attachments', preserves a Babylonian tradition or is misinterpreting a 
picture of Sagittarius. 
" S 56 records the variant 1 !) in the earlier Arabic tradition. 
I525f in some Greek mss. 25 1 in AD,Ar. 
16Ar has 224, adopted by P-K. 
"For the variants 3 and 4 in the Arabic tradition see S 58. 



VI l I  I .  Constellation X X X I :  Capricornus 

- 
L L L L  a a n a a n a a a a a a a a  
t a M W b J :  a a a c d a a a a a a a c e a a  
m m m m  U U U U U U U U U U U U U U  
3 --- "a > C 1 w U O  E Q b  V 3 3 3-u 
< a  sgz + d 

+ - 
-0 - - * a L C  'a 

x YF 
N 

0 v, 
- 0 u  P C 

,5 2 "I" N r l r  -.PC v1.z r,,h 

.- bn 8 t - C C C O Q S  
bO U N @ J @ J C \ I  

0 
= =  ++ +c-c++c-c 
J .5 * t 



24The variant 23 occurs in the later Arabic t.radition (see S 59). 
'"he direction 'south' attached to the coordinate '0' perhaps indicates that the star is.very slightly south ofthe ecliptic. Corrtr.ast no. 26. 
" 'Spine' ( b ~ a v e q )  here .means a projection from the fish-tail. Manitius (p. 404) emends vozicc, ('southern') to vsrtaiq 'the spine on [projecting 

from] the back'), comparing H128,l Eni r f lq  v o r ~ a i a ~  dr.~hvQqq, and H166.22 E r i l  zqq  vsrtaicr< voziou & ~ h v O q ~ .  Although the con,jecture issuperfic:ially 
attractive, the location of this projection on the figurc seems indccd to be sor~th of the main tail: see Thiele Fig. 41 on p. 116. 

2721 ,$ all Greek mss. 'except A. 24i Ar. 
*"or this meaning of ocpa'tov cf. Cetus (XXXIV) nos. 21 and 22, and LS*J s.v, obpaioq 2. 
29The variant 56 occurs in the earlier Arabic tradition according to S 60. 
30The Syriac translation had the variant 182 according to S 61. 

[Modern 
designation] 

36(1)) Cap 
cP Cap 
X Cap 
11 Cap 
O Cap 
I Cap 
E Cap 
K Cap 
Y @ap 

6 Cap 
42(d) Cap 

25(d) Aqr 
cr Aqr 
o Aqr 

[Number in 
constellation] 

15 
16 
17 
18 
19 
20 
2 1 
22 
23 

24 
25 
26 
27 
28. 

1 
2 
3 
4 

w 

Latitude 
in degrees 

- 6 
- 4d 
- 4 
- 22 - 02" 

-02 
- 44 
- 4! 
- 2d 

- 2 
+ O t  
t O 
t22 
t 4 f  

t 1 . 5 3 ~ ~  
t11 , 
t93 
+8$'O 

Magnitude 

5 
5 
5 
5 
4. 
4 
4 
4 
3 

3 
4 
5 
5 
5 

5 
3 
5 
3 

- -- 

1)oscription 

The rcarmost of these 
'The rcarmost 01' thc 3 stars in t hc middle of' thc I)ody 
The southernmost ol'thc other, advancc 2 
'I'he northernmost of them 
The more advanced ol' the 2 stars in thc Imck 
The rearmost of them 
The more advanced of the 2 scars in r.he sorlt1.lc.l.n spinea' 
The rt:armost ol' them 
The more advanced of the 2 stars in t.hr sc:ction [of the Ix>dy] next to the 
tail 
The rearmosi of them 
The most advanced of the 4 stars on the nortllcrn portion of the tail 
The southernmost ol' the o~ hrr 3 
The middle one of these 
'The northernmost of them, on thc end of' tilt tail-fin2" 
128 stars, 4 ofthe third magnitude, 9 ofthc fo~~r th .  9 ol'thc firth, 6 ol'thr 

sixth) 

[XXXII] Constellation ol' Aquarius 
The star on the head of Aquarius 
The brighter of the 2 stars in the right. shoulder- 
The fainter one, under i t  
The star in the left shoulder 

Longitude 
in degrces 

~rp 20t2' 
Irp 18: 
Irp 16; 
t3. 163 
0 16? 
l/p 21 
l@ 234 
0 2.5 
"13. 24:27 

26; 
Irp 262 , 

Vp 28; 
Irp 27; 
Irp 28i 

Z 0; 
s 6: 
Z 5k 
Irp 264 



3'Reading votiov for Popeiov ('to the north') at H120,10. Although all Greek mss. have pop~iov ,  the sense requires the emendation, which is 
confirmed unanimously by the Arabic translations. 

32 P Aqr should have a latitude somewhat to the south of0 Aqr (no. 13). Hence Manitius (p.404) interchanges the latitudes of 13 and 14. Perhaps i t  would 
be preferable to adopt, for 14, the latitude 2i, found in E, Ger. 

33DT have 'southerly' for the latitudinal direction (adopted by Manitius). The reading 4 is found in all Arabic mss. I have examined. 
34 I take this to mean 'the most advanced in the section up to the bend'; for it cannot mean 'thc most advanced in the whole flow ofwater', since the stars 

at the bottom of the flow (e.g. no. 42) are certainly 'in advance' of no. 23. But perhaps one should read r c p h o ~  ('first'): A has np ' ,  BC n ~ ;  cf. the exactly 
similar formulation Pisces (XXXIII) no. 20, where npoqyo6pcvoq cannot be interpreted as here (see n.51 there). 

35 If this star is correctly identified as K Aqr, the coordinates are considerably in error. For the various solutions which have been proposed see Manitius p. 
404 and P-K p. 106 nos. 651 and 652. Although no. 23 has a grrater longitude than no. 24 it is 'the most advanced' of nos. 23-6. For when one converts 
Ptolemy's coordinates to right ascension and declination (with E = 23;51,20°) one finds a(23) = 316;56O and a(24) =: 317;20°. Cf. p. 340 n.93. 

1 

[Modern 
designation] 

5 Aqr 
v Aqr 
CI Aqr 
E Aqr 
Y Aqr 
n Aqr 
< Aqr 

Aqr 
0 Aqr 

P Aqr 
0 Aqr 
t Aqr 

38(e) Aqr 
6 Aqr 
t Aqr 

53(1) Aqr 
68(g2) Aclr 
66(g1) Aqr 

*K AqrJS 

- 
[Number in 

constellation] 

5 
6 
7 
8 
9 

10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
2 1 
22 
23-42 
23 

Latitude 
in degrees 

+6 $ 
+5 f 
t 8  
+a $ 
+a a 
+lo: 
+9 
+a f 
+3 

% + 3 4 3 2  

-02 
- 1 i  2 

*&a3'  
-74 
-5 
- 5 :  
-10 
- 9 

+2 

Magnitude 

5 
3 
4 
3 
3 
3 
3 
3 
4 

5 
4 
4 
6 
3 
4 
5 
5 
5 

4 

Description 

The one under that, in the hack, approx~mately under the armpit 
The rearmost of the three stars in the left arm, on the coat 
The middle one of these 
The most advanced of the three 
The star in the right forearm 
The northernmost of the 3 stars on the right hand 
The more advanced of the other 2 to the south" 
The rearmost of them 
The more advanced of the 2 stars close together in the hollow of the 

right [hip] 
The rearmost of them 
The star on the right buttock 
The southernmost of the 2 stars in the lefi buttock 
The northernmost 01' them 
The southernmost ofthe 2 stars in thr right lower leg 
The northernmost of them, under the knee-bend 
The star in the back of the left thigh 
The southernmost of the 2 stars in the left lower leq 
The northernmost of these, under the knee 
The stars on the flow of water: 

the most advanced [in the section] beginning at the hand3' 

Longitude 
in degrees 

@ 274 
@ 17; 
Lp 16b 
Lp 14f 
Z 94 = 11:  
z 12 
2 13; 
Z 6d 

z 7 
NI 8{ 
z I f  
z 36 
z 1 1 ;  
z l l t  
zz 4$ 
2 8t 
27 72 

,1 15 



""his is the best sense I can make o f p ~ r a  ttjv ~apnr jv .  PET& here cannot be the eqrrivalent oflbnopsvoq, as in Pisces (XXXIII) no. 29, and the situation 
of the star forbids us to translate 'after the bend', for the star actually in the bend comes later (no. 27). 

"The variant 104 was in the Syriac version according to S 62. 
"This identification is my proposal. P-K prefer 94 Aquarii; but this involvesso great a longitudinal error that Peters had to emend the longitude to 172, 

on no authority. 
39This ii t,he reading of D,Ar; most Greek mss. have 224. 
'OThe identification of nos. 39-41 is not in douht. But the latitude of86 Aqr is considerably to the south of89 Aqr. Hence Manitius (p. 405) interchanges 

the latitudes of nos. 39 and 40. P-K, more plausibly, emend the latitude of 39, but their emendation, lei, is palaeographically implatlsihle as well as 
without authority (the only plarrsible variant is 142 in D,Ar, which is still too small). Against making any change isPtolemy's description. Ifno. 39 is indeed 
south of no. 40, why did he not simply describe it as the southernmost of the three? Probably he got the latitude of no. 39 wrong. 

"The variant 23 is found in the Greek (D) and Arahic traditions ( ~ c c  S 63 ) .  

[Modern 
designation] 

" 

h Aqr 
83(h) Aqr 

- 
[Number in 

constellation] 

24 
25 

Longitude 
in degrees 

-" 14,$ 
Z 17f 

Desc.ription 

the one next to the latter towards the south 
the one next to this, after [the beginning of) the I,)end3' 

26 
27 
28 
29 
30 
3 1 
32 
33 

34 
35 
36 
3 7 
38 
39 
40 
41 
42 

the one to the rear again of this 
the one in the bend to the south of this 
the northernmost of the 2 stars to the ~011th of this 
the southernmost of the two 
the lone star at some distancc from thcsc [two] toward 
the more advanced of the 2 stars close toget.her afte 
the rearmost of them 
the northernmost of thc 3 stars in the next group 

the middle one of the three 
the rearmost of them 
the northernmost of the next 3 [arranged] likewise 
the southernmost of the three 
the middle one of the three 
the most advanced 01' t he 3 stars in the remaining group 
the southernmost of the othcr 2 
the northernmost 01' t hcm 
the star at the end of the water and on the mou 
Austrinus 

(42 stars, 1 of the first magnitude, 9 of the third, 18 of the fourth, '13 01' 
the fifth, 1 of the sixth) 

Latitude 
in degrees 

toft 
-1 b 

Magnitude 

4 
4 



*'A and most Arabic mss. have > 4. 
43The variants 73 and 9a are found in the Arabic tradition (see S 64). 
44The line joining the tails of the two fishes: see Thiele Fig. 35 on p. 110. In fact there are two lines joined in a knot (see no. 19). 
45 Perhaps one should emend ainijv at H124,19 toabt$ ('the one to the rear of the latter'). For no. 10 is not the rearmost ofall the stars on the fishing-line 

(nos. 9-18), but only of the first two. 
4 6 2 ~ t  D,Ar, 20f, the other Greek mss. 
47 The Greek mss. have 6.  Heiberg adopted 0 i  from a conjecture of Bode. It was in fact the readihg of the older Ma'mun version according to S65. The 

readin 14, found in some mss, of both the ai-Hajjiij and Thiibit versions (ibid.), and in Ger, is also possible. 
4sYi?! BC,F,T; 221 AID,E,Ger. 

r 

[Number in 
constellation j 

43 
44 
45 

1 
2 
3 
4 
5 
6 
7 
8 

9-18 
9 

10 
11 
12 
13 
14 

Description 

Stars round Aquarius outside the constellation: 
The most advanced ofthe 3 stars to the rear of the bend in the water 
The northernmost of the other 2 
The southernmost of them 
{3 stars of magnitude greater than the lourth) 

[XXXIII] Constellation of Pisces 
The star in the mouth of the advance fish 
The southernmost ofthe 2 stars in the t.op of its head 
The northernmost of them 
The more advanced of the 2 stars in the back 
The rearmost of them 
The more advanced of thc 2 stars in the belly 
The rearmost of them @ 

The star in the tail of the same [advance] fish 
The stars forming its fishing-line:44 

the first after the tail 
the one to the rear45 
the most advanced of the 3 following bright stars 
the middle one of these 
the rearmost of the three 
the northernmost ofthe 2 small stars under these, in the bend 

Longitude, 
in degrees 

26$ 
Z 29j 
Z 29 

E 211 
2 24i, 
Z 26 
Z 28i 
X O $  
;w" 26 
U" 295 
M 6 

M 11 
M 13 
x 17L 
"M 2044" 
X 23 

"3f 22f48 

Latitude 
in degrees 

I -151 
- 145 
-184 

+9 1 
+7 f 43 

t9 5 
I 

+9 f 
+7 1! 
+4 f 
t31 . 

t6 f 

t5$ 
t3 a 
+2 $ 
t l  b 

* - 0 6 4 7  

- 2 

Magnitude 

>4 
>4 
>4 

a 442 

4 
4 
4 
4 
4 
4 
4 

6 
6 
4 
4 
4 
6 

[Modern 
designation] 

2 Cet 
6 Cet 
7 Cet 

/3 Psc 
y Psc 

7(bj Psc 
8 Psc 
t Psc 

w Psc 
A Psc 
o Psc 

41 (d) Psc 
51 Psc 

6 Psc 
E Psc 
( Psc 

80(e) Psc 



4 9 S ~  D,L1,T,F,Ger; 2 0 f ~ ,  23f BC,L2,E. 
5 0 S ~  AD,Ar; 28; BC. 
5' T C P O ~ Y O ~ J I E V O ~ ,  which is normally 'the most advanced'. Rut that cannot be so here, since no. 20 is 'to the rear' ofno. 21. Perhaps oneshould emend to 

xp^wro$, cf. Aqparius (XXXII) no. 23, with 11.34. 
S2The variant 'northern' is found in the Greek (BC) and Arabic traditions (see S 66). 
53 SO ABC. 04 D, Ar, adopted by P-KI 
" 23 the Greek rnss. Heiberg adopts 20f from the editlo princep.~ According to ibn as-Salih (S 67) all the Arabic translations except the original Ish5q 

version had 201, but in the extant rnss. 23 is also found (see K~~nitzsch's reports ibid.). 
""263 ABCT2, adopted by P-K. 264 D,L,E,F,Ger. 
56 139 AD, 13 BC,Ar. 
57The identifications of nos. 31 and 34.are very uncertain. P-K identify 31 as$ Psc and 34 asX Psc, Manitius asX Psc and 99 (Hevelius) respectively. The 

identification of 34 as x Psc fits the description but involves a serious error in the longitude. There are in any case bad errors in the coordinates ofall nos. 31 
to 34. 

vurnber  in 
constellationj 

15 
16 
17 
18 
19 
20-23 
20 
2 1 
22 
23 
24 
25 
26 
27 
28 
29 

30 
3 1 

Description 

the southernmost of them 
the most advanced of the 3 stars after the bend 
the middle one of these 
the rearmost of the three 

The star on the knot joining the 2 fishing-lines 
Stars in the northern fishing-line: 

the first5' in the section beginning at the knot 
the southernmost of the 3 stars following aftcr that 
the middle one of these 
the northernmost of the 3, which is also on thc end ol'the tail 

The northernmost of'the 2 stars in the mouth of the rear fish 
The southernmost of them 
The rearmost of the 3 small stars in the head 
The middle one of these 
The most advanced of the three 
The most advanced ol'.the 3 stars on the spine in the back, following 

[i.e. to the rear of] the star on the elbow of Andromeda 
[XX no. 111 

The middle one of the three 
The rearmost of the three 

Longitude 
in degrees 

*3€ 23" 
X 264 
*3€ 28$50 
T 03 
T 2f 

T of 
7' of 

* T  0f"' 
r 0f  
9 ' 2  
T lf 
X 28f 
X 27f 
X 27 
X 253 

*X 
X 27% 

Latitude 
in degrees 

- 5 
I 

-27 
-43 
- 72 4 

-84 

- ljs2 
+ I  f 
+5 f 
t 9  
+21$ 
+21 f 
+20 
+19g 

*t20f5' 
t14f 

26{5"t13156 
+12 

Magnitude 

6 
4 
4 
4 
3 

4 
5 
3 
4 
5 
5 
6 
6 
6 
4 

4 
4 

[Modern 
designation] 

89(1) Psc 
Psc 

v Psc 
5 PSC 
a Psc 

o Psc 
rc Psc 
7 Psc 
p Psc 

82(g) Psc 
t Psc 

68(h) Psc 
67(k) Psc 
65(i) Psc 

W '  Psc 

y2 Psc 
*x Pscs7 



5 8 S ~  Ar and most Greek mss.; 16t BC. 
59The identifications of nos. 5 and 6 are extremely uncertain. See P-K nos. 716, 717, p. 107. 
600pi{. Manitius takes this as 'the hair on the forehead.' It is in any case distinct from the 'mane' ( ~ a i z q )  ofno. 7. The representation in Thiele Fig. 49 p. 

125 is little help, unless one supposes that the long ears are a distortion of brow-hair in the original. For ancient representations ofserpents with manes 
reaching over the brow see e.g. Allinson, L,ucian, photo opp. p. 108 (the serpent Glykon of Alexander of Abonouteichos); a remarkable life-size statue of 
Glykon found at Tomis is illustrated in Robert, A rrnuers I'Asie Mineure, Fig. 8 on p. 398. 

[Number in 
constellation] 

32 
33 
34 

35-38 
35 
36 
37 
38 

1 
2-4 
2 
3 
4 
5 
6 

Latitude 
in degrees 

+I7 
+15f 
- ~ l l i  

-2f 
-2f 
-54 
-5 f 

- 4 
7" 

-124 
-1lf  
- 14 
-84 
-6: 

Description 

The northernmost of the 2 stars in the L ~ l l y  
The southernmost of them 
The star in the rear spinc, near the tail 
(34 stars, 2 of the third magnitude, 22 ofthe fourth, 3 ol'the fifth, 7 of'the 

sixth) 

Stars round Pisces outside the constellation: 
The quadrilateral under the advance fish: 

the more advanced of the 2 northern stars 
the rearmost of them 
the more advanced star on the southern side 
the rearmost one on the southern side 

14 stars of the fourth magni t~~de]  
(Total for the zodiac: 346 stars, 5 of the first magnitude, 9ofthe second, 

64 of the third, 133 of the fourth, 105 of the lifth, 27 of the sixth, 
3 nebulous, and Coma [Berenices]) 

[XXXIV] Constellation of Cetus 
'The star on the tip of the nostrils 
The three stars in the snout: 

the rearmost, on the end of the jaw 
the middle one, in the middle of the mouth 
the most advanced of the 3, on the cheek 

The star on the eyebrow and the eye 
The one to the north of this, about on the hair6' 

Magnitude 

4 
4 
4 

4 
4 
4 
4 

4 

3 
3 
3 
4 
4 

Longitude 
in degrees 

' T  28 
X 292 
T 0 

3f 1: 
3€ 2f 
3€ O $  
X 2 i  

r 175 

17$ 
T 125 
(I' 10; 

*T 1 0 % ~ ~  
T 1231 

[Modern 
designation1 

u Psc 
q Psc 

*\v3 Psc 

27 PSC 
29 Psc 
30 Psc 
33 Psc 

h Get 

a Cet 
y Cet 
6 Cet 

*v Cetsg 
*t2 Cet 



So D,Aq ( y '  (?i.e. J or 74). ABC. P-K adopi 7t .  
1.53 D,Ar, adopted by P-K. 
I have adopted the ident~lications of P-K for nos. 17 to 20, but they seem highly dubious, particr~larly becai~seofthe errors in the relativemagnitudes. 

Manitius has different identifications (see his note on Walfisch. 17, p. 405) which would require considerable errors in the coordinates. 
64The variant 11 9 is attested in the earlier Arabic tradition (see S 68). 
65 SO D; 164 the other Greek mss. See S 69 for the Arabic tradition: best attested is 133 (adopted by P-K), but 162 and 182 (also in Ger.) are.found too. 
"This is the identification of Manitius and P-K, but perhaps one should identify it with the diffuse nebula surrounding h and cp' Ori. 

[Number in 
constellation] 

7 
8-1 1 
8 
9 

11 
11 
12 
13 
14 
15 
16 
17-20 
17 
18 
19 
20 
21-22 
2 1 
22 

1 
2 . 

Description 

The one in advance of this, about on the mane 
The quadrilateral in the chest: 

the northernmost star on the advance side 
the southernmost one on the advance side 
the northernmost one on the rear side 
the southernmost one on the rear side 

The midmost of the 3 stars in the body 
The southernmost of them 
The northernmost of the three 
The rearmost of the 2 stars by the section next to the tail 
The more advanced of' them 
The quadrilateral in the section next to the tail: 

the northernmost star on the rear side 
the southernmost one on the rear side 
the northernmost one on the advance side 
the southernmost one on the advance side 

The 2 stars at the ends of the tail-fins: 
the one on the northern [tail-fin] 
the one on the end of the southern tail-fin 

(22 stars, 10 of'the third magnitude, 8 of the Iburth, 4 of the iifth) 

[XXXV] Constellation of Orion, 
The nebulous star in the head of Orion 
The bright, reddish star on the right shoulder 

Longitude 
in degrees 

T 7i6' 

'7'3 
r 34 
(I' 6!i 
r 7 
X 22 
X 23 
X 25 
X 193 
X 15 

X 1 1  
X 103 
X 94 
34 9 

X 4! 
34 5 f  

8 27 
I1 2 

Latitude 
in degrees 

-46 

-24f 
-28 
-25i 
-274 
-25 f 
-306 
-20 

*-15$52 
-153 

-133 
-14$64 
-13 
-14 

-97 
2 

-20; 

*-13;63 
-17 

[Modern 
designation] 

5' Cet 

p Cet 
o Cet 
E Cet 
rt Cet 
r Cet 
u Cet 
t; Cet 
8 Cet 
0 Cet 

*v2 Cet'i3 

*BSC 227 
*y' Cet 

*BSC 190 

i Cet 
p Cet 

' h  Ori6" 
a Ori 

Magnitude 

4 

4 
4 
4 
3 
3 
4 
3 
3 
3 

5 
5 

>5 
>5 

<3 
3 

neb. 
< I  

, 

. 



[Number in 
constellation Description 

The star on the left shoulder 
The one under this to the rear 
The star on the right 
The star on the right forearm 
The quadrilateral in the right hand: 

the rear, double star on the southern side 
the advance star on the southern side 
the rear one on the northern side 
the advance one on the northern side 

The more advanced of the 2 stars in the s t a p 9  
The rearmost of them 
The rearmost of the 4 stars almost on a straight line just over the back 
The one in advance of this 
The one in advance again of this 
The last and most advanced of the 4 
Stars in the pelt7' on the left arm: 

the northernmost 
the 2nd from the northernmost 
the 3rd from the northernmost 
the 4th from the northernmost 
the 5th from the northernmost 
the 6th from the northernmost 
the 7th from the northernmost 
the 8th from the northernmost 
the last and southernmost of those in the pelt 

The most advanced of the 3 stars on the belt 

Longitude 
.in degrees 

8 24 
8 25 
n 4t 
n sf 

II 6t 
I1 6 
rr 7; 
II 6! 
II 1 7  

*n 4j7, 
8 27d 
8 264 
8 25f 
8 241 

8 20i 
13 19f 
8 18 
8 164 
13 15$ 
8 141 
8 14a 
8 lijt 
8 164 
8 251 

:,5 
v Ori 

72(f) Ori 
69(f1) Ori 

X I  Ori 
X* Ori 
o Ori 

38(n2) Ori 
33(n1) Ori 

y~ Ori 

Latitude 
I in degrees 

6 7 N ~ ~ .  5 and 6, which are north of no. 4, are described as being on the arm because the right arm is raised, holding the staff. 
6 R A ~  Manitius notes (p. 405, cf. P-K no. 740 p. 108), 5 Ori is not a double star, but there are twosrnallstarsclose togetherjust below it, which may have 

led to this description. 
69~okkop~pov .  cf. p. 346 n.118. Thiele Fig. 45 on p. 120 shows a ci~rved stick, more like a hayhpohov. 
704f D,L.E,Ger., adopted by P-K; 4$T1,F. 
"As a huntsman, Orion carries an animal pelt as a garment or an arm-guard. Cf. Thiele Fig. 45 on p. 120, and PI. IV (lower). 

Magnitude 

2 
<4 

4 
6 

- 8 
-ad 
-104 
- 122 
- 144 
- 156 
- 174 
- 204 
-211 
-24 i  

[Modern 
designation] 

y Ori 
32(A) Ori 

Ori 
74(k) Ori 

o2 Ori 
nl Ori 
n 2  Ori 
x W r i  
n' Ori 
n W r i  

3 n W r i  
2 6 Ori 



7 2 p a ~ a i p a ,  a hunting-knife or short sword. 
73 P-K adopt 284, the reading of D,Ar (28;12 E). 
74The identifications adopted for nos.30-2 are those of P-K. Although there is no doubt about the group as a whole, the precise identifications of the 

particular stars, which are close together, remain doubtful. 
'966 D,Is., adopted by P-K. 26;20 L. 
76Reading abtoC(with B,Ar) at H136,8 for ahGv ('to thr no~ th  of them'). Corrected by Manitius. 
77 Ptolemy has norapbq ('river'). The identification with a particular river Eridanus is at least as early as Aratus (359 ff.) This was the mythical river into 

which the burning chariot of Phaethon plunged. It was later identified with the Po. See Boll-Gundel cols. 989-92. 
78The variant 302 was in the Syriac version according to S 70. I 

[Number in 
constellation] 

27 
28 
29 
30 
3 1 
32 
33 
34 
35 

36 
3 7 
38 

1 

2 
3 
4 

L,ongitnde 
in degrees 

8 274 
8 28b 
8 232 
8 264 
8 26f 
8 27 
8 27j 
"8 2 ~ ; ' ~  

8 19a ' 

8 21 
8 23f 
n 0b 

8 18f 

8 18: 
8 18 
8 14i 

Description 

The middle one 
The rearmost of the three 
The star near the handle of the dagger72 
The northernmost of the 3 starsjoined together at the tip of the dagger 
The middle one 
The southernmost of the three 
The rearmost of the 2 stars under the tip of the dagger 
The more advanced of them 
The bright star in the left foot, which is [applied in] common to.the 

water [of Eridanus] 
The star to the norih of it7";, the lower leg, over the ankle:joint 
The star under the left heel, outside 
The star under the right, rear knee 
(38 stars, 2 of the first magnitude, 4oSthe second, 8of thc third, 15 ofthr 

fourth, 3 of the fifth, 5 of the sixth, [ l ]  nebulo~~s) 

[XXXVI] Constellation of Eridanus77 
The star after the one in the foot of Orion [XXXV no, 351, at the 

beginning of the river 
The one north of this, in the curve near the shin of Orion 
The rearmost of the 2 stars next in order after this 
The more advanced of tbem 

* 

[Modern 
designation] 

E Ori 
( Ori 
q Ori 

*42 + 45 Ori74 
*0' t O2 Ori 

'1 Ori 
49(d) Ori 

u C h i  
Qri 

z Ori 
29(e) Ori 

K Ori 

h Eri 

p Eri 
yr Eri 
o Eri 

i 

1,atitude 
in degrees 

-242 
-25f 
-25a 

*-28{7:< 
-298 
-292 
-303 
-302 
-31 f 

-30; 
-31b 
-334 

-31 s7' 
-28; 
-292 
-284 

Magnitude 

2 
2 
3 
4 

<3 
3 
4 
4 
I 

>4 
4 

>3 

>4 

4 
4 
4 



I [Number in 
constellationj I 

The rearmost of the next 2 in order again 
The more advanced of them 
The rearmost of the 3 stars after this 
The middle one of these 
The most advanced of the three 
The rearmost of the four stars in the next interval 
The one in advance of this 
The one in advance again of this 
The most advanced of the 4 
The rearmost of the 4 stars in the next interval again 
The one in advance of this 
The one in advance again of this 
The most advanced of the 4 
The first star in the bend" of the river, which [star] touches the chest of 

Cetus 
The one to the rear of' this 
The most advanced of' the next [group 013 three 
The middle one of these 
The rearmost of the three 
The next four stars, nearly forming a trapezium: 

the northern one on the advance side 
the southernmost on the advance side 
the more advanced one on the rear side 
the last of the 4, the rear one on that side 

I The northernmost of the 2 stars close together at some distance to the 
I east 

Longitude Latitude 
in degrees in degrees Magnitude I I \Modern 

designation] 

p Eri 
v Eri 
5 Eri 

o2 Eri 
o1  Eri 
y Eri 
K Eri. 
6 Eri 
E Eri 
( Eri 

*p3 + p2 EriEO 
*q Eri 

"BSC 859 
r1  Eri 

t2 Eri 
r ' Eri 
t4 Eri 
t"ri 

rh  Eri 
t7 Eri 
r8 Eri 
r9 Eri 
U' EriH.' 

79This is the reading of A. LS (16), the reading of the other Greek mss., cannot be right, since that would not be 'more advanced'. 
'OThe identifications of nos. 15 to 17 are of the utmost uncertainty. I give those dubiously proposed by P-K (see their discussion pp. 108-9). Manitius 

gives: 15 = p2, 16 = pythese are certainly wrong, t~u t  one might reverse them), 17 = q. One might also consider, for 17, BSC 784. 
8"bend', E I I ~ ( J T ~ o ( P ~ ~ ,  i.e. a change of direction (see Bayer Tab. 36), in contrast to Enucapniov 'curve', in no. 2. 
82So D,Ar (50;30 Ti, F); 53: the other Greek mss. 
83C~n~iderable  confusion arises in the identifications of nos. 27-33 from differences in the modern nomenclatureof these stars (see P-K on nos. 798-804, 

p. 110). Thus Manitius' identifications appear to be completely different from those ofP-K, but in fact are only partly so. 'To avoid this confusion I give the 
BSCand (where applicable) the F1 [amsteed] nos, of my identifications, which are those ofP-K, though named differently: 27 = BSC1453 = F150; 28 = BSC 
1464 = F1 52; 29 = BSC 1393 = FI 43; 30 = BSC 1347 = F1 41; 31 = BLYC 1195; 32 = BSC 1143; 33 = BSC 1190, 



the fifth] 

[Number in 
constellation] - 

28 
29 

I 30 
3 1 
32 
33 
34 

Description 

The southernmost of them 
The rearmost ol'the next 2 stars alier the bend 
The more advanced of them 
The rearmost of the 3 stars in thc next intcrval 
The middle one 
The most advanced of the three 
The last star of the river, the bright one 
134 stars, 1 of the lirst magnitudr, 5 ol'the third, 26 of the fourth, 2 of 

Latitude 
Magnitude 

-51 a 4 
-532 4 
-538 4 

4 
4 

-52; 4 
-53i r 185  

&'On alternative identifications for nos. 31-3 see P-K. Their identifications correspond to BSC 1214 (Lacaille i), RSC 119.5 (Lacaille g )  and BSC 1143 
(Lacaille h). 

850 Eri is not of 1st magnitude, but a double star of3rd and 4th magnitudes (combined magnitude 2.8). Hence P-K suggest emending 1 to 4 (A to A). 
This is contradicted by the subtotal, but see p. 363 n.191. 

86This is the reading of all Greek mss., E, F and Ger. The variant. 244, Sound in T,L, is adopted by P-K. 

Longitude 
in degrees 

8 5 
CT 284 
13 258 
(TI 172 
T 142 
CT 1 1 2  
T ok 

[Modern 
designation] 

u2 Eri 
u.' Eri 
u4 Eri 
'g Erin' 
"f Eri 

'h Eri 
8 Eri 

1-4 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  . 
12 

[XXXVII] Constellation of Lepus 
The quadrilateral just over the ears: 

the northern star on the advance side 
the southern star on the advancr side 
the northern star on the rear side 
the southern star on the rear side 

The star in the cheek 
The star on the left front foot 
The star in the middle of the hody 
The star under the belly 
The northernmost of the 2 stars in the hind legs 
The southernmost of them 
The star on the rump 
The star on the tip of the tail 
(12 stars, 2 of the third magnitude, 6 of the lourth, 4 of the fifth) 

8 19; 
8 192 
8 21) 
$3 21! 
8 196 
8 164 
8 252 

* 8  242'" 
II 1 
8 29 
II 0 
D 2 j  

-35 
-36; 
-3.5: 
-365 
-39i 
-45f 
-41 f 
-44f 
-44h 
-45i 
-38f 
,-38i 

- 

5 
5 
5 
5 

>4 
>4 

3 
3 

>4 
>4 
>4 
>4 

1 Lep 
K Lep 
v Lep 
h Lep 
Cc L ~ P  
F, Lep 
a Lep 
P L ~ P  
6 Lep 
Y L ~ P  
C L ~ P  
q Lep 

i 



















constellation] Description 

The rearmost 01' the stars on the rump 
The middle one 
The most advanced of the three 
The more advanced ol'the 2 stars close together on the right thigh 
The rearmost of' them 
The star in the chest, under the horse's armpit 

15 
16 
17 
18 
19 
20 
2 1 
22 

The more advanced of the 2 stars under the belly 
The rearmost ol' them 
The star on the knee-bend of the right [hind] leg 
The star in the hock of the same leg 
The star under the knee-bend of the lefi [hind] leg 
The star on the li-og 01' the hoofl.'%n the same leg 
The star on the end of the right front leg 

The star on the right upper arm 
The star on the right forearm 
The star in the right hand 
The bright star in the place where the human body joins [the horse's] 
The rearrnost ol'the 2 faint stars to the no~ th  of this 
The more advanced ol' them 
The star on the place where the hack,joins Ithe horse's body] 
The star in advance of this, on the horse's I~ack 

Longitude 
in degrees 

* 164 
=k 22a 
fi 274 
-h 18 
fi 17f 
F?: 162 
il. 12i 
7 2  9 

fi 52 
5 

fi 2i  
sl: 25 
ZZk 34 
r?: 184 

2 16) 
zl: 17 j  
21 10 " 15f 
il: 64 
5 l l b  
q, 8 f  

ik"dt'G:zs ( Magnitude 
[Modern. 

designation] 

x Cen 
q Cen 
K Cen < Cen 

u' Cen 
u' Cen 
o Cen'.j2 

'BSC 4940 
(I '  Cen) 
y Cen 
z Cen 
0 Gen 
6 Cen 
p Cen 

BSC 5 172 
(M Cen)' '" 

E Cen 
Q Cen 
y Cru 
/3 Cru 
F C r i ~  
a CI.U 
a Cen 

13' Reading h y '  at H161,8 (with Ar, adopted by P-K). The Greek mss. have the reading hy (33), but, with these identifications of nos. 19 and 20, the 
Arabic tradition is almost certainly the correct one. Manitius identifies 19 as u1 and 20 as u2, but u2 is definitely 'to the rear' of u'. 

' 3 2 A ~  P-K note, w is not a single star, but a globular cluster (no. .5139). 
'33Reading p y '  (40f), which is abundantly attested in the Arabic tradition (see S 61) at H161,12 fbrpy (43) oftheGreek tradition. P-Kalsoadopt 4Qi. 
'34For the identifications ofnos. 28-37 see P-K. nos. 962-71 on p. 112. The identilications they suggest are probably correct, in spiteofthe largeerrors in 

the coordinates, which are perhaps due to the difficulty of observing stars with extreme southern declinations. 
135 pazph~tov. The Oxford English Oicfiona!~ defines 'frog' (s.v. 2) as 'an elastic, horny substance growing in the middle of the sole of a horse's hoof'. 
' 36Th i~  is the reading of D,Ar and an alternative reading in A. Other Greek mss. have 44$. -41 6 is more correct, but all other stars in this group are 

assigned too great a southern latitude, so -444 may have been Ptolemy's measurernent. It is adopted by P-K. 



[Number in 
constellation j 

36 
37 

K lAul) 
( I,11p 

*P LUP 
1 Lup 

r '  + T~ Lrrp 
rl L ~ I P  
0 Lup 

*w' +W2 1,1rp140 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

'"D has 11 f: as P-K remark (no. 971 on p. 112), this woltld be more consistent than 143 with the errors of' the o! hcr stars in this group. 
''13 Ptolemy does not identify this as a wolfor any particular animal. h ~ ~ t  calls i t  the 'beast' (0qpiov). It is depicted as being held b y  its hind legs in the right 

hand of Centaurus: see Thiele Fig. 53 on p. 128, and cf. no. 1 here. 
'"The rnss, are unanimous for 22 (including the Arabic, despite the statement of P-K, no. 982 on pp. 112-13, that they have 204). Peters ornends to 26 

without authority. The identification of this star is dubious: see P-K's discussion, 1.c. Manitius' identifications, here ancl elsewhere in Lupus, are mostly 
unacceptable. 

"'For the identifications of nos. 16 and 17 P-K preler x and 5 Lupi, but mine (which are also proposed by Manitius) seem more in accord with the 
relative positions. 

Description 

The star on the knee of the left [front] lcg 
The star outside, under the right hind leg 
137 stars, 1 of the first magnitude, 5 ofthesecond, 7 ofthe third, 16ofthe 

fourth, 8 of the Iifih) 

[XLV] Constellation of Lupusl~" 
The star at the end of the hind leg, by the [right] hand of Centaurus 
The star on the bend in the same leg 
The more advanced of the 2 stars just over the shoulder-hlade 
The rearmost of them 
The star in the middle of' the body of L~lpus 
The star in the belly, under thc flank 
The star on the thigh 
The northernmost of the 2 stars near the place where the thigh ,joins 

[the body] 
The southernmost of them 
The star on the end of the rump 
The southernmost of' the 3 stars in the end of' the tail 
The middle one of the three 
The northernmost of them 
The southernmost of the 2 stars in the neck 
The northernmost of them 
The more advanced of the 2 stars in the snout 

-. 

Longitude 
in degrees 

z?: 244 
*f i14f l i7  

Latitude 
in degrees 

-45 f 
-49i 

r: 28 
fi 252 

Rl, 46 
% 3 
% of 
nl. 0; 
rrl, 43 

Q 3 i  
T% 55 
+s 221:'" 
il- 2 1 i  
G 23 
Tnd 82 
nL 9 i  
nld 53 

Ma<gnitude 

2 
4 

[Modern 
designation] 

p Cen 
p Cru 



The rcarmost of them 
The southernmost ofthe 2 stars in the Sront leg 
The northernmost of them 
119 stars, 2 of the third magnitudc, 11  ol'the I'ourth, 6 of the filth) 

-- ---..-.----- 

constellat ion] Description in degrees in degrees 

[XLVI] Constellation of Ara14" 
The northernmost of the 2 stars in the base 
The southernmost ofthem 
The star in the middle ol'the little altar 
The northernmost of the 3 stars in the brazier 
The southernmost of'the other 2 which are close together 
The northernmost of these [!I 
The star on the end of the bnrning-apparatus 
(7 stars, 5 of the fourth magnitude, 2 of the fifth) 

[XLVII] Constellation of Corona Australis 
The most advanced ol'the stars on the southern rim, outside (the crown] 
The star to the rear of this,14%n the crown 
The one to the rear of this 

Ma~ni tude  

"X LUP 
l(i) Eup 
2(1) LUP 

[Modern 
designation] 

o Ara 
0 Ara 
a Ara 

E '  Ara 
y Ara 
p Ara 
< Ara 

"a Tell4' 
t q2 CrA 
BSC 7 122 

'" L,T,E, Ger have 27 f ,  adopted by P-K, 
'I2L,T2,E, Ger have 11 4, adopted by P-K. 
'43 Oupta~fiptov, actually an incense-burner. It is depicted upside-down (i.e. base towards the north). 
14' BC have 3 i .  Much of the Arabic tradition, and Ger, have 04, but 3 is also found (see S 84). 
145 266 is found as an alternative reading in A, and in Is. It is adopted by P-K. The 'little altar' (PB~IOKOG) is evidently the same as the 'brazier' 

(Err'lrcupov) in no. 4: see p. 400 n. 160. 
I4"eading h y '  (with Ar) at H165,13 f'or a y '  (1 f ) ,  the unanimous reading of the Greek mss. Heiberg (ad loc.) realized that this correction should be 

made, and Manitius made it. 
14'This is the reading of A; 31 4 RCD, 34 Ar, adopted by R-K. 
I4'This is Manitius' identitication. P-K prefer 6' t 62 Telescopii. 
'49Reading a h $  (implied by Ar) at H166,2 for adz& 'that one of those', which has no reference. 



[Number in 
constellation] 

Longitude ,I Latitlldr I in degr.c.es in degrees Magnitude I designat lModern ion] 

The one to the rear again ol' this 
The one alier this, belore the knee ol' Sagittarius 
The onc after. this, which is north ol' thc I~right star in the knee [ol' 

Sagittarius. XXX no. 241 
Tho star to the north ol'this 
'The one to the horth again 01' this 
The rearmost ol'thc 2 stars al'tcl this. in advancc, in t h c  northern rim 
The more advanced ol' thcse 2 laint stars 
The star quite some distance in advancc ol' this 
The one in advance again of I his 
The last one, which is south 01' the ali~rementioned stat. 
(13 stars, 5 of the Iburrh magnitude, 6 of the lilih, 2 01' t h c !  sixth) 

The 

Thc 

[XLVIII] Constellation of Piscis Austrinlrs 
star in the mouth, which i s  the same as the 1)eginningol'the water 

[= XXXII no. 421'"' 
most advanced 01' thc 3 stars on the southern rim 01' the head 

The middle one 
The rearmost of the three 
The star b y  the gills 
The star on the southernmost spine on the I>ack 
The rearmost of the 2 stars in the I)elly 
'I'he more advanced 01' them 
The rearmost of the 3 stars on the northelm spinc 
The middle one 
The most advanced of the threc 

a CrA 
y CrA 
E CrA 

BSC 7 l29Is1 
h CrA 

*BSC 694215' 
8 CI.A 

4 
5 
4 

CrA 
6 CrA 
p CrA 

'"The variant 20$ was found in the earliest Arabic tradition according to S 85. 
"'This is the star which P-K call 'v Coronae Australis'; I do not know what their authority for this appellaiion is. 
' " 2 T h i ~  is P-K's Lac. 7748. Manitius suggests K CrA, which is certainly possible. 
15" In Aquarius (XXXII 42) this is called 'the end of the water'. 

4 
4 
4 

>4 
5 
5 
4 
4 
4 
4 

p PsA 
y PhA 
6 PsA 
E PsA 
p PsA 
6 PsA 
h PsA 
q I'sA 
8 PsA 
I PsA 



154The variant 26 occurs in the Arabic tradition (see S 88). 
'550nly 11, because no. I has already been counted as Aqi~asius (XXXII) no. 42. Cornpare the remarks of'ibn a:-SalHb on pp. 74-75 ofKunitzsch's 

edition. 
ls6The identifications of nos. 13-18 are mine, hut are very uncertain. P-K propose (13) a Mic, (14) y Mic, (15) E Mic, (16) Piazzi XX 445 = RS(;8076, 

(17) Piazzi X X I  12 = BSC8110, (18) 24(A) Cap. These rnay be right, sir~ce they are in approximately correct relative posilions, but they involve huge errors 
in the coordinates and (for no. 18) taking a star which has already been identified as Capricorn (XXXI)  no, 13, where it has completely dil'ferent 
coordinates. 1 

'''Reading 16 (with Ar, found as a correction in A) at M169,12 for la (1 1 )  or 8 (4) of'the other Greek mss. The correction is certain, since no. 16 is 'in 
advance' of no. 15. It is adopted by P-K and Manitius. 

[Number in 
constellat ion] 

12 

13 
14 
15 
16 
17 
10 

[Modern 
designation] 

y Gru 

"q M ic: 1"' 
'0 '  Mic 
'5 G r r ~  

'0' Mic 
*y Mic 
' a  Mic 

- --.-- 

Description 

The star on thc tip of'the tail 
{ 1 1  stars,"" ol'the lourth magnitude, 2 oi' the I'ilth] 

Stars round Piscis Austrinus outsicie the constellation: 
'The most advanced ol'the 3 I)ri,qht star5 in advanc:e ol'Pihcis I.A~~strinusj 
The middle one , 

Thc rearmost ol'thc three. 
The faint star in advancc ol' this 
Thc southernmost of'thc ~tnlaining 2 stars t o  rhc norrh 
The northernmost of' them 
(6 stars, 3 ol' the third rnagnitude, 2 01' thc I'ou~,th. 1 ol' the lili ti) 

(Total for the southern region 3 16 stars, 7 ol' the: lint ~~ lagn i t~~c lc ,  18 ol' 
the second, 63 ol'the t h i d ,  164 of tho lburth, 51 ol'the lilth, 9 01' 
the sixth, 1 nebulous] 

(Total lor all stars 1022, 15 ol'the first magnitude, 45 ol'tt~t: sccond. 208 
of th r  third, 474 ol'the fourth, 217 ol'the lil'th, 49 ol'the sixth, 9 
faint, 5 nebulous, plus Coma [Berenices]] 

Longitude 
in degrees 
#, 2 0 i l 5 4  

13. 8 
b l l i  
133 14"" 
lp 12 
0 13; 
13. 13; 

Latitude 
in degrees 

-22; 

- 2 2  
-22k 
-21 h' 
-202 
-- 17 
-14 

Magnitude 

4 

<3 
<3 
<3 

5 
4 
4 



400 VIII 2. Location o f  the Milky Way 

2. { O n  the situation oj'thr circle oj'the Milky Ilhyj'"" 

Such, then, is the way in which we may set out the order of'the fixed stars. T o  
this we shall join, as the logical order demands, our discussion oi'the disposition 
of the circle of the Milk>.bVay, to the best ofour ability, with our observations of' 
each of' its sections: we shall try to describe the form which the individual parts 
appear to take. 

Now the Milky Way is not strictly speaking a circle, I ~ u t  rather a belt of'a sort 
of'milky colour overall (whence i t  got its name); moreover this belt is neither 
uniform nor regular, but varies in width, colour, density and situation, ant! in 
one section is bifurcated. [Ail] that is very apparent even to the casual eye, I~ut  
the details, which can only be determined by a more careful examination, we 
find to be as lbllo\i\~s. 

The bifurcated part of't he belt has one ofits 'fbrks', so to speak, near Ara, and 
the other in Cygnus. But, whereas the advance [part of the] belt is in no way 
attached to the other part, since it forms gaps both at the fork by Ara and at the - - 

fbrk by Cy'gnus, the rearmost part is joined to the remainder ofthe Milky Way 
and i'orms [with i t ]  a single belt, through which the great circle drawn 
approximately along the middle of it would pass. It is this belt which we shall 
describe first, beginning with its southernmost section. 

This [section] goes through the le<gs oi'Centaurus, and is rather less dense and 
less bright [than the rest]. The  star on the knee-bend of the right hind leg [XLIV 
311 is a little farther south than the line [bounding] the milk to the north, and so 
are the star on the left front knee [XLIV 361 and the star under the right hind 
hock [XLIV 321. But the star in the left hind lower leg [XLIV 333 lies in the 
middle of the milk, and_ the stars on the hock of the same leg [XLI\' 34]15' and 
on the right front hock [XLIV 353 are to the north ofitssouthern rim, by about 
2' (where the great circle is 360'). It is slightly denser in the region near the hind 
legs. 

Next in order, the northern rim of'the milk is allout i to from the star on the 
rump of' Lupus [XLV 101, and the southern rim encloses the star on the 
burning-apparatus of Ara [XLVI 71, but just grazes the northernmost of the 
two stars close together in the brazier [XLVI 61 and the southernmost ofthe two 
stars in the base [XLVI 21, while the star in the northern part of the brazier and 
the one in the middle of the brazier [XLVI 4,311" lie right in the'milk. These 
sections are rather less dense. 

Next, the northern part of the milk encloses the three joints before the sting 
of Scol-pius [ X X I X  17, 18, 191 and the nebulous mass. to the rear of the sting 
[XXIX 221, while the southern rim touches the star in the right front hock of 
Sagittarius [XXX 251, and encloses the star on his left hand [XXX 21. The  star 
on the southern portion of the bow [XXX 3]16' is outside the milk, but the star 

'58 I have appended to the stars named in this chapter references to their place in the catalogue 
(VII 5 and VIII 1). 

15' In the catalogue this star is described, not as 'on the hock', but as 'on the frog of the hoof. 
'"In the catalogue this last star is called 'the star in the middle of the little altar'. 

Reading toljou for To@~ou ('Sagittarius') at Hl72,8, with Is. The same correction has to be 
made for the next star (H172,ll). Corrected by hlanitius. In the catalogue (H112.12- 14) Heiberg 
rightly prints t6cou, although there too all or most Greek mss. have T O ~ ~ T O U  in all three places. 
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on the point of the arrow [XXX 1 ] lies in the middle of it, while the stars In the 
northel-n part of the \)OM! [XXX 4, 51 also lie in it, each 01' them I~eing a little 
more than 1 rrmovcd fi-om one of'the rims, the southel-n star li-om the southern 
rim, the northern star li-om the opposite rim. The  area [ol'thc Milky Way] nrar 
the three.joints [of'S(:ol-pi~ls] issomewhat dcnsel-, while the area round the point 
[of' the ai-row ol"Sagittarius] is very dense indeed and appears smoky. 

' ihe lbllowing section is a little less dense. It extends along [the constellation] 
Aciuila, maintaining al>out the same width throughout. The  star on thc tip of' 
the tail oi'the snake [Serpens, XIV 181 held I>y Ophiuchus lies in the open,lti2 a 
little more than one degree away fi-om the advance rim of'the milk, while the 
two most advanced of'the bright stars below it lie right in the milk: the southern 
one [XVI , I  51 is 1 Irom the rear rim, and the northern one [XVI 12],2O [fi-om 
it]. The i-earmost 01' the [two] stars .in the right shouldtr~of' Aquila [XVI 81 
touches the same rim, while the more advanced one [XVI 71 is cut oll'inside it, 
as is also the more advanced, bright star of'those in the lefi wing [XVI 5].'"$ 
Furthermore: the I~right star on the place I>etween the shoulders [XVI 33 and 
the two stars which lie on a straight line with it1" "11 a little short ol'touching 
the same rim. Next, Sagitta is cnc:losed entirely within t hc milk. The star on the 
arrowhead [XV 1 ] lies one degree from the eastern rim, while the star on the 
notch [XV 51 lies two degrees from the western rim. The section round Aquila is 
slightly denser, and thc remainder slightly less dense. 

Next the milk extends towards Cygnus. Its north-western rim is defined 
in a reentrant angle'65 by the star in the southern shoulder of Cygnus 
[IX 1 the star under it in the same [southern] wing [IX 101, and the two 
stars on the southern leg [IX 13, 141. Its south-eastern rim is defined by the 
star in the tip of the southern wing-feathers [IX 121, and encloses the two stars 
under the same wing outside the constellation [IX 18, 191, which are about 
2" from it [the rim]. The section around the wing is slightly denser. The next 
section is continuous with that I>elt, but is much denser and seems to have a 
dilkrent starting-point.'" For it p i n t s  fowards the end parts of the other 
belt,''' but leaves a gap between it [and itself): on its southern side it joins the 
belt which we are currently dcscril->ing, which is very rarefied at the junction; 
but afier the point where it forms a gap with the other belt it gets denser, 

"'Literally 'in the open air', i.e. outside the Milky Way. 
''"n the catalogue these stars are described as being 'in the left shoulder'. - 
16* This does not correspond to any description in the catalogue. Manitius identifies the two stan 

as XVI 2 and 4 (p  and o Aql). These are indeed approximately on a straight line with XVI 3 (a 
Aql), but they hardly l i t  the rest of the description, 4ince P Aql lies well outside the Milky Way as 
viewed by Ptolemy. bfore appropriate would becp Aql (XVI 6) and u Aql. However, the latter star 
seems not to be mentioned in the catalogue. 

' 6 5 C ~  dxu~aprri@. Explained by what follows: this is where the other (western) b r ~ n c h  of the 
Milky Way joins; since; according to Ptolemy, the part north of this is aligned with the end of that 
branch, it forms a reentrant angle with the present, eastern branch. This is best seen on a star globe. 

'66 In the catalogue this is called 'the star in the middle of the left wing'. 
Translating Heiberg's emendation, 6pphp~va  (supported by Is: 'ibtada'a') for the 6pcSpeva 

of the Greek mss. and L. The latter could perhaps be translated as 'and is seen, as it were, from a 
different starting-point', but this is very harsh. 

I" 1.e. theother branch ofthe Milky Way which ismentioned above (p. 400) and described below 
(P. 403). 
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beginning fi-om the \)right star in the rump of Cygnus [IX 5]lb9 and the nebulous 
mass in the northern knee [IX 171. Then it makes a slight bend as fir  as the star 
on the southern knee [IX 141, and continues, gradually diminishing in 
density, up  to the tiara of Cepheus. The northern side is delimited by the 
southernmost of the threestass in the tiara [IV 91 and the stat- to the rear of those 
three [IV 131, at which it  also iosms two outrunners, one verging to the north 
and east, the other to the south and east. 

Next the milk encloses the whole ofCassiopeia except for the star in the end of 
the leg [X 7). The southern rim is defined by the star in the head of'cassiopeia 
[X I], and the northern rim by the star in the foot of the throne [X 1 !I and the 
star in the lower leg of Cassiopeia [X 61. T h e  other stars [of'Cassiopeia] and aH 
those round about this [constellation] lie in the milk. The areas near the rims are 
of thinner consistency, but those at the middle of Cassiopeia display a dense 
patch running the length [of'the Milky Way]. 

Next, the righthand parts of Perseus are enclosed in the milk. Furthermore, 
its northern edge, which is very rarefied, is defined by the lone star outside the 
right knee of Perseus [XI 281, and its southern edge, which is very dense, by the 
bright star on his right side [XI 7 1 and by the two rearmost stars of the three to 
the south ofthat [bright star, XI  9, 101. Enclosed in it also are the nebulous mass 
or, the hilt [XI 1],17'the star in the head [XI 51, the star in the right shoulder [XI 
31 and the star on the right elbow [XI 23. The  quadrilateral in the right knee [XI 
16, 17, 18, 191 and also thestar on the same [right] calf[XI 201 lie in the midst of' 
the milk, while the star in the right heel [XI 211''' is also inside it, a little 
distance from the southern border. 

Next the belt goes through Auriga, displaying a slightly thinner consistent),. 
The stas on the ieft hhoulder, called Capella [XII 31, and the two srars on the 
right forearm [XII  5: 63 fall just short of touching the north-eastern rim of the 
milk, while the small staro\.er the left foot in the lowel- hem [oi'the garment, XI1 
141 defines the south-western edge. The star o ~ e l -  the right foot EXIT 121 lies half 
a degree within the same edge. and the two stars close together on the left 
forearm, called Haedi [XI1 8, 91, lie in the middle of the belt. 

Next the milk goes through the IegsofGemini, displaying a certain amount of 
density in elongated form just over the stars at the ends of the legs. Now the 
advance edge of' the milk is defined by the rearmost of the 3 stars on a straight 
line under the right foot ofAuriga [XXIV 191, by the rearmost star ofthe two in 
the stal'f'of'Orion [XXXV 121 and by the northernmost [two] ofthe four stars on 
his [Orion's] hand [XXXV 9, 101; the brilliant star under the right hand of' 
Auriga [XXIV 201 and the star in the rear foot of the rear twin [XXIV 181 are 
approximately 1 inside the rear edge, while the stars in the other feet [XXIV 
14, 15, 16, 171 lie in the midst of the milk 

Thence the belt passes by Canis Minor [Procyon] and Canis Major: it leaves 
the whole of Canis htfinor outside the milk no small distance to the east, and 

lb9This is called 'the star in the tail' in the catalogue. 
I7OIn the catalogue this conglomeration is said to be 'on the right hand'. Perseus holds his 

weapon, the bipq (cf. Hipparchus2.5.15, ed. Manitius 198,10): the hilt of which PtoIemy refersto 
here, in his right hand. 

In the catalogue this is described as 'on the right ankle'. 



V.112. Location of the Milky Way 

leaves Canis Major too otltside to the west, almost in its entirety; for the star on 
its ears'72 [XXXVIII 21 is caught by a sort of cloud which projects [from the 
Milky Way] and which then almost touches the three stars in the neck of Canis 
Major next to that [star] towards the rear [XXXVIII 3, 4,5], while the lone 
star over the head of Canis Major, outside it and at some distance [XXXVIII 
191, is about 2;' inside the eastern rim. The consistency in this whole regionu3 is 
somewhat thinner. 

After that the milk passes through Argo. The  western rim ofthe belt is defined HI77 
by the northernmost and most advanced ofthe stars in thelittleshield in the poop 
[XL 51. The star in the middle of the little shield [XL 63, the two stars close 
together under it P(L 8, 91, the bright star at  the beginning of the deck near 
the steering-oar [XL 173 and the midmost of the three stars in the keel [XL 381 
are just short of touching the same [western] edge. The northernmost ofthe three 
stars in the mast-holder-[XL 221 defines the eastern rim, while the bright star in 
the stern-ornament [XL 23 is 1 O within the same [eastern] edge, and the bright 
star under the rearmost little shield in the deck [XL 31 ] is the same amount, 1 O, 

outside the same [eastern] edge. The southernmost of the two brilliant stars in the 
middle of the mast [XL 271 touches the same edge, and the two bright stars at 
the point where the keel is cut ofr174 [XL 35,361 are about 2O inside the advance 
rim. At that point the milk joins the belt through the legs of C e n t a ~ r u s . ' ~ ~  The 
consistency in this area too, throughout Argo, is somewhat rarefied, but the 
sections of it around the little shield, the mast-holder and the point where the 
keel is cut ofl' are more dense. 

The  belt we mentioned previously'7~orms a gap, as we said, between [itself 
and] the one we have bust] described, at  Ara. Beginning at that point, it 
encloser the three joints of Scorpius' [tail] nearest the body [XXIX 12, 13, 141, HI78 
krlt leaves the rearmost star of the three in the body [XXIX 93 l o  outside its 
western rim. The star in the fourth joint [XXIX 161 lies in the open space 
between the two l~elts, about the same distance from each, a little more than 1 O. 

After that the advance belt turns aside to the east, in the shape of a segment of 
a circle, defining the advance edge of the milk by the star on.the right knee of 
Ophiuchus [XIII 121, and the rear edge by the star on the same [right] shin 
1x111 133, while the most advanced of the stars at  the end of the same [right] leg 
[XIII 141 touches that same [rear] edge. Subsequently the western rim is 
defined by the star under the right elbow ofophiuchus [XIIISJ, and the eastern 
rim by the more advanced of the two stars in the same [right] hand [XIII 101. 

17' Reading Exi TGV &OV (with Ar; D1 has Eni rQv v6rov) for Exi r@ vhrq ('on the back') at 
H 176,18. The correction was made by Kunitzsch, Der Almagest no. 533 on p. 322. It is confirmed by 
the whole context, and especially by the position of the star, 8 CMa. Manitius identifies the star 
here with XXXVIII 12, which is said in the catalogue to be 'in the left shoulder', but this star (0' 

CMa) lies well outside the Milky Way as viewed by Ptolemy. 
' I 3  Reading r6 ~ c p a  6hov roFro 4pEpa &patb.r&pov (with D) at H176,24, to get a normal word 

order, for rb ~ 6 w a  r o x o  @pipa 6hov cipatbr~pov. 
1 7 *  Read~ng E v r ~ b x o r o p ~  (with D1,Ar) at HI 77,13-4 forgv z;a6r? cixoropt ('in the same cut- 

off of the keel'), which is senseless. 
1751.e. the point where Ptolemy began the description, p. 400. 
'76 1.e. the western 'fork' mentioned on p. 400. But it i s  temptinq to follow Is, who has 'advanrr' 

(i-e. npoqyovphq) here and 'mentioned previoudy' below at H178,7 (i.e. ~rposipqpfvq for 
npoqyovpivq, 'advance', of the Greek mss.) 



404 VIJZ 3. Construct ion of  star-globe 

From that point on there is a considerable gap of'open space, in which lie the 
two stars on the tail of Serpens {XIV 16,171 next to the star in the tip [of the tail, 
XIV 181. The whole of the section of this belt which we have bust] finished 
describing consists of an  extremely fine and almost aely substance, except for 
the area enclosing the three joints [of Scorpius], which is somewhat more 
concentrated. 

H179 After the gap the milk again makes a fresh beginning at the four stars to the 
rear of the right shoulder oi'Ophiuchus (XI11 25,26,27,28]. The eastern rim of 
this belt is defined (being just grazed) by the ione brilliant star under'77 the tail 
of Acjuila [XVI 91, while the opposite rim is defined by the star which is some 
distance to the north of the four just mentioned [XIII 291. From there on this 
I~elt, I~esides being rarefied, is also contracted into a narrow space in the area 
which is in advance of'the star in the beak ofCygnus [IX 11, so as to produce the 
appearance ofa gap. However, the remainder of it, fi-om the star in the beak up 
to the star in the breast of Cygnus [IX 41, is wider and considerably denser. The 
star in the neck of C y p u s  [IX 31 lies in the middle of the dense section. A 
rarefied section 1)ranches of'f'to the north from the starl75n the breast as  far as 
the star in the shoulder of the right wing (JX 63 and the two stars close toget her 
in the right foot [IX 15,161. From this point, as we said, occurs a clear ,gap to the 
other IIelt, [a gap] stretching fi-om the al~ove-mentioned stars in Cygnus up to 
the bright star in the rump [IX 51. 

3. ( On the con.rrl-uction of' a solid globe) l T 9  

Such, then, is the disposition of'the phenomena associated with the Milk!. M'ay. 
But we also wish to provide a representation [of the fixed stars] b!. means of a 

HI80 solid globe in accordance with the hypotheses which we have demonstrated 
concerning the sphere of the fixed stars. according to which, as we saw: this 
sphere too, like those of the planets, is carried al-aund by the primary Idail!-] 
motion fkom east to west about the poles of'the equator, but also has a proper 
motion in the opposite direction about the poles ofthe sun's, ecliptic cil-cle. To 
this end we shall carry out the construction of the solid globe and the delineation 
of the constellations in the fojlowing fashion. 

We make the colour of the globe in cluestion somewhat deep, so as to 
resemble, not the daytime, but rather the nighttime sky, in which the stars 
actually appear. We take two points on it precisely diametl-ically opposite, and 
with these as poles draw a great circle: this will at all times he in the plane of'the 
ecliptic. At right angles to thc latter and through its polcs we-draw another 
[great] circle, and starting from one of the intersections of'this with the first 

"'Reading 6x6 (with D,Ar) fbr naph ('by') at Hl79,4. Compare the description ofXV1 9 (p. 
357). 

17' Readingdn6 ro3 Ev rg arfiee~ (with A,-) at H179,14- 15 for~ai  r8v kv r@ O T ~ ~ ~ E I .  Corrected by 
Manit ills (6x0 already suggested by Heiberg ad loc.) 

1 7 9 0 n  this 'pr.ecession-globe' sre H.4A,l.4 I1 890-92, with Figs. 79-80 on p. 1399 (fbr an error in 
Neugebauer's account see p. 405 n. 181 j. On the histor>- of the star-globe in antiquity see Schiachter. 
l l r r  G'Lobus. 



VIII 3. Sirius used as marker-star on globe 405 

circle we dix~ide the ecliptic into the [conventional] 360 degrees, and write by it 

the numbers at intelvals of however many degrees seems convenient. Then we 
make, fi-om a tough and unwarpedi8' material, two rings with re~tan~gular 
cross-section, accurately turned on the lathe in ail dimensions: one should be 
smaller [than the other], and fit closely to the globe on the whole of its inner 
surfce, while the other should be a little larger than this. In the middle of the H181 
convex face oi' each ring we draw a line accurately bisecting its width. Using 
these lines as \guides, we cut outI8' one of the latitudinal sections'82 defined by 
the line over half of the circumf'erence, and divide [each of] the semi-circular 
recessed sections [thus created] into 180 degrees. When this is done, we take the 
smaller of the rings as the one which will always represent the circle through 
both poles, that of the equator and that of the ecliptic, and also through the 
solstitial points ([this circle runs] along the plane surface of the above- 
mentioned recessed section), and, boring holes through the middle of it  at the 
diametl-ically opposite points at the ends ofthe recessed section, we attach it, by 
means of pins [through those holes], to the poles ofthe ecliptic which tve took on 
the glohe, in such a way that the I-ingcan revolse freely over the whole spherical 
sul-hce. 

Since it is not reasonable to mark the solstitial and equinoctial points on the 
actual zodiac oi'the globe (fbr the stars depicted [on the globe] do not retain a 
constant distance with respect to these pointsj, we need to take some fixed 
starting-point in the delineated llxed stars. So n7e mark the brightest of them, 
namely the star- in the mouth of Canis Major [Sirius], on the circle drawn at 
right angies to the ecliptic at the division forming the beginning of' the 
graduation. at the distznce in latitude fi-om the ecliptic towards its south pole HI82 
recorded [in the star catalogue] Then, f o r -  each of the other fixed stars in the 
catalogue Ir: order, i 4 ~  mark the position by I-otating the ring with the 
graduated recessed face ahout the poles of the ecliptic: we turn the face of its 
recessed section tc that point on the [globe's] ecliptic which is the same distance 
from the beginning of the numbered graduation (at Siriusj as the star in 
question is from Sirius in the catal~~gut.; ' '~ then we go to that point on the 

1ac~6rovou ~ a i  T E T ~ ~ ~ v ~ ~ .  The meaning of both adjectives is disputable. The context requires 
that the material (certainly M ~ O O ~ ,  although Giihq does not mean wood here, pace Manitii) be strong in 
the sense that i t  can be cut into thinstripsand bored through. Cf. Heron,Z?elopoeica 94,ed. blanden 
p.30,12, where theside-pieces of a catapult must be made Ek efir6vou I;bhou. E ~ T O V O S  occurs 
frequently in that work, and is usually applied to sinews or elements requiring elaslic strength (e.g. 
110, ibid.p.38,2; cf. Heron- Pnez~matica, ed. Schmidt p.-200: where it is used ofpiecesofhorn). But it - 
seems improbable that Ptolemy means 'flexible' wood here and the meaning 'rigidly strong' is 
certain in one passage of Heron's 12fechanics, preserved in Pappus, .yrnago.ge V I I I ,  1132, 6- 14. 
~&raj l ivq< means literally 'stretched'. I know of no real parallel, but take it to be a synonym of 
b o ~ p a p f i ~ ,  'unwarped', found frequently in Theophrastus, Hi~toria Planlarum, e.g. 5.2.1. 

18' I.e., cut out along the central line so that half the width . ~ f  the ring is removed for half the 
circumference of ihe ring. The purpose of'this is that !he graduated face may be flush with the 
surface of the globe: and coincide with a great circle. The result is depicted in H.4M.4 Fig. 80.4 p. 
1399, lower part. Neugebauer is wrong (p. 891) in saying that the text implies the making of a 
central slit in the rings: he has been misled by Manitius' translation. 

18' Reading rrheupGv (with D) for xh&upa< at HI 81,5. Corrected by Manitius. 
'"Since Sirius has in the catalogue (XXXVIII 1) the longitude 11 17i0, this means that one 

subtracts 57;40° from the catalogue longitudes. Wherever my translation has 'Sirius', Ptolemy has 
K ~ W V  ('the Dog'). Cf. p. 387 n.88. 





VIII 4. Conjigurations of  the j5xed stars 

the one to the south to those on the winter soistitial circle. Thus, when any 
required star is rotated with the primary, east-to-west rotation to the graduated 
face of the meridian, we can again, by means of that same graduation, HI85 
determine its distance from the equator or the solstitial circles, as nleasured on 
the great circle through the poles of the equator. z 

4. {On the confgura~ions par!iculnr to tfze j i x ~ d  ~ t a r s j  

Now that we have demonstrated the distinctive features of the pictorial 
representation of the fixed stars, it remains to discuss their configurations. The 
configurations involl~ing the fixed stars, then, are, apart from those fixed 
configurations with respect to each other (e.g. such and such stars lie on a 
straight line, form a triangle, and the like), as follows: 
[ l ]  those considered with respect to the planets, sun and moon, or the parts of 
the zodiac alone; 
[2] those considered with respect to the earth alone; 
133 those considered-with respect both to the earth and at the same time to the 
planets, sun and moon, or the parts of the zodiac. 

[ I ]  Those configurations of the fixed stars with the planets and the parts of 
the zodiac alone which are accepted are 
{a] for all stars in general, when fixed star and planet come to be on the same 
circle through the poles of the ecliptic, or on circles \ ~ h i c h  are different, but at HI86 
intervals [of a regular polygon] with three, four or six angles,'" i.e., which 
enclose an angle which is either a right angle or a third ofa right angle greater ot- 
Iess than a right angle; 
[b] fbr some stars in particular, those for which one cf the planets can Dass 
directly below it (thcse are the stars fixed in that narrow band186 of the zodiac 
containing the latitudinal motions of the planets) - for these, [configurations] 
with the five planets concern their apparent contacts185 or their occultations, 
and with the sun and moon, their last visibilities, con junctions and first 
visibilities. We give the name 'last visibility' to the situation when a star falls 
within the rays of [one ofj the luminaries and begins to become invisible; 
'conjunction', when it is covered by the centre of [one ofJ them;'88 and 'Iirst 
~ i s ib i l i ty ' , '~~  when it escapes their rays and begins to be visible. 

IE5 These are the relationships trine, quartile and sextile, commonly applied in astrology: see 
BouchC-LecIercq, e.g. 165- 79. 

'86npiopa, literally 'a sawn-out section'. This is probably the term that Ptolemy used for the 
'drums' containing the planetary models in Bk. I1 of his Planetav Hypotheses (preened only in 
Arabic translation); see e.g. Op. Min. p. 1 13. The word has nothing to do with the geometrical 
'prism' here. 

1 8 7 ~ ~ h h j l f 3 ~ i < .  This is a technical term in astrology. It includes certain kinds of cbse approach, 
besides actual occultations. For details see Bouchi-Leclercq 245, quoting Porphyrius. See also 
Vettius Valens, index p. 380, S.V. At illmagest IX 2 (H213,3), it  appears to mean actual contact. 

ls8Reading a 0 ~ 6 v  (with D) for aC.ro5 at H186,13. 
'89Literally 'rising' ( E K L T o ~ ~ ) .  For the planets Ptolemy uses the more appropriate word cpbotc. 

For an explanation of the full panoply of terms associated in traditional Greek astronomy with the 
risings and settings orstars see below pp. 409-10, and cf. Autolycus K E P ~  ER~TOAGV I introduction 
(ed. Mogenet 214). 



VIII 4. The 'cardines' 

[ Z ]  The conkigul-ations of' the fixed stars with the earth aione are b u r  in 
numlxr. The term applied by some people to all in common is   car dine^'.'^' 
Their individual titles are 'ascendant', 'culmination above the earth', 'de- 
scendani' and 'culmination beiow the earth'. '" Now in the region where the 
ecitiator is in the zenith ail the fixed stal-s rise ar?d set and once in every 
re\.olutioz reach cuimination abo\:e the earth, and once culrninaticn below the 

HI87 earth; for in that situation the poles of the equator lie on the horizon, and do not 
make any ofthe parallel circles either always visible or always invisilde. And in 
the regions ivhel-e [one of] the poles is in the zenith, none of the fixed starseither 
rises or sets. For in that situation the equator assumes the position of the 
horizon, and one of the hemispheres into which it divides [the heavens] rotates 
always above the earth, while the other rotates always below the earth. Hence 
each star repeats the same type of ctllmination twice in one revolution, some 
reaching culmination above the earth twice, the others culmination below the 
earth tivice. Eut at the other, intermediate, terrestrial latitudes, some of the 
[parallell circles are alwaysvisil~le, and some always invisible; so the stars cut ofT 
hetcveen ~hese  and the poles neither rise nor set, and perform two culminations 
in each revolution; those stars in the region which is always visible [culminate 
twice] above the earth, and those in the region which is always invisible 
[culminate twice] below the earth. The remaining stars? which lie on parallels 
greater [than the always visible and invisible parallels], both rise and set, and 
<, 

culminate once above the earth and once I > e i o ~ ~  the earth in each revolution. 
For these stars the time [oi'trave1l fi-om any one of'the cardines back to the same 
one is the same at ever!, place: i t  comprises one I-evol~ition: to the senses.'" The  

HI 88 time from one cardine to the one diametrically opposite is the same at every place 
\\hen o:?e considel-s meridian [passage]. since it  comprises half' a revolution. - 
tZ'hcr~ o n t  considers horizon [passage] it is again ccinstant where the equator is 
in tht, zenith: each of'the two irrtervals [fi-om rising to setting and Gorn setting to 
I-isingj comprises halfa t-evolution, since in that case all the parallel circles are 
bisected, not only by the meridian, but also by the horizon. However, at  all other 
tei-I-cstrial latitudes, if'one takes separately the time spent aho\ve the earth and 
the time spent below the earth [ b y  a star], neither is the same for all stars [at a 
givcn latitttde]; nor is the time spent al>o\~e the earth Ibr any particuiat- star 
equal to the time it spends below the earth, except for those stars which happen 
to lie precisel!. on the equator; for thelatter is the only circle which is I~isected b y  
the horizon at .sphaera ohlipa tool whereas all the other [parallels] are divided 
[I)? the horizon] into arcs which are neither similar nor equal. Furthermol-e, in 
accordance with this, the time fi-om rising or setting to one or other of the 
ct~lrninat ions is equal to the time fi-om the same cuImination to setting or rising, 
since the meridian bisects those segments of'the parallels which are above and 
!>eloiv t he earth; but the times Srom rising 0 1 .  setting to the two [opposite] 
culminations are unequal at .sphaera obliqua, I~ut  equal at sphaera rerla, since only 

' y o ~ h v r p ~ .  The primary importance of these points is in astrology: see BouchP-l.rrclercq 257-9. 
l a '  The two types of culmination are usually known in modern times as 'upper' and 'lower' 

culmination (see Introduction p. 19). 1 retain the literal terminology here for obvious reasons. 
lg2The qualification 'to the senses' is inserted because of precession (the effect of \z.hich is 

negligible over one daily revolution). 



VIIl 4. Configurations o f  stars with sun 4-09 

in the latter situation are the whole segme:lts [of the parallel circles] ailovr- the 
earth equal to the segments helow the earth.Ig3 Hence, for .\bhaPm l-uc-ia, 

[heavenly bodies] which culminate simuitaneously always rise and set simul- 
taneously too (in so far as their motion about the poles of the ecliptic is 
imperceptiblej;'" 43ut, for sphaera obliqua, [heavenly bodies] which culminate 
simultaneously neither rise nor set simultaneously, but the more southerly ones 
always rise iater and set sooner than the more northerly. 

[3] The accepted configurations ofthe fixed stars considered with respect to 
tha earth and at' the same time to the planets or the parts of the zodiac are: 
[a] in general, their risings, culminations or settings which are simultaneous 
with those of one of the planets or with some part of the zodiac; 
[h] in particular, their con1igu1-ations with respect to the sun, which are of 9 
types. 

The first type ofconliguration is that called 'dawn easterly'. when the star is 
on the eastern horizon together with the sun. One variety ofthis is called 'dawn 
invisible later rising', when the star, which is just at last visibility, rises 
immediately after the sun; another is called 'dawn tiue simultaneous rising', 
when the star arrives a t  the eastern horizon at precisely the sametimc as the sun; 
.the third is called 'dawn visible earlier rising', when the star, which isjust at first 
visil>ility, rises befbi-e the sun. 

The second type ol'conliguration is that called 'dawn culmination'. when the 
sun is on the eastern horizon while the star is at the meridian, either above or 
below theearth. Ofthis too there are varieties: one is called 'dawn invisible later 
culmination', when the star culminates immediately aftei- sunrise; a second is 
called 'dawn true simultaneous culmination'. when the star culminates at  the 
same time as the sun rises; and the third is called 'datvn earlier culmination'. 
when the star culminates imrncdiately lxfor-e sunrise. When the latter is a 
culmination above the earth it is b~isible. . 

The third type of configuration is that called 'da~:n  westerly', when the sun is 
on the eastern horizon and the star on%e western. This too has vari~ties: one is 
called 'dawn invisiiAe later setting'. when the star sets imrnediateh. afiel- 
sunrise; 1 %  a second is called 'datvn truesirni~itaneoussetting', when the star sets 

at exac.tiy the same time as the sun rises; and the third is called 'dawn visib!e 
earlier setting', when the sun rises immediately afier the star has set.''" 

The fourth type of' configuration is that called 'meridian easterly?: when the 
sun is on the meridian and the star is on the eastern horizon. This too has 
varieties: one during the day and invisiI>le, when the sun is culminating above 
the earth as the star is rising; the other during the night and visil>le, when the 
sun is culminating below the earth as the star is rising. 

The fifth type of conligusation is that called 'meridian culmination': when 
sun and star 110th reach the meridian at the same time. This too has varieties: 

Ig3If n is the time from rising to upper culmination, b horn upper culmination to setting. c from 
setting to lower ct~lmination, and d from lower culmination to rising, then a = b and c = d 

but (at sphoera obliqua) a # c and b f d. 
194Th' 1s implies ' that Ptolemy is thinking of planets as well as fixed stars. 
'''Reading b v a r ~ i h a v t o ~  (with D) for & v ~ T E ? . ~ o v T o <  at H190,18. Corrected by Manitius. 
'9%eading K ~ T ~ ~ ~ V U V T O ~  (with D) for ~ a r a 6 6 v o v r o <  at H 190.22. 
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two are during the day and invisil~le, when the sun is culminating above the 
earth and the star is either culminating above the earth together with the sun, 01- 

else culminating below the earth opposite it; and two are during the night, 
when the sun is culminating helow the earth; ofthese one is invisible, when the 
star too culminates 1,elow the earth together with the and the other is 
visilde, when the star culminates aljove the earth opposite it. 

The sixth type ol'configuration is that called 'meridian westerly', when the 
sun is on the meridian and the star is on the western horizon. This too has 

HI92 varieties: one during the day and invisible, when the sun is culminating above 
the earth as the star is setting; the other during the night and visible, when the 
sun is culminating below the earth as the star is setting. 

The seventh type of'configuration is that called 'evening easterly', when the 
sun is on the western horizon and the star on the eastern. This again has 
varieties: one is called 'evening visible later rising', when the star rises 
immediately after the sun has set; another is called 'evening true simultaneous 
rising', when the star rises at  the same time as the sun sets; the third is cailed 
'evening invisible earlier rising', when the sun sets immediateIy after the star 
has risen. 

The eighth type of configuration is that called 'evening culmination', when 
the sun is on the western horizon and the star ison the meridian either above or 
below the earth. This too has varieties: one is called 'evening later culmination', 
when the star culminat'es immediately after sunset (when the culmination is 
ahove the earth, this is visible);'97 another is called 'evening true simuItaneous 

H193 culmination', n~hen the star culminates at  the same time as the sun sets; the 
third is called 'evening invisible earlier culmination', when the sun sets 
immediately after the star has culminated. 

The ninth type of configuration is that called 'evening westerly', mihen the 
star is on the western horizon togetherwith the sun. This too has varieties: one is 
called 'evening visible later setting', when the star, just at last visibility, sets 
immediately after the sun; another is called 'evening true simultaneous seqjng', 
when the star sets at exactly the same time as the sun; and the third is called 
'evening invisiljle earlier setting', when the star, which is just at first visibility, 
sets bust] before the sun. 

5. {On slmulfaneous ~isin.gs, culminations and settings d- the Jued sta9-s) lg8 

Given the above definitions, the times of the true simultaneous risings, 
culminations and settings, which ase taken with respect to the sun's centre, can 
I,e found 11y us immediately fi-om the position olb[the stars in question] in the 
delineation of the stars [on the solid globe], by purely geometrical methods. 

H194 For the points on the ecliptic with which each fixed star simultaneously 

I g 7  Adopting the reading of D,Ar, which omitscpalv6p~vov at H192,19 and a d d s ~ a i  r6bxkpyijv 
T O ~ T O U  ( P Q I V ~ ~ V O V  yiv&ra~ after paooupavljoq at H192,20. The text printed by Heiberg falsely 
implies that bath upper and lower cuiminations are visible. 

See H.4A4.4 32- 4, 39. 
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culminates, rises or sets can he derived geometrically by means of the theorems 
[already] established. 19' 

First, to demonstrate the simultaneous culminations, let [Fig. 8.1Izo0 the 
circle through both poles, that of the equator and that of the ecliptic, be ABGD. 
Let AEG be a semi-circle of'the equator about pole Z, and BED a semi-circle of 
the ecliptic about pole H. Draw through the poles of the ecliptic the great circle 
segment HOKL, and take on it point O as the required fixed star (for it is with 
respect to such circles [i.e. great circles through the poles ofthe ecliptic] that we 
have observed and recorded the positions ofthe fixed stars). Also, draw through 
the poles of the equator and the star at O the great circle segment ZOMN. 

Fig. 8.1 

Now it  is obvious that the star at O culminates simultaneously with pointsM 
and N of the ecliptic and equator [respectively]. But these points, and arc QN, 
are given, as will be clear from the following considerations. From what we 
proved at the beginning of our treatise [I 131, since the [two] great circle arcs 
HL and NZ have been drawn to meet the two great circle arcs AH and AN, 
Crd arc 2HA:Cl-d arc 2AZ = 

(Crd arc 2HL:Crd arc 2LO).(Crd arc 2NO:Crd arc 2ZN). [M.T. I] 
But, immediately by hypothesis, each of the arcs AZ: ZN and H K  are given as 
quadrants; fiom the catalogue, arc KO is given from the star's latitude and arc 
KB fi-om its longitude; and arc ZH and arc K L  are given fi-om the demonstrated 
obliquity of the ecliptic.201 Hence it is clear that, of the arcs in question, arc HA 
[ = arc AZ + arc ZH], arc AZ, arc H L  [= arc HK + arc KL], arc L@ 

'''In I 13, I 16 and 11 7-8. 
Heiberg's version of Fig. 8.1, derived from rns. A, is defective, since it contains a redundant 

point Z. I follow the correct version in D.Ar. 
arc ZH = E ,  arc KL = 6 of point K. 
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[ = arc K L  + arc KO] and also arc NZ are given. Hence the  rema~ning arc, 
NO, will also be given. 

Again, since 
Crd arc 2ZH:Crd arc 2HA = 

H196 (Crd arc 2ZO:Crd arc 2ONj.(Crd arc 2NL:Crd arc ZLA), [h/l.T. II] 
and, b ) ~  the al~ove. of the arcs in question, arc ZH,  arc HA, arc ZC3 [= arc ZN - 
arc NO] and arc O N  are given, and arc LA is given from [the given] arc KB, by 
means of[the arcs of) the equator which rise together with [those ofl the ecliptic 
at ~phae?a recta. the remaining arc. NL, will also be given. Similarlti , [bv  . means of' 
the rising-times at .sphaeja ~ec tn ]  arc MB of the ecliptic will be @\,en fiom arc NA, 
the sum [of arc NL i arc LA]. 

Moreover the points on the equator and ecliptic which rise or set 
simultaneously with a fixed star can readily be found by means of the 
simultaneous cuiminations, in the following manner. 

Let [Fig. 8.21 ABGD be a meridian, AEG a semi-circle of the equator about 
pole Z, and BED a semi-circle of the horizon. Let the star rise at point H ofthe 
horizon, and draw the great circle quadrant ZHO through points Z, H. 

Fig. 8.2 

Then again, since [two] great circle arcs ZO and EB have been drawn to meet 
HI97 two great circle arcs AZ and AE, 

Crd arc 2ZB:Crd arc  2BA = 
(Crd arc 2ZH:Crd arc 2HO). (Crd arc 2OE:Crd arc 2AE). [M.T. 113 

But, of the arcs in question, arc ZA, arc ZO and arc &,4 each comprise a i 

quadrant, arc ZB [and hence arc BA = arc ZA - arc ZB] is given from the K 

elevation of the pole, and point O of the equator and arc OH [and hence 
arc H Z  = arc ZO - arc OH] from the simultaneous culmination. Therefore 
the remaining [arc], OE, will be given. 

For the simultaneous settings, too. it  can easily be seen that if we cut ofran 
I 

arc, OK,  in advance of@ equal to arc OE, the star wijl set together with point K 
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of the equator. For in that situation the setting takes place on an arc [of the 
horizon measured from the meridian] equal to arc BH, and cuts off an angle in 
advance of the meridian equal to that enclosed to the rear [of it] by arc AZ and 
arc ZO in the present situation. 

Furthermore, from the arcs of the equator and ecliptic which rise and set 
tcgether which we have computed for each clima [I1 8j, there will immediateiy 
be given that point on the ecliptic which rises together with point E of the 
equator and the star, and that point which sets together with point K and the 
star. It is clear that at the moment when the sun is exactly in those points ofthe 
ecliptic, there will come to pass the risings, culminations and settings ofthe fixed 
star [in question] taken with respect to the sun's centre which are called 'true 
simultaneous cardinal positions'.202 

6. {On first and last visibilities of the. fixed stars)203 

However, in the case of the first and last visibilities [of the fixed stars], we find 
that-the geometrical method expounded [above], using only their position [in 
latitude and longitude], is no Ionger adequate. For it is not possible204 to find the 
size of the arc by which the sun must be removed below the horizon in order for 
a given star to have its first or Iast visibility by methods similar to the 
qeometrical procedures by which, e-g., one demonstrates the point on the 
h 

ecliptic with which that star 'rises. For that arc [the arcus cisionis] cannot be the 
same for a11 stars nor the same for a given star at  all places [on earth], but varies 
according to the magnitude of the star, its distance in latitude from the sun, and 
the change in the inclinations of the ecliptic [with respect to the horizon]. 

Fcr if we imagine [Fig. 8.31 a meridian circle ABGD, a semi-circle of the 
ecliptic AEZG. and a semi-circle of the horizon BED about pole H, it is clear 
that. given a star rising simultaneously with point E of the ecliptic,205 if a star of 
greater magnitude has its first visibility when the sun is at a distance of, e.g.. arc 
EZ below the earth, a star of lesser magnitude, even one at an equal distance in 
latitude from the sun, will have its first visibility when the sun is at a greater 
distance than arc EZ, and [thus] the effect of its rays is weaker. Again, for stars of 
equal magnitude, if a star which is closer in latitude to point E has its first 
visibility at a distance [of the sun from the horizon] of arc EZ, a star which is 
farther than that [from point E in latitude] will have its first visibility at a lesser 
[solar] distance. For, given the same distance of the sun below the horizon, the 
rays in the vicinity of the ecliptic and of the sun itself are denserzo6 than those 

2 U ' o v y ~ z v ~ p ~ ~ ~ ~ q ,  cf. p. 408 n.190, on ~ i v r p a .  
20'See H=1MA I1 927-8. 
204 Reading Guva~bv gvar with the rnss. at H198,18. Heiberg deletes .&vat, since one expects an 

indicative verb. But for the infinitive after words like E T I E I ~ ~ J  in oratio obliqua see Kiihner-Gerth I1 
551. quoting Xenophon, Mem. 1.2.13, kOaljpa<s . . . krcsi ~ a i  robs piy~orovcppovoGvra~ oC  aha 
GO€,U<EIV 6hh~ih01q. 

'05 Ptolemy says 'of those stars which rise simultaneously with point E'. However, he does not 
mean to compare a number of stars rising simultaneously with some fixed point of the ecliptic; for 
that would not allow the third situation envisaged, in which two dilTerent stars with the same 
latitude cross the horizon together with point E, and the angle at E is different in the two cases. 

206 Literally 'more numerous'. 
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H 

Fig. 8.3 

farther away. [Finaliy], in the case of the stars of equal magnitude which rise at 
HZ00 equal distances in latitude [from the sun], the more the ecliptic is inclined to the 

horizon, [thus] making 'angle DEZ smaller, the greater the [solar] distance EZ 
at which the star will have its first visibility. 

For if, as in the following figure [Fig. 8-41, we also draw in the semi-circle 
HOZK through the poles of the horizon and the sun at Z,*07 which will, 
obviously, be perpendicular to the horizon, the [vertical] distance of the sun 
below the earth will always remain equal to ZO for the same star, since, .for an 
equal interval so taken, the [effect of) the rays above the earth will be similar; 
but if arc O Z  is kept constant, arc EZ will, as we said, become less as the ecliptic 
is raised more towards a perpendicular position, and greater as i t  is more 
inc1ined2O8 [to the horizon]. 

Therefore we need observations for each individual fixed star in order to 
determine the [required] distance of the sun below the earth as measured along 
the ecliptic. And if even the distance vertical to the horizon (for instance, in the 
present figure [8.4], ZO) does not remain the same for the same stars at  all 

HZ01 locations on earth, because the rays of similar density do not have the same 
obscuring effect2'' in the thicker air of the more northerly terrestrial latitudes, 
we will need observations, not merely at  one terrestrial latitude, but at each of 
the others alike. However, if the arc corresponding to ZO remains constant 
everywhere on earth for the same stars (as seems likely, since the fixed stars too 
must be affected by the variation in the atmosphere in the same way as the rays 
are), the distances observed at a single terrestrial latitude will suffice us to 
determine those at the other latitudes: [we can do this] by geometrical methods, 

'07 Taking the reading of D at H2WY6, roc Karh r6  Z (for ~6 ~ a r a  ri, Z), and at H200,7, HOZK 
(also in Ar) for OZK. Corrected by Manitius. 

Reading Ly~h~vopivov (with D) for K E K A I ~ E V O U  at H200,13. 
2 0 9 ~ a r a ? L d p n ~ ~ v ,  'shine on so as to obscure'. See p. 470 n.8. 
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H 

Fig. 8.4 

whether the variatior? in the inclination of the ecliptic is due to the terrestrial 
location or to the demonstrated motion ofthe sphere oft he fixed stars towards 
thc. rear with respect to i t  [the ecliptic]. 

[TO show this], in the figure described [Fig. 8.41, let the distance EZ be given 
from an observation at an). one terrestrial latitude whate\.er- Then since, again, 
the [two great circle arcs! BO and ZA have been dr2w.n to meet the t ~ ~ o  great 
circle arcs HB and HZ: 
Crd arc 2AB:Crd arc 2BH = 

(Crd arc 2AE:Crd arc ZEZ).(Crd arc 2ZQ:Grd arc 20H). [RI.T. 111 
But, of the arcs in question, arc BH and arc O H  are immediately [given, being] 
each a quadrant: and since point E, with which the star rises, is given by 
hypothesis; A, the culminating point, is also given, by means of the section on 
rising-times [I1 9: p. 1104): thus arc AE too is given by this means, and arc EZ by 
the observation; and arc AH too [and hence arc AB = arc BH - arc AH] is 
given, being derived fi-om the distance of point A from the equator (which is 
given fiom the Table of Inclination [ I  151) and fi-om the distance ofthe equator 
!?om the zenith along the same meridian (which equals the elevation of the 
pole).  heri if ore the remaining [arc], ZO, will be given: 

Once this [arc ZO] has been found, and provided that it remains the same for 
all locations, we can use it to derive the amounts of arc EZ a t  [all] other 
terrestrial latitudes fi-om the same considerations. For again [in Fig. 8.41 
Crd arc 2HB:Crd 2AB = 

(Crd arc 2HO:Crd arc 2ZO).(Crd arc 2ZE:Crd arc 2EA). [M.T. II] 
And, of the a r c  in question, arc ZO is now given by hypothesis; and since E, the 
point which rises together with the star at  the terrestrial latitude in question, is 
given by the procedure demonstrated above [VIII 5 p. 4123, and similarly arcs 
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EA and BA are given.210 the remaining arc, which is arc EZ of the ecliptic, is 
also gi~2en. 

HZ03 We shall take the same method of operation for granted for the last 
~~isibilities, which occur near the setting-point. Practically the only difference 
will be that in the same figure [Fig. 8.41 the ecliptic will be drawn on the other 
side rof BED], in accordance with the way it  is inclined when the 1:orizon [arc] 
BD is taken as the western part [see Fig. N]. 

K 
Fig. N 

We think that the ab0L.e suffices as an indication of the methods in this type of 
theoretical investigation. enough [at least] so that it cannot be said that we have 
neglected this topic. Howex~er, seeing that the computation of this kind of' 
prediction is of great complexity, not only because of the great number of 
different terrestrial latitudes and inclinations of the ecliptic involved, but also 
because of the sheer multitude of the fixed stars; seeing, too, that, in respect of 
the actual observations of the phases211 it is laborious and uncertain, since 
[differences between] the observers themselves and the atmosphere in the 
regions of observation can produce variation in and doubt about the time ofthe 
first suspected occurrence, as has become clear, to me at  least, from my own 
experience and from the disagreements in this kind of obsenlations; seeing, 
furthermore, that because of the motion [through the ecliptic] of the sphere of 

'I0As before, (p. 415), from E, the horoscope, we find A, theculminatingpoint, by the procedure 
I1 9 (p. 104). Thus we have arc EA. arc AB = arc BH - arc AH, where arc BH = 90° and 
arc AH = cp - 6 (A). 

"I  Reading Kur' cdraq r6v  cpaoeov rqprjos~q, with D, at H203,14, i.e. taking it as Sollowing 
EVEKEV and understandingroc before bpyo66q re &at. Heiberg printsrd ~ a r  ' aljraq taq rGv (rQv) 
dot6pov cpaaewv rqpfpetq? presumably understanding nupa before it, but this is very harsh. By 
phases (cpaoet;) Ptolemy means here both first and last visibilities. 
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the fixed stars, even for the individual terrestrial latitudes the simuItaneous 
risings, culminations and settings cannot remain forever identical with the 
present ones, which would take such a vast amount of numerical and 

computations to calculate, we have decided to dispense with such a H204 
time-consuming operation. For the time being we content ourselves with the 
approximate [phases] which can be derived either earlier records2'' or 
from actual manipulation of the [star-jglobe for a n y  particular star. R4oreover, 
we notice that the prognostications concerning the states of the atmosphere 
derived from first or last visibi1i:ies (if indeed one assigns these as the cause [of 
changes in the weather], and not rather the positions [of the sun] in the ecliptic), 
are almost always approximations, and do not exhibit a perfect regularity and 
invariability:: it seems that this causal factor has only general application, and 
derives its strength, not so much from the actual times of the first or last 
visibility, as from the configurations with respect to the sun, taken as intervals in 
round numbers, and, in part, the  inclination^^'^ of the moon at those 
configurations. 

212Reading &n6, with D, for bn' aCrQv at H204.3. 
"' In his later work, Phaseis, of which only Bk. 11 is preserved, Ptolemy lists many of these. 
2'4npoov~doct~.  From the Telrabiblos (11 13. ed. Boll-Boer 100,7-9) it appears that Ptolemy 

means the direction ('wind') towards which the moon 'points' in its motion in [argument ofl 
latitude. But see also ibid. 11 14,5 (ed. Boll-Boer 102,Z-3) where it seems to be the direction towards 
which the sickle or gibbous moon points. 



Book IX 

1. f On the order of the spheres o f  sun, moon and the 5 planelsf 

Such, then, more or less, is the sum total of the chief topics one may mention as 
having to do with the fixed stars, in so far as the phenomena [observed] up  to 
now provide the means of progress in our understanding. There remains, to 
[complete] our treatise, the treatment of the five planets. To avoid repetition we 
shall, as far as possible, explain the theory of the latter by means of an exposition 
common [to all five], treating each of the methods [for all planets] together. 

First, then, [to discuss] the order of their spheres, which are all situated [with 
their poles] nearly coinciding with the poles of the inclined, ecliptic circle: we 
see that almost all the foremost astronomers agree that all the spheres are closer 
to the earth than that of the fixed stars, and farther from the earth than that of 
the moon, and that those of.the three [outer planets] are farther fi-om the earth 
than those of the other [two] and the sun, Saturn's being greatest, Jupiter's the 
next in order towards the earth, and Mars' below that. But concerning the HZ07 
spheres of Venus and Mercul-)., we see that they are placed below the sun's by 
the more ancient astronomers, but by some oftheir successors these tooare placed 
above [the sun's],' for the reason that the sun has never been obscured by them 
[Venus and Mercury] either. T o  us, however, such a criterion seems to have an 
element of uncertainty, since it is possible that some planets might indeed be 
below the sun, but nevertheless not always be in one of the planes through the 
sun and our viewpoint, but in another [plane], and hence might not be seen 
passing in front of it, just as in the case of the moon, when it passes below [the 
sun] at conjunction, no obscuration results in most cases.2 

And since there is no other way, either, to make progress in our knowledge of 
this matter, since none of the stars3 has a noticeable parallax (which is the only 
phenomenon from which the distances can be derived), the order assumed by 
the older [astronomers] appears the more plausible. For, by putting the sun in 
the middle, it is more in accordance with the nature [of the bodies] in thus 

' There is a good deal of evidence for the identity of some of those who held the second opinion, 
including Plato, Eratosthenes and Archimedes. For details on this and other ancient arrangements 
see H A M A  11 690-3. 

l.e. no transits of Venus or Mercury had been observed. Neugebauer has shown ( H A M A  227-30) 
that transits are in fact predictable from Ptolemy's own theory. Ptolemy later seems to have realized 
this, for in the Planetary H'jpootheses (ed. Goldstein 2,28,10-12) he says 'ifa body ofsuch small size (as 
a planet) were to occult a body of such large size and with so much light (as the sun), it would 
necessarily be imperceptible, because of the smallness of the occulting body and the state of the parts 
of the sun's body which remain uncovered.' (Goldstein's translation here, p.6, is inaccurate). 

This includes both fixed stars and planets. 

hanif
Highlight
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separating those which reach all possible distances from the sun and those 
which do not do so, but always move in its vicinity; provided only that it does 
not remove the latter close enough to the earth that there can result a parallax of 
any size.4 

HZ08 2. {On ozll-ptc?po~e in [he hjpothe~es qf'theplanets] 

So much, then, for the arrangements of'the spheres. Now it is our purpose to 
demonstrate for the five planets, just as we did for the sun and moon, that all 
their apparent anomalies can be represented by uniform circular motions, since 
these are proper to the nature of divine beings. while disorder and non- 
uniformity are alien [to such beings]. Then i t  is right that we should think 
success in such a purpose a great thing, and truly the proper end of the 
mathematical part of theoretical philosophy.5 But, on many grounds, we must 
think that it is diflicult, and that there is good reason why no-one before rts has 
yet succeeded in it.h For, [firstly]: in investigations of the periodic motions of a 
planet, the possible [inaccuracy] resulting from comparison of [two] obser- 
vations (at each of which the observer may have committed a small 
observational error) will, when accumulated over a continuous period, produce 
a noticeable difference [from the true state] sooner when the inter\,al [betxveen 
rhe abservations] over which the examination is made is shorter. and less soon 
when it is longer. But .we have records of planetary obse~at ions  only from a 
time which is recent in comparison with such a vast enterprise: this makes 
prediction for a time many times greater [than the interval for which 
observztions are available] insecure. [Secondly], in investigation of the 
anomalies. considerable confusion stems from the fact that i t  is apparent that 
each pianet exhibits two anomalies, which are moreover unequal both in their 

Hz09 amount and in the periods of their return: one [return] isobserved to be :-elated 
to the sun, the other to the position in the ecliptic; but both anomali- L~ are 
continuously combined. whence it  is difficult to distinguish the characteristics 
of'each individually. [It is] also [confusing] that most of'the ancient [planetary] 
observations have been recorded in a way which is difficult to evaluate, and 
crude. For [1] the more continuous series of observations concern stations and 
phases [i.e. first and last ~isibilities].~ But detection of both of these particular 

'' In his Plunelaty- Hyplheses (see Coldstein's edition) Ptolemy proposes a system in which the 
s p h e ~ ~ s  ofthe planets are contiguous; thus the greatest distance from the earth attained by a planet 
is equal to the least distance attained by the one next in order outwards. This appears to provide 
support lor the order he adopts here, since it results in a solar distance very nearly the same as that 
obtained by a dilyerent method in .lIma,~es/ V 15. Since this system also brings Mercury, at its least 
distance, to the moon's greatest distance (64 ear-th-radii), Mercury ought to exhibit a considerable 
parallax, contrarv to what is enunciated here. 

"CC I l p. 35. 
ti We cannot doubt that not only planetary theories but planetary tables had been constructed 

bel'ore Ptolemy: the proofis supplied by Indian astronomy, which is based on Creek theories which 
are largely, if not entirely, pre-Ptolemaic, and indeed by Ptolemy's own reference to  the 'Aeon- 
tables' I~elow (p. 422). What he means is that all previous efforts were, by his criteria, 
unsa t isfsctol.): 
' Prolemy is certainly thinkingoithe Babylonian planetary observations, which arecharacteristi- 

rally of this type. They have become available to us thr~uugh the 'diaries' (see Sachs[2]), but to 
PtoIemy were probably known only through Hipparchus' compilation (see p. 421 j. 



IX 2. M y  Hipparchus did not establish theory of planets 42 1 
phenomena is fraught with uncertainty: stations cannot be fixed at an exa-ct 
moment, since the local motion of the planet f ~ r  several days both before and 
after the actual station is too small to be observable; in the case of the phases, not 
only do the places [in which the planets are located] immediately become 
in\-isible together with the bodies which are undergoing their first or last 
visibility, but the times too can be in error, both because of atmospherical 
differences and because of differences in the [sharpness off vision of the observers. 
[2] In general, observations [of planets] with respect to one of the fixed stars, 
when taken over a comparatively great distance, involve difficult computations 
and an element of guesswork in the quantity measured, unless one carries them 
out in a manner which is thoroughly competent and knowledgeable. This is not 
only because the lines joining the observed stars do not always form right angles 
with the ecliptic, but may form an angle of any size (hence one may expect 
considerable error in determining the position in latitude and longitude, due to HZ10 
the varying inclination of the ecliptic [to the horizon frame of reference]); but 
also because the same interval [between star and planet] appears to the observer 
as greater near the horizon, and less near mid -hea~en ;~  hence, obviously, the 
interval in question can be measured as at one time greater, at another less than 
it is in reality. 

Hence it was, I think, that Hipparchus, beinga great lover of truth, for all the 
above reasons, and especially because he did not yet have in his possession such 
a groundwork of resources in the form of accurate observations from earlier 
times as he himself has provided to us,' although he investigated the theories of 
the sun and moon, and, to the best of his ability, demonstrated with every 
means at his command that they are represented by uniform circular motions, 
did not even make a beginning in establishing theories for the five planets, not at 
least in his writings which have come down to us." All that he did was to make a 
compilation ofthe planetary observations arranged in a more useful way," and 
to show by means of these that the phenomena were not in agreement with the 
hypotheses of the astronomers ofthat time. For, we may presume, he thought 
that one must not only show that each planet has a twofold anomaly, or that 
each planet has retrograde arcs which are not constant, and are of such and 
such sizes (whereas the other astronomers had constructed their geometrical 
proofs on the basis of a single unvaryinganomaly and retrograde arc); nor [that 
it was sufficient to show] that these anomalies can in fact be represented either 

8This appears to be the only reference to the effect of refraction (if thar is what it is) in the 
Almagest, despite its obvious relevance e.g. to the observations ofMercury's greatest elongations in 
IX 7. Ptolemy discusses it (as a theoretical problem) in some detail in O ~ f i c s  V 23-30 (ed. Lejeune 
237-42). 

'This seems to imply that Hipparchus recorded planetary observations of his own, which 
Ptolemy used to establish his theories. This may be true, but it is strange that Ptolemy cites not a 
single such observation by Hipparchus. Could Ptolemy mean merely that Hipparchus had not 'yet' 
assembled the compilation of earlier planetary observations which he mentions just below? 

''The circulation of books in antiquity was so fortuitous that, even for one, like Ptolemy, who had 
access to the great resources of the libraries at Alexandria, this was a necessary cageal. 

" I have little doubt that all the older planetary obsenrations cited in the Almagest are derived 
from this compilation (cf. p. 452 n.66), and that part of Hipparchus' 'rearrangement' was to give 
their dates in the Egyptian calendar. For a similar service he rendered for the listing of lunareclipses 
see H.4121.4 320-2 1 .  



422 IX 2. Earlier planetary theories unsatisfactory 

HZ1 1 by means of eccentric circles or by circles concentric with the ecliptic, and 
carrying epicycles, or even by combining both, the ecliptic anomaly being of 
such and such a size, and the synodic anomaly of such and such (for these 
representations have been employed by almost all those who tried to exhibit the 
uniform circular motion by means of the so-called 'Aeon-tables','* but their 
attempts were faulty and at the same time lacked proofs: some ol'ihern did not 
achieve their object at all, the others only to a limited extent); but, [we may 
presume], he reckoned that one who has reached such a pitch of accuracy and 
love of truth throughout the mathematical sciences will not be content to stop at 
the above point, like the others who did not care [about the imperfections]; 
rather, that anyone who was to convince himself and his future audience must 
demonstrate the size and the period of each of the two anomalies by means of 
well-attested phenomena which everyone agrees on, must then combine both 
anomalies, and discover the position and order of the circles by which they are 
brought about, and the type of their motion; and finally must make practically 
all the phenomena fit the particular character of the arrangement of circles in 
his hypothesis. And this, I suspect, appeared difficult even to him. 

The point of the above remarks was not to boast [of our own achievement]. 
Rather, if we are at any point compelled by the nature of our subject to use a 
procedure not in strict accordance with theory (for instance, when we carry out 
proofs using without further qualification the circles13 described in the 

HZ12 planetary spheres by the movement [of the body, i.e.1 assuming that these 
circles lie in the plane of the ecliptic,I4 to simplif~~ the course of the proof); or [if 
we are compelled] to make some basic assumptions which we arrived at not 
from some readily apparent principle, but from a long period of trial and 
application,15 or to assume a type of motion or inclination of the circles which is 
not the same and unchanged for all planets;'6 we ma): [be allowed to] accede 
[to this compulsion], since we know that this kind of inexact procedure will not 
affect the end desired, provided that it is not going to result in any noticeable 
error; and we know too that assumptions made without proof, provided only 
that they are found to be in agreement with the phenomena, could not h a ~ e  
been found without some careful methodological procedure, even if it is drlficult 

126th Gc, ~aAoupHvq5 afoviov ~ a v o v o n o ~ a q .  In my opinion, Ptolemy is referring t aa  type of 
work in which the mean motions of the planets were represented by integer numbers of revolutions 
in some huge period, in which they all return to the beginning of the zodiac, and the planetarv 
equations were calculated by a combination of epicycles or of eccentre and epicycle which was nor 
reducible to a geometrically consistent kinematic model, i.e. to a class of Greek works which were 
the ancestorj of the Indian siddhantas. In this 1 am in agreement w ~ t h  van der Waerden: 'Ewige 
Tafeln', except that I believe that the aihv implied by the title of these tables does not mean 
'eternity' (cf. the conventional translation, 'Eternal Tables', which is philologically possible, but 
not necessary), but refers to the immense common period in which the planets return (cf. the Greek 
inscription of Keskinto, H A M A  698-705, and the Indian Mahiiyuga). The other two references to 
these tables in antiquity (P. Lond. 130, seeNeugebauer-van Hoesen, Greek Horoscopesp. 21, I 12-13, 
and Vettius Valens VI 1, ed. Kroll 243,8) are consistent with, but do not require, this 
interpretation. 

13LiteraIly 'as if the circles were bare [circles]'. 
" Ptolemy in fact carries out all the proofs involving the longitudinal motions of the planets (in 

Bks. IX-XII) as if the motions lay in the plane of the ecliptic. 
15The paradigm case of this is the introduction of the equant. 
! 6 E.g. the special model for the longitudinal mot~ons of Mercury, or the special inclinations 

attributed to the inner planets for their latitudinal motions. 
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to explain how one came to conceive them (for, in general, the cause of'first 
is, by nature, either non-existent or hard to describe); we know, 

finally, that some variety in the type of* hypotheses associated with the circles [of 
the planets] cannot plausibly be considered strange or contrary to reason 
(especially since the phenomena exhibited by the actual planets are not alike 
[for all]); for, when uniform circular motion is preserved for all without 
exception, the individual phenomena are demonstrated in accordance with a 
principle which is more basic and more generally applicable than that of 
similarity of the hypotheses [for all planets]. 

The observations which we use for the various demonstrations are those HZ13 
which are most likely to be reliable. namely [ I  ] those in which there is observed 
actual contact or very close approach to a star or the moon, and especially [Z] 
those made by means of the astrolabe instruments. LIn these] the observer's line 
of vision is directed, as it were, by means of the sighting-holes on opposite sides 
of the rings, thus observing equal distances as equal arcs in all directions, and 
can accurately determine the position of the planet in question in latitude and 
longitude with respect to the ecliptic, by moving the ecliptic ring on the 
-astrolabe, and the diametrically opposite sighting-holes on the rings1' through 
the poles of the ecliptic, into alignment with the object observed. 

3. { Ori the pel-iodic I-eturns of' the fiia planeis] '* 

Now that we have completed the above discussion, we will first set out, for each 
of the 5 planets, the smallest period in which it rnakesan approximate return in 
both anornaIies, as computed b?- Hipparchus.lq These [periods] have been 
con-ected by us, cn the basis of the comparison of their positions which became - 
possible after we had demonstrated their anomalies, as we shall explain at that 
point.20 However. we anticipate and put them here, so as to have the individual 
mean motions in longitude and anomaly set out in a convenient form for the HZ14 
calculations of the anomalies. But i t  would in fact make no noticeable difference 
in those calculations2' even if one used more roughly computed mean positions. 

I i  It is not clear why the plural ('rings') is used (contrast the singular at V 1, H354'13). Although 
the sights are attached only to ring 1 in Fig. F (p. 218). Ptolemy is presumably referring to both 
ring 1 and ring 2, since ring 2 has first to be moved to the correct sighting position on the ecliptic 
ring (no. 3). 

Is See HAM.4 150-2. Pedersen (270) has fallen into some confusion about Ptolemy's procedure: 
see Tmmer[3] 144-5. 

l9 If Ptolemy means. as we may presume, that the periods 'computed by Hipparchus' are the 
relationships in integers, '57 returns in anomaly correspond to 59 years and 2 revolutions in 
longitude'. etc., then he seems ignorant of the fact that these are well-known (to us) Babylonian 
period relationships (for details see H.4M.4 151). 

"This is a ref~rcnce to the chapters on the 'corrections of'the mean motions', IX 10,X 4, X9, XI 
3 and X17. The 'comparison' refers to the use in these chapters of tzoo positions, separated by a long 
time-interval, to derive the mean motions. On the problem of the actual derivation of the 

{ corrections given here, and of the mean motions, see Appendix C. 
Ptolemy means that where he uses the mean motions in determining the eccentricity (e.g. X 7 

p. 484) over the short periods involved (a few years) one could use quite crude parameters (e.g. the 
mean motions given by the uncorrected Babylonian periods) without seriously affecting the final 
result. He is right (see p. 484 n.33). The corrected mean motions are given here merely for 
convenience. Cf. the procedure for the lunar mean motion table, p. 179. 
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As a general definition, we mean by 'motion in longitude' the motion of the 
centre of the epicycle around the eccentre, and by 'anomaly' the motion of the 
body around the epicycle. 

We find, then, that 
[ I ]  for Saturn, 57 returns in anomaly correspond to 59 solar years (as defined 
by us, i.e. returns to the same solstice or equinox), plus about 12 days, and to 2 
revolutions [in longitude] plus 1 ;43O (for in the case of the 3 planets which are 
always overtaken by the sunz2 the number of revolutions of the sun during the 
period of return is always, for each of them, the sum of the number of 
revolutions in longitude and the number of returns in anomaly of the planet); 
€21 for Jupiter, 65 returns in anomaly correspond to 71 solar years (defined as 
above) less about 4& days, and to 6 revolutions of the planet from a solstice back 

I3215 to the same solstice, less 420; 
[3] for Mars, 37 returns in anomaly correspond to 79 solar years (as defined by 
us) plus about 3;13 days,z3 and to 42 revolutions of the planet from a solstice 
back to the same solstice, plus 360; 
[4] for Venus, 5 returns in anomaly correspond to 8 solar years (as defined b y  
us) less about 2;18 days,z4 and to a number of [longitudinal] revolutions of the 
planet equal to that of the sun, 8, less 2ao; 
153 for Mercury, 145 returns in anomaly correspond to 46 of the same kind of 
years plus about 1 jb days, and to a number of [longitudinal] revolutions which 
is, again, equal to that.of the sun, 46, plus lo. 

But if, for each planet, we reduce the period of return to days, in accordance 
with the length of the year as demonstrated by us, and the number of returns in 
anomaly to degrees according to the system in which a circle contains 360°, 
we will get: 

for Saturn, 21 55 1 ; 1 gdand 205200 of anomaly 
If216 for Jupiter, 25927;37d and 2340OoZ5 of anomaly 

for Mars: ~ 8 8 5 7 ; 4 3 ~ * ~  and 13320° of anomaly 
for Venus, 2919;40d and 1800° of anomaly 
for Mercury, 16802;24~*~ and 52200° of anomaly. 
So we divide the degrees of anomaly proper to each by the appropriate 

number of days, and get the following for the approximate mean daily motions 
in anomaly:28 

Saturn 0;57,7,43,41 ,43,40° 
Jupiter 0;54,9,2,46,26,0° 

22 ~ [ E P ~ K ~ T U ~ U ~ ~ ~ V O ~ ~ V W V .  Cf. n ~ p ~ ~ a ~ a k q y m ,  HI 24,13. This feature distinguishes the three 
outer planets from the two inner ones, since the latter (usually) overtake the sun. 

*'Expressed by Ptolemy as 3 -I- d + jrj. 

24 Expressed by Ptolemy as 2 i-1 3- 26- 

'5Reading,j6, with D1,Ar, fbr .6~ (27400) at H216,l. Corrected by ~ a i i t i u s .  
'b Reading f o r q  (53) at H216,2. Multiplying the Ptolernaic length of the year, 365;14,48~, by 

79 and adding 3;13 produces 28857;42,12. of which 28857;43 is the rounding. The ms. tradition is 
solid for 53, but nothing in the previous or subsequent calculations favours it. 

''Precise calcuIation (cf. n.26) gives 16802;22,48. Possibly we should change days (abovej to 
1 & days (reading K '  for A' at H215,ll). 

"For the problem of precisely how Ptolemy arrives at the parameters he gives fcr the planetan 
mean motions, which is not as simple as i t  appears here, see Appendix C. 
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Mars 0:27,41,40,! 9,20,58" 
Venus 0;36,59,25,53,11.28" 
Mercury 3:6,24,6.59.35,50°. 
For each of these we take h t h  to get the following mean hourly motions in  3217 

anomaly: 
Sat urn 0:2,22,49,19,14,19,10° 
Jupiter 0;2,15,22,36,56,5" 
Mars 0;1,9,14,10,48,22,25" 
Venus 0; I ,32,28,34,42,58,40° 
Mercury 0;7,46,0,17,28,59,35". 

Then we multiply the daily motion of each by 30 to get the following mean 
monthly motions in anomaly: 

Saturn 28;33,51,50,51 ,50,0° 
Jupiter 27;4,3 1,23,1 3,0,0° 
Mars 1 3;50,50,9,40,29,0° 
Venus 1 8,29,42,56,35,44,0° 
L%lercury 93; 12,3,29,47,55,0°. 
Similarly, we multiply the daily motions by 365, the number ofdays in one 

Egyptian year, to get the following mean yearly motions in anomaly: 
Saturn 347;32,0,48,50,38,20° 
Jupiter 329;25,1 ,52,28,10700 
Mars 168;28,30,1 7,42,32,50° 
Venus 225; 1,32:28,34,39,15"*~ 
Mercury 53;56,42,32,32,59,10° (increment [overcomplete circles]). 
In the same way, we multiply each of the annual motions by 18 Gust as we did H218 

in the construction of tables for the luminaries), to get the following increments 
in mean anomaly for the period of 18 Egyptian years: 

Saturn 135;36,I 4,39,11 ,30,0° 
Jupiter 1 69;30,33,44,27,0,0° 
Mars 152;33,5,18,45,51 .OO 
Venus 90;27,44,34,23,46,30° 
hlercury 251 ;0,45,45,53,45,0°. 
We can also find the mean motions in longitude corresponding to the above 

without reducing the number of [longitudinal] revolutions to degrees and 
dividing them by [the number of days in] the period set out above for each 
planet. For Venus and in Mercury, it is obvious that we can do this by taking 
the same mean motions as we set out previously for the sun; for the other three 
planets, by taking the difference between the [mean motion in] anomaly and the 
corresponding solar [mean) motion for each individual entry.30 By this method 
we get the following mean motions in longitude: 

"This corresponds to a mean daily motion of 0;36,59,25,53,11,27O, i.e. one less in the last place 
than that given above. Thus the mean motion table of Venus is based on different parameters in 
different parts: on 28 in the last place for hours, days and months, and on 27 in the last place for 
years and 18-year periods. On the possible significance of this see Appendix C p. 671 n.11. 

-'O V-enus and Mercury Lave the same mean motion in longitude as the sun. For the other planets, 
for any length of time, the sum ofanomaly and mean motion equals the sun's mean motion, because 
of the relationship stated at p. 424. 
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Daily: 
Saturn 
Jupiter 
Mars 

Hourly: 
PI2 19 Saturn 

Jupiter 
Mars 

Monthly: 
Saturn 
Jupiter 
Mars 

Yearly: 
Saturn 
Jupiter 
Mars 

For 18 years: 
Saturn 
Jupiter 
Mars 

220;I,10,57,9,4,30° in mean motion 
186;6,51,51 ,53,34,30° ' increment [over 
203;4,20,1 7,34,43,30° 1 complete circles]. 

So once again? for the user's convenience, we shall set out, for each of t he planets 
in order, tables of the above mean motions derived by successive summation [of 
the motions for the appropriate time-interval]. Like the other [mean motion 
tables], these will be in 45 lines and 3 sections: the first section will contain the 
entries (obtained by successive summation) for the 18-year periods; the second 
will contain those for the years and hours, and the third those for the months 
and days. 

The tables are as follows. 

H220-49 4. j Tables of !he mean rno~ions in longirude and anornab qf'thefitle p l ~ n e t s ) ~ "  

[See pp. 427-41 .] 

H250 5. { Prelim i n a v  notions [necessary J Jbr the hypotheses of the 5 planets] 34 

Now that these [mean motions] have been tabulated, our next task is to discuss 
the anomalies which occur in connection with the longitudinal positions ofthe 
five planets. The way we have approached it, to give the general outlines, is as 
follows. 

3' Reading $1 (38,52,30) form (39)at H219,2, with D,Ar. Although the figure is rounded to 
39 in the table, there is no reason why it should be (for Mars alone) here. 

"Reading $ f i  for $ % (52,38,35) at H219,7, with D,Ar. Corrected by Manitius. 
" Corrections to Heiberg: 

H235,24 (Mars, longitude, 3h, Iast place) read V< for < (6). Misprint. 
H238,3 (Venus, epoch in longitude) read o jE for jiE (45O), with D2. 

Corrected by Manitius, but this is not (pace Manitii) a misprint in Heiberg. 
'4 On chs. 5 and 6 see HA4 MA4 149-50. 
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Jupiter 

18- Yea1 
Pel iods 

18 
36 
54 

72 
90 

108 

126 
144 
162 

180 
198 
216 

234 
252 
270 

288 
306 
324 

342 
360 
378 

396 
414 
432 

450 
468 
486 

504 
522 
540 

558 
576 
594 

612 
630 

[Epoch] Position in 
Anomaly : 146,4O 

[Epoch] Pos1:ion of Apogee ~ 2 ; 9 '  
[Epoch] Position in [hlean] 

Longitude : e4;41° 
Longitude 

169" 
339 
148 

318 
127 
297 

106 
276 

85 

255 
64 

234 

43 
213 
22 

192 
1 

171 

340 
150 
319 

129 

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

1 30 

30 
1 

31 

2 
32 

3 

33 
4 

35 

5 
36 

6 

37 
7 

38 

8 
39 
10 

40 
11 
41 

1 1 2  

37 

10 
44 
18 

186' 
12 

198 

24 
210 
36 

222 
48 

235 

61 
247 
73 

259 
85 

271 

97 
283 
110 

296 

648 

666 
684 
702 

720 
738 
756 

774 
792 
810 

51 
43 
35 

27 
19 
11 

3 
55 
47 

38 
30 
22 

14 
6 

58 

50 
42 
34 

25 

7 

13 
20 
27 

34 
41 
48 

55 
2 
8 

298 
108 

277 
87 

256 

66 
235 
45 

214 
24 

193 

3 
172 
342 

151 
321 
130 

300 
109 

0 

0 
0 
0 

8 

0 
51 
43 

35 
27 
19 

11 
3 

55 

220 

46 
232 
58 

244 
70 

256 

82 
269 
95 

33 
7 

41 

14 
48 
22 

56 
29 
3 

37 
11 
44 

18 
52 
26 

59 
33 
7 

41 
14 
48 

22 

122 
308 

134 
320 
146 

332 
158 
345 

171 
357 
183 

9 
195 
21 

1207 
34 

7 

59 
50 
42 

34 
26 
18 

10 
2 

53 

6 
13 
20 

27 
34 
41 

48 
54 

1 

8 
15 
22 

29 
36 
42 

49 
56 
3 

10 

42 

16 
51 
25 

0 
34 

9 

43 
18 
52 

42 
13 

44 
14 
45 

15 
46 
16 

47 
17 
48 

19 
49 
20 

50 
21 
51 

22 
53 

0 

0 
0 
0 

6 

51 
35 
20 

8 

2 
55 
49 

43 
36 
30 

23 
17 
10 

27 
54 
21 

48 
15 
42 

9 
36 
3 

30 
57 
24 

51 
1 8 t O  
45 

12 
39 
6 

33 
0 

27 

54 

I7 
9 

1 
53 
45 

37 
29 
21 

13 
4 

56 

48 

53 
47 
40 

34 
27 
21 

15 
8 
2 

55 
49 
42 

36 
30 
23 

17 
10 
4 

57 

Anomaly 

44 
28 
13 

57 
42 
26 

1 1  
55 
40 

24 
8 

53 

37 
22 
6 

51 
35 
20 

4 
49 
33 

17 
56 
29 

3 

51 
43 
35 

27 
19 
11 

3 
54 
46 

38 
30 
22 

14 
6 

57 

49 
41 
33 

25 

0 

30 
0 

30 

0 
30 

54 

21 
48 
15 

21 
48 

15 

34 
9 

43 

18 
52 
27 

1 
36 
10 

45 
19 
54 

28 
3 

37 

12 
46 
21 

55 

2 
46 

31 

17 
24 

31 
31 
44 

51 
58 
5 

12 
I9 
25 

32 
39 
46 

53 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
D 

0 

0 

0 
0 
0 

0 
0 
0 

0 

51 
45 

38 
32 
25 

19 
12 
6 

0 
53 
47 

1 40 

17 
9 

1 
52 
44 

36 
28 
20 

12 
4 

55 

47 
39 
31 

23 
15 

23 

54 
24 
55 

0 

30 
0 

30 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
37 
1 1  

44 
I8 
52 

25 
59 
33 

7 
40 
14 

48 
22 
55 

29 
3 

279 

88 
258 

67 

0 
0 

0 

30 
4 

39 
13 
48 

22 
57 
31 

6 
40 
15 

49 

0 1 1 
40 
32 

24 
16 

0 
30 

0 
30 
0 

30 
0 

30 

0 
30 
0 

30 
24 
58 

33 
7 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

1 5 4 2  

34 
27 

21 
15 

0 
30 

0 
30 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

44 
29 
13 

57 
42 
26 

11 
55 
40 

24 
9 

53 

38 
22 

9 

36 
3 

30 

57 
24 
51 

18 
45 
12 

39 
6 

33 

0 
27 
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-- 

H o u ~ s  

1 
2 
3 

4 

- 

Longitude 

0" 
0 
0 

0 

36 
13 
50 

27 

22 
45 

7 

30 

0 
0 
0 

0 
' 1  

1 

1 
1 
1 

0" 
0 
0 

0 
5 0 

6 0 

4 
41 

18- 
55 
32 

53 
15 

38 
0 

23 

12 
24 
37 

49 
2 

14 
0 
0 

0 
0 
0 

5 
8 
9 

9 
46 
23 

0 
37 
14 

50 
27 

4 

41 
18 
55 

32 
9 

46 

56 
52 
48 

44 

6 
13 
20 

27 

41 

2 
4 
6 

9 

0 
0 
0 

5 
10 
15 

20 
40 
36 

32 
28 
24 

2 
2 
2 

2 
2 

25 
39 
52 

28 
56 
24 

52 

48 

56 
52 
48 

45 

37 

Anomaly 

15 
30 
46 

1 
I f  
13 

15 
18 
20 

10 
1 1  
12 

13 
14 

25 
30 

35 
40 
45 

20 
I6 
13 

9 
5 
1 

57 
53 
49 

45 
41 
37 

33 

46 
8 

31 

54 
16 

17 
29 

42 
54 

6 
12' 
18 

24 
2 0 3 0 3 4 4 1  

36 
16 
32 

47 
3 

18 

0 
0 
0 

0 
0 

50 
55 
0 

5 
10 
15 

20 
25 
30 

35 
40 
45 

50 

39 

1 
24 
47 

9 
32 
54 

17 
40 
2 

16 
44 
12 

29 155 
26 1 0 

4 4 1  
9 

35 

5 
33 

15 

16 
17 
18 

19 
20 
21 

22 
23 
24 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

34 
30 
26 

48 
55 

3 

3 29 
57 
25 

53 
22 
50 

18 
46 
14 

4 2 1 4 8  
55 
2 

7 
13 

19 
25 

7 

19 

1 9 2 2  
16 
23 

30 
37 

19 
15 

11 
8 

3 31 I 3 44 

22 
24 
25 

29 
31 

1 3 1 4 4  

37 
43 

0 
0 
0 

0 
0 

3 
4 
4 

4 
4 
4 

33 
49 

4 

19 
35 

51 

56 
9 

21 

34 
46 
59 

4 

0 
5 7 1 5 6  

33 

36 
38 

50 

56 
2 
8 

14 
20 
26 

0 

0 
0 

50 

6 
21 

40 

42 
45 
47 

49 
51 
54 

36 

52 
7 

22 

38 
53 
9 

0 

0 
0 
0 

0 
0 
0 

4 

11 
18 
25 

32 
39 
46 

53 

49 
45 
42 

38 
34 
31 
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180 

210 
240 
270 

300 
330 
360 

Days 

1 
2 
3 

94 

110 
125 
141 

157 
I72 
188 

19 

3 
46 
29 

13 
56 
39 

4 

50 

9 
27 
46 

4 
22 
41 

0" 
1 

, 1 
5 1 2 50 

5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 

16 
17 
IS 

19 
20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

41 

8 
35 
2 

37 
8 

40 
11 
42 

14 
45 
17 

48 
20 
51 

23 
54 
25 

57 
28 

0 

31 
3 

34 

6 
37 
8 

40 
11 
43 

31 
2 

34 

46 

0° 
0 
I 

46 
2 
3 

3 
4 
4 

5 
5 
6 

6 
7 
7 

8 
8 
9 

9 
10 
11 

11 
12 
12 

13 
13 
14 

14 
15 
15 

27 
55 
23 

23 

34 

30 
26 
21 

13 
39 

6 
32 
59 

26 
52 
19 

45 
12 
39 

Longitude 

27 

41 
23 

5 

41 52 

26 
53 
19 

17 

20 
41 

2 

39 

25 
12 
58 

29 
56 
23 

4 
41 

18 
55 
32 

8 
45 
22 

59 
36 
13 

35 

Anomaly 

40 
20 
0 

58 
56 
54 

45 
31 
I8  

17 
13 
9 

36 
13 
50 

19 
38 
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442 IX 5. Representation of planetary anomalies by eccenlre and epicycle 

There are, as we said,35 two types of motion which are simplest and at the 
same time sufficient for our purpose, [namely] that produced by circles 
eccentric to [the centre ofJ the ecliptic, and that produced by circles concentric 
with the ecl~ptic but carrying epicycles around. There are likewise two apparent 
anomalies for each planet: [l] that anomaly which varies according to its 
position in the ecliptic, and [2] that which varies according to its position 
relative to the sun. 

For [Z] we find, from a series ofdifferent [sun-planet] configurations observed 
round about the same part of the ecliptic,36 that in the case of the five planets37 
the time from greatest speed to mean is always greater than the time from mean 
speed to least. Now this feature cannot be a consequence of the eccentric 
hypothesis, in which exactly the opposite occurs, since the greatest speed takes 

H251 place at the perigee in the eccentric hypothesis, while the arc from the perigee to 
the point of mean speed is less than the arc from the latter to the apogee in both 
[eccentric and epicyclic] hypotheses. But it can occur as a consequence of the 
epicyclic hypothesis, however only when the greatest speed occurs, not at the 
perigee, as in the case of the moon, but at the apogee; that is to say, when the 
planet, starting from the apogee, moves, not as the moon does, in advance [with 
respect to the motion] of the universe, but instead towards the rear. Hence we 
use the epicyclic hypothesis to represent this kind of anomaly.38 

But for [l], the anomaly which varies according to the position in the ecliptic, 
we find from [observations ofJ the arcs of the ecliptic between [successive] 
phases or [sun-planet] configurations of the same kind3' that the opposite is 
true: the time from least speed to mean is always greater than the time from 
mean speed to greatest. This feature can indeed be a consequence of either of 
the two hypotheses (in the way we described in our discussion of the equivalence 
of the hypotheses at the beginning of our treatise on the sun [111 31). But it is 
more appropriate to the eccentric hypothesis,*%nd that is the hypothesis which 
we actually use to represent this kind of anomaly, since, moreover, the other 
anomaly was found to be peculiar, so to speak, to the epicyclic hypothesis. 

Now from prolonged application and comparison of observations of 
individual [planetary] positions with the results computed from the combin- 

HZ52 ation of both [the above] hypotheses, we find that it will not work simply to 
assume4' [as one has hitherto] that the plane in which we draw the eccentric 

35111 3 p. 141. 
j6 This eliminates the effect of the ecliptic anomaly. Examples would be observations of Man  at 

opposition, station and (by interpolation) conjunction all near the same point in the ecliptic. 
"' Excising~cfi belore Eni T$V I K ~ V T E  I C ; ~ ~ V ~ ~ V W V  at H250,17. ( ~ a i  was apparently omitted in the 

text translated by al-I;IajZj). One would have to translate Heiberg's text 'in the case of the five 
planets too' (as well as the sun and moon). But the situation is precisely the opposite for the sun and 
moon (see e.g. I11 4 p. 153). Perhaps the whole phrase ~ a i  . . . ~AavwpLvov is an ancient 
interpolation. 

38See Ptolemy's discussion of this point at I11 3 p. 144-5. However, as Neugebauer points out 
(H.4M.4 149-50) it is perfectly possible for an eccentric model to represent the planetary motions, 
provided the apsidal line is allowed to move, and precisely this kind of eccentric model is described 
at XI1 1, though even there Ptolemy restricts its applicability to the outer planets. 

''This eliminates the effect of the synodic anomaly. Examples would be observations of 
oppositions of Mars in different parts of the ecliptic (as in X 7). 

40Cf. I11 4 p. 153, where Ptolemy prefers it on the ground that it is 'simpler'. 
4 1 Literally 'that the assumption that . . . cannot progress so simply'. 
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circles is stationary, and that the straight line through both centres (thecentreof 
the [planet's] eccentre and the centre of the ecliptic), which defines apogee and 
perigee, remains at  a constant distance from the solstitial and equinoctial 
points; nor [to assume] that the eccentre on which the epic),cle centre iscarried 
is identical with the eccentre with respect to the centre of which the epicycle 
makes its uniform revolution towards the rear, cutting off equal angles in equal 
times at  [that centre]. Rather, we find that the apogee of the eccentre performs a 

slow motion towards the rear with respect to the solstices, which is uniform 
about the centre of the ecliptic, and ,comes €+&bout the same for each planet as 
the amount determined for the sphere of the fixed stars, i.e. 1" in 100 years (at 
least, as far as can be estimated on the basis ofavailable evidence). We find, too, 
that the epicycle centre is carried on an eccentre which, though equal in size to 
the eccentre which produces the anomaly, is not described about the same 
centre as the latter. For all planets except Mercury the centre [of the actual 
deferent] is the point bisecting the line joining the centre of the eccentre 
produc~ng the anomaly to the centre of'tne ecliptic. For Mercury alone, [the 
centre of the deferent] is a point whose distance from the centre of the circle 
about which it  rotates is equal to the distance of the latter point towards the 
apogee from the centre of the eccentre producing the anomaly, which in turn is 
the same distance towards the apogee from the point representing the observer; 
for also: in the case of this planet alone, we find that, just as for the moon, the HZ53 
eccentre is rotated by [the movement 011 the above-mentioned centre in the 
opposite sense to the epicycle,'[i.e.] in the advance direction, one rotation per 
year. [This must be so] because the planet itself appears twice in the perigee in 
the course of one revolution, just as the moon appears twice in the perigee in one 
[synodic] month. 

6. { O n  the bpe oj'and difference between the hypoiheses) 

One may more easily grasp the type of the hypotheses which we infer on the 
basis of the preceding [phenomena] from the following description. 

First for that of the [four planets] other [than Mercury], imagine [Fig. 9. I ]  
the eccentre ABG about centre D, with ADG as the diameter through D and the 
centre of the ecliptic: on this let E be taken as the centre of the ecliptic, i.e. the 
viewpoint of the observer, making A the apogee and G the perigee. Let DE be 
bisected at  Z, and with centre Z and radius D A  draw a circle HOK, which 
must, clearly, be equal to ABG. Then on centre O draw the epicycle LM, and 
join LOMD. 

First, then, although we assume that the plane of the eccentric circles is 
inclined to the plane of the ecliptic, and also that the plane of the epicycle is 
inclined to the plane of the eccentres, to account for the latitudinal motion of 
the planets, in accordance with what we shall demonstrate concerning that 
topic, nevertheless, for the motions in longitude, fbr the sake of'convenience, let 
us imagine that all [those planes] lie in a single [plane], that of the ecliptic, since 
there will be no noticeable longitudinal difference, not at least when the 
inclinations are as small as those which will be brought to light for each of the 



IX 6. Model for planets other than Mercury 

FI 

Fig. 9.1 

planets. Next, we say that the whole plane [of the eccentre] moves uniformly 
about centre E towards the rear [i.e. in the order] of the signs, shifting the 
position of apogee and perigee l o  in 100 years, and that diameter LOM of the 
epicycje rotates uniformly about centre D, again towards the rear [i.e. in the 
order] of the signs, with a speed corresponding to the planet's -return in 
longitude, and that it carries with i t  points L and M ofthe epicycle, and centre O 
of the epicycle (which always moves on the eccentre HOK), and also carries 
with it the planet; the planet, for its part, moves with uniform motion on the 
epicycle LM and performs its return always with respect to that diameter [of the 
epicycle] which points towards centre D, with a speed corresponding to the 
mean period of the synodic anomaly, and [a sense of rotation] such that its 
motion at  the apogee L takes place towards the rear. 

We can visualise the peculiar features of the hypothesis for Mercury as 
follows. Let [Fig. 9.21 the eccentre producing the anomaly be ABG about centre 
D, and Iet the diameter through D and centre E of the ecliptic be ADEG, 
[passing] through the apogee at A. On AG take DZ towards the apogee A, equal 
to DE. Then everything else remains the same, namely the whole plane, 
[revolving) about centre E, shifts the apogee towards the rear by the same 
amount as for the other planets, the epicycle is revolved uniformly about centre 
D towards the rear, as [here] by the line DB, and furthermore the planet moves 
on the epicycle in the same way as the others. But in this case the centre of the 
other eccentre, which is, again, equal in size to the first eccentre, and on which 

H256 the epicycle centre is always located, is carried around point Z in the opposite 
sense to the motion of the epicycle, namely in advance [i-e. in the reverse order] 
of the signs, but uniformly and with the same speed as the epicycle, as[here] by 
the line ZHO. Thus in one year each of the lines DB and ZHO performs one 
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Fig. 9.2 

return with respect to a [given] point of the ecliptic, but, with respect to each 
other, obviously, two returns. And [the centre ofthat eccentre] will always be at  
a constant distance from point Z, and that distance too will be equal to both ED 
and DZ (as [here] ZH). T h u s  the small circle described by its motion in 
advance, with centre Z and radius ZH, always has on its boundar) the point D 
(the centre of the first, fixed eccentre) too; and the moving eccentre, a t  ar,y 
given moment, can be described with centre H and radius HO equal to DA (as 
here @K), the epicycle always having its centre on it (as here at point M). 

We shall get an  even clearergrasp ofthese hypothesesfrom the demonstrations 
we shall make [in determining] the parameters for each planet individuall).. In 
those demonstrations will also frequently become clear, [at least] in outline, the HZ57 
motives which somehow led us to adopt these hypotheses. 

However, one must make the preliminary point that the longitudinal periods 
do not bring the planet back to the same position both with respect to a point on 
the ecliptic and [simultaneously] with respect to the apogee or perigee of the 
eccentre; this is due to the shift in position which we assign to the Iatter. Hence 
the mean motions in longitude which we tabulated above represent, not the 
returns [of the planets] defined with respect to the apogees of the eccentres, but 
the returns defined with respect to the solstitial and equinoctial points. agreeing 
with the length of the year as we have determined it." 

Now we must prove first that from these hypotheses too it follows that, for 
equal distances of the planet in mean longitudinal motion on opposite sides of 
apogee or perigee, the equation of ecliptic anomaly on one side [of apogee or 

42 In other words, the mean motions tabulated by Ptolemy are tropical, not sidereal meanmotions, 
and since the apogees are, by his definition, sidereally fixed, a return in longitude (to the same point 
in the ecliptic) must differ slightly from a return to the apogee. 
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perigee] is equal to that on the other side, and that the greatest elongation on 
the epicycle from the mean position [on one side is equal to that] in the same 
direction [on the other side].':' 

Let [Fig. 9-33 the eccentric circle on which the epicycle centre moves be 
ABGU on centre E, with diameter AEC, on which Z is taken as the centre ofthe 
ecliptic, and H as the centre of'the eccentre producing the anomaly, i.e. the 
point about which we say the uniform motion ol'the epicycle takes place. Draw 

HZ58 BHO and DHK at equal distances from apogee A (so that L AHB = L AHD), 
draw on points B and D epicycles ol'equal size, and join BZ and DZ. From Z, 
the observer. draw ZL and ZM as tangents to the [two] epicvcles in the same 
direction [i.e. both towards the pci-igee]. 

G 
Fig. 9.3 

f say [I]  that the angles of the equation of ecliptic anomaly 
L Z B H = L  H D Z  

[2] similarly, that the greatest elongations on the epicycle 
L BZL = L DZM. 

(For, [if these statements are true], the amounts ofthe greatest elongations fi-om 
the mean [position] resulting from the combination [ofthe hypotheses] will also 
be equal [on opposite sides of the ap~ides]).'~ 
[Proof:] Drop perpendiculars BL and D M  from Band D on to ZL and  ZM, and 
perpendiculars EN and EX from E on to DK and BO. 

43 By 'in the same direction' is meant 'both towards apogee' or 'both towards perigee'. This is 
explained by Fig. 9.3. Ptolemy is carrying out the proofofsymmetry analogous to that performed 
for the models of the sun and moon (I11 3 pp. 151-3). 

44 L BZL etc. are the true maximum elongations (asseen fiom theearth). In what follows Ptolemy 
is going to compare the mean maximum elongations, and it isessential to his proofthat these too be 
symmetrical about the line of the apsides. Since the latter differ from the angles BZL etc. by an angle 
equal to the equation of centre, or L ZBH etc., the symmetry is guaranteed by the equations [I] and 
PI- 
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Then, since L XHE = L NHE45 
and the angles at N and X are right 
and EH is common to the equiangular triangles [NHE, XHE], 

NH = XH 
and perpendicular EN = perpendicular EX. 

Therefore lines BO and DK are equidistant from centre E. 
Therefore they are equal to one another,46 
and their halves are equal to one another [i.e. BX = DN]. 

Therefore, by subtraction [of XH from BX and NH from DN), 
BH = DH. 

But HZ is common [to triangles BHZ, DHZ] 
and L BHZ = L DHZ47. 

Therefore base BZ = base DZ 
and L HBZ = L HDZ. 
But also BL = DM (radii of the epicycle), 

and the angles at L and M are right. 
-'- L BZL=L DZM. 

- 

Q.E.D. 
Again, to represent the hypothesis for Mercury, let [Fig. 9-41 ABG be the 

diameter through the centres and apogee of the [eccentric] circles, and let A be 
taken as the centre of the ecliptic, Bas the centre of the eccentre producing the 
anomaly, and G as the point about which rotates the centre of the eccentre 
carrying the epicycle. Draw,'again on both sides [of the apogee], lines BD and 
BE, representing the uniform motion ofthe epicycle tow~ards the rear, and lines 

Fig. 9.4 

45 Because they are vertically opposite the equal angles AHB and AHD. 
46 Euclid 111 14. 
" Excising fi 6x6 ~aq ioaq ~1C~upciq at H259,4-5. Heiberg emended to fi 6x6 r@vioov 7chsup6v 

(the normal expression). It would mean 'the angles enclosed by the equal sides', and was presumably 
interpolated to makeexplicit the condition of Euclid 14, 'If two triangles have twosides equal to two 
sides, and have the angles enclosed by the equal straight lines equal, they will also have the base 
equal to the base'. The reason for the equality of the angles is that they are the supplements of the 
equal angles AHB and AHD. 
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GZ and GH representing the revolution of the eccentre in advance with a speed 
equal [to the epicycle's]. (So it is clear that the angles at  G and B must be equal, 

HZ60 and BD must be parallel to GZ, and BE to GH). O n  GZ and GH take the 
centres of the [moving] eccentres - let them he O and K - and let the eccentres 
drawn on those centres (on which the epicycles are located), pass through points 
D and E. O n  points D and E draw epicycles (again equal), join AD and AE, and 
draw AL and AM tangent to the epicycles on the same side [of the epicycles]. 

Then we must prove that in this situation too the angles of the equation4' of 
ecliptic anomaly 

L ADB = L AEB, 
and that the angles of greatest elongation on the epicvcle 

L DAL = L EAM. 
[Proof:] Join BO, BK, OD and KE, 

and drop perpendiculars GN and GX from G on to BD and BE, 
perpendiculars DZ and EH from D and E on to G Z  and GH, 

and perpendiculars DL and EM from D and E on to AL and AM. 
Then, since L GBN=L GBX [bv hypothesis] 

HZ61 and the angles at N and X are right 
and line GB is common [to triangles GBN, GBX]: 

GN = GX 
i.e. DZ = 

And also OD = KE5" 
and the angles at  Z and H are right. 

So L DOZ = L EKH. 
And because [in triangles GOB, CKB] 

OG = C-K (by hypothesis) 
and GB is common 

and L OGB = L KGB, 
hence L GOB = L GKB. 

Therefore, by  subtraction. L BOD = L BKE,5' 
and base BD = base BE5' 

But again [in triangles BAD. BAE] 
BA is common 

and L DBA = L EBA [by hypothesis]. 
So base AD = base AE 
and L ADB=L AEB. 

By the same reasoning [as before] 
since DL = EM [epicycle radii] 

and the angles at  L and M are right, 
L DAL = L EAM. 

QE.14. 

'"eading TO% rrapa tijv (qljla~fiv dvopa)iiav btacpopou at W260,8. Heiberg, following the 
Greek mss., omits the last word, which was restored by Halma (followed by Manitius), apparently 
without authority. It was in fact read by Is. 

4r GZDN and GHEX are parallelograms. 
50Although one can see that thismust be so by symmetry, the proofis quite intricate. For the radii 

of the deferent in its two positions are not OD and KE. but KD and OE. Cf. Manitius p. 435. 
' ' L  BOD = 180" - (i DOZ + L GOB). L BKE = 180" - (L EKH + L GK.6). 
52 In the congruent triangles BOD, BKE. 



IX 7. Determination o f M e r c u ~ ' ~  apogee from greatesst elongation. 4-49 

7 .  {Demonstration of [the position of3 the apogee of Mercury and of its 

after establishing the above theory, we determined, first, in what part of the 
ecliptic Mercury's apogee Iies, by the following method. m62 

We sought out observations of greatest elongations in which the distance [of 
Mercury] as morning-star from the mean longitude of the sun (i.e. from the 
mean longitude of the planet) is equal to its distance as evening-star. For once 
we had found such a situation, it necessarily follows from our [above] 
demonstrations that the point on the ecliptic halfway between tht. two positions 
[of Mercury as morning-star and evening-star] occupies the apogee of the 
eccentre. 

The observations which we used for this purpose are few in number, because 
precisely such combinations [of planet and sun positions] rarely occur; 
nevertheless they are sufficient to exhibit the desired result. The more recent of 
them are the following. 

[ l ]  In the sixteenth year of Hadrian, Phamenoth [VII] 16/17 in t h e  
Egyptian calendar [132 Feb. 2/31, in the evening, we observed Mercury, by 
means of the astrolabe instrument, a t  its greatest distance from the mean 
longitude of the sun. Also, from a sighting with respect to the bright star in the 
Myades, it was seen then to occupy a longitude of X 1". At the time in question 
the sun's mean longitude whs = Go. So the greatest elongation from the mean 
as evening-star comes out as 21 

121 And, in the eighteenth year of Hadrian, Epiphi [XI] 18/19 in the 
Egyptian calendar [134June 3/41, at  dawn, Mercury [was observed] at greatest 
elongation, appearing very small and dim; from a sigh~ing with respect to the HZ63 
bright star in the Hyades it was seen to occupy 8 l8i0.j5 Now at that time the 
mean sun was in H 10". Here too, then, the greatest elongation from the mean 

I as morning-star u7as 2! zO, equal [to the elongation in [l]]. 
So, since the mean position of the planet was = 9 2  at one of the observations, 

and H 10" at the other, and the point of the ecliptic halfway between these 
occupies CP 910, the diameter through the apogee must lie in that position a t  
that time. 

[3] Again, in the first year of Antoninus, Epiphi [XI] 20/21 in the Egyptian 
calendar [I38 June 4/51, in the evening, we observed Mercury by means of the 
astrolabe at its greatest distance from the sun's mean longitude. From a sighting 

53 See H'4MA 159-61, Pedersen 309-312. An acute critique ofthemethod employed by Ptolemy 
far determining the apsidal line of the inner planets was made by Sawyer, 'Ptolemy's 
Determination of the Apsidal Line for Venus7. He shows that mere equality of mean maximum 
morning and evening elongations is an  insufficient criterion for positing symmetq to the apsidal 
line, although the observations Ptolemy actually chose are in fact (gross0 modo) symmetric. For other 
criticisms see Wilson, 'Inner Planets', 225 ff. 

54 The star in question is a Tau, which has in the catalogue ( X X I I I  14) a longitude of 8 12j0. In 
order to find the result he does, Ptolemy should have observ~d on the instrument a longitudinal 
difference of 71 fo, which is so large as to cast doubt on the validity oftheobservation. But, by using 
the same star as reference-point in both observations [ I  ]and [2], Ptolemy may have thought that he 
was minimizing any error resulting from faulty determination of the star's ecliptic position. 

55 1.e. on this occasion the observed longitudinal difference was only 6i's0. (see 11.54). 
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at  that moment with respect to the star on the heart of Leo it was seen to occupy 
5 7°.56 But at the time in question the mean sun was in II 10fo. Therefore the 
greatest elongation [of Mercury] as evening-star comes out as 26;". 

[4] Similarly, in the fourth year of Antoninus, Phamenoth [VII] 18/19 in the 
Egyptian calendar [141 Feb. 1/21, at dawn, [Mercury was observed], again, at  
greatest elongation: from a sighting with respect to the star calied Antares it was 
seen to occupy & 1 3 4 0 , ~ ~  while the mean sun was in z 10'. Here too, then, the 
greatest elongation from the mean as morning-star was 26f0, equal [to the 
elongation in [3]]. 

So, since the mean position of the planet was II 104" at one of the 
observations and 2 lo0 at the other, and the point of the ecliptic halfway 
between them occupies fi 10io, the diameter through the apogee must lie in 
that position at that time. 

From these observations, then, we find that the apogee falls at about 1 O0 of 
Aries or Libra, whereas from the ancient observations made near the greatest 
elongations we find it at about 6O of the same signs, as can be calculated from the 
following kind [of data]. 

[5] In the 23rd year in Dionysius' calendar, Hydron Zl,58 at dawn, 
Stilbon5' was 3 moons to the north of the brightest star in the tail of'capricorn. 
At that time the star in question had a position, according to [the coordinate 
system defined by] our origin, namely that beginning with the solstitial or 
equinoctial points, of b 22i0." Mercury, obviously, had the same longitude, 

H265 and6' the mean sun was in S 188": for that moment was in the 486th 
year from Nabonassar, Choiak [IV] 17/ 18 in the Egyptian calendar [-261 Feb. 
1 1 / 121, dawn. Therefore the greatest elongation from the mean [of Mercury] as 
morning-star was 25610. * 

Now we did not find a greatest elongation from the mean as evening-star 
which was precisely equal to that, a t  least in the observations which have 
reached us: but we calculated the [position with] equal [eIongation] by means of 
two observations which were very close [to the required situation], in the 
following manner. 

[63 [Firstly], in the same 23rd year in Dionysius' calendar, Tauron 4, 

56The star (Regulus, a Leo) has in the catalogue (XXVI 8) the longitude 62 2f0. Thus the 
observed difference should have been 34t0. 
'' The star (a Sco) has in the catalogue (XXIX 8) the longitude 1240. Thus the observed 

longitudinal difference should have been the large one of 6020. 
58 Reading ~ a '  (with D2G,Ar) at  H264,18 for KO' (29). The correction was made by &kh, 

following Lepsius, in his discussion of the calendar of Dionysius (Sonnenkreise 294-95), on which see 
Introduction pp. 13- 14. 

S9Mercury. The names iPaivov, @akeov, IIup6&1<, @ocr@poq and Etilipwv for Saturn, 
Jupiter, Mars, Venus and Mercury are found in Hellenistic texts (and occasionally later, as an 
archaism). An excellent discussion of the evidence for their use and the reason for their introduction 
(the nomenclature used by Ptolemy, 'star of Kronos [Saturn]', etc. is undoubtedly earlier) is given 
by Cumont, 'Les noms des planktes'. The occurrences in the .4lmagest (here and at H288,11, both 
connected with Dionysius, i.e. earlier third century B.C.) are the earliest dated examples of the 
nomenclature. 

bOThe star in question is identified by Ptolemy with no. XXXI 24 in his ~atalo~gue (6 Cap). The 
longitude there is & 264 ', from which he subtracts 4' to account for precession in the intervening 
398 or so years. A 'moon', as measurement, is about half a degree. 

Reading&& (with D,Ar) at H264,24 for Gqhovbt~ ('and, obviously'). The position of the mean 
sun is not obvious, but has to be computed. 
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in the evening, [Mercury] was 3 moons behind [i.e. to the rear of! the straight 
line through the horns of Taurus, and it seemed as if it was going to be more 
than 3 moons to the south of that one common [to Auriga and Taurus] when it 
passed by it.@ Thus its position according to our coordinates was 8 2340. That 
moment was again in the 486th year from Nabonassar, [Mechir LVl]] 30/ 
Phamenoth [VII] 163 in the Egyptian calendar [-261 Apr. 25/26], evening, a t  
which time the longitude of the mean sun was 29;'. So the greatest 
elongation from the mean as evening-star was 2420. 

[7] [Secondly], in the 28th year in Dionysius' calendar, Didymon 7, in,the 
evening, [Mercury] was practically on a straight line with [the stars in] 
the heads of Gemini, and lay to the south of the southern one by 3 ofa moon less 
than twice the distance between [the stars in] the heads." Thus a t  that time, 
accord in^ to our coordinates? Mercury was in II 2940. This moment is in the 
491 st year from Nabonassar, Pharmouthi [VIII] 5/6 in the Egyptian calendar 

Fig. 0 

62The stars in question are, in the catalogue, XXIII 19 and 21 (6 and $ Tau). The latter is also 
counted as Auriga [XII] no. 11. Subtracting 4O from the catalogue longitudesfor precession. w ~ p t  
the coordinates at the observation as: southern horn, A 8 23+0, $ -2j0; northern horn, 8 21 5O,$ 
+5O. Ptolemy concludes that the longitude of Mercury was the same as that of the southern horn. 

63 There is no doubt that this is what is intended. The Greek mss. have, at H265,16, @ap&v&e A '  
EIC T?V a ' ,  which seems hardly possible. Petavius, followed by Ideler and Biickh, emended to 
M ~ i i p  A' E ' L ~  ~ j v  a' @ap&v&0; Halma, followed by Manitius, to A' &'IS rfiv a' @ u ~ E v & ~ .  The 
Arabic translations suggest that one must read @ap&v&8 ciq rfiv 6, i.e. simply excise. A'. For the 
expression cf. p. 456 n.84. 

64 These are, in the catalogue, XXIV 1 and 2 (a and $ Gem), with mrdinates (corrected for 
precession): northern head, h 17 1940, p 4- 9 k ;  southern head, h II 2230, p +6a0. See Fig. 0, which 
shows that Mercury's 'distance to the south' is measured along the line between the stars. 
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[-256 May 28/29], evening, a t  which time the longitude of the mean sun was 
I3 2i0. Thus this [greatest] elongation was 26;". 

Now, when the mean position was in T 2940, the greatest elongation was 
2460, and when the mean position was in II 220, the [greatest] elongation was 
26i0; and the [greatest elongation] as morning-star, to which we were seeking 
the correspondifig [greatest elongation as evening-star], was 25;". So we 
derived the location of the mean position for a [greatest] evening elongation of 
252" from the difference between the above two observations: the difference 
between the mean positions at  the two observations is 33 40, and the difference 
between the greatest elongations 2i0. Thus to l i O  (which is the amount by 
which 2580 exceeds 24i0) correspond .approximately 24°.65 If we add this 
amount to 2940, we shall get the mean position a t  which the greatest evening 
elongation is calculated to be equal to the greatest morning elongation of 252': 

HZ67 this point is 8 23!0. And the point halfway between 18b0 and 8 23i0 is at  
52". 

[8] Again, in the 24th year in Dionysius7 calendar, Leonton 28, in 
the evening, [Mercury] was a little more than 3O in advance of Spica, according 
to Hipparchus' reckoning.bb Thus at that moment its longitude according to 
our coordinates was 19f0. That moment is in the486th year from Nabonassar, 
Payni [XI 30 in the Egyptian calendar [-261 Aug. 231, evening, at  which time 
the longitude of the mean sun was 61 272". Therefore the greatest elongation 
from the mean as evening-star was 21 jo. We again calculated [the position OF] 
the morning elongation precisely corresponding to that from two of the available 
[observations]. 

[9] In the 75th year in the Chaldaean calendar,67 Dios 14, a t  dawn, 
[Mercury] was half a cubit [ca. 1'1 above [the star on] the southern scale [of 
Libra]. Thus at that time it was in fi 14i0, according to our~oordinates.~*.This 
moment is in the 512th year from Nabonassar, Thoth [I] 9/10 in the Egyptian 
calendar [-236 Oct. 29/30], dawn, at which time the longitude of the mean sun 
was TQ 5b0. Therefore the greatest morning elongation was 21°. 

Hz68 [lo] In the 67th year in the Chaldaean calendar, Apellaios 5, a t  dawn, 
[Mercury] was a half a cubit [ca. lo] above the northern [star in the] 
forehead of Scorpius. Thus at  that time it was in t~& 250, according to our 
 coordinate^.^^ This moment is in the 504th year from Nabonassar, Thoth [I] 
27/28 in the Egyptian calendar 1-244 Nov. 18/19], dawn, a t  which time the 

b5 This is a crudely rounded result. In fact 33f. X 1 < /2!i = 23;4g0, so a reasonable approximation 
would have been 23d. However, linear interpolation is itself a crude procedure here. 

66This is proof that this observation (?by Dionysius) was one of those which Hipparchus 
'arranged in a more useful way' (see IX 2 p. 421, with n. 1 1), and it is a plausible surmise that a11 of 
these Mercury observations were derived by Ptolemy from tkat compilation. The longitude of 
Spica (catalogue XXVII 14) was, according to Ptolemy, till 225' in Dionysius' time; thus he rakes 
Mercury as being 3bo in advance of Spica. 

The Seleucid era. See Introduction p. 13. 
The star is catalogue XXVIII 1 (a Lib, there said to be on the 'southern claw') to which Ptolerny 

assigns the longitude fi lSO in his own time. Here, then, he has subtracted 3@ to account for the 
prqession in 373 years (one would have expected 340). 

b9 The star is catalogue XXIX 1. Its longitude there is ni,6f0, so Ptolerny hassubtracted 4" for the 
precession in 381 years, again more than one would have expected. 
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Iongitude of the mean sun was nL 2420. Therefore this [greatest morning] 
elongation was 22$0.70 

In these two observations again, then, since the difference between the two 
mean positions is 19i0, and the difference between the greatest elongations is 
1 f O ,  i t  follows that to I0 (which is the amount by which the 21 io of the required 
elongation exceeds the 21" of the lesser [of these two]) correspondsabout If 
we add the latter to a 5f0, we get the mean position at which the greatest 
morning elongation becomes equal to the greatest evening elongation of 21 50: 
this point is 1~ 1460. And the point halfway between a 27d0 and Q 14fo is, HZ69 
again, about fi 6 0 . ~ ~  

From the above, and also because the phenomena associated with the other 
planets individually fit [the assumption], we find it consistent [with the facts to 
assume] that the diameters through the ,apogees and perigees of the five planets 
shift about the centre of the ecliptic towards the rear through the signs, and that 
this shift has the same speed as that of the sphere of the fixed stars. For the latter 
moves about l o  in 100 years, as we demonstrated [p. 3283; and here too the 
interval fi-om the ancient observations, in which i 3  the apogee ofMercury was in 
about the 6th degree [of the signs in question],7Qo the time of our 
observations, during which it has moved about 4" (since it [now] occupies the 
10th degree), is found to comprise approximately 400 years. 

8. { T h a t  the planet Mercury? too, comes closest to the earth twice in one ~.evolutionf~~ 

In accordance with the above we investigated the size of the greatest 
elongations which occur when the mean longitude of the sun is exactly in the 
apogee, and again, when it  is diametrically opposite that point. We cannot M250 
derive this from the ancient observations, but we can do so from our own 
observations made with the astrolabe. For it is in this situation that one can best 
appreciate the usefulness of this wav of making observations, since, even if those 
stars with previously determined positions which are visible are not near the 
planet being observed (which is generally the case with Mercury, since, for the 
majority of the fixed stars, it is rare that they are visible when they are [onlylas 

7 0 0 b s e ~ a t i o n ~  [9] and [lo] are proven to be Babylonian by several marks: useofthe Seleucid era 
(called by Ptolemy 'according to the Chaldaeans'); the use of the 'cubit' as an astronomical 
measurement; and also the fact that both the stars used as markers belong to the small group used in 
Babylonian texts for precisely this purpose and known as 'normal stars' (see HAMA 545; Sachs [I] 
46). 
" This linear interpolation, like the earlier one (seep. 452 n.65) is inaccurate. 8a0 would be much 

more reasonable. 
72 O n  this occasion the half-way point is at  precisely 6O 
7 3  One would expect, at H269,12, ~ a e '  a<. referring to rqp l jo~wv,  rather thanKaW'ov, referring 

to ~pbvov ,  since the latter means 'interval'. But apparently, since ~ p o v o q  can also mean 'epoch', 
Ptolemy has somewhat illogically assimilated the relative pronoun to it (cf. rbv [sc. ~pbvov]  in the 
next line, where it certainly means 'epoch'). 

'*It has not yet been decided whether the apogee lies in Aries or Libra. 
75 See HAM.4 161, Pedersen 314-15. 'too' refers to the moon (picking up Ptolemy's remark IX 5 

p. 443). On the term ~ ~ E ~ I Y & ~ ~ T U T O <  as applied to Mercury see p. 461 n.94. 

Hanif
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454 IX 8. Apogee of Mercury lies in Libra 

far from the sun as Mercury is),76 one can still determine positions of the planet 
in question accurately in latitude and longitude, by sighting stars which are at  a 
considerable distance. 

[Firstly] then, in the nineteenth year of Hadrian, Athyr [III] 14/15 in the 
Egyptian calendar [I34 Oct. 2/31? a t  dawn, Mercury, which was around its 
greatest elongation, was sighted with respect to the star on the heart o f leo ,  and 
was seen to have a longitude of ITQ 2 0 4 0 . ~ ~  The  mean sun was a t  about fi 9a0, so 
the greatest elongation was 19h0. 

[Secondly], in the same year, Pachon [IX] 19 1135 Apr. 51, in the evening, 
[Mercury], which was again around its greatest elongation, was sighted with 
respect to the bright star in the Hyades, and was seen to have a longitude of 8 

HZ71 4 4 0 . ~ ~  The mean sun had a longitude of CP I1 ho. Hence in this case one 
calculates the greatest elongation as 2340, and it is immediately obvious that the 
apogee of the eccentre is in Libra and not in Aries. 

With these data, let [Fig. 9.517' the diameter through the apogee be ABG. Let 
B be taken as the centre of the ecliptic, at  which the observer is, A as the point at  

lo0, and G as the point at  10'. Describe equalepicycles with points D and 

Fig. 9.5 

76 Since Mercury's maximum elongation from the sun is never much more than 20°, it is only 
visible for a short time after sunset or before dawn, when the sky in its region is too illuminated for 
any but very bright stars to be visible. The 'ancient observations' (i.e. those by Babylonians or 
earlier Greeks) were made by giving the position with respect tonearby stars; but in some regions of 
the ecliptic there is a scarcity of bri ht stars. 
" The star had a longitude of 2 b  according to Ptolemy's catalogue (XXVI 8), rothe observed 

interval was 47;4Z0. 
78The star had a longitude of 8 1230, according to the catalogue (XXIII 14), so the observed 

interval was only 8f0. 
"Heiberg has made an error in the figure on p. 271: Z is on the wrong side of B. Corrected by 

Manitius. 
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E [on their circumferences] about A and G [respectively], and draw from B 
tangents to them, BD and BE. Drop perpendiculars AD and GE from the 
centres to the points of tangency. 

Now since the greatest elongation from the mean as morning-star in Libra 
was observed as 19!ij0, - 

1 ={ 19;3O where 4 right angles = 360° 
38;60° where 2 right angles = 360°0. 

Therefore in the circle about right-angled triangle ABD 
arc AD = 38;6O 

and its chord, AD 3 9 9  where hypotenuse AB = 12W. 
Again, since the greatest elongation from the mean as evening-star 
in Aries was observed as 23a0, 

L GBE = 
23; 15O where 4 right angles = 360" 
46;30°0 where 2 right angles = 3600°. 

Therefore in the circle about right-angled triangle GBE 
arc GE = 46;30° 

and its chord, GE = 47;2ZP where hypotenuse BG = 12P. 
Therefore where G E  = 3 9 9  and AB = 120' 

(for AD = GE, radii of the epicycle), 
BG = 99;Y 

and, by addition [ofAB to BG], ABG = 219;Y. 
So if it is bisected at point Z, 

its half, AZ = 
in the same units. and the distance between points B and Z = 

Now it is clear that either point Z is the centre of* the eccentre on which the 
centre of the epicycle is always located, or else the centre of that [eccentre] 
moves about point Z. For those are the only conditions under which the centre 
of the epicycle could be equidistant from Z at both the above diametrically 
opposite situations, as demonstrated. But if Z were the actual centre of the 
eccentre on which the epicycle centre is always Iocated, that eccentre would be 
stationary, and the situation in Aries would be the closest to the earth of all 
situations 1i.e. the perigee], since BG is the shortest of [all] lines drawn from B to 
the circle described on centre Z.80 However, we find that the situation in Aries is 
not the closest to the earth of all, but the situations in Gemini and Aquarius are 
even closer to the earth than that, and approximately equal to each other. 
Hence it isclear that the centre of the eccentre in question rotates about point Z, 
in the opposite sense to the revolution of the epicycle (i-e. in advance with 
respect to the signs), it too making one rotation in one revolution [of the 
epicycle]. For if this is so the epicycle centre will be closest to the earth twice [in 
one revolution] on the eccentre. 

As for the fact that the epicycle is closer to the earth in Gemini and Aquarius 
than in the [above] situation in Aries, this is easily seen to be an  immediate 
consequence of the observations already detailed. For in the observation of the 
16th year ofHadrian, Phamenoth 16 [p. 449 no. 11, the greatest elongation from 
the mean as evening-star was 21 bo, and in the observatiort of the 4th year of 

80 Euclid 111 7. 
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Antoninus, Phamenoth 1g8' [p. 450 no. 41, the greatest elongation from the 
1 mean as morning-star was 26r0, while in both observations the mean sun was 

near zz lo0. Again, in the observation ofthe 18th year ofHadrian, Epiphi 19 [p. 
449 no.21, the greatest elongation from the mean as morning-star was 2 1 40, and - 

H27-1 in the observation of the 1st year of Antoninus, Epiphi 20 [p. 449 no. 31, the 
greatest elongation from the mean as evening-star was 26$G, the mean sun in 
both these observations being near I3 lo0. Thus both in Aquarius and in 
Gemini the sum of the opposite greatest elongations comes to 47i0, while the 
sum of the two [greatest] elongations in Aries is [only] 46f0, since the evening 
elongation (which is equal to the morning elongation) was observed as 23i0. 

9. {On the ratio and the amount of~he anomlies o_f'~Z.jrercu~!~~ 

Having completed the above preliminary investigation, we have still to 
demonstrate the position of the point on line AB about which takes place the 
annual revolution of  the epicycle in uniform motion towards the rear with 
respect to the signs, and the distance from Z of the centre of that eccentre which 
performs its revolution in advance in the same period [as the epicycle]. For this 
investigation we used two observations of greatest elongations, one as morning- 
star and one as evening-star, but in both of which the mean position was a 
quadrant from the apogee on the same side: that is the situation in which, 

H275 approximately, the greatest equation of ecliptic anomaly occurs. 
[ l ]  In the fourteenth year of Hadrian, Mesore [XII] 18 in the Egyptian 

calendar [130 July 41, in the evening, as we found in the observations we got 
from T h e ~ n , ~ '  he says that [Mercury] was at its greatest distance from the sun, 
3 50 

6 behind [i.e. to the rear ofJ the star on the heart ofLeo. Thus: according to our 
coordinates, its longitude was about 61 640, while the longitude of the mean sun 
at that moment was about 5 10hO. Thus the greatest evening elongation was 
2650. 

[2] In the second year of Antoninus, Mesore [XII] [20]/218' in the Eg)ptian 
calendar El39 July 4/51, a t  dawn, we observed its greatest distance by means of 
the astrolabe: sighting it with respect to the bright star in the Hyades, we found 
its longitude as II 20h0. The mean sun was, again, near 5 10i0. Thus the 
greatest morning elongation was 20!0. 

With the above as data, let [Fig. 9-61 the diameter through ^ lo0 and T 10" 
again be AZBG, and, as in the previous figure [9.5]. Iet A be taken as the point 

'' Reading 10' (with D, Ar) for ~q' (18) at H273,19. Ptolemy gives a double date (18119) in the 
passage in question. Since the observation was taken at dawn, the second date is preferable, and 
agrees with the practice just below (Epiphi 19, for the earlier 18/ 19 at dawnj. 

8? H.-112f.4 161 -2, Pedersen, 3 18- 19. 
83 Other observations b!. this man are used by Ptolem~ in X 1 and X 2. There (p. 469) he says that 

the): were 'given to us by the mathematician Theon', implying personal contact. He has often been. 
identified with Theon of Smyrna. This is chronologically possible, but given :he frequency of the 
name, especially in Roman Egypt, the identification is highly uncertain. 

84Reading M~oop i j  sic, ~ f i v  Ka' (with D,Ar) for M ~ o o p q  ric, tqv  K6' (24th) at H275,13. The 
date is determined by the longitude of the mean sun (computed for Nabonassar 886 XI1 20/21,6 
a.m., as 100;19°). Neugebauer (H.4iZf.4 162 n.3) suggests readingM~oopfl (K ') ~ i <  rtjv Ka ' , but for 
the above form cf. p. 451 n.63. 
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Fig. 9.6 

at which the epicycle centre is found when its longitude is ̂  10°, G as the point 
at which it is found when its longitude is 1> lo0, B as the centre of the ecliptic, 
and Z as the point about which the centre of the eccentre rotates in advance. HZ76 

Let the first problem be to find the distance from point B of the centre about 
which we say the uniform motion of the epicycle towards the rear takes place. 

Let that centre be M, and draw a straight line through H at  right angles to 
AG: so that its [angular] distance from the apogee is a quadrant. On this line 
take 0, the centre of the epicycle at the above observations (for at those 
observations the mean longitude of the sun was a quadrant from the apogee, 
since it was near 5 10°). Draw the epicycle KL on centre 0, and draw the 
tangents to it horn B, BK and BL. Join OK, 0 E  and BO. 

Then, since at the mean position in question the greatest morning elongation 
I from the mean is given as 20i0, and the greatest evening elongation as 26a0, 

L KBL = [20i0 + 264" =] 46;30° where 4 right angles = 360°. 
Therefore its half, L KBO = 46;30°0 where 2 right angles = 360°G.85 

Therefore in the circle about right-angled triangle BOK 
arc OK = 46;30° 

and its chord, OK =47;2ZP where hypotenuse BO = 12v. - 
Therefore where OK, the radius of the epicycle, is 39;q 

and, as was shown, BZ = 10;25', 
BO = 99;Y. 

Again, the  difference between the above *greatest elongations, 6O, comprises 
twice the equation of the ecliptic anomaly; and the latter is represented by 
L BOH, as we proved previously.86 

85 Note that this is exactly equal to L GBE in IX 8 (p. 4551, which implies that the distance of the 
epicycle from the observer is the same at quadrature (here) and at 180° from apogee (there). 

861X 6 p. 448. But it is assumed rather than 'proven' there. 
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3" where 4 right angles = 360" 
Therefore 'OH = 

6"" where 2 right angles = 360"". 
Therefore in the circle about right-angled triangle B H ~  

arc BH = 6" 
and BH = 6;17' where hypotenuse BO = 12@. 

Therefore where BO =99;9', and likewise BZ = 10;25P, 
BH=5;lZp. 

Therefore BH is approximately half BZ, 
H278 and BH HZ E.: 5; 1 ZP, where the radius of the epicycle is 399'. 

Again, in the same figure [Fig. 9.71, draw line ZMN through Z at right angles 
to AG, but on the opposite side to HO. Because lines HO and, ZN perform their 
returns to the same point in the same period, but in opposite senses, the centre of 

Fig. 9.7 

that eccentre on which the epicycle centre O is located will, obviously, lie on 
ZMN at that moment. Let ZN be equal to ZA: thus ZN, like AZ, is the sum of 
the radius of the eccentre and the distance between the centres ([i.e.] between the 
centre of the eccentre and point 2). Take on ZN the centre of the eccentre, M, 

HZ79 and join ZO. 
Now L MZH is right, and L OZH is practically a right angle (hence NZO, too, 

is practically a straight line);87 
and it has been demonstrated that where the epicycle radius is 399' 

NZ = AZ = 109;34P 
and ZO = BO = 99:9P.88 

'' This simplification is necessary in order to solve the problem at aH: for one does not know apnori 
where on ZM the point M lies, only that it lies on a circle with center Z. 
'' See p. 455. 
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Therefore, by addition, NZO = 208;43' 
and its half, NM, the radius of the eccentre, is about 104;2ZP, 

and by subtraction [of NM from NZ], 
ZM, the distance between the centres, is 5;1ZP. 

But we showed that both BH and HZ were the same amount, 5;12'. 
Thus we have computed that 

where the radius of the eccentre is 104;2ZP 
each of the distances between the centres [BH, HZ, ZM] is 5;1ZP 
and the radius of the epicycle is 39;Y. 
Therefore where the radius of the eccentre is 60P, 
each of the distances between the centres is 3;OP 
and the radius of the epicycle is 22;3@. 

Q.E.D. 
With the above [elements] given, the \computed] greatest elongations at the 

points closest to the earth are in agreement with those observed (i.e. when the 
mean position is at Z 10' or  Il lo0, and [thus] its distance from the apogee is the 
side of the [inscribed] triangle [i.e. 1 20°], the angle subtended by the epicycle a t  
the eye is about 47i0), as we can deduce by the folloiving. 

Fig. 9.8 

Let [Fig. 9.81 the diameter through the apogee be ABGDE, on which point A 
is taken as the apogee, B as the point about which the centre of the eccentre 
performs its motion in advance, G as the point about which the epicycle centre 
performs its [uniform] motion towards the rear, and D as the centre of the 
ecliptic. Let each of the [above] motions have gone through the side of the 
[inscribed] triangle [i.e. 120°] (performed uniformly and with equal speed 
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about its own centre) from the apogee A on opposite sides of it. Let the straight 
H281 line rotating the epicycle be GZ, and that rotating the centre ofthe eccentre be 

BH, and let the centre of the eccentre be H and the centre of the epicycle, Z. 
With the latter as centre describe the epicycle. draw tangents to the epicycle, 
DO and DM, join GH, DZ, ZO and ZK, and drop perpendicular DL from D on 
to GZ. 

We have to show that 
L ODK = 47;" where 4 right angles = 360". 

Now both L ABH and L AGL subtend the side of the [inscribed] triangle 
and are equal to 120" where 2 right angles = 180"; 

so L GBH = L DGL = 60"; 
and L BHG = L BGH (BG = BH, by hypothesis). 

But L BHG 4- L BGH = 120" (supplement [to L GBH = 60°]). 
.'- L BHG = L BGH = 60". 

So triangle BGH is equiangular and equilateral. 
And L DGL = L  BGH. 

So points H, G and Z lie on a straight line. 
Hence HZ, the radius of the eccentre = 60P 

where GH (which equals GD) = 3', the distance between the centres. 
Therefore, by subtraction [of GH fi-om HZ], GZ = 57' in the same units. 

Again, since 

i 60" where 4 right angles = 360° 
HZ82 

' L  DGL= 
1200° where 2 right angles = 3600°, 

in the circle about r~gnt-angle triangle GDL 
arc DL = 1 20" 

and arc GL = 60° (supplement). 
Therefore the corresponding chords 

DL = 103;55P where hypotenuse GD = 120'. 
and G L =  60' 

Therefore where DG = 3' and GZ -= 57P 
DL = 2;36' 

and GL = 1;30P; 
and, by subtraction [of GL from GZ], LZ = 55;30P. 

And since LZ2 4- DL2 = DZ2, 
DZ = 55;34p89 

where the radius of the epicycle (i.e. ZO and ZK) = 22;30P, by hypothesis. 
Therefore where hypotenuse DZ = 120" 

OZ = ZK = 48;35'; 
and L ZDO = L ZDK = 47;460° where 2 right angles = 360°0. 

Therefore, by addition [of L ZDO to L ZDK], L ODK = 47;46O where 4 right 
angles = 360". 

Q.E.D. 

"This is, according to Ptolemy, the least distance of'the centerofMercury'sepicycle (cf: XI 10 p. 
546). It was shown I)y Hartner. 'Mercury Horoscope' 109-17 (cf. Pedersen 321-4) that, with the 
pal-ametersof'Ptolemy's model, the least distanceactually occurs at about 120!GSrom apogee, and is 
less than 5534 (about 55;33,38j. These difrerences are utterly negligible Sor practical purposes. 
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! 0. { On the cor?-ection o f  the periodic motions o f  Mercury)go 14283 

The sequel to the above is the establishment ofthe periodic motions of Mercury 
and their epochs.g' Now the [motion and epoch] in longitude, that is, of the 
epicycle in its uniform motion about point G, are given immediately from those 
of the sun. As for the [motion and epoch] in anomaly, that is, of the planet in its 
[uniform] motion on the epicycle about the epicycle centre, we have derived it 
from two reliable observations, one from among those recorded in our time, and 
the other from the ancient observations. 

[Firstly], we observed the planet Mercury in the second year of Antoninus 
(which was the 886th year from Nabonassar), Epiphi [XI] 2/3 in the Egyptian 
calendar [139 May 17/18], by means of the astrolabe instrument. It had not yet 
reached its greatest elongation as evening-star. When sighted with respect to 
the star on the heart of Leo it was observed at  a longitude of 11 174"; and at  that 
moment it was also 1 k0 to the rear ofthe moon's centre. The time a t  Alexandria 
was 4f equinoctial hours before midnight of [Epiphi 2/]3,92 since, according to 
the astrolabe, the 12th degree of Virgo [i.e. .Q 1.1"- 1 2"] was culminating, while 
the sun was in about 8 23". Now at that moment, the positions according to the 
hypotheses we have demonstrated were as follows:93 HZ84 

mean longitude of the sun 8 22;34" 
mean longitude of the moon I1 12;14" 
anomaly of the moon from the apogee of the epicycle 281;20° 
hence, by computation, true position of the moon's centre L7 17;10° 
apparent position of the moon's centre I1 16;20°. 

Thus from this [computation] too we find that Mercury's longitude was II 17 f o 

(since it was I bo to the rear of the moon's centre). 
With this as datum, let [Fig. 9.93 the diameter through the apogee and 

perigee" be ABGDE, on which point A is taken as the apogee, B as the point 
about which the centre of the eccentre performs its motion in advance, G the 
point about which the centre of the epicycle performs its [uniform] motion 
towards the rear. and D the centre of the ecliptic. Let the epicycle centre, 2, 
have been carried by the line GZ about point G through the angle AGZ, and let HZ85 
the centre of the eccentre, H, have been carried by Line BH about point B 
through the angle ABH, which will, obviously, be equal to L AGZ because of 
the equal speed of the motions. Draw the epicycle, OKL, on centre Z, and let 
the planet be situated a t  L. Join GH, HZ, DZ, ZL and DL, extend GZO and 
drop perpendiculars HM and DN on to it from H and D, and drop 
perpendicular ZX from Z on to DL. 

See HAM.4 165-8. 
Reading ab~Giv (with D,L) for ab~05  ('its epochs') at H283.4. 

y2 Literally 'of the midnight towards the 3rd'. 
93 These positions are computed for 7;7 p.m. Alexandria, i.e. Ptolemy has applied the equation of 

time (I find -25 mins. with respect to era Nabonassar). For this moment the computations are 
accurate (I find a longitudinal parallax of -53' where Ptolemy applies -50'). 

"'perigee' ( ~ 6  xepiye~ov) here and at H285,12 and 14 is taken, somewhat loosely, as the point 
180° from the apogee, and not the point where Mercury'scenter isclosest to theearth. For the latter 
Ptolemv always uses the superlative form ~ i ,  aep1yet6~arov (H273,11, al.) 
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Fig. 9.9 

Let us consider the problem, to find the arc of the epicycle between 0, the 
apogee [of the epicycle], and the planet at L. 

Now at that moment the longitude of the mean sun was 8 22;34O, and the 
perigee of the planet was at about 10°.95 
Thus its distance from the perigee in mean longitude was 42;34O. 

i 42;34O where 4 right angles = 360" .'. L GBH = 
85;80° where 2 right angles = 360G0 

And since BG always equals BH 
L BHG = L BGH = 137;260° in the same units. 

So, in the circle about triangle BGHg6 
arc HG = 85;8O 

and arc BG = 137;26O. 
Therefore the corresponding chords 

GH = 81'10p } where the diameter of the circle is 12@. 
and BG= 111;4Y 

Therefore where BG = 3'1 GH = 2; 1 1'. 
Again, since L BGH = 137;260° 

where 2 right angles = 360°0, 
and L BGM = 85;80C 

by subtraction, L HGM = 52;180° in the same units. 
Therefore in the circIe about right-angled triangle GHM 

"Cf. IX 7 p. 450 and IX 8 p. 454. 
9bThis is one of the rare cases where Ptolemy applies the equivalent of the sine theorem in a 

triangle which is not right-angled. See Introduction p. 7 n.10. 
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arc HM = 52; 1 So 
and arc GM = 1 27;4Z0 (supplement). 

Therefore the corresponding chords 

HM = 52;53p} where hypotenuse C H  = 12P 
and GM = 107;43' 

Therefore where GH = 2; 1 1 ', 
and HZ, the radius of the eccentre carrying the epicycle, is 6 P ,  

HM = 0;58' 
and GM = 1 $8'. 

Hence MZ, being a negligible amount less than HZ, the hypotenuse [of triangle 
MMZ], is the same, 6@', 
and, by subtraction [ofGM from MZ], GZ = 58;ZP. 

Similarly, since L DCN 85;80° where 2 right angles = 360°0, 
in the circle about right-angled triangle GDN 

arc DN = 85;8" 
and arc GN = 94;5Z0 (supplement). 

Therefore the corresponding chords 
DN =81;10P I- where hypotenuse GI3 = 12V. 

and GN = 88;23' 
Therefore where GD = 3' and. as was demonstrated, GZ = 58;Zp, 

DN = 2;2' 
and GN = 2; 13'; HZ87 

and, by subtraction [of GN from GZ]. NZ = 55;4Y. 
.- 

Hence hypotenuse DZ I= J m x z 2 1  55;51P 
where the radius of the epicycle'= 22;30P. 

rThercfore in the circle about right-angled triangle DZN, 
where hypotenuse DZ = 120P, 

DN = 4;2ZP 
and arc DN=4;1I0. 

-'= L DZN = 4;) loo where 2 right angles = 360°0, 
and: by addition [ofL DZN and L DCN], L EDZ = 89; 190°. 

And the whole angle EDL = 1350° in the same units, since the planet was 
observed at 67;30° from the perigee. 

Therefore by subtraction [of'L EDZ from L EDL], L ZDL = 45;41°0. 
Therefore in the circle about right-angled triangle DZX, 

arc ZX = 45;41 
and ZX = 46;35' where hypotenuse DZ = l2OP. 

Therefore where hypotenuse DZ = 55;51P and the radius of the epicycle, 
ZL = 22;3@, 

ZX = 21 ;4IP. 
And, in the circle about right-angled triangle ZLX, 

where hypotenuse ZL = 120P, 
ZX = 11 5;3Y. 

.'- arc ZX = 149;20g7 

97The arc corresponding to 115;3q is in fact 149;3O. But if one takes the chord as 115,38,40 
(which is an accurate transformation of 46,35 X 55;51/120), one finds as arc 149:1,56O. As often, 
Ptolemy computes with more accuracy than he displays. 
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HZ88 and L ZLX = 149;20° where 2 right angles = 360°0. 
But we showed that L ZDL = 45;41°0 in the same units. 

[:. L LZK = L ZLX 4- L ZDL = 194;43°0.] 
And L OZK [= L DZN] = 4; 1 1 O0 likewise. 

Therefore, by addition [of L OZK 4- L LZK1, 
198;540° where 2 right angles = 360°@ 

L OZL= 
99;27O where 4 right angles = 360°. 

Therefore arc OKL of the epicycle, which was the distance of the planet 
Mercury from the apogee O at the observation, is 99;27". 

Q.E.D. 
Secondly, in the 21st year of Dionysius' calendar (which was in the 

484th year from Nabonassar), Scorpion 22, [which is] Thoth [I] 18/19 in the 
Egyptian calendar [-264 Nov. 14/15], at dawn, Stilbon [i.e. Mercury] was 1 
moon to the rear of the straight line through the northern [star in the] forehead 
of Scorpius and the middle [star in the forehead], and was 2 moons to the north 
of the northern [star in the] forehead. Now according to our coordinates at that 
time the midmost of the stars in the forehead of Scorpius had a longitude of 
I jO, and is the same amount [ I  $01 south of the ecliptic, while the northernmost 
star had a longitude of nl, 2 f and is 1 4" north of the ecliptic.98 So the planet 

H289 Mercury had a longitude of about % 3$o.99 Furthermore it is clear that it had 
not yet reached its greatest elongation as morning-star, since 4 days later, on 
Scorpion 26, it is recorded that its distance from the same straight line towards 
the rear was 1 ! moons; for [by that time] the elongation had become greater, the 
sun having moved about 4 degrees, but the planet [only] half a moon. And on 
Thoth 19 at dawn the longitude of the mean sun, according to our tables, was 
202". while the longitude of the apogee of the planet was about * 6O, since the 
400 or so years between the observations produce a displacement of the apogee 
of about 4'. 

With the above asdata, then, let us draw a figure [Fig. 9.10]similar to the one 
preceding [Fiz. 9.93, but in which, because of the difference in the positions, the 
angles towards the apogee A [i-e. L AGZ, L ABH] are to be drawn as acute, the 
straight lines joining [points] to the planet [i.e. ZL, DL], as in advance of the 
epicycle [centre], and perpendicular ZX as beyond ZL, the radius of the 
epicycle. loo 

Then, since the mean position of the planet was [q 20F - * 6O =] 44;50° 
from the apogee, 

44;50° where 4 right angles = 360' 
L ABH = 

89;40°" where 2 right angles = 360°0. 
Therefor; its supplement, L GBH = 270;20°0 

and L BGH = L BHG = 44;50°0 in the same units. 

"See catalogue nos. XXIX 2 and 1 .  Ptolemy has subtracted 4 O  from the longitudes there to 
account for precession. 

99 It is dificult to see how Ptolemy arrives at this position from his data: see the discussion HAM.4 
166, with Fig. 151. This was an observation of a station. Cf. Ptolemy's remark about ancient 
observations IX 2 pp. 420-1. 

loo There is the additional difference (as noted by Manitius) that the significations ofpoints O and 
K has been interchanged: in Fig. 9.9 O was the mean apogee and K the true, while in Fig. 9.10 K is 
the mean perigee and O the true. 
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Fig. 9.10 

And, by the same reasoning [as befbre] 
in the circfe about triangle BGM the comesponding chords 

C;H = 84;36" 
where the diameter is 12@' 

and BG = BM = 45;40" 
Therefore where BG = BH = 3", 

GH = 5: 33". 
Again, by hypothesis, 

L AGZ = 89;40°G where 2 right angles = 360°0 
and L BGH = 44;50°0 in the same units, 

so, by addition, L ZGH = 1 34;30°0, 
and, in the circle about right-angled triangle GHM- 

arc H M  = 1 34;30° 
and arc GM = 45~300 (supplement). 

Therefore the corresponding chords 
M H =  

where hypotenuse GH = 120'. 
and GM = 46;24' 1 HZ91 

Therefore where GH = 5;33' (i.e. where ZH, the radius of the eccentre, is 60'1, 
H M  = 5;7' 

and C M  = 2: 10'. lo' 

'" '2;4 would be more accurate by any method of computation 
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Hence we compute ZM [= JZH? - HM2] as 59;47', 
4 

and, by addition [of MC to ZM], ZMG as 61;57' in the same units. 
Similarly, since L DGN [= L AGZ] = 89;W0 where 2 right angles = 360°0, 
in the circle about right-angled triangle GDN, 

q 

arc DN = 89;40° 
and arc GN = 90;20° (supplement). 

So the corresponding chords 
DN = 84;36P 

where hypotenuse GD = 1 20P. and GN = 85;6' 
Therefore where G D =  3') 

DN = 2; 7' 
and GN = 2;8', 

and, by addition [of ZG to GN , ZGN = 64;5P. 
Hence hypotenuse ZD [= + ZN2 + DN2] = 64;7' in the same units. 
Therefore, in the circle about right-angled triangle ZDN, 

where Z D  = 120P, 
DN = 3;58' 

and arc DN = 3;480.'02 
.'. L DZN = 3;480° where 2 right angles = 360°0, 

and, by subtraction [of L DZN from L AGZ], 
L ADZ = 85;520° in the same units. 

But L ADL is given as 54:40°0 in the same units 
(for the planet was [q 34 - 6' =1 27;20° from the apogee at  the observation). 

HZ92 Hence, by subtraction, L ZDL = 3 1 ; 12"' where 2 right angles = 360"". 
Therefbre in the circle about right-angled triangle ZDX, 

arc ZX = 31;1Z0 - 
and ZX = 32: 16P where hypotenuse DZ = 120'. 

Therefore where DZ = 64;7P (i.e. where ZL, the radius of'the epicycle, is 22;30P), 
X Z =  17;15". 

And, in the circle about right-angled triangle ZLX, 
where hypotenuse ZL = 120P, 

ZX = 92'. 
.'. arc Z X  = 100;8°,'u" 

and L ZLX = 100;8°0 where 2 right angles = 360'". 
And we showed that, in the same units, L ZDL= 31;120°, 

[hence L OZL = L ZLX - L ZDL = 68;560°], 
and that L OZK = 3;480°. 

Therefore, by subtraction [of L OZK from L OZL], r 65;80° where 2 right angles =360°0 L KZL = 
32;34O where 4 right angles = 360'. 

At this observation. then, the planet was 32;34O from the epicycle perigee K, 
and, obviously, 212;34O from the apogee. But we showed that at the moment of ; 

'02 3 ; 4 7 O  would be more accurate by any method of computation. 
"'The nearest one can get to this by any method of computation is I O ; 7 O .  More accurate ; 

calculation would give 100;4O. i 

Lj 
2 
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our observation i t  was 99;27O from the apogee of the epicycle. Now the interval H293 f 
5 between the two observations is approximately 

402 Egyptian years 283 days 13; hours. 
This interval contains 1268 complete returns of the planet in anomaly (for 20 
Egyptian years produce very nearly 63 returns, so 400 years produce 1260, and 

i 
;. 
r' 

the remaining 2 years plus the additional days another 8 complete returns). 
Thus we have shown that in 402 Egyptian years 283 days 13; hours the planet 
Mercury moved in anomaly, beyond 1268 complete revolutions, 246;53O, 
which is the amount by which the position at  our observation is beyond the 
previous one. And just about the same increment [in anomaly] results from the 
tables we set out before: for it was on the basis of these very same calculations 
that we made our correction to the periodic motions of Mercury, by reducing 
the above interval to days, and the above revolutions in anomaly plus the 
increment to degrees. For when the total of degrees is divided by the total of 
days, there results the mean daily motion in anomaly which we set out for 
Mercury in our previous discussion [IX 3].'04 

Z 1. { On the epoch of its [Mel-cury's] periodic motions) 

Then in order to establish the epochs of the five planets, as we did for the sun 
and moon, for the first year of Nabonassar, Thoth I in the Egyptian calendar, H294 
noon, we took the interval between that moment and the more ancient of the 
observations, which is closer to it: this is very nearly 

483 Egyptian years 17 days 18 hours.105 
The increment in mean anomaly corresponding to that interval is 190;3g0. If we 
subtract the latter from the 212;34" (counted from the apogee) derived from the 
observation, we get the following epoch positions for Nabonassar 1, Thoth I in 
the Egyptian calendar, noon: 

anomaly counted from the apogee of the epicycle 21 ;55" 
[mean] longitude the same as the sun's, i.e. 3f 0 : 4 5 O  
apogee of the eccentre in about G ldO 

(for iioth [of a degree for each] of the above years comes to about 420, which. 
subtracted from the [longitude] fi 6 O at the observation, gives [n] 1 bo). 

'04 For the actual derivation of the mean motion in anomaly see Appendix C. In the derivation of 
the two positions in anomaly on which the mean motion is allegedly based Ptolemy hascommitted a 
number of small computational and rounding errors. These result in a compounded error which is 
not negligible, as accurate computation from his initial values reveals: 

Ptolemy Computed 
Obs. I 2 12;34O 212;29,18" 
Obs. I1 99;27" 99:33,31° 

Increment 246;53O 247; 4,13O. 

Thedifference of +11', distributed over about 400 years, leads to +0;0,0,0,16 % in the mean 
motion. 

'05 Reading i f j  ((with Ar) for 8 y ' (184) at H294,5. 1 8 ~  is shown to be correct both by the 
increment in mean motion below (18fh would giv6 190;42' instead) and by the interval between the 
two observations given above. Corrected by Manitius. 
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{Demonstration of [the position of3 the apogee of the planet Venus)' HZ96 

Such, then, was the method by which we found the hypotheses for the planet 
Mercury, the sizes of its anomalies, and also the precise amounts of its periodic 
motions, and their epochs. For the planet Venus, again, we first investigated the 
position in the ecliptic of the apogee and perigee of the eccentre by [finding] 
greatest elongations which are equal and in the same d i r e~ t ion .~  The available 
ancient observations did not supply us with exact pairs of positions [suitabkf for 
this purpose, but we used contemporary observations for our approach, as 
follows. 

[ I )  Among the observations given to us by the mathematician Theon, we 
found one recorded in the sixteenth year ofMadrian, on Pharmouthi[VIII] 21/22 
in the Egyptian calendar [I32 Mar. 8/31, at which, he says, the planet Venus 
was at its greatest elongatior, asevening-star from the sun, and was the length of 
the Pleiades in advance of the middle of the Pleiades; and it seemed to be 
passing i t  a little to the south. Now, according to ourcoordinates, the longitude 
of the middle of the Pleiades at that time was 8 3O, and its length isabout 140:" 
so clearly Venus' longitude at that moment was 8 140. So, since the longitude H297 
of the mean sgn at that moment was X 1440, the greatest distance frorn the 

1 mean as evening-star was 47.3'. 
[2] In the fourth' year of Antoninus, Thoth [I] 11/12 in the Egyptian 

calendar [140 July 29/30], we observed Venus at its greatest elongation frorn 
the sun as rnoj-ning-star. It was [the breadth of] halfa hill moon to the north-east 
of [the star in] the middle knee of' Gemini. At that moment the longitude of the 
fixed star, according to us, was III 18$0,%0 Venus was in about 11 18i0. And the 

' O n  chapters 1-3 see HAA4A 152-6, Pedersen 298-306 and (for a criticism of Ptolemy's 
procedure) Sawyer, 'Ptolemy's determination of the apsidal line for Venus' (cf. p. 449 n.53) 

See p. 446 n.43. Many of the dates of greatest elongationsofVenusgiven hrre by Ptolemy are in 
.error, some by as much as three weeks (see H A M A  153 n. 1). We cannot doubt that he was aware of 
this. but he was forced by the Iack of suitable observations during the limited period available to 
take those positions of Venus close to greatest elongation which gave the requjred positions of the 
mean sun with respect to Venus' apsidal line. The point is discussed in detail by Swerdlow and 
Neugebauer, Ch.5. 
'' ln  the catalogue (XXIII 30-32) the group d'the Pleiadeshas longitudes between 8 2bo and 8 

350. The length of this is indeed 1 fo, but its midpoint is 8 2;55O, which Ptolemy has rounded to 3O (a 
correction for precession would make it even less than 2;55O). 

Reading 6' (with D,Ar) for 16' (14th) at H297,5. The date is confirmed by the computations 
below. Corrected by Manitius. 

Catalogue XXIV 11, where the description is somewhat din'erent. Of the three knees mentioned 
(nos. 10, 11 and 13) this is the middle one. 
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mean sun was in 5;'. So the greatest distance as morning-star was the same 
amount as before, 47i0. 

Therefore, since the mean position was 3€ 144' at  the first observation, and h 
560 a t  the second, and the point on the ecliptic halfway between these falls in 
[either] 8 25' [or] m, 2s0, the diameter through apogee and perigee must go 
through the latter .[points]. 

[3] Similarly, in the [observations we got] from Theon, we found that in the 
twelfth year of Hadrian, Athyr [111] 21 /22 in the Egyptian calendar [I27 Oct. 
11/12], Venus as morning-star had its greatest elongation from the sun when it 

HZ98 was to the rear of the star on the tip of the southern wing of Virgo by the length 
of the Pleiades, or less than that amount by its own diameter; and it  seemed to 
be passing the star one moon to the north. Now the longitude of the fixed star at 
that time, according to us, w a s n  28 tio: hence the longitude ofVenus was about 
~lp 0 4 0 . ~  And the mean sun was in fi 1 7$1°. So the greatest elongation from the 
mean as morning-star was 47fi0. 

- [4] In the twenty-first year of Hadrian, Mechir [VI] 9/10 in the Egyptian 
calendar [I36 Dec. 25/26], in the evening, we observed Venus at  its greatest 
elongation from the sun. It was in advance of the northernmost star of the four 
which almost form a quadri'lateral (behind the star to the rear of and on a 
straight line with the [two] in the groin of Aquarius):7{its distance from the star 
was] about two-thirds of a full moon, and it seemed about to obscure the star 
with its light.8 Now the longitude of the fixed star a t  that time, according to us, 
was 1" 204 hence Venus was inabout  = 1 9t0,' and the mean sun's longitude 
was & 2A0. 

Here too, then, the greatest elongation as evening-star was the same [as in [33 
as morning-star], 47$80. And the points on the ecliptic haifway between the fi 

H299 17 $80 of the first observation and the l& 2h0 of the second are again about Q 25O 
and 8 25O. 

2. f On the size of [ L7e/'enus'] epicycle] 

By these means, then, we determined that in our time the apogee and perigee of 
[Venusy] eccentre lie in 8 25O and Q 25'. Accordingly, we again looked for 
greatest elongations from the mean which occur when the sun is near 1( 25O and 
TIL 25'. 

Literally 'a third of the first degree of Virgo'. The longitude in the catalogue (XXVfI 5) i s n  
29'. Ptolemy subtracts 5' for 11 years' precession, adds 140 for the length of the Pleiades, and then 
subtracts 5' for the diameter of Venus. (In the Planetav fl~~po~heses, ed. Goldstein p. 8 5, he 
estimates the apparent diameter of'Venus as Tbth of the sun's, i.e. 3'). 

'The stars in question are (according to Manitius' identification): the quadrilateral, catalogue 
nos. XXXII 26-9; the two in the groin, nos. 15 and 16. The diirerences in the description here from 
the catalope are so great that we must assume that this was originally written before the catalogue 
existed (as the date of the observation suggests). 

'Reading ~atahcipiyc~v (with GD) f o r ~ a ~ a h c i p ~ c ~ l v  ('seemed to be obscuring') at H298,14- 15. 
The word is a technical term for one bright body (the sun, as at VIII 6,  H201 :l, cf. K ~ T ~ ~ ~ ) I ~ ! E I S  a t  
XI11 7, H591,11, or the moon: as here) coming so close to another that it 'outshines'it .wd makes it 
no longer visit&. 

9 ' two-thirds of'a moon' is only 20': whereas Ptolemy subtracts 24'. Is the differs:?ce to account 
tor the diameter of' Venus? 



X 2. Location of Venus' apogee 

[I]  In the [ol~sei-vations] given to us by Theon we find that in the thirteenth 
year of Hadrian, Epiphi [XI] 213 in the Egyptian calendal- [I29 May 19/20], 
Venus was at its greatest elongation from the sun as morning-star, and was 1 <0 

in advance of'the straight line through the fbremost of the 3 stars in the hc,ad of 
Aries and the star on the hind leg, while its distance from the foremost star of 
those in the head was approximately double its distance fi-om the star on the leg. 
Now at that time, according to us, the foremost star ofthe 3 in the head oi'Aries 
had a longitude of [TI 6jC and is 79' north ofthe ecliptic, while the star in the H300 
hind leg of Aries had a longitude of 14io, and is 5i0 south of the ecliptic.'0 
Therelbre the longitude of Venus was 1020 and it  was 1 lo south of the 
ecliptic. Hence, since the longitude of'the mean sun at that t irne was 8 25g0, the 
greatest elongation from the mean was 44;'. 

[ Z ]  In the twenty-first year of Hadrian, Tybi [V] 213 in the Egyptian 
calendar [I36 Nov. 18/19], in the evening, we ol~served Venus at its greatest 
distance from the sun: when sighted with respect to the stars in the horns of' 
Caprico~ n it  was seen to occupy LlP 1210, while the longitude of the mean sun 
was 25i0. Hence in this position the greatest elongation from the mean comes 
out as 47i0. 

Hence it is clear that the apogee lies in 8 25O, and the perigee in 25'. 
Furthermol-e, it has also become plain to us that the eccentre of Venus can-) ing 
the epicycle is fixed, since nou here on the ecliptic do we lind the sum of the 
greatest elongations fi-om the mean on both sides to be less than the sum of both H301 
in Taur~is, or greater than the sum of both in Scorpius. 

With the above as data. let [Fig. 10.11 the eccentric cir-cle, on which Venus7 
epic),cle is always cai-ried, be ABC on diameter AG, on which D is taken as the 
centl~oftheeccenti-e, Eas the centi-eoftheecliptic, and Aas the point at  8 25O. 
About points A and G let there be drawn equal epicycles, on which lie points Z 
and H [respectively]. Draw the tangents EZ and EH, and join AZ: GH. 

Then, since L AEZ, which is at the centre of the ecliptic, subtends the greatest 
 longa at ion of the planet at the apogee, which is, by hypothesis. 44$0, 

i 44;48O where 4 right angles = 360' 
L AEZ = 

89;360° where 2 right angles = 360°0. 
Therefore in the circle about right-angled triangle AEZ 

ai-c 14Z = 89;36O 
and its chord AZ- 84;33' where hypotenuse AE = 120'. H302 

Similarly, since L GEH subtends the greatest elongation at the perigee, 
yhich is, by hypothesis, 47i0, - 

47;20° whei-e 4 right angles = 360' 
L GEH = 

94;40°0 where 2 right angles = 360°0. 
Therefore in the circle about right-angled triarigle GEH 

arc GH = 94;40° 
and its chord GH 88;13' where hypotenuse EG = 12@. 

"The stars i? question are catalogue XXII 1 and I3 (note the dill'erent descriptions there), with 
longitudes of6f0 and 15O. The dilrerence in the longitudes given here is -4' and -15' respectively. 
One would expect about -5' for the precession in 8 y e p  Hence Manitiusernended 14; to 1414; but 
it is implausible to change, as he dcres. L ' 6' to 3' (t + t ) ;  for 'I!' is writtenL ' y ' I $  ' (1 + f +&), e.g. 
H303,7. The stars in the alignment are too far apart to allow us to use it to check the text, so in the 
absence of any ms. variation I merely note the possibility of some corruption. 



X 2. Size of Venus' epicycle 

Fig. 10.1 

Therefore where GH (= AZ), the radius of the epicycle, is 84;33', and 
AE = 1 20P, 

EG = 115;lP, 
and obviously, by addition, A 6  = 235;lP 

and its half; ADz 11 7;30P, 
and, by subtraction, the distance between the centres, BE = 2;2gP. 

Therefore where the radius of the eccentre, AD = 60P, 
the distance between the centres, DE% lip, 
and the radius ofthe epicycle, AZ = 43iP. 

3. ( On the rati0.y of the eccen/rici/iex of the planet [ Venus]) 

But since it is not clear whether the uniform motion of the epicycle takes pIace 
H303 about point D, here too we took two greatest elongations, in opposite directions 

[i.e. one as evening-star and the other as morning-star], in each of which" the 
mean motion of the sun was a quadrant from the apogee. 

[l] We observed the first in the eighteenth year of Hadrian, Pharmouthi 
[VIII] 2/3 in the Egyptian calendar [I34 Feb. 17/18]. In this Venus was at 

" Reading kcp' E ~ a ~ b p a ~  (with CDG,Is) at H303,2 for Ecp' 6 ~ a r ~ p a  ('in both directions'). 
Corrected by Manitius. 



X 3. Determination o f  Venus' equant from observations 473 

qreatest elongation from the sun as morning-star, and when it was sighted with 
respect to the star called Antares [catalogue XXlX 83, its lo~gitude was 0 
11 fiO, at which time the longitude of'the mean sun was zz 25f0. So the greatest 

7 elongation fi-om the mean as morning-star was 43ij0. 
[2] We observed the second in the third year of Antoninus, Pharmouthi [VIll] 

4/5 in the Egyptian calendar [140 Feb. 18/19], in the evening. In this Venus 
was at its greatest elongation from the sun, and when it was sighted with respect 
to the bright star in the Hyades [catalogue XXIII 141, its longitude was 1380, 
while the longitude of the mean sun was again Z 25i0. Hence in this case the 
greatest elongation liom the mean as evening-star war 48i0. 

With the above as data, let [Fig. 10.21 the diameter through the apogee and 
perigee of the eccentre be ABG; let A represent the point at  8 25O, and let B 
represent the centre of the ecliptic. Let our task be to find the centre about 
which we say that the uniform motion of the epicycle takes place. Let that 

Fig. 10.2 

centre be point D, and draw DE through D perpendicular to AG, in order for K304 
the mean position of the epicycle to be a quadrant from the apogee, as in the 
observations. O n  DE take E to represent the centre of' the epicycle at  the 
observations in question, draw the epicycle Z H  on i t  as centre, draw the 
tangents to it from B, BZ and BH, and join BE, EZ  and EH. 

Then since, at the mean position in question, the greatest elongation from the 
7 mean as morning-star is, by hypothesis, 43ir0, and the greatest as evening-star 

4840, 
by addition, L ZBH = 91;55O where 4 right angles = 360'. 

Therefore its half, L ZBE = 91;550° where 2 right angles = 360''. 
Therefore in the circle about right-angled triangle BE2 

arc EZ = 91;55O H305 
and EZ = 86; 16' where hypotenuse BE = 12@. 



474 X 3. Bisection of eccentrici~ demonstrated for Venus 

Therefore where the radius of'the epicycle, EZ = 43;lW 
BE = 60;3'. 

Again, since the difference between the above greatest elongations (which is 
4;45O) comprises twice the equation of the ecIiptic anomaly at that point, which 
is represented by L BED, 

i 2;22,30° where 4 right angles = 360° 
L BED = 

4;450° where 2 right angles = 360°0. 
Therefore in the circle about right-angled triangle BDE 

arc BD = 4;45O 
and B D z  4;59 where hypotenuse BE = 12V. 

Therefore where BE = 60:3' and the radius of the epicycle is 43;10P, 
BD= 2tP. 

But we showed [p. 4721 that the distance between B, the centre of the ecliptic, 
and the centre of the eccentre on which the epicycle centre is always carried, is 
1;' in the same units; thus it is half of BD. 

Therefore, if we bisect BD at O,  we have demonstrated1* that 
H306 where @A, the radius of the.eccentre carrying the epicycle, is 6@, 

each of the distances between the centres, BO and OD = lip: 
and EZ, the radius of the epic),cle, is 43;lO". 

Q.E.D. 

4.  { On the correction' @'the periodic mofions of the planet [ I.'enus]j '" 

Such, then, is the method by which we determined the type of [Venusy] 
hypothesis and the ratios of its anomalies. For the - periodic motions and 
epochs of the planet, once again [zs fbr Mercury], we took two reliable 
observations, [one] from among ours, and [one] of the ancient ones. 

[ l ]  In the second year of Antoninus, Tybi [V] 29/30 in the Egyptian 
calendar El38 Dec. 15/16], we observed the planet Venus, after its greatest 
elongation as morning-star, using the astrolabe and sighting it with respect to 

I Spica: its apparent longitude was TQ 6r0. At that moment it was also between 
and on a straight line with the northernmost of the stars in the fbrehead of 
Scorpius and the apparent centre of the moon, and was in advance of the 
moon's centre 1 f times the amount it was to the rear of the northernmost of'the 
stars in the fbrehead. Now the [latter] fixed star had at that time, according to 
our coordinates, a longitude o f n  6;20°, and is 1 ;20° north of the ecliptic. l 4  The 

H307 time was 4; ecluinoctial hours after midnight, since the sun was in about $ 23, 

l2 This is the only 'demonstration' of the 'bisection of theec~entricit~' in the Alrnagt=st, although it 
is also assumcd for the outer planets. However, this does not prove (conlra H.4MA 155) that 
observations of Venus were the historical origin of Ptolemy's introduction ofthe equant. It seems far 
more likely that it arose from the considerations Ptolemy himself outlines at X 6 (see p. 480, with 
n.24), for which Mars must have provided the most opportune observations. 

1" &, chs. 4 and 5 see HAMA 156-8. 
l4 See catalogue XXIX I .  



A' 4 .  Observation of Venus by Ptolemy 

and the second degree of Virgo [i.e. TIJ? 1"-2O] was culminating according to the 
astrolabe. At that moment the positions were as fo'ollo~s:'~ 

mean longitude of the sun $' 22;9" 
mean longitude of the moon 11;24" 
anomaly of the moon, counted from apogee 87;30° 
[argument ofJ latitude of the moon, from the northern limit, 12;22" 
hence, true position of the moon's centre 5;45O 
[moon's latitude] 5" north of the ecliptic 
apparent position [of the moon] at  Alexandria in longitude q, 6;4.5c 
[apparent position of the moon in latitude] 4;40° north of the ecliptic. 
From these considerations too, then, Venus' longitude was Q 6;30°, and it 

was 2;40° north of the ecliptic. 
With the above as data, let [Fig. 10.31 the diameter through the apogee be 

ABGDE. Let A represent the point a t  8 25O, B the point about which the 
epicycle moves uniformly, G the centre of the eccentre carrying the epicycle 
centre, and D the centre of the ecliptic. Since the mean sun had a longitude of $' 
22;g0 at  the observation, the mean position of the epicycle is [ J? 22;g0-% 25O =] 
27;g0 towards the rear from the perigee at E. §o let the epicycle centre be 
located at Z, and draw the epicycle HOK on Z as centre. Join DZM, GZ and M3CS 
BZO, and drop perpendiculars GL and DM from G and D on to BZ. Let the 

Fig. 10.3 

'"he following data are calculated, accurately, not for 4;45 a.m., but for 4;30 a.m. Since the 
equation of time for a solar longitude of 2 2 3 O  is about - 17 mins., Ptolemy's (silent) correction is 
,itistilied. For 4;45 a.m. local time 1 find the culminating point as a little past lo, in agreement 
with the text. 



476 X $. Geometrical determination of anomaly from obserualion 

planet be located at point K, join DK and ZK, and drop perpendicular ZN [on 
to DK]. Let the problem be, to find the arc OK, which is the distance of the 
planet from the epicycle apogee O [at the observation]. 

Now since 
27;g0 where 4 right angles = 360° 

L EBZ = 54; 1 80° where 2 right angles = 36OC0, 
in the circle about right-angled triangle BGL 

arc GL = 54; 18O 
and arc BL = 125;4Z0 (supplement). 

Therefore the corresponding chords 
GL = 54;46' 

and BL = 106;47' 
where hypotenuse BG = 120P. 

Therefore where BG = 1 ; 15' and GZ, the radiusoftheeccentre, is60P, 
GL = 0;34' 

and BL = 1;7P. 
And since ZG2 - GL2 = ZL2, 

ZLx 60' in the same units. 
And since BG = GD 

ML = LB [= 1;7'], 
and DM = 2GL. 

Therefore, by subtraction [of ML from ZL], ZM = 58;53' 
ahd DM = 1;8P in the same units. 

Hence hypotenuse ZD[= J Z M ~  + DM2] a 58;54' 
Therefore, where ZD = 120P, DM = 2; lgP, 

and, in the circle about right-angled triangIe DZM, 
arc DM = 2;1Z0. 

.*. L BZD = 2; 1 Zoo where 2 right angles = 3600°, . 

and, by addition [of L EBZ and L BZD], L ED2 = 56;30°0 in the same units. 
And, since the planet was 18;30C in advance of the perigee at E (i.e. nt, 25') at 
the observation; 

L EDK = 
18;30° where 4 right angles = 360° 
370° where 2 right angles = 360°0. 

Therefore, by addition [of L EDK to L EDZ], 
L KDZ = 93;30°0 where 2 right angles = 360°0, 

and, in the circle about right-angled triangIe DZN, 
arc ZN = 93;30°. 

Therefore its chord, ZN = 87;25' where ZD = 1ZV. 
So where ZD = 58;54', i.e. where the epicycle radius ZK is 43;10P. 

ZN = 42;54'. 
.'- ZN = 1 19; 18' where hypotenuse ZK = 1 20P, 

and, in the circle about right angled triangle ZKN, 
arc ZN = 167;38O.I6 

L ZKD = 167;380° where L ZDK has already been found as 93;30°0. 

I b The accumulated rounding error here is considerable. ZN should be about 1 19;16' rather than 
119;18P. Since this chord is so close to the maximum of 120': the resulthg error in the arc is great: 
accurate computation would give ZN = 167;22O, resulting ina not negligiblechange of8' in the final 
result (230;40°1. 



X 4. Observation of Venus by Tiwocharis 477 
So, by addition, L KZH = 261;80°. 

And we showed that L BZD (= L HZ@) = 2;120° in the same units. 
r 

258;560° where 2 right angles = 3600° 
Therefore, by subtraction, L OZK = 129;28O where 4 right angles = 360°. 

So the planet Venus, a t  the time inquestion, was the above distance, 129;28O, in 
advance of the epicycle apogee q, and, [therefore], in the motion [on the 
epicycle] assigned to it in the hypothesis, [namely] towards the rear, it was the 
difference of the above from one revolution, 230;32O, which was what we had to 
determine. 

[2] From the ancient observations we selected one which is recorded by 
Timocharis as follows. In the thirteenth year of Philadelphos, Mesore [XII] 
17/18 in the Egyptian calendar [-271 Oct. 1 1 /12], at  the twelfth hour, Venus 
was seen to have exactly overtaken17 the star opposite Vinderniatrix. That is the 
star which, in our descriptions [catalogue XXVII  61, is the one following the 
star on the tip of the southern wing of Virgo, and which had a longitude of 
g 8f0 in the first year of Amtoninus. Now the year of the observation is the 
476th from Nabonassar, while the first year of Antoninus is 884 [years] from 
~ a b o n a s s a r ; ' ~  tb the 4-08 years of the interval corresponds a motion of the fixed 
stars and the apogees of about 4h0. Hence it is clear that the longitude ofVenus 
was irp 410, and the longitude of the perigee of its eccentre TIL 20:; O. And here too 
Venus was past its greatest elongation as morning-star; for 4 days after the 
above observation, on Mesore 21/22, as one can deduce from what Timocharis 
says, its longitude was IIJ? 820 according to our coordinates; and the mean 
position of the sun was^ 17;3O at the first observation a n d 2  20;5g0 at the next: 
thus its elongation at  the first observation comes to 42;53O and a t  the next 42;g0. 

With the above as data, let there be drawn [Fig. 10.43 a figure similar [to the 
preceding], but which has the epicycle in advance of the perigee, since the mean 
longitude of the epicycle is LL 17;3O, while the longitude of the perigee is ng 
20:55". Now for that reason 

33;5Z0 where 4 right angles = 360° 
L EBZ [=TI& 20;55" - 17;3O] = 

67;440° where 2 right angles = 360'" 
Therefore, in the circle about right-angled triangle BCL, 

arc GL = 67;44" 
and arc BL = 112;16O (supplement). 

Therefore the corresponding chords 

GL = 66;5P ] where hypotenuse BG = 120'. 
and BL = 99;38P 

Therefore where BG = 1 ; 15' and the radius oft he eccentre, GZ = 60P, 
GL = 0;4ZP 

and BL = l;ZP. 

!7 Most transiations intefpret this word ( ~ a ~ ~ l i i q ( ~ L 3 ~ )  as 'occulted'. Modern calculations show 
that no occultation occurred, since Venus passed about 12' to the south ofq Vir. Nevertheless, since 
another observation where no occultation could have occurred is unambiguously described as an 
occultation (see p. 522 n.16), and ~atahap8av~tv denotes occultations by the moon at H28,15, 
H31,5, H32,7 and H33,9, the same is probably intended here. 

"Reading ri, 63: a' ETOS f f i ~  ' A v t w ~ i v ~ ~ )  $aothsiaq on6 E O T ~ V  &n6 Naf3ovaooapou with 
DG,Ar) at H311,4-5, for rb 66 p k ~ p t  TQG 'Avrovivou @aotA&ia~ on&' of the other mss. The first 
year of Antoninus is the 885th in the era Nabonassar, but since thisobservation is towards the end of 
the Egyptian year, Ptolemy correctly counts to the end of Nabonassar 884. 



X 4. Derivation of Venus' mean motion from observations 

Fig. 10.4 

And since ZG2 - GL2 = ZL2, 
ZL = SOP. 

And by the same seasoning [as before] 
H313 BL = LM 

and DM = 2GL. 
Therefore, by subtraction [of LM from ZL], ZM = 58;58P 

and DM = 1;24' in the same units. 
Hence hypotenuse ZD[= dZM2 + DM2] -- 58;5gP. 

Therefbre, where ZD = f 20P, DM = 2;5 I ', 
I 

and, in the circle about right-angled triangle ZDhl,  
arc DM = 2;44O 4 

i 
--a L BZD = 2;440° where 2 right angles = 360°0. 2 

C 

And, by  addition [of L BZD and L EBZ], L EDZ = 70;280° in the same units. j j  
i And the distance of the planet in advance fi-om the perigee, 

76;45O where 4 right angles = 360° 
EDK [= 20;550 - 4;1001 = 153;3000 whelr 2 angles = 36000. 

Therefore, by subtraction, L ZDK = 83;Zo0 in the same units, 
and, in the circle about right-angled triangle DZN, 

arc ZN = 83;Z0. 
So its chord ZN = 79;33' where hypotenuse DZ =120P, 

and where DZ = 58;59", i.e. where the epicycle radius ZK = 43;10P, 
ZN = 39;7'. 

Therefore, in the circle about right-angled triangle ZKN. 
where hypotenuse ZK = 120' 

ZN = 108;45' 



X 5. Epoch posiiions of Venus in mean motion 

and arc ZN 1 30°. 
-*. L DKZ = 130°0 where L ZDK has already been found as 83;2@O. W3 14 

And, by addition, L OZK = 213;20° in the same unlts. 
But we showed that L BZD (= L HZ@) = 2;440° in the same units. 

21 5;460° where 2 right angles = 360°0 
Therefore, by addition,L HZK = 

107;53O where 4 right angles = 36O0.I9 
At that moment, then, the distance of the planet Venus, [in the sense of 
rotation] towards the rear, from the epicycle apogee H was the difference from 
one revolution, 252;7O, which was what we had to determine. 

Now its distance from the apogee of the epicycle, in the same sense, a t  the 
moment of our observation was 230;3Z0. And the interval between the two 
observations comprises 409 Egyptian years and about 167 days, and 255 
complete revolutions in anomaly (for 8 Egyptian years produce approximately 
5 revolutions, so the 408 years produce 255 revolutions, while the remaining 
year plus the additional days do not complete the period of one revolution). So 
we have demonstrated that in 409 Egyptian years 167 days the planet Venus 
travels on the epicycle, beyond 255 complete revolutions in anomaly,20 338;25O, 
which is the amount by which the position at our observation exceeded the H315 
earlier one. And approximately the same increment results from the mean 
motion tables which we set out above. For our correction of the mean motions 
was derived from the increment over comp!ete revolutions we have found 
[above]: the time-interval was reduced to days, and the revolutions plus the 
increment to degrees. For then, when the total in degrees is divided by the total 
in days, there results the mean daily motion of Venus in anomaly which we set 
out previously 

- 
5. [ On the epoch of [ Venus'] periodic mu t ions] 

Here, too, the task remains to establish the epochs of the periodic motions for 
the first year of the reign of Nabonassar, Thoth 1 in the Egyptian calendar, 
noon. We again took the interval between the latter moment and the moment of 
the more ancient observation. This comes to 

475 Egyptian years 34d days approximately.22 
The increment in mean motion corresponding to that interval in the columns 

"The accumulated rounding error here amounts to 4' (one finds 107;4g0). 
20Reading BvwpaXia~ (with DG) fbr dvopahtwv at H314,22. Corrected by Manitius. 
" O n  the actual derivation of'the mean motion fbr Venus see Appendix C. Ptolemy's increment 

in mean motion, 338;25O, is the motion from 252;7O (above) to 230;3Z0 (p. 477). The accumulated 
rounding errors in those figures (see p. 476 n. 16 and above n. 19) lead to a difference in the increment 
o1'+4', which would have an ell'ect on the resulting mean motion. Furthermore it is unclear what 
interval in days Ptolemy is actually using. He gives the round number 409' 167d. But the time of 
Ptolemy's observation is given as 4;45 a.m., and of Timocharis' as 'at the 12th hour' (interpreted as 
6 a.m. in X 5, see below n.22). So the interval should be l b hours less than the above, or, if one 
corrects for the equation of time at Ptolemy's observatiori, (cf. p. 475 11.15) 14 hours less. 

22 If one assumes that the ol~servation of Timocha@ (p. 477) was made just at dawn, and applies 
the equation oftime with respect to the epoch oferaNabonassar (about- f hour), theintervalgiven is 
approximately corrpct. But see n.23. 



480 X 6. Methodology for isolating ecliptic anomaly of outer planet3 

H316 for anomaly is approximately 181°.2' Subtracting the latter from the 252;7O [of 
the position] at the observation, we get for the first year ofNabonassar, Thoth 1 
in the Egyptian calendar, noon: 

epoch in anomaly: 7 1 17" from the apogee of the epicycle. 
The mean position in longitude is again, by hypothesis, the same as the sun's 
namely 

longitude: X 0;45O. 
And it is obvious that, since the apogee [of the eccentre] was at about 8 20;55O 
at  the observation, and to the intervening 476 years correspond approximately 
go [of motion of the apogee], at  the moment of epoch the apogee will be in 
about 8 16;10°. 

6. (P?-eliminanes for the demonst?-ations concerning /he other [3 outer] pfanet~f 

Such, then, were the methods which we successfully used for these two planets, 
Mercury and Venus, to establish the hypotheses and demonstrate [the sizes of) 
the anomalies. For the other three, Mars, Jupiter and Saturn, the hypothesis 
which we find for their motion is the same [for a113 and like that established for 
the planet Venus, namely one in which the eccentre on which the epicycle 
centre is always carried is described on a centre which is the point bisecting the 

I3317 line joining the centre of the ecliptic and the point about which the epicycle has 
its uniform motion; for in the case of each of these planets too, using rough 
estimation, the eccentricity one finds from the greatest equation of ecliptic 
anomaly turns out to be about twice that derived from the size of'the retrograde 
arcs at greatest and least distances of the epicycle. However, the demonstrations 
by which we calculate the amounts of both anomalies and [the positions of] the 
apogees cannot proceed along the same Iines for these planets as for the previous 
two, since these reach every possible elongation from the sun, and it is not 
obvious from observation, as it was from the greatest elongations for Mercur! 
and Venus, when the planet is at  the point where the line ofour sight is tangent 
to the epicycle. So, since that approach is not available, we 4;ave used 
observations of their oppositions to the mean position ofthe sun to demcnstrate, 
first of all, the ratios of their eccentricities and  [the positions ofj their apogees. 
For only in such positions [of the planet],24 considered from a theoretical point of 
view, do  we find the ecliptic anomaly isolated, urith no effect from the anomaly 
related to the sun. 

H318 For let [Fig. 10.51 the planet's eccentre, on which the epicycle centre is 
carried, be ABG on centre D, and let the diameter through the apogee be AG, 
on which point E is the centre of the ecliptic, and Z the centre ofthat eccentre 
with respect to which the epicycle's mean motion in longitude is taken. Draw 
the epicycle HOKL on centre B, and join ZLBO and HBKEM. 

I say, first, that when the planet is seen along line EH through the epicycle 

"Computing from the table (IX 4) one finds for the stated interval 180;58,34O. Ptolemy has 
either rounded unjustifiably, or computed for a slightly longer interval. A motion of half an hour 
more (i.e. neglecting the equation of time, cf. n.22) produces 180;59,20°. 

24 See H4M.4 172. An ingenious analysis of the way in which Ptolemy arrived at the notion of the 
equant for the outer planets was made by Swerdlow, 'The Origin of Ptolemaic Planetary Theory'. 
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G 
Fig. 10.5 

centre B, then the mean position of the sun, too, will always be on the same line, 
and that when the planet is at H it  will be in conjunctionz5 with the mean sun 
(which will also, in theory, be seen towards H), and when the planet is at K it 
wilI be in opposition to the mean sun (nihich will be seen, in theory, towards M). 
[Frooi:] For each of these [outer] planets, the sum of the mean motions in 
longitude and anomaly, counted from the apogee [of eccentre and epicycle 
respectively], equals the mean motion of the sun counted from the same 
starting-point. And the difierence between the angle at centre Z (which 
comprises the mean motion of the planet in longitude), and the angle at E H319 
(which comprises the apparent motion in longitude),26 is always the angle at B 
(which comprises the mean motion on the-epicycle). Hence it is clear that when 
the planet is at M? it will fall short of'a return to the apogee O by L Hm; but 
L MBO added to L AZB produces the angle comprising the sun's mean motion, 
namely L AEM, which is the same as the apparent motion of the planet.27 And 
when the planetris at K, its motion on the epicycle, again, will be L OBK, and 
L OBK + L AZB equal the mean motion of the sun counted from the apogee A. 

"Reading o u v o 6 ~ G o ~ t  (with G ,  and possibly Ar, hut the translations are ambiguous) fbr 
ouvo6~bci ('is in conjunction') at H318,18. 

26 By this expression (I\ cpatvopivq KUT& pq~oc, ~ i v q o ~ q )  Ptolemy means, not the true position of 
the planet, but the position of the epicycle center as seen from the earth. Compare the expression 
cpa~vopivq Eni TOO E E I K G K A O ~  rr1ipo60~ at XI1 2 (H470'11) to denote the 'true anomaly' (i.e. as 
counted fiom true and not mean perigee of the epicycle). 

27 In fact L AZB - L HE$@ = L AEH. But what Ptolemy means is illustrated by Figs. PI and P2: in 
Fig. PI planet and mean sun are in conjunction. In Fig. P2 (= Fig. 10.5) they are again in 
conjunction. The epicycle has travelled through the angleR (L AZB), the planet on the epicycle has 
travelled through E' ,  and the mean sun through K + 360". Then (from the f i p r e ) ~  =R-  (36O0 @I= 
I? + ii - 360". Hence the mean sun's motion K + 3600 = + 6. Failing to understand this, an  inter- 
polator has inserted rovr&crrtv hercpe~toa 67t' a6Tqq at H319,8, producing the strange result 
'L,HB@ added to L AZB. i.e. subtracted Srom it.' 
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Fig. PI 

Fig. P2 
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Thus the latter comprises 180° + (L AZB - L LBK) = 18Q0 + L GEM, i.e. the 
mean position of the sun will be opposite the apparent position of the planet. 

Hence, furthermore, in such configurations 1i.e. mean conjunctions and 
oppositions], the line joining the epicycle centre B to the planet, and the line 
from E, our point of view, to the mean sun, will coincide in one straight Iine, but 
at all other [sun-planet] elongations [those vectors] will always be parallel to 
each other, although the direction in which they point will vary. 

Fig. 10.6 

[Proof:] In the above frgrrre [see Fig. 10.65, if we draw the line BN from B to the 
planet in an): situation, and the line EX from E to the mean sun, for the reasons 
stated above 

L AEX = L AZO -+ L NB0,28 
and L AZO = L AEH + L HBO. 

[- ' -L A E X = L  A E H + L  N B O + L  HBO.] 
If we subtract L AEH from both sides, 

L HEX = L HBN. 
Therefore line EX is parallel to Iine BN. 

Thus we find that in the above configurations of conjunction and opposition 
with respect to the mean sun, the planet is viewed, in theory, [along the line] 
through the centre of the epicycle, just as if its motion on the epicycle did not 
exist, but instead it were itself situated on circle ABG and were carried in 
uniform motion by the line ZB, in the same way as the epicycle centre is. Hence 
it is clear that it is possible to isolate and demonstrate the ratio of the ecliptic 
eccentricity by [both] such types of [planetary] positions, but since the 

'* 1.e. the mean motion of the sun equals the mean longitudinal motion of'the planet plus the 
mean anomaly of the planet. 
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conjunctions are not visible, we are left with the oppositions29 on which to build 
our demonstrations. 

7 .  (Demonst)-ation of'  he eccentric it^ and apogee [position] of Alars] 30 

In the case of the moon we took the positions and times of three lunar eclipses, 
I 

I 
and demonstrated the ratio of the anomaly and the position of the apogee I I 
geometrically. So too, here, in the same way, for each of these [outer] planets, 
we observed the positions of three oppositions to the mean sun, as accurately as 

H322 possible, using the asti-olabe instruments, computed, too, the time and position 
for the precise 180' elongation3' fi-om the position of the mean sun at [each of) 
the obselvations, and thence demonstrate the ratio of the eccentricity and [the 
posit ion of) the apogee. I i 

First, then, for Mars, we took three oppositions, which we observed as 
follows.32 
[ l ]  The first in the fifteenth year of Hadrian, Tybi [V] 26/27 in the Egyptian 

I 
i 
I 

calendar [ I30 Dec. 14/15], 1 equinoctial hour after midnight, at about II 1 
210. i 

121 The second in the nineteenth year of Hadrian, Pharmouthi [VIII] 6/7 in 
the Egyptian calendar [I35 Feb. 21/22], 3 hours before midnight, at about 

I 
I 

fl 28:50°. i 
I 

[3] The third in the second year of Antoninus, Epiphi [XI] 12/13 in the i 
! 

Eg).pt ian calendar [ 139 May 27/28], 2 equinoctial hours before midnight, ! 

at about 2 2;34O. 
The intervals between the above are as follows: 
From oppositions [ I ]  to [ Z ]  4 Egyptian years 69 days 20 equin~ctiai hours._ 
From 121 to [ 3 ]  4 years 96 da!-s 1 equinoctial hour. 
For the first interval we compute a [mean] motion in longitude, beyond 
complete revolutions, of 81;44O 
and for the second interval, 95;28O. 

H323 Even if we used the crude periods of return, which we listed above, to compute 
the mean motions, it would make no significant difierence over such a short 
interval.'" 

2 9 6 ~ p d ~ ~ f ~ l  o~qpaxlopoi ,  literally 'configurations [at which the planet rises and sets] at the 
beginning and end of night'. 

30 On the method used to find the eccentricities of the outer planets see HAMA 172-7, Pedersen 
273-83. 

31 Reading &apCrpou or&oews (with DG,Ar) for 6tamao&o< 'elongat~on' at H322,l. 
32 The times are arrived at by computing the position of the mean sun. Therefore the computed 

position of the mean sun at the time stated ought to be exactly 180° different from the longitudes 
given. I find, from the solar mean motion tables, 260;58,55O (instead of 261°), 328;50,2Z0 (for 
328;50°) and 62;31,45O (for 62;34O). The latter discrepancy represents about half an hour in solar 
motion. Could Ptolemy have applied the equation of time (which is about -251 mins compared 

i. i 
with epoch) here? If so, he was mistaken, since all the computations are in terms ofmean solar days. 

33 Ptolemy is referring to the crude periods of IX 3. Thus for Mars (cf. p. 424) in 79 solar years 
occur 37 returns in anomaly and 42 returns in longitude. Assuming Ptolemy's year-length of 
365;14,4gd, one finds from this, for @ 6gd 2oh, a longitudinal increment of81;39", and, for 4' 96d lh, 
95;23O. Using Ptolemy's procedure, and carryingout three iterations, I find from the above data 2e 

11;57', distance of 3rd opposition from perigee = 44O. Comparison with Ptolemy's results from 
the miore accuraxe data, 12' and 44;21°, shows that the differences are indeed negligibIe. t 
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It is obvious that the apparent moticn of the planet, beyond complete 
revolutions, is 
for the first interval 67;50° 
and for the second interval 93;44O. 

Then [see Fig. 10.71 let there be drawn in-the plane of the ecliptic three equal 
circles: let the circle carrying the epicyclecentreof~Mars be ASGoncentre D, the 
eccentre of uniform motion EZH on centre 0, and the circle concentric with the 
ecliptic KLM on centre N, and let the diameter through all [three] centres be 
XOPR. Let A be the point at  which the epicycle centre was at the first 
opposition, B the point where it was at  the second opposition, and G the 
point where it was at  the third opposition. Join OAE, OBZ, OHG, NKA, NLB 
and NGM. Then arc EZ of the eccentric [equant] is 81;44O, the amount ofthe 
first interval of mean motion, and arc Z H  is 95;28O, the amount of the second H324 

R 

Fig. 10.7 
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interval. Furthermore arc KL of the ecliptic is 67;50°, the amount of the first 
interval of apparent motion, while arc LM is 93;44O, the amount of the second 
interval. 

Now if' arcs EZ and ZH of the eccentric [equant) were subtended by arcs KL 
and LM of the ecliptic, that would be all we would need in order to demonstrate 
the eccentricity.34 However, as it is, they3' [arc KL and arc LM] subtend arcs 
AB and BG of the middle eccentre, which are not given; and if we join NSE, 
NTZ, NHY, we again find that arcs EZ and ZH of the eccentric [equant] are 
subtended by arcs S T  and TY of the ecliptic, which are, obviously, not given 
either. Hence the difference arcs," KS, LT and MY, must first begiven, in order 
to carry out a rigorous demonstration of the ratio of the eccentricity starting 
from the corresponding arcs, EZ, ZH, and ST, TY. But the latter [arcs ST and 
TY] cannot be precisely determined until we have found the ratio of the 
eccentricity and [the position of] the apogee; however, even without the 
previous precise determination of eccentricity and apogee, the arcs are given 
approximately, since the difference arcs are not large. Therefore we shall first 
carry out the calculation as if the3' arcs ST, T Y  did not differ significantly from 
the arcs KL, LM. 

For [see Fig. 10.81 let the eccentre of mean motion of Mars be ABG, on which 
H325 A is taken as the point of the first opposition, Bofthe second, and G of the third. 

Inside the eccentre take D as the centre of the ecliptic, which is our point of 
view, draw in every case [where one has to carry out this kind of calculation] the 
lines joining the points of the three oppositions to the observer (as here AD, BD 

Fig. 10.8 

34 For the situation would be identical with that of the lunar hypothesis (IV 6). 
35Reading a&at (with A,B [not reported by Heiberg]. Ar) for a h a \  at H324,8. 
36 The arcs forming the differences between arc KL and arc TS, and between arc LM and arc TY. 
37Reading nap& T&< KAM TGV CTY n~picpspe~Qv, at H324,22, for nap6 r&q KAM, CTY 

n ~ p i c p ~ p ~ t Q v  ('as if arcs did not differ significantly from [arcs] KLM and STY', which is senseless). 
My text is the reading of' all mss., Greek and Arabic. Heiberg omitted a v  through a slip or a 
misprint. Because Manitius did not realize this, his translationhere is badly flawed. 
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and GD), and, as a universal rule, produce one of the three lines so drawn to 
meet the circumference of the eccentre on the other side (as here GDE), and 
draw the line joining the other two opposition points (as in this case AB). Then, 
from the point where the straight line produced intersects the eccentre (as E), 
draw the lines joining it to the other twoopposition points (as here EA and EB), 
and drop perpendiculars [from the point corresponding to Ej on to the lines 
joining the above-mentioned two points to the centre ofthe ecliptic (in this case, 
drop EZ on to AD, and EH on to BD). Also, drop a perpendicular from one of 
those two points on to the line joining the other with the extra point generated 
on the eccentre (as here, perpendicular A@ on to line BE). Ifwe always observe 
the above rules when drawing this type of figure, we will find that the same 
numerical ratios result however we decide to draw it.38 The remainder of the 
demonstration will become clear as follows, on the basis of the above arcs for 
Mars. 

Since arc BG ofthe eccentre is given as subtending 93;44O ofthe ecliptic, the 
angle at the centre of the ecliptic, 

i 93;44O where 4 right angles = 360° 
L BDG = 

187;280° where 2 right angles = 360°0, 
and its supplement, L EDH = 172;3Z00 in the same units. 
Therefore, in t.he circle about right-angled triangle DEM, 

' arc EH = 1 72;3Z0 
and EH = 119;45' where hypotenuse DE = 120P. 

Similarly, since arc BG = 95;2g0 
the angle at the circumference, L BEG = 95;280° where 2 right angles = 360°0. 

But we found that L BDE = 172;3Z00 in the same units. 
Therefore the remaining angle [in triangle BDE], - L EBH = 920° in the same units. 

Therefore, in the circle about right-angled triangle BEM, 
arc EH = 92' 

and EH = 86; 19' where hypotenuse BE = ! 2@. 
Therefore where EH, as we showed, is 119;45', and ED = 120P, 

BE = 166;29. 
Again, since the whole arc ABG of the eccentre is given as subtending 

[93;44" + 67;50° =] 161;34" of the ecliptic (the sum of both intervalsj, 
L ADG = 161;34O where 4 right angles = 360°, 
and, by subtraction [from 180°3, 

{ 18;26O where 4 right angles = 360° L ADE = 
36;520° where 2 right angles = 360°0. 

Therefore, in the circle about right-angled triangle DEZ, 
arc EZ = 36;5Z0 

and EZ = 37;57' where hypotenuse DE = 12@. 
Similarly, since arc ABG of the eccentre is, by addition [of 81 ;44" to 95;28"], 
177;lP. 

L AEG = 177;l Po where 2 right angles = 360°0. 
But we found that L ADE = 36;520° in the same units. 

"*I.e. whichever of the lines AD, BD. GD we decide to produce. 
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Fig. 10.9 

D and K the diameter through both centres, LKDM, and drop perpendicular 
KNX from K on to GE. . 

Then, since, as we showed, EG = 1 1 8;2ZP where diameter LM = 1 20P, H330 
and DE = 67;50P in the same units, 

by subtraction, GD = 50;3ZP in the same units. 
Then, since ED.DG = LD.DIv~,~' 

LD.DM = [67;50 x 50;32 =] 3427;51. - 
But (ED.Dh4) + DK2 equals the square on half the whole line [LD + DM],43 

i.e. (LD.DM) + DK2 = LK2. 
Now the square on the halfis3600,and (LD.DM) = 3427;51, 

so DK2 = 3600 - 3427;51 = 172;9, 
and the distance between the centres, 

DK 13;7' where the radius of the eccentre, KL = 60P44 
Furthermore, since 

GN = f GE = 59;1 lP where diameter LM = 1 20P, 
and, as we showed, GD = 50;3ZP in the same units, H33 1 

- by subtraction, DN = 8;3Y where DK was computed as 13;7'. 
Therefore in the circle about right-angled triangle DKN, 

DN ?= 79;BP where hypotenuse DK = 12@, 
and arc DN = 82;30°. 

82;30°0 where 2 right angles = 360°0 L DKN = 
41;15O where 4 right angles = 360'. 

And since L DKN is an angle a t  the centre of the eccentre, 
arc MX = 41 ;15O also. 

+'Euclid I11 35. 
4" Euclid I1 5. 
44 Accurate computation from Ptolerny's original data gives about 13;2qP. 
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But the whole arc GMX = f arc GXE [= t. 161;7"] = 80;34O. 
Therefore, by subtraction, the arc from the third opposition to the perigee, 

arc GM = 39;19°.45 
And it is obvious that, since arc BG is giver, as 95;28", 

by subtraction, the arc from the apogee to the second opposition, 
arc LB [= 180" - (95;28O + 39; 19")] = 45; 13", 

and that, since arc AB is given as 81;44O, 
by subtraction, the arc from the first opposition to the apogee, 

arc AL [= arc AB - arc LB] = 36;31°. 
Taking the above quantities as given, let us investigate the differences which 

H332 can be derived from them in the ecliptic arcs which we seek to determine at each 
of' the oppositions [in turn]. Our investigation proceeds as Sollows. 

Fig. 10.10 

[See Fig. 1 0 . I O . f  From the previous figure [30.7] for the three oppositions let 
us draw separately the part representing the first opposition, draw the 
additional line AD, and drop perpendiculars DF and NQfi-om points D and N 
on to AO produced. 

Then, since arc XE = 36;31°, 
36;31° where 4 right angles = 360" 

L EOX = 
73;20° where 2 right angles = 360°0. 

And the vertically opposite angle DOF = 73;20° in the same units also. 
Thereefore, in the circle about right-angled triangle DOF, 

arc DF = 73;Z0 
and arc O F  = 106;58O (supplement). 

Therefore the corresponding chords % 

where hypotenuse DO = 120'. 

Therefbre where DO = 6;3gP and the radius oftheeccentre, DA = 60P, 
DF = 3;54' 

and FO = .5; 16". 

*'Accurate computation from Ptolemy's data gives 39;lOu. 
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And since DA2 - DF2 = FA2, 
AF = 59;5ZP, 

and, since QF = Fa, 
by addition [of Q F  to FA], QA = 65;8' 

where N Q  = 2DF = 7:48P. 
Hence hypotenuse [of right-angled triangle NAQJ 

NA = 65;36' in the same units. 
Therefore, where NA = 1 20P, N Q  = 14;I 6P, 

and, in the circle about right-angled triangle ANQ, 
arc N Q  = 1 3;40° 

.'. L N A Q =  13;40°0 where 2 right angles = 360°0. 
Again, since Q N  was shown to be 7;48' and @ [= 2FOJ to be 1Q;3Zp, 

where the radius ol'the eccentre, OE = 60P, 
by addition, QOE = 70;3ZP in the same units, 

and hence the hypotenuse [of right-angled triangle QNE] 
NE = 7 1' in the same units. 

Therefore, where NE = 12OP, Q N  = 13;10P,"j 
and, in the circle about right-angled triangle ENQ, 

arc Q N  = 12;36O. 
.*. L N E Q  = 12;360° where 2 right angles = 360°0. 

But we found that L N A Q  = 13;400° in the same units. 
Therefore, by subtraction [of L N E Q  from L NAQJ, 

L ANE = 
1;40° where 2 right angles = 360'' 
0;32" where 4 right angles = 360'. 

{A 

That [0;320], then, is the amount of a1.c KS of the ecliptic. 
Next, draw a similar figure containing [the part ofJ the diagram for the 

second opposition [Fig. 10.1 11. 

Fig. 10.1 1 

46The roundings here are particularly crude: from the immediately preceding numbers one finds 
NE = 70;57,4gP, whence QN = 13; 1 1 ,24P. Even NE = 7IP leads to Q N  = 13;l 0,5gP. 
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Then, since arc X Z  is given as 45;13°,47 
45;13O where 4 right angles = 360' 

L X O Z =  
90;260° where 2 right angles = 360°0, 

and the vertically opposite angle DOF = 90;260° in the same units, also. 
Therefore, in the circle about right-angled triangle D@F, 

arc D F  = 90;26O 
and arc FO = 89;34O (supplement). 

Therefore the corresponding chords 
DF-= 85; I@ 

where hypotenuse DO = 120P 
and FO = 

H335 Therefore where DO = 6;33f a d  the radius ofthe eccentre, DB = GOP, 
DF = 4;3gP 

and FO = 4;38'. 
And since DB2 - DF2 = BF2, 

FB = 59;4gP, 
and, since F Q  = FO, 

by addition, Q B  = 64;27' where NQ(= 2DF) is computed as9;18'. 
Therefore hypotenuse [of right-angled triangle NQB] 

NB = 65;6P48 in the same units. 
Therefore, where NB = 1 20P, N Q  = 1 7;gP, 

and, in the circle about right-angled triangle B N Q  
arc N Q  = 16;26O 
L N B Q  = 16;260° where 2 right angles = 360°0. 

Again, ~ ince  N Q  was shown to be 9; 18', and @ [= ZFO] = 9; 1 6', 
where the radius of the eccentre, ZO = 60P, 

by addition, @3Z = 69;16' in the sa-me units. 
Hence hypotenuse NZ [of right-angled triangle NQZ] = 69;52'. 
Thesefbre, where hypotenuse NZ = 12@, N Q x  16', 
and, in the circle about right-angled triangle Z N Q  

arc N Q  = 15;20°. 
H336 .'. L N Z Q =  15;20°0 where 2 right angles = 360°0. 

But we fbund that L NBQ = !6;260° in the same units. 
,- 

1;60° in the same units 
Therefore, by subtraction, L BNZ = 

.0;33O where 4 right angles = 360° 
That [0;33O], then, is the amount of arc LT of' the ecliptic. 

Now, since we found arc KS as0;3Z0 for the first opposition, it is clear that the 
first interval, taken with respect to the e~eentre ,~ '  will be greater than the 
interval of apparent motion by the sum ol'both arcs, [namely] 1 ;5O, and [hence] 
will contain 68;55O. 

Then let [the part ofJ the diagram for the third opposition be drawn [Fig. 
10.121. Now, since arc PH is given as 39; lgO, 

39;1g0 where 4 right angles = 360° 
L P O H =  

78;3P0 where 2 right angles = 360°0. 

47 Cf. arc LB on p. 490. 
48 ~ e a d i n ~ @  (with D,Ar) for@ (69;6) at H335,9. The correction is assured by the ~recedingand 

subsequent computations. 
4' 1.e. the equant: this is made explicit-in XI 1 p. 51 5. See n.7 there. 
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Fig. 10.12 

Therefore, in the circle about right-angled triangle W F ,  
arc DF  = 78;38O 

and arc O F  = 101;22° (supplement). 
Therefore the corresponding chords 

OF = 76;P 
wherc hypctenuse D@ = 120P. 

and O F  = 
Therefore where the distance between the centres, - 6;33fP, and the radius H337 
of the eccentre, DG = 60P, 

DF  = 4;gP 
and O F  = 5;4'. 

And since GD2 - DF2 = GF2, 
G F  = 59;5lP, 

and, since O F  = F Q  
by sui~tsact ion, G Q  = 54;4YP where N&(= 2DF) is computed as 8: 1%'. 

Hence hypotenuse [of right-angled triangle NGQJ 
NG = 55;25' in the same units. 

Therefore, where NG = 12@, N Q =  17;5gP, 
and, in the circle about right-angled triangle GNQ. 

arc N Q =  17;14O 
.'. L NGQ = 1 7;140° where 2 right angles = 3600°. 

Again, since N Q  was shown to be 8; 18', and OQ[= 2FO] = 10;8', 
where the radius ofthe eccentre, OH = 60P, 

by subtraction, Q H  = 49;5ZP in the same units, 
and therefore hypotenuse N H  [ofright-angled triangle NHQJ = 50;33P. 

Therefore, where NH = 1 ZO", N Q  = 19;42', 
and, in the circle about right-angled triangle HNQ, 

arc N Q  = 18;H0. 
-.- L N H Q  = 18;540° where 2 right angles = 360°0. 

But we showed that L N G Q =  17;14O0 in the same units. 
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i 1;40°0 in the same units. 
Therefore by subtraction, L GNH = 

0;50° where 4 right angles = 360°. 
That [0;50°], then, is the amount of arc MY of the ecliptic. 

Now since we found arc L T  as 0;33O for the second opposition, it is clear that 
the second interval, taken with respect to the eccentre, will be less than the 
interval of apparent motion by the sum of both arcs, [namely; 1:2s0, and will 
[thus] contain 92;21°. 

Using the ecliptic arcs thus computed for the two intervals, and, once more, 
the original arcs assumed for the eccentric [equant], and following the theorem 
demonstrated above [pp. 486-91 for such elements, by means of which we 
determine [the position ofl the apogee and the ratio of the eccentricity, we find 
(not to lengthen our account by going through the same [computations in detail 
again]), 

H339 the distance between the centres, DK = 11 ;50P where the radius of the eccentre 
is 60'; 

the arc of'the eccentre from the third opposition to the perigee, GM = 45;33°.50 
- 

Hence arc LB = [180° - (95;28O + 45;33O)] = 38;5g0 
and arc AL = [81;44O - 38;5g0] = 42;45". 

Next, starting from these [arcs] as data, we found from our demonstration for 
each of the oppositions[separately] the followingamount sf or the truesizeofeach 
of the arcs in question: 

arc KS 0;28" 
arc LT, about the same, 0;28O 

and arc MY 0;40.51 
We combined the [corrections]for the first and second oppositions, added the 
resulting 0;56O to the ecliptic arc ofthe first interval, 67;50°, and got the accurate 
interval with respect to the eccentre as 68;46O. Again, combining the 
jcol-rections] for the second and third oppositions, and subtracting the resulting 
1;8O from the apparent motion on the ecliptic over the second intervai, 93;44O, 
we got the accurate interval with respect to the eccentre as 92;36O. 

Next, using the same procedure [as before], we determined a more accurate 

H340 value for the ratio of the eccentricity and [the position of' the apogee; we found 
the distance between the centres, DKz 12' where the radius of-the eccentre, 

KL = 60P, 
arc Ghf of the eccentre = 44;21°,52 
whence, again, arc LB = 40;l lo 

and arc AL = 41;33O. 
Next, we shall show by means of the same [configurations] that the observed 

apparent intervals between the three oppositions are found to be in agreement 
with the above quantities. 

50 From Ptolerny's elements: AX, = 8 1 ; 4 4 0 , ~ x ~  =95;280,Ahl = 68;550,Ah2 = 92;21°, I compute 2e= 
1 1;50P, GM = 45;28O. 

5'  From a double eccentricit) of 1 1;50P and Ptolemy's values for arcs GM, LBand AL, I find: arc 
KS = 0;27,49", arc LT = 0;26,51°, arc MY = 0;39,31°. 

52 From Ptolemy's elements I find: DK = 1 1;59,5OP= lZP, arc GM = 44;18,45°-44;19". Ptolemy is 
quite right to terminate his calculation here, since a further iteration produces a change in the 
eccentricity of less than 0;0,30P and in the line of the apsides of less than 5'. 
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f 
Fig. 10.13 

Let there be drawn [Fig. 10.131 the diagram for the first opposition, but 
with only eccentre EZ, on which the e p i c ) ~ l e  centre isalwayscal-ried, drawn in. 
Then 

L AOE = 41;33O where 4 right angles = 360°. 
so where 2 right angles = 3600°, 

L AOE = 83;60° = L DOF (vertically opposite). 
Therelol-e: in the cil-cle about right-angled triangle DOF, 

arc DF = 83;6O 
and arc FO = 96;54O (supplement). 

The,-elore the corl-esponding chords 
DF = 79;35' I- where hypotenuse DO = 120'. 

and FO = 89;50P 
Therefore where DO = 6' and hypotenuse [of right-angled triangle 

DAF] DA = 60P7 
DF = 3;58iP 

and FO = 4;30P. 
And since DA' - DF" FA2, 

FA = 59;5@' in the same units. 
Furthermore, since FO = F Q  and  N Q =  ZDF, 

by addition, A Q =  64;20P where NQ.= 7;57'. 
Hence hypotenuse [of'right-angled triangle NAQJ NA = 64;5ZP in thesame units. 

Theretbre where NA = 12V7 N Q  = 14;44', 
and, in the circle about right-angled triangle ANQ 

arc N Q  = 14;6O. 

i 1 4;60° where 2 right angles = 360°0 
-'- L N A Q  = 

7;3" where 4 right angles = 360°. 
But L AOE = 41;33O in the same units. 
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Therefore, by subtraction, the angle of the apparent position, L ANE = 34;30°. 
This is the amount by which the planet was in advance ofthe apogee at  the first 
opposition. 

H342 Let a similar diagram [Fig. 10.141 be drawn again for the second opposition. 
Then the angle of the mean position of the epicycle, 

Fig. 10.14 

L BOE = 40;1 l o  where 4 right angles = 360°, 
so where 2 right angles = 360°0, 

L BOE = 80;220° = L QON (vertically opposite). 
Thel-efbre, in the cil-cle about right-angled triangle DOF, 

arc D F  = 80;2Z0 
and arc FO = 99;38O (supplement). 

Therefbre the corresponding chords 

where hypotenuse DO = 120". 
and I?@ = 91;41P 

Therefore where DO = 6' and  hypotenuse [oi' right-angled triangle 
DBF] DB = 60P, 

DF = 3;5ZP 
and FO = 4;35P. 

And since DB2 - DF2 = BF2, 
BF = 59;53P in t5e same units. . 

.. And, by the same argument [as before],53 
H343 since FO = F Q  and N Q  = 2 DF, 

by addition, B Q  = 64;2BP where N Q =  7;44P. 
Hence hypotenuse [ofright-angled triangle BNQJ BN = 64;56' in the same units. 

, . 
" Reading ~ a r a  ra fra  (as D, ~ a r a  ra a f r a ,  Ar) t o r ~ a t &  ta^uta ('according to this') at H342.23. 
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Therefore, where hypotenuse BN = 120P, ?JQ = 14; I 9P,54 

and, in the circle about right-angled triangle BNQ 
arc N Q =  13;4Z0. 

i 13;420° where 2 right angles = 360°0 ... L N B Q  = 
6;51° where 4 right angles = 360". 

But L BOE = 40;11° in the same units. 
Therefore, by subtraction, the angle of apparent position, 

L ENB = 33;20° in the same units. 
That [33;20°], then, is the amount by which the planet, in its apparent motion, 
was to the rear of the apogee at the second opposition. And we showed that at  
the first opposition it was 34;30° in advance ofthe apogee. Therefore the total 
distance [in apparent motion] from first to second opposition comes to 67;50°, in 
agreement with what we derived from the observations [p. 4851. 

Let the diagram fbr the third opposition be drawn in the same way [Fig. 
10.151. In this case the angle of the mean position of the epicycle, H344 

z 
Fig. 10.15 

44;21° where 4 right angles = 360" L GOZ= 
88;420° where 2 right angles = 360°0. 

Therefore, in the circle about right-angled triangle DOF, 
arc DF = 88;4Z0 

and arc FO = 91 ;18" (supplement). 
Therefore the col-responding chords 

DF = 83;531 where hypotenuse DO = 120'. 
and FO = 85;49' 

"7;44 x 120/64;56 = 14;17,30, but if one carries out the above computations to 2 fractional 
sexagesimal places, one finds NQ= I 4;18,41P. As often, Ptolemy computed with greater accirracy 
than the text implies. 
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Therefore where DO = 6' and the radius of the eccentre, DG = 60P, 
DF = 4;11fP 

and FO = 4; 1 7'. 
And since DG2 - DF2 = GF2, 

we find that GF = 59;51P in the same uni:s. 
Furthtrmore, since FO = FQ, and N Q =  ZDF, 

we find by subtraction that QG = 55;34' where N Q  = 8;23'. 
Hence we find that hypotenuse [of right-angled triangle GNQ 

GN = 56;1ZP in the same units. 
Therefore, where hypotenuse GN = 12W, N Q  = 1 7;55P, 
and, in the cil-c-cle about right-angled triangle G N Q  

arc N Q  = 17; - 10'. 

.'. L OGN = 1 7;10°0 where 2 right angles = 360'' 
8;35O where 4 right angles = 360'. 

But L GOZ = 44;21° in the same units. 
Therefore, byaddition,L GNZ = 52;56O in  the same units. 
That [52;56O], then, is the amount by which the planet was in advance of the 
perigee at the third opposition. But we also showed that at the second opposition 
it was 33;20° to the rear of' the apogee. So we have found 93;44O between the 
second and third oppositions, computed by subtraction [of t h e  sum of52;56Oand 
33;20° fi-om 180°3, in agreement with the amount observed for the second interval 
[p. 4851. 

Furthermore, since the planet, when viewed at the third opposition along line 
GN, had a longitude of J' 2;34" according to our observation [p. 4841, and angle 
GNZ at the centreoftheecliptic wasshown tobe52;56", it isclear that the perigee 
of the eccentre, at point Z, had a longitude of [ J' 2;34" t 52;5G0 =3 I.+ 25;30°, 
while the apogee was diametrically opposite in 5 25;30°. 

And if [see Fig. 10.161 we draw Mars' epicycle KLM on centre 6 and produce 
H346 Iine OGM,55 we will have, for the moment of the third opposition: 

mean motion of the epicycle counted from apogee of the eccentre: f 35;39@ 
(for its supplement, L GOZ, was shown to be 44;21°); 
mean motion of the planet from the epicycle apogee M (i.e. arc MM): t 71 ;25O 
(for L OGK was shown to be 8 ; 3 5 O  [above], and since it  is an angle at the 
centre of the epicycle, the arc KL from the planet at  K to the perigee at L is 
also 8;35O, hence the supplementary arc from the apogee M to the planet at K 
is, as already stated, 171;25O). 
Thus we have demonstrated, among other things, that at the moment of the 

third opposition, i.e. in the second year of Antoninus, Epiphi 12/13 in the 
Egyptian calendar, 2 equinoctial hours before midnight, the mean positions of 
the planet Mars were: 

H347 in longitude (so-called) from the apogee of the eccentre: . 135;3g0 
in anomaly from the apogee of the epicycle: 17 1 ;25". 

Q.E.D. 

"Reading O m  (with al-Ejau5j) for Or (OG) at H345,22. 



Observation used for determining size of Mars' 

F 

epicycle 

Fig. 10.16 

8. {D~7non~1ration oJ' [he size of' the epic~jc/e of Mnl -s ]  

Our  next task is to demonstrate the ratio of the size of the epicycle. For this 
purpose we took an observation which we obtained by ~ighting [with the 
astrolabe] about three days after the third opposition, that is, in thesecond year 
oi' Antoninus, Epiphi - - [XI] 15/16 in the Egyptian calendar [ I39 May 30/31], 3 - 
equinoctial hours befbre midnight. [That was the time,] for the twentieth 
degree of Libra [i.e. ^ 19°-200] was culminating according to the astl-olabe, 
while the mean sun was in I1 5;27O at that moment. Now when thestaron theear 
of wheat [Spica] was sighted in its proper position [ori the instrument], Mars 
was seen to have a longitude oi' $ 130. At the same time it was observed to be the 
same distance (1 50) to the rear of the moon's centre. Now a t  that moment the 
moon's position was as S01Iows:~~ 

mean longitude $' 4;20° 
true longitude ng 29;ZOO 

(for its distance in anomaly from theepicycle apogee was 9Z0) H348 
apparent longitude $ 0°,58 

So from these considerations too the longitude of Mars was $' 1;36O, in 
agreement with the [astrolabe] sighting. 

Hence, clearly, it  was 53;54O in advance of the perigee.5" 

5 6 0 n  the method employed here see HAMA 179-80, Pedersen 283-6. 
57 These positions are computed (accurately), not For 9 p.m., but for 8;37 p.m., i.e. Ptolemy has 

applied the equation of time with respect to epoch as -23 minutes (it should be about -25; mins.) 
58 Literally 'at the beginning of Sagittarius'. 
59 Which was in l.9 25;30° (X 7 p. 498). 
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And the interval between the third opposition and this observation comprises 
in longitude about 1;32O 
in anomaly about 1;21°.60 

If we add the latter to the [mean] positions at the opposition in question61 as 
demonstrated above, we get, for the moment of this observation; 

distance of Mars in longitude from the apogee of the eccentre: 137;l 1O 
distance in anomaly from the apogee of the epicycle: 1 72;46". 
With these elements as data, let [Fig. 10.173 the eccentric circle carrying the 

centre of the epicycle be ABG on centre D and diameter ADG, on which the 
centre ofthe ecliptic is taken at E, and the point of greater eccentricity [i.e. the 

Fig. 10.17 

equant] at Z. Draw the epicycle HOK on centre B, draw ZKBH, EOB and DB, 
H349 and drop pel-pendiculars EL and DM fi-om points D and E on to ZB. Let the 

planet be situated at point N on the epicycle, join EN, BN, and drop 
perpendicular BX from B on to EN produced. 

Then, since the planet's distance from the apogee ofthe eccentre is 137; 1 I O, 
42;4g0 where 4 right angles =.360° 

L BZG = [180° - 137;11° =] 
85;380° where 2 right angles = 360°". 

There101-e, in the circle about right-angled triangle DZM, 
arc DM = 85;38O 

and arc ZM = 94;2Z0 (supplement). 
Thereibl-e the cor~*esponding chords 

"These mean motions also agree Ixtter with an interval of2d 22h 37'" than withoneo1.2~ (see 
n.57). 

h I Reading ~ a r a  rfiv C I I O K E ~ ~ C V ~ V  ~ K ~ ~ V U K T O V  (with Dj I'oI- ~ a r a  rfiv Gsco~~tpkvqv y '  

b ~ p J v v ~ ~ o v  ('at the third opposition, which is the one in question') at H348,9-10. 



X 8. Geometrical determination o f  size of Mars' epicycle 50 I 

where hypotenuse DZ = 12P. 
and Z M  = 88;lP 

Therefore where the distance between the centres, DZ = GP, H350 
and the radius of the eccentre, DB = 6@', 

D M  = 4;5' 
and Z M  = 4;24'. 

And since DB2 - D M 2  = BM2, 
BM = 59;52' in the s ane  units. 

Similarly, since ZM = ML, and EL = 2DM, 
by subtraction, BL = 55;28' and EL = 8;10P in the same units. 

Hence hypotenuse [of right-angled triangle EBL] EB = 56;4'. 
Therefore, where EB = 120P, EL = 17;28', 

and, in the circle about right-angled triangle BE%, 
arc EL = 16;44" 

.'. L ZBE = 16;440° where 2 right angles = 360°0. 
Furthermore, the apparent distance of the planet Mars in advance of the 
perigee G, 

- 

53;54O where 4 right angIes = 360' L GEX is given as 
107;48O0 where 2 right angles = 360°3. 

And, in the same units, L ZBE = 1 6;440° (shown above), 
and L GZB = 85;380° (given), 

so L GEB = L ZBE + L GZB = 102;220°. 
Therefore, by subtraction [of L GEB from L GEX], 

L BEX = 5;260° in the same units, 
and, in the circie about right-angled triangle BEX 

arc BX = 5;26O. 3335 1 
So BX = 5;41P where hypotenuse EB = 12QP. 

Therefore where EB, as was shown, = 56;4", 
and the radius of the eccentre is 60P, 

BX = 2;39P. 
Similarly, since the distance of point N from the epicycle apogee M was 1 72;46O, 
and [hence], from the perigee K, 7; 14O, 

i 7; 1 4O where 4 right angles = 360° 
KBN = 14;280° where 2 right angles = 360''. 

But L KBO was found as 16;440° in the same units. 
Therefore, by subtraction, L NBO = 2; 160°: 

and, by addition, [ofL NBO toL BEX], L XNB = 7;4Z00. 
Therefore, in the circle about right-angled triangle BNX, 

arc XB = 7;4Z6 
and BX = 8;3P where hypotenuse BN = 120'. 

Therefore where BX = 2;3gP and the radius of the eccentre = 60P, 
the epicycie radius BN 39;30P. 

Therefore the ratio oi'the radius of the eccentre to the radius of the epicycle is 
60 : 39;30. 

Q. E. D. 



502 X 9, Amiend observation of Mars  

H352 9. (On the cof)-ecfion 01' I / I P  periodic molion.~ of' M a ~ s ) ' ~  

In ot-der to cut.1-ect the periodic mean motions we took one 01' the ancient 
observations, in which it is declared that in the 13th year of' the calendar of 
Bionysius, Aigon 25,h.' at dawn, Mars werned to have occulted the northern 
[star in the] fbrehead oi' Scorpius. The moment 01' this obsel-vation is in the 
52nd year li-om the death of Alexander, i.e. in the476th year fi-om Nabonassar, 
Athyr [IfIj 20/21 in the Egyptian calendar [-271 Jan. 17/18], dawn. At this 
time we find thelongitudeofthe mean sun as& 23;54O; and the longitude of'the 
star on the northern part of the forehead of Scorpius was observed in our time64 
as 6i0. So, since the 409 years irom the observation to [the beginning oil the 
reign ofAntoninus produce about 4;s0 of shift in the position of the fixed stars, at  
the time of the observation in question the longitude of'the star must have been 
IQ 2i0, and, obviously, the longitude ofthe planet Mars was the same. In the 
same way, since the longitude of the apogee of Mars in our time, that is at  the 

H353 beginning of the reign ofAntoninus, w a s 5  25;30°, it must have been 5 2 1 ;.250 
a t  the observation. Thus it is clear a t  that moment the apparent distance of the 
planet from its apogee was 100;500, while the distance ofthe mean sun fi-om the 
same apogee was 182;2g0, and, obviously, 2 ; W  from [Mars'] perigee. 

With the above elements as data, let [Fig. 10.185 the eccentric cil-clecar~ying 
the epicycle centre 1x .ABG on  centre D and diameter ADG, on which the 
centre ot'the ecliptic is taken at E, and the point ol'the greater eccentricity E1.e. 
the equant] at  Z. Draw the epicycle HO on cent1.e B, draw ZBH and DB, and 
drop peipendicular ZK fi-om Z on to DB. Let the planet be situated at point O 

M354 o!' the epicycle; join V30 and draw EL parallel to it from E; then it is clear ti-om 
our earlier demonstration [X 6, pp. 480-31 r hat the mean position of the sun 
will be seen along EL. Join EO, and on to it drop perpendicula~s DM and BN 
from points D and B. Also, drop petpendictrlar- DS li-om D o n  to BN, so that the 
figure DMNX is a rectangular pal-allelogr-am. 

Then, since the angle representing the apparent distance of'the planet fi-om 
the apogee, 

L AEO = 100;50° where 4 right angles = 360°, 
and the angle representing the mean motion of the sun [counted from the 
perigee], 

L GEL = 2;2g0 in the same units, 
L @EL = L BOE = [180° - 100;50° + 2;2g0 =] 

8 1 ;3g0 where 4 right angles = 360° 
163; 18'" where 2 right angles = 360"". 

On the method employed here see Ha-1M.4 180-2. 
'"kh (Sonnenkrei~e 294), in agreement with Lepsius, changed this to 'Aigon 26' on the basis of 

his reconstruction of Dionysius' calendar. He was Sollo~~ed by Manitius. The uncertainties are too 
many to justify emendation by a single day. It may be pertinent that the occultation (if there was 
one) must, according to modern calculations, have occurred two days earlier than the date Ptolem? 
gives. 

6' Catalogue no. XXIX I .  
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Fig. 10.18 

Therelore, in the circle about right -angled triangle BON, 
arc Ehl = 163;18O 

and BN = 118;43' where hjzpotenuse BO = 12UP. 
Therelble 1rher-e the radius ofthe epicycle, BO ='.39:30p, 

and the distance between the centres, ED = 6'. 
BN = 39:3'. 

Furthermol-e, since 
100;50° where 4 right angles = 360' 

L AEO = 
201;40°0 where 2 right angles = 360''. 

and therefore its supplement, L DEM = 158;20°0 in the same units, 
in the cil-cle about right-angled triangle DEM, 

arc DM = 1 58;20° 
and DM = 11 7;5ZP where hypotenuse DE = 120'. 

Therefore where DE = 6' and BN, as was shown, is 39;3', 
DM = NX = 5:54'. 

So, by subtraction, BX = 3 3 9  where the radius of the eccentre, BD = 60'. 
I'hel-efbre where hypotenuse [of right-angled triangle BDX] BD = 120') 

BX = 66; lSP, 
and, in the circle about right-angled triangle BDX, 

arc BX 67;4O. 
... L BDX = 67;40° where 2 right angles = 3600°, 

and, by addition [of right angle XDM], L BDM = 247;40°. 
But, since L DEM was shown to be 158;20°0, 
L EDM [= a right angle minus L DEM] = 21;40°0 in the same units. 

Therefore, by subtraction, L BDE is computed as 225;240°, 
and its supplement, L BDA = 134;360° in the same units. 
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Therefore, in the circle about right-angled triangle DZK, 
arc ZK = 134;36O 

and arc DK = 45;24O (supplement). 
Therefore the corresponding chords 

ZK = I 1 0;4ZP i whet-e hypotenuse DZ = 120'. 
and D K  = 46;18' 

Therefore where DZ = 6' and the radius of the eccentre, DB = 60"; 
ZK = 5;32" 

and DK = 2;1gP. 
And, by subtraction, KB = 57;41P. 

Hence hypotenuse [of right-angled triangle BZK] BZ==: 57;57' in the same units. 
Therefore, where BZ = 1 20P, ZK = 1 1 ;28', 

and, in the circle about right-angled triangle BKZ, 
arc ZK = 10;58O 

.'. L ZBD = 10;580° where 2 right angles =360°0. 
But L BDA = 134:360° in the same units. 

1 45;340° in the same units 
Thei-efore, by addition, BZA = 

72;47O where 4 right angles = 360°. 
Therefore the mean position in longitude ofthe planet (i.e. ofB, the centre ofthe 
epicycle) at the moment of the observation in question was 72;47O from the 
apogee.'" Hence its [mean] longitude was 1 5  21;25O + 72;A-7O =] 5 4 ~ 1 2 ~ .  
And L GEL is given as 2;29O, 
and L GEL pitis the two right angles of semi-circle ABG equals the sum of the 
mean longitude, L AZB, and the [mean] anorna:); ji.e. the [mean] motion of'the 
planet on the epic).cle), L HBO. 
So, by subtraction [of L AZB fi-om L GEL + 18O0I3 \ve get 

H357 L HBO = 109;42". 
Fhereibre the distance of'the planet in anomaly from the apogee of the epicycle 
at that same moment of the observation was the above 109;42O? which was what 
we had to determine. 

Nomi we had [aiready] shown [X 7, p. 4981 that at the moment of the third 
oppithition the distance [of bdars] in anomaly from the apogee of the epicycle 
was 171;25O. Therefore, in the interval between the observations, which 
comprises 41 0 Ewptian years and 23 1 days (approximately), the planet moved 
61;43O beyond 192 complete revolutions. That is practically the same 
increment [in anomaly] which we find from the tables for Mars' mean motion 
we constructed. For our [mean] daily motion was derived from these very data, 
by dividing the number of degrees obtained from the complete revolutions plus 
the increment by the number of da!.s computed from the interval between the 
tivo  observation^.^^ 

6'Through accumulated small computationa! and rounding errors Ptolemy's result is 3' too great 
(accurate is 72;43,500). This would have some enect on the resulting mean motion in anomaly. 

6 6 0 n  the actttal derivation ofthe mean motion in anomaly, which remains mysterious in thecase 
of Mars, see Appendix C. 
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1 0. { On the epoch of' [LMn~-.r '1 p~?.io(/ ic  11 /01  ions] 

Fur-thel-more, the interval from the lirst yeas of' Nabonassar, Thoth 1 in the 
Egyptian calendar, noon, until the above observation [p. 5021, is M358 

475 Egyptian years and approximately 7% days, 
and that interval comprises increments of' 

1 80;40° in longitude 
and 142;2g0 in anomaly.h7 
If', then, we sul~tract the latter from the respective positions for both [longitude 
and anomaly] at the observation, as given above [p. 5041, namely. 
fi 4;1Z0 in longitude 
and 109;4Z0 in anomaly, 
we get the fbllowing epoch positions for the periodic motion of Mars at noon 
Thoth 1 in the E,gyptian calendar, first year of Nabonassar: 

longitude 3;32" 
anomaly 327; 13O from the epicycie apogee. 

Similarly, since, f'or the shift of the apogee in 475 years one gets I,y computation 
430, and the apogee of Mars was in 5 21 ;25O at  the ol,servation, it is obvious 
that, at the above moment of epoch, 

toragitude of' the apogee was 5 1 6;40°. 

'"The increments over 475' 79.? are (to the nearest minute) 180;3g0 in longitude and 142;28O in 
anomaly. T o  get Ptolemy's figure\ one needs almut hour more oi'mot~on. Perhaps he took 'dawn' 
as 6:30 a.m. at DionyGus' observation. But in that case the interval between Dionysius' observation 
and his own (p. 504) should have been less. 



Book XI 

1. {Demonstration of the eccentricity of Jupiter)' H360 

Now that we have established the periodic motions, anomalies and epochs of 
the planet Mars, we shall next deal with those ofJupiter in the same way. Once 
again, we first take, to demonstrate [the position of) the apogee and [the ratio of) 
the eccentricity, three oppositions [in which Jupiter is] directly opposite the 
mean sun. 
f 1 J We observed the first of these by means of the astrolabe instrument in the 
seventeenth year of Hadrian. Epiphi [XI] 1/2 in the Egyptian calendar [133 
May 17/18], 1 hour before midnight, in 23;l lo; 
(21 the second in the twenty-first year [of Hadrian], Phaophi [11] 13/14 [I36 
Aug. 31/Sept. 11, 2 hours before midnight, in 34 7;54O; 
[3] and the third in the first year of Antoninus, Athyr [III] 20/21 [137 Oct. 
7/81> 5 hours after midnigh;, in 14;23O. 

For the two intervals, that from the first to the second opposition comprises: 
[in time] 3 Egyptian years 106 days 23 hours 
and in apparent motion of the planet 104543"; 

athile that from the second to the third opposition comprises; 
[in time] 1 Egyptian year 37 days 7 hours 
and [in true longitude] 36;2g0. 

By computation we fiad the mean motion in longitude H361 
for the first interval: 99; 55O 
for the second interval: 33;26". 

From these ~ntervals, following the methods expounded for Mars, ure carried 
out the demonstration of what we proposed to determine; first of all as if there 
were, again, only one eccentre. The demonstration is as follows. 

Let [Fig. 1 1-11 the eccentre be ABG, on which point A is taken as the position 
of the epicycle centre at the first opposition, B that of the second opposition, and 
G that of the third. Within the eccentre ABG take D as the centre of the ecliptic, 
join AD, BD and GD, produce G D  to E and draw AE, EB and AB, and drop 
~erpendiculars EZ and E H  from E on to AD and BD, and perpendicular A@ 
from A on to EB. 

Then, since arc BG of the eccentre is given as subtending 36;2g0 of the H362 
ecliptic, the angle at  the centre of the ecliptic, 

L BDG (= L EDH) = 
36;2g0 where 4 right angles = 360° 
72;580° where 2 right angles = 360°0. 

The procedure for Jupiter and Saturn is identical to that for Mars (except that fewer iterations 
are required). The reader is referred to the notes on X 7-9 for elucidations of points of detail. 
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Fig. 11.1 

Therefore, in the circle about right-angled triangle EDH, 
arc E H  = 72;58O 

arid E H  = 71;21P where hypotenuse DE = 120'. 
Similarly, since arc BG = 33;26O, 

the angle [subtended by it] at the circumference, 
L BEG = 33;260° where 2 right angles = 360''; 

and, by subtraction [of L BEG from L EDH], 
L EBH = 39;320° in the same units. 

Therefore, in the circle about right-angled triangle BEH, 
arc EH = 39;3Z0 

and EH = 40;35' where hypotenuse BE = ?20P. 
Therefore where EH, as we showed, is 7 1;21P, and ED = l2@, 

BE = 210;58P. 
Furthermore, since the whole arc ABG of the eccentre is given as subtending 
141;1Z0 of the ecliptic (the sum of both intervals [104;43O and 36;2g0]), the angle 
at the centre of the ecliptic, 

i 141;1Z0 where 4 right angles = 360' 
H363 = 282;240° where 2 right angles = 360°0, 

and its complement, L ADE = 77;36OO in the same units. 
Therefore, in the circle about right-angled triangle DEZ, 

arc EZ  = 77;36O 
and E Z  = 75;1ZP where hypotenuse DE = 12@. 

Similarly, since arc ABG of the eccentre is, by addition [of 99;55O + 33;26O], 
133;21°, the angle [subtended by it] at the circumference, 

L AEG = 133;2lW where 2 right angles = 360''. 
But L ADE was found to be 77;360° in the same units. 

Therefore the remaining angle [in triangle EAD], 
L EAZ = 149;30° in the same units. 
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Therefore, in the circle about right-angled triangle AEZ, 
arc EZ = 149;3O 

and EZ = 1 15;3gP where hypotenuse EA is 12P. 
Therefore where EZ, as was shown, is 75;1ZP, and ED is given as 12@, 

EA = 78;ZP. 
Furthermore, since arc AB of the eccentre is 99;55O: the angle [subtended by it] 
at the circumference, 

L AEB = 99;550° where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle AEO, 

arc AO = 99;55O 
ar,d arc EO = 80;5O (supplement). 

Therefore the corresponding chords 
A 0  = 91;5ZP 

where hypotenuse EA = 12P. 
and EO = 77;1ZP 

Therefore where AE, as was shown, is 78;2', and DE = 120P, 
A 0  = 59;44' 

and EO = 50;1ZP. 
But the whole line EB was shown to be 210;58' in the same units. 

So, by subtraction, OB = 160;46' where A@ = 59;44'. 
And OB2 = 25845;55 

@A2 = 3568;4, 
so 8 B 2  + @A2 = AB2 = 29413;59. 

.: AB = 171 ;30P where ED is 12@ and EA is 78;ZP. 
Moreover, where the diameter of the eccentre is 12@, 

AB = 91;5ZP (for it subtends an arc of 99;55O). 
Therefore where AB = 91;5ZP and the diameteroftheeccentreis 120P, 

ED = 64; 17' 
and EA = 41;47'. 

Therefore arc EA of the eccentre equals 40;45O, 
and the whole arc EABG [= 40;45O + 133;21°] = 174;G0. 

Hence EDG -- 1 19;50P where the diameter of the eccentre is 120'. 
Now segment EABG is less than a semi-circle, so the centre of the eccentre 

will fall outside it. Let it, then, be at K [see Fig. 11.21, and draw through K and 
D the diameter through both centres, LKDM, and let the perpendicular from 
K to GE be produced as KNX. 

Then, where diameter LM = 12@, 
the whole line EG was shown to be 119;5@, and E D  to be 64;17'; - 

so, by subtraction, GD = 55;33' in the same units. 
So, since ED-DG = LD.DM, 

LD.DM = 3570;56' where diameter LM = 12@. 
But LD.DM + DK2 = LK2 (i.e. the square on half the diameter). 

Therefore, if we subtract (LD.DM), i.e. 3570;56, from the square on half the 
diameter, i.e. 3600, the remainder will be the square on DK, 

i.e. DK2 = 29;4. 
Therefore the distance between the centres, DK 5;23" 

where the radius of the eccentre, KL = 60P. 
Because of an accumulation of rounding errors this should be 5;2v. 
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Fig. 11.2 

Furthermore, since 
GN = {GE = 59;55' where diameter LM = 120P, 

and GD was shown to be 55;33' in the same units, 
by subtraction, DN = 4;2ZP where DK = 5;23'. 

Therefore where hypotenuse [of right-angled triangle DKN] DK = 120P, 
DN = 97;2@, - 

and, in the circle about right-angled triangle DKN, 
arc DN = 108;24O. 

108;240° where 2 right angles = 360°0 
-1 L DKN = 

54;1Z0 where 4 right- angles = 360°. 
And since DKN is an angle at the centre of the eccentre, 

H367 arc MX = 54;1Z0 also. 
But the whole arc GMX, which is t arc GXE, equals 87;3'. 

Therefore, by subtraction, the arc from the perigee to the third opposition, 
arc MG = 32;51°." 

And clearly, since the interval BG is given as 33;26O, 
by subtraction, we find the arc from the second opposition to the perigee, 

arc BM = 0;35°;4 
and since the interval AB is given as 99;55O, 
by subtraction [of (arc AB + arc BM) from 1 80°], we find the arc from the 
apogee to the first opposition, 

arc LA = 79;30°. 

Ptolemy's accumulation of rounding errors has led to the considerable discrepancy of 4 "  from 
the accurate result, 32;21a. 

4The smallness of the corrections for this and the next opposition shows that thest= oppositions 
have been badly chosen. To display the greatest diKerence between the simple eccentric and equant 
models, all three oppositions should be near the octants (as they are for Mars). 



X I  I .  Correction to account for equant: 1st opposition 51 I 

Now if it were this eccentre on which the epicycle centre iscarried, the above 
quantities would be sufficiently accurate to use. However, since, according to 
our hypothesis, [the epicycle centre] moves on a different circle, namely the 
circle described with centre at  the point bisecting DK and with radius KL, we 
must once again, as we did for Mars, first calculate the differences which result 
in the apparent intervals [i.e. the arcs of the,ecliptic between the oppositions]: 
we must show what the sizes of these differences would be (taking the above 
ratio for the eccentricity as approximately correct), if the epicycle centre were 
carried, not on the second eccentre, but on the first eccentre [i.e. the equant], 
which produces the ecliptic anomaly, i.e. the one drawn on centre K. H368 

Then [see Fig. 11.31 let the eccentre carrying the epicycle centre be L M  on 
centre D, and the eccentre of the planet's mean motion be NX on centre Z, 

Fig. 11.3 

equal to LM. Draw the diameter through the centres, NLM, and take on it the 
centre ofthe ecliptic E. Let the epicycle centre be situated, first, at  A, for the first 
opposition. Draw DA: EA, ZAX and EX, and drop perpendiculars DH and 
EO from D and E on to AZ produced. 

Then, since the angle of mean motion in longitude, L NZX, was shown to be 
79;30° where 4 right angles = 360°, the angle vertically opposite to it, 

i 79;30° where 2 right angles = 360° 
L DZH = 

1590° where 2 right angles = 360°0. 
Therefore, in the circIe about right-angled triangle DZH, H369 

arc D H  = 15g0 
and arc ZH = 21° (supplement). 
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Therefore the corresponding chords 

= ' ]  where hypotenuse D 7  = I2V. 
and ZH = 21 ;5ZP 

< 

Therefore where DZ (= m )  2 2;4ZP and the radiusoftheeccentre, DA = 60P7 
DH = 2;3gD 

and ZH = 0;3@. 
And since DA2 - DH' = AH2, 

AH = 59;56' in the same units. 
Similarly, since ZH = H e ,  and EO = ZDII, 

by addition, A@ = 60;26' where EO = 5;18', 
and hence hypotenuse [of right-angled triangle AEO] 

AE = 60;4QP in the same units. 
Therefbre, where AE = 12@, EO = 10;2gP, 

and, in the circle about right-angled triangle AEO, 
arc E O z  10;l0. 

.'. L EAO = 10;lO@ where 2 right angles = 360°G. 
3370 Furthermore, where E 8  = 5; 1 gP, 

the radius of the eccentre, ZX = 60' and ZO [= 2ZH] = lP, 
(hence, obviously, by addition, XO = 61Pj. 
So we find hypotenuse [of right-angled triangle EOX] EX as 61; 14' in the same 

units. 
Therefore, where EX = 120P7 EO = 10;23', 

and, in the circle about right-angled triangle EOX, 
arc EO = 9;55O. 

.'. L EX@ = 9;550° where 2 right angles = 360°C. 
But we showed that L EAO = 10; 10° in the same units. 

Theref~re ,  by subtraction, the angle of the difference in question, 
0;60° where 2 right angies = 360GG 

L AEX = { 0; 3O where 4 right angles = 360°. 
But at  the first opposition the planet, viewed along the Iine EA, had an 

appzirent longitude of 23; 1 1'. Thus i t  is clear that, ifthe epicycle centre were 
carried, not on eccentre Lhf: but on [eccentre] NX, it would have been at point 
X on that eccentre, and the planet would have appeared along line EX, 
differing by 0;3O [from the actual position], and thus would have had a 
longitude of 23; 14". 

H371 Let the diagram for the second opposition be drawn, again with a similar 
figure [Fig. 1 1.4],5 [with the epicycle centre] depicted as a little in advance of 
the perigee. 

Then, since arc X N  of the eccentre was shown [p. 510, arc BM] to be 0;35", 

{ 0;35O where 4 right angles = 360° 
L XZN = 

1; 10°O where 2 right angles = 360"". 
Therefore, in the circle about right-angled triangle DZH, 

arc DH = 1;1O0 
and arc ZH = 1 78;50° (supplement). 

' Meiberg's figure (p. 371 j is wrong: A; has been connected instead ofAB, andA is misprinted as 
A.  Corrected by htanitius. 
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Fig. 11.4 

Therefore the corresponding chords 

where hypotenuse DZ = l2V. 
and ZH- 120P 

Therefore where DZ = 2;42'and the radiusoftheeccentre,DB = 60': 
DH = O;ZP 

and ZH = 2;42'. 
And HB = 6@ in the same units (for it is negligibly smaller than hypotenuse [of 
right-angled triangle HBD] BD). 

Furthermore, since O H  = HZ, and EO = 2DH, 
by subtraction, OB = 57;18' where EO = 0;4'. 

Hence hypotenuse [of right-angled triangle E m ]  EB = 57;18' in the same units. 
Therefore, where EB = 12P, EO ==: 0;8', 

and, in the circle about right-angled triangle BE@, 
arc EO = 0;8O also. 
-: L EBO = 0;80° where 2 right angles = 360°0. 

In the same way, since we showed that the whole line ZO [= ZZH] = 5;24' 
where the radius of the eccentre, ZX = 6P,  

by subtraction, OX = 54;36' where EO = 0;4'. 
Hence hypotenuse [of right-angled triangle EOX] EX = 54;36' in the same units. 

Therefore. where EX = 12V, EO 0; 10P, 
and, in the circle about right-angled triangle EOX, 

arc EO = 0; 1 OO. 
.*. L EX@ = O;lPO where 2 right angles = 360°0, 

O;ZO" in the same units 
and, by L o f L  BEX-= 0; 10 where 4 right angles = 3600. 

Here, then, it is clear that the planet, since its apparent longitude at the 
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H373 second opposition, when it was viewed along line EB, was X 7;54O, would, if it 
had been viewed a l o q  line EX, have had a longitude of only X 7;53O. 

So let the diagram for the third opposition be drawn, to the rear of the perigee 
[Fig. 1 1.51. 

Then, since arc NX ~f the eccentre is given as 32;51°, 
32;51° where 4 right angles = 360° 

L NZX = 65;420° where 2 right angles = 360°". 

Fig. 11.5 

Therefore, in the circle about right-angled triangle DZH, 
arc DH = 65;4Z0 

and arc ZH = 114;18O (supplement). 
Therefore the corresponding chords 

DH = 65;6p ) where hypotenuse DZ = l2W. 
and ZH = 100;49 - 

Therefore where DZ = 2;4ZP and the radius of the eccentre, DG = 60P, 
H374 DH = 1;28' 

and ZH = 2; 16'. 
And since GD2 - DH2 = GH2, 

GH - 59;59. 
Similarly, since O H  = HZ, and EO = 2DH, 
by subtraction, GO = 57;43' where EO = 2;56'. 

Hence hypotenuse [of right-angled triangle EOG] EG = 57;47' in thesameunits. 
Therefore, where EG = 12P, EO = @5P, 

Heiberg's figure (p. 373) is wrong: AE has been connected instead of AT: and A is in the wrong 
place and misprinted as A. Corrected fly Manitius. 
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and, in the circle about right-angled triangle GEO, 
arc EO ..l 5;48O. 

-*. L EGO = 5;480° where 2 right angles = 36Q00. 
In the same way, since the whole line ZO[= 2ZH] comes to 4;3ZP 

where the radius of the eccentre, ZX = 60P, 
by subtraction, XO = 55;28' where EO was found to be 2;5GP. 

Hence hypotenuse [of right-angled triangle EOX] EX = 55;33' in the same units. 
Therefore, where EX = 12W, EO = 6;2@, 

and, in the circle about right-angled triangle EOX, 
arc EO = 6;Z0. 

.-. L EX@ = 6;20° 2 right angles = 360°0, 
0;140° in the same units 

and7 by subtraction [ofL E W I ? L  
where 4 right angles = 3600. 

Hence, since the planet at the 3rd opposition, when viewed along line EG, had a H375 
longitude of r> 14;23O, it is clear that, if it had been on line EX, it would have 
had a longitude of r> 14;30°. And we showed that its [corrected] longitudes 
[would have been] 

at the first opposition ng 23;14" 
at the second opposition X 7;53O. 

Hence we calculate the apparent intervals [in longitude] of the planet, taken, 
not with respect to the eccentre carrying the epicycle centre, but with-respect to 
the eccentre producing the mean motion [i.e. the equant],7 as 

from first to second oppositions 1 04;3g0 
from second to third oppositions 36;37". 

Starting from these data, by means of the previously demonstrated theorem we 
find the distance between the centres of the ecliptic and the eccentre producing 
the mean motion of the epicycle as about 

5;30P where the diameter of the eccentre is 120P; 
and, for the arcs of the eccentre, 

from the apogee to the first opposition: 77; 15" 
from the second opposition to the perigee 2;50G 
from the perigee to the third opposition 30;36". 
The above quantities have been accurately determined by this method, for 

the differences in the intervals [as measured along deferent and equant], when H376 
calculated from these data, are very nearly the same as the previous set.8 That is 
[also] clear from the fact that the appqrent intervals [in longitude] of the planet 
derived *om the ratios we have thus found turn out to be the same as those 
observed; we can show this as follovvs. 

Once again, let the diagram for the first opposition be drawn [Fig. 11.61, but 
containing only -the eccentre carrying the epicycle centre. Then, since 

L LZA was shown to be 77;15O where 4 right angles = 360°, 
L LZA = L DZH (vertically opposite) = 154;30°0 where 2 right angles = 360"". 

1.e. the apparent intervals which would result if the epicycle were carried, not on the actual 
deferent, but on the equant. Cf. XI 5 p. 529, where this is stated explicitly. Cf. also p. 492. 

'Indeed, a further iteration produces a change of much less than O;lP in the eccentricity, and 
about O;lOO in the line of the apsides. 
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Fig. 11.6 

Therefore, in the circle about right-angled triangle DZH, 
arc DH = 154;30° 

and arc ZH = 25;30° (supplement). 
Therefore the corresponding chords - 

wherehypotenuseDZ=12@. 
and ZH = 

H377 Therefore where ZD = 2;45' and the radius of the eccentre DA = 6.0'; 
DH = 2;4lP 

and ZH = 0;36'. 
Then, by .the same argument as in the previous proof, 

AH [=  AD' - DH2] = 59;56' in the same units, 
and, by addition [of HO = ZH], A@ = 60;32' where EO (= 2DH) = 5;2ZP. 

Therefore hypotenuse [of right-angled triangle AEO] AE comes to 60;46' in the 
same units. 

Therefore, where AE = 12@, EO = 10;36', 
and, in the circle about right-angled triangle AEO, 

arc EO = 1 0; 8'. 
.*. L EAO = 1 0;80° where 2 right angles = 360°0, 

and. by subtraction [of L EAO from L LZA], 

i 144;220° in the same units 
L LEA = 

72;l l o  where 4 right angles = 360°. 
That [72;11°], then, was the distance in the eclipticg of the planet from its 
apogee at the first opposition. 

'So we must translate .so% <q61a~oc (i.e. take it closely with poipa<) at H375,16, to make any 
sense at all. But its position in the sentence, and redundance, make me suspect it as an interpolation, 
although it is in all branches of the ms. tradition. 
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L 

Fig. 11.7 

Again, let the [correspon$ingf diagram for the second opposition be drawn 
[Fig. 3 1.71. [Then,] since - 

2;50° where 4 right angles = 360' L BZM is given as 
5;40°" where 2 right angles = 360°0, 

in the circle about right-angled triangle DZM, 
arc DH = 5;40° 

and arc ZH = 1 74;20° (supplement). 
Therefore the corresponding chords 

where hypotenuse DZ = .120P. 

Therefore where DZ = 2;45' and the radius oftheeccentre, DB = GOP, 
DH = 0;8' 

and ZH 2;45'. 
And, by the same [argument as previously], 

BH = 60' in the same units, 
and, by subtraction [of HO = ZH], B@ = 57; 15' where EO = 0; 16'. 
Hence hypotenuse [of right-angled triangle E m ]  EB comes to 57;15' in the 
same units. 

Therefore, where EB = 12@, EO = 0;33', 
and, in the circle about right-angled triangle BE@, 

arc EO = 0;3Z0. 
-'- L EBO = 0;320° where 2 right angles = 360''. 

6; 120° in the same units 
And, by addition Lof BZMJ, L = 

3;60 where 4 right angles = 36000. 
Therefore the distance of the planet in advance of the perigee a t  the second 

opposition was 3;6O. And we showed [p. 51 61 that at the first opposition it was H379 
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72; 1 l o  to the rear of the apogee.'' Thus the computed apparent interval from 
first to second oppositions is the supplement [of 3;6O + 72;l lo], 104;43O, in 

- - 

agreement with the interval derived from the observations [p. 5071. 
So let the [corresponding] diagram for the third opposition be drawn [Fig. 

1 1.81. [Then,] since 

i 30;36O where 4 right angles = 360° 
L MZG was shown to be 

61;120° where 2 right angles = 360°0, 
in the circle about right-angled triangle DZH, 

arc DH = 61 ; 12' 
and arc ZH = 1 18;48O (supplement). 

Fig. 11.8 

Therefore the corresponding chords 

DH = 61;6p } where hypotenuse DL = 128.  
and ZH = 103; 17' 

Therefore where DZ = 2;45' and theradiusoftheeccentre, GD = 6@, 
DH = 1 ;24' 

and ZH = 2;2ZP. 
And, by the same [argument as previously], 

GH = 59;59", 
H380 and, by subtraction [of HO = ZH], GO = 57;37' where EO = 2;4gP. 

Therefore hypotenuse [of right-angled triangle EGO] EG = 57;41P in the same 
units; 

and hence, where EG = 12@, EO = 5;5@, 
and, in the circle about right-angled triangie GEO, 

arc EO = 5;34O 
.-. L EGO = 5;340° where 2 right angles = 360°0. 

l o  Reading ta Bnbpcva TOG hnoyciou (with D,Ar) at H379,3 for cis ta bxop~va ('to the rear'). 
Corrected by Manitius. 
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And, by addition [of 6 hIZG], 
66;460° in the same units 6 MEG = 
33;23O where 4 right angles = 360°. 

That [33;23O], then, was the distance of the planet to the rear of the perigee at 
the third opposition. And we showed that at the second opposition its distance 
in advance of the same perigee was 3;6O. Therefore the apparent interval [in 
longitude] from the second to the third oppositions is computed as the sum [of 
the above], 36;2g0, once again in agreement with the observed interval [p. 5071. 

It is immediately clear, since the planet at the third opposition had an 
observed longitude of 14;23" and, as we showed, was 33;23Oto the rear of the H381 
perigee, that a t  that moment the perigee of its eccentre had a longitude of 
X 1 lo, while its apogee was diametrically opposite at  KQ 1 lo. 

And if [see Fig. 11.91" we draw the epicycle H O K  about centre G, we will 
immediately have: 

M 
Fig. 11.9 

the mean position in longitude [counted] from the apogee of the eccentre, L, as 
210;36O (for we have shown that L MZG = 30;36"); 
and the arc O K  ofthe epicycle from the perigee O to the planet K as 2;47" (for 
we showed that 

5;340° where 2 right angles = 360°0 
2;47O where 4 right angles = 360°). 

Therefore at  the moment of the third opposition, namely in the first year of 
Antoninus, Athyr [III] 20/21 in the Egyptian calendar, 5 hours after midnight, 
the planet Jupiter had the following mean positions: 

in longitude 210;36O from the apogee of the eccentre H382 
(i.e. its mean longitude was 11;36O) 

in anomaly 182;47O from the apogee of the epicycle, H. 

" Heiberg's figure on p. 381 is wrong he has connected AT instead ofET. Corrected by Manitius. 
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2. {Demonstration of the size of Jupiter's epicycle) 

Next, to demonstrate the size of the epicycle, we again took an observation, 
which we obtained by sighting [with the astrolabe], in the second year of 
Antoninus, Mesore [XII] 26/27 in the Egyptian calendar El39 July 10/11], 
before sunrise, i.e. about 5 equinoctial hours after midnight (for the mean 
longitude of the sun was 5 16; 1 1 O, and the second degree of Aries [i.e. <r 1 O-2"] 
was culminating according to the astrolabe). At that moment Jupiter, when 
sighted with respect to the bright star in the Hyades, was seen to have a 
longitude of II 1 5a0, and also had the same apparent longitude as the centre of 
the moon, which lay to the south of it. For that moment1* we find, by means of 
the [kind of] calculations [previously] explained: 

moon's mean longitude IT 9;0° 
H383 moon's [mean] anomaly counted from the epicycle apogee 272;5" 

hence its true position 11 14;50° 
and its apparent position at Alexandria 11 15;45". 

Thus from these considerations too Jupiter's longitude was IT 153". 
Furthermore, the time interval from the third opposition to the above 

observation comprises 
1 Egyptian year and 276 days, 

and this interval produces 
in longitude: 53; 17" 
and in anomaly: 218;31° 

(ibr it will make no sensible difference even if this kind of calculation is-carried 
out rather crudely);13 so, if we add the latter to the [mean) positions deri.ved for 
the third opposition, we will get, for the moment ofthe present observation, [the 
mean positions]: 

in longitude 263;53" from the apogee (which is in approximately the 
same position [as at  the third opposition])'4 

in anomaly 41; 18" from the apogee of the epicycle. 
With the above as data, let the diagram for the similar demonstration in the 

case of Mars [Fig. 10.171 be repeated [Fig. 1 1.101, [but] with the epicycle. in a 
position to the rear of the perigee of the eccentre, and with the planet past the 
apogee of the epicycle, in accordance with the mean positions in longitude and 
anomaly set out here. 

Then, since the mean position in longitude from the apogee of the eccentre is 
H384 263;53O, 

L BZG = 83;53O where 4 right angles = 360° 
167;460° where 2 right angles = 360°0. 

"These positions were (correctly) computed, not for 5 a.m., but for 4;42 a.m., i.e. the correct 
equation of time with respect to epoch of era Nabonassar has been applied. Cf. p. 499 n.57. 

13These intervals are correct to the nearest minute if one computes for exactly 1' 276". However, 
for 18 mins. less (cf. n. 12) one finds 218;300 for the motion in anomaly. Is it this neglect of the 
equation of time to which Ptolemy refers by 'rather crudely'? 

I41.e. in less than 2 yean the precessional motion of the apogee is negligible. 
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Fig. 11.10 

Therefore, in the circle about right-angled triangle DZM, 
arc DM = 167;46O 

and arc ZM = 12; 14O (supplement). 
Therefore the corresponding chords 

DM = 119;1y) where hypotvnuse DZ = 12@. 
and ZM = 12;47' 

Therefore where DZ = 2;45' and the radius of theeccentre, DB = 60P, 
DM 2;44' 

and ZM = 0;18'. 
And since DB2 - DM2 = MB2, 

MB = 59;56' in the same units. 
Similarly, since ZM = ML and EL = ZDM, 
by subtraction, LB = 59;38' where EL is computed as 5528'. 

Hence hypotenuse [of right-angled triangle LBE] EB = 59;5ZP in the same units. 
Therefore, where EB = 12V, EL 10;58', 

and, in the circle about right-angled triangle BEL, 
arc EL = 10;30°. 

.+. L EBZ = 10;30°0 where 2 right angles = 360°0. 
But L BZG = 167;460° in the same units. 

Therefore, by addition, L BEG = 1 78;160° in the same units. 
Furthermore, since the approximate longitude of the perigee G is X 1 lo, and 
the apparent longitude of the planet, as viewed along line EK, was fl I5;45', 

{ 94;45" where 4 right angles = 360° 
KEG = 

189;30°0 where 2 right angles = 360°0. 
And, by subtraction [of L BEG], L BEK = 1 1;140° in the same units. 

Therefore, in the circle about right-angled triangle BEN, 
arc BN = 11;14O 
and BN = 11;44' where hypotenuse EB = 12w. 
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Therefore, where EB = 59;52', and the radius of the eccentre is 60P, 
BN = 5;5@. 

Similarly, since arc HK = 41; 18", 

{ 41; 18O where 4 right angles = 360° 
H386 

L HBK = 
82;360° where 2 right angles = 360°0. 

But L EBZ (= L HBO) = 10;30°0 in the same units. 
Therefore, by subtraction, L OBK = 72;60°. 

And we showed that L KEO = 11; 14"" in the same units. 
Therefore, by subtraction, L BKN = 60;520° in the same units. 

Therefore, in the circle about right-angled triangle BKN, 
arc BN = 60;52" 
and BN = 60;47' where hypotenuse BK = 120P. 

Therefore where BN = 5;5@ and the radius of the eccentre is 6@, 
the radius of the epicycle, BK = 1 1 ;3OP.I5 

Q.E.D. 

3. { O n  the correction of the periodic motions of Jupifer) 

Next, to [determine] the periodic motions, we again took one of the precisely 
recorded ancient observations. In this it is declared that in the 45th year of 
the calendar of Dionysius, on Parthenon 10, the planet Jupiter ~ c c u l t e d ' ~  the 
southernmost [of the 21 Aselli at dawn. Now the moment [ of the observation] 
is in the 83rd year from the death of Alexander, Epiphi [XI] 17/18 in the 
Egyptian calendar [-240 Sept. 3/41, dawn. For that time we find the longitude 

H387 of the mean sun as r r ~  9;56". But the star called 'the southern Asellus' among 
those surrounding the nebula in Cancer had a longitude, at the time of our 
observation [of it], of 5 11 f o  [catalogue XXV 51. Hence, obviously, its longitude 
at the observation in question was[5]  7;33O, since to the378 years between the 
observations17 corresponds [a precessional motion of] 3;47O. ~herefbre the 
longitude ofJupiter at that moment (since it had occulted the star) was also 5 

7;33O. Similarly, since the apogee was in 1 1" in our times, it must have had a 
longitude of 7; 13" at the observation. Hence it is clear that the distance of the 
apparent planet from the then apogee of the eccentre was 300;20°, while the 
distance of the mean sun from that same apogee was 2;43". 

With the above elements as data, let there again be drawn [Fig. 11.1 11 a 
diagram similar to that for the [corresponding] demonstration for Mars [Fig. 
10.181, but in .this case in accordance with the positions given for the 
observation: [i.e.], have the epicycle, on centre B, positioned before the apogee 
A, and the point L, representing the mean position of the sun, a little after that 

l 5  There are a series of small miscalculations and roundingerrors, whichresult in a not negligible 
final error (one iinds 11;38' to the nearest minute). No doubt Ptolemy was aiming at a convenient 
round number. 

Ih Literally 'covered' ( ~ T ~ E K I ~ ~ U W E V ) .  Modern calculations show that Jupiter in fact passed ca. 40 
to the north of'& Cnc (ct: p. 658), but Ptolemy's wording is unambiguous here (cf. p. 477 n. 17). 

17  The epoch of thestar catalogue is Antoninus 1 = Nabonassar 885. And 885-507 = 378. But since 
the observation took place in the 1 lth month of the Egyptian year, 377 would have been more 
accurate. 
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Fig. 11.1 1 

same apogee, and hence the point 0, representing the planet, after H, the apogee 
of the epicycle. And, as we always do in similar situations, we join ZBH, DB, BO H388 
and EO, and drop perpendiculars ZK on to DB, DM and BN on to E 8 ,  and D X  
on to NB (produced in this case), which forms the rectangular parallelogram 
DMPJX. 

Then L AEO contains one revolution in the ecliptic less 300;2O0: or 59;40°. 
- And L AEL = 2;43O. 

Therefore, by addition, 

1 62;23" where 4 right angles = 360° L LEO (= L B@E) = 
124;460° where 2 right angles = 3600°. 

Therefore, .in the circle about right-angled triangle BON, 
arc BN = 124;46O 

and BN = 106;20P where hypotenuse BO = 120P. H389 
Therefore where the radius of the epicycle, B @ I 8  = 1 1;30P, 

BN = 10:lZP. 
59;40° where 4 right angles = 360' 

Again, since L DEM is given as 
1 19;20°0 where 2 right angles = 360°0, i ' 

and L MDE = 60;40°0 in the same units (complement), 
in the circle about right-angled triangle DEM 

arc D M  = 1 1 9;20° 
and DM = 103;34' where hypotenuse ED = 120'. 

Therefore where ED = 2;45' and the radius oftheeccentre, Dl3 = 60P, 
DM = 2;23', 

and, by addition, BNX = 12;35'. 

I8Readingfi BO EKTOG KC-VTPOU (with D,Ar) forfi EKTOIU KCVTPOV (Yhe radiusofthrepicycle') at 
H389,Z-3. 
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Therefore where hypotenuse [of right-angled triangle BDX] B D  = 12@, 
BX = 25;10", 

and, in the circle about right-angled triangle BDX, 
arc BX = 24; 14O 

.'- L BDX = 24;140° where 2 right angles = 360°0, 
and, by subtraction [from a right angle], L BDM = 155;460° in the same units; 
and, by addition [of L MDE], L BDE = 216;260° in the same units: 
and, again by subtraction [from 2 right angles], L BDZ = 143;340°in thesame units. 

Therefore, in the circle about right-angled triangle ZDK, 
arc ZK = 143;34" 

and arc DK = 36;26O (supplement). 
H390 Therefore the corresponding chords 

where hypotenuse DZ = 120'. 

Therefore where D Z  = 2;45' and the radius oftheeccentre, DB = 60P, 
KZ = 2;37' 

and DK = 0;5ZP, 
and, by subtraction [from DB], KB = 59;8' in the same units. 
Hence hypotenuse [of right-angled triangle ZBK] ZB = 59;1ZP in the same 

units. 
Therefore, where ZB = 120P, ZK = 5;18', 

and, in the circle about. right-angled triangle BZK. 
arc ZK = 5;4O. 

.'. L ZBD = 5;40° where 2 right angles = 3600°, 
and, by addition [of L BDZ], 

L AZB (which comprises the 148;380° in the same units 
mean rnotion in longitude) = { 4 ;  9 where 4 right angles = 360'. 

And since L HBO + L BZG + 1 80° (i-e. here L HBO - L AZB) = L AEL = 2;43O, 
we find that L HBO (which comprises the planet's position [in anomaly] from 
the apogee of the epicycle) is 77;2".19 
Therefore we have shown that at  the moment ofthe observation in question the 
planet Jupiter had the following mean positions: 

in longitude, from the apogee of the eccentre, 285;41° 
(i.e. its mean longitude was 11 22;54O) 

in anomaly, from the apogee of the epicycle, 77;Z0. 
H391 And we had [already] shown that at  the moment of the third opposition its 

distance from the apogee of the epicycle was 182;47O. Thus in the interval 
between the two observations, which comprises 

377 Egyptian years and 128 days less approximately 1 hour, 
its motion in anomaIy was 

105;45" beyond 345 complete revolutions. 
That is, again, very nearly the same increment in anomaly as one derives from 
the [tables for] mean motions which we constructed. For it was from these very 
same elements that we derived the daily [mean motion in anomaly], by dividing 

lgThere are numerous small inaccuracies and rounding errors in the preceding calculations, 
which to some extent cancel each other. Accurate computation gives T7;0° to the nearest minute. 
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the number of degrees contained in the complete revolutions plus the increment 
by the number of days contained in the time-intervaL2' 

4. ( On the epoch of ,Tupiter's periodic motions) 

Here too again, then, since the interval from the first year ofNabonassar, Thoth 
1 in the Egyptian calendar, noon, to the above-mentioned ancient observation 
is 

506 Egyptian years and approximately 3163 days, 
and this interval comprises increments of 

258; 13O in longitude 
and 290;58O in a n ~ r n a l y , ~ '  
if we subtract the latter from the respective [mean] positions listed above for the 
observation, we get, for the same moment of epoch as for the other [heavenly H392 
bodies], for Jupiter: 

mean longitude A - 4;41° 
mean anomaly 146;4" from the epicyclic apogee. 

And, by the same [kind of computation as before], 
the apogee of its eccentre will be in 7157 2;9°.22 

5. (Demonstration $Saturn's eccentricify and [the position of] its apogee] 

To complete this topic, it remains to demonstrate the anomalies and epochs for 
the theory of the pianet Saturn. Once again, as for the other planets, we took, 
first. for our investigation of [the position of] the apogee and_ the eccentricity, 
three opposition situations of the planet, in which it wa-s diametrically opposite 
the sun's mean position. 
[ I ]  The first of these was observed by us, using the astrolabe instruments, in the 
eleventh year of Hadrian, Pachon [IX] 7/8 in the Egyptian calendar [I27 Mar. 
26/27], in the evening, in 1;13O; 
[2] the second, in the seventeenth year of Wadrian, Epiphi [XI] 18 in the 
Egyptian calendar [I33 June 33. We computed the time and place of exact 
opposition from nearby observations as 4 hours after noon on the 18th, in H393 
$ 9;40°; 
[3] we observed the third opposition in the twentieth year of Hadrian, Mesore 
[XII] 24 in the Egyptian calendar [I36 July 83. As before, we computed the time 
of exact opposition as having occurred precisely a t  noon on the 24th, and 
computed the place as L+ 14; 14O. 

Of these two intervals, then, that from the first to the second opposition 
comprises 

''On the actual derivation of the mean motion in anomaly for Jupiter, which remains obscure, 
see Appendix C. 

'' These intervals are precise (to the nearest minute) for an increment of exactly 2 day. 
'' The apogee was in rrl! 7 ; 1 3 O  at the observation (p. 522). In 507' (at the rate of lo in 100 years) it 

moves about 5;49 Hence at epoch it was in 2;g0. 



526 X I  5. Preliminary determination o f  Saturn's apogee and eccentricip 

[in time] 6 Egyptian years 70 days 22 hours 
in apparent motion of' the planet 68;27"; 
while that from the second to the third opposition comprises 
[in time] 3 Egyptian years 35 days 20 hours 
[in apparent motion] 34; 34". 

And we compute for the mean motion in longitude, using rottgh figures,"" 
fbr the first interval: 75;43" 
and fbr the second interval: 37;5Z0. 
These inter-vals [in mean and true longitttde] being given, we again 

demonstrate the required [parameters] by means of' the same theorem [as 
before] (as if there were only one eccentre), as follows. 

T o  avoid repetition, let there be drawn a diagram [Fig. 1 1-12] like those used 
fbr the same proof [previously, Figs. 10.8, 11.11. Then since arc BG of the 

H394 eccentre is given as subtending 34;34O of the ecliptic, the [corresponding] angle 
at the centre of' the ecliptic. 

Fig. 11.12 

34;34O where 4 right angles = 360° 
L BDG (= L EDH) = 

69;80° where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle DEH, 

arc EH = 69;8O 
and EH = 68;5' where hypotenuse DE = 12@. 

SimiIarly, since arc BG = 37;5Z0, the angle at the circumference, 
L BEG = 37;520° where 2 right angles = 360°0, 

and, by subtraction [from L BDG], L EBH = 3 1 ; 1 60° in the same units. 
Therefore, in the circle about right -angled triangle EBH, 

arc EH = 31;16O 
and EH = 32;20P where hypotenuse BE = 12@. 

23 Despite Ptolemy's phrase here, the intervals in mean longitude are accurate to the nearest 
minute according to his own tables. Nor would the equation of time make any difirence. 
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Therefbre where EH, as we showed, is 68;5', and ED = 120P, 
BE = 252;41P. 

Furthermore, since the whole arc ABG subtends 103;1° of the ecliptic (the 
sum of both intervals [in true longitude]), the [corresponding] angle a t  the 
centre of the ecliptic, 

L ADG = 103; l o  where 4 right angles = 360°. 
Hence the supplementary 76;5g0 in the same units 

angle, L ADE = {153;5B00 where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle DEZ, 

arc EZ = 153;58" 
and EZ = 116;55' where hypotenuse DE = 120P. 

Similarly, since arc ABG of the eccentre is found by addition [of 75;43O and 
37;5Z0] as 1 13;35O, the angle at the circumference, 

L AEG = 1 1 3;350° where 2 right angles = 360°0. 
But we found that L ADE = 153;580° in the same units. 

Therefore the remaining angle [in triangle ADE], 
L ZAE = 92;270° in the same units. 

Therefore, in the circle about right-angled triangle AEZ, 
arc EZ = 92;27O 

and EZ = 86;3gP where hypotenuse AE = 12@. 
Therefore where EZ, as we showed, is 116;55', and ED = 120' 

EA = 161;55'. 
Furthermore, since arc AB of the eccentre is 75;43O, the angle at the 
circumference 

L AEB = 75:430° where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle AEO, 

arc AO = 75;43O, 
and arc EO = 104;17O (supplement). 

Therefore the corresponding chords 
A@ = '73;3gP 

where hypotenuse EA = 1.20'. 
and EO = 94;45' 

Therefore \%here AE, as we shooed, is 161 ;55', and DE = 12@, 
A 0  = 99;23P24 

and EO = 1 27;51P. 
But we showed that the whole line EB = 252;4IP in the same units. 
Therefore, by subtraction, OB = 124;50P where AO = 99;23'. 

And OB2 = 15583;22 
and A 0 2  = 9877;3 

and OB2 + A 0 2  = AB2 = 25460;25. 
.'. AB = 159:34' where ED = 120P and EA = 161;55'. 

And, where the diameter of the eccentre is 120P, AB = 73;39 
(for it  subtends an arc of 75;43"). 

Therefore where AB = 73;39 and the diameter of the eccentre is 12@, 
ED = 55;23' 

and EA = 74;43'. 

'' Raading f o r z  (99;43') at H396,lO and 13. '23', which is guaranteed by the rest ofPtolemy's 
working, is found in Ger. 



528 X I  5. Preliminary determination of Saturn's apogee and eccentricip 

Therefore arc EA of the eccentre = 77; 1 
and, by addition [of arc ABG], arc EABG = 190;36O, 
and hence, by subtraction [from the circle], arc GE = 169;24O. 
Therefore GDE 119;28' where the diameter of the eccentre is 120". 

So [see Fig. 1 1.131 let the centre of the eccentre be taken inside segment EAG 
(since it is greater- than a semi-circle) as point K. Draw through K and D the 
diameter of the eccentre through both centres, LKDM, and let the perpen- 
dicuIar from K on to GE be produced [to meet the circumference] as KNX. 

Then, where the diameter, LM = 120P, 
the whole line EG was shown to be 119;28P and ED to be 55;23P; 

so, by subtraction, DG = 64;5' in the same units. 
So, since ED. DG'= LD-DM, 

LD.DM = 3 5 4 9 9  where diameter LM is 120'. 
But LD.DM + DK2 = LK2 (the square on half the diameter). 

Fig. 11.13 

Therefore, if from the square on half the diameter, 3600, we subtract 3549;9, we 
are left with DK2 as 50;51P in the same units. 

Therefore the distance between the centres, DK 7;8' 
where the diameter of the eccentre is ~ Z O ~ . ~ ~  

Furthermore, since EN (= ~ G E )  = 59;44' where diameter L M  = 120P, 
and we showed that ED = 55;23' in the same units, . 

by subtraction, DN = 4;21P where DK, as we showed, = 7;8'. 
Therefore where hypotenuse [of right-angled triangle DKN] DK = 12@, 

DN = 73;l IP, 

25 DG and ED have been computed with only small inaccuracies (I find 64;5,21 and 55;23,39 for 
Ptolemy's 64;5 and 55;23), but the resulting value for the eccentricity, 7;3,33', differs significantly 
from Ptolemy's 7;8'. 
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and, in the circle about right-angled triangle DKN 
arc DN = 75; 10'. 

75;10°0 where 2 right angles = 360°0 
.'- L DKN = 

37;35O where 4 right angles = 360'. 
And since L DKN is an angle at the centre of the eccentre, 

arc XM = 37;35O."' 
But arc GX = 4 arc GXE = 84;4Z0. 

Therefore, by subtraction [of (arc GX + arc XM) f'rom 1 8Q0], the arc from the 
apogee to the third opposition, 

arc GL = 57;43O. 
But arc BG is given as 37;5Z0. 

Therefore, by subtraction, the arc from the apogee to the second opposition, 
arc LB = 19;51°. 

Similarly, since arc .4B is given as 75;43O, 
by subtraction, the arc from the first opposition to the apogee, 

arc AL = 55;52". 
Now again, since the epicycle centre is carried, not on this eccentre, but on 

that drawn with centre the point bisecting DK and with radius KL, we 
computed in due order, as we did for the other [planets], the differences in the 
apparent intervals (in true longitude] on the ecliptic which result from the 
a!>ove ratios (taking them to be approximately correct), if we transfer the 
epicycle's path to the eccentre in question, which produces the ecliptic anomaly 
[i.e. the equant]. 

Thus, let there be drawn [Fig. 1 1.141 the diagram for the first opposition, 
[similar to1 the [pre\~ious] one in the same demonstration, but drawn in advance 
of the apogee L. Then, since the angle of the mean position in longitude, 

L NZX (= L DZH) = 
55;5Z0 where 4 right angles = 36Q0 

11 1;440° where 2 right angles = 360G0, - 
in the circle about right-angled triangje DZH, 

arc D H  = 111;44O 
and arc Z H  = 68; 16' (supplement). 

Therefore the corresponding chords 

DH = 99;2W where hypotenuse D Z  = 126. 
and Z H  = 67;2@ 1 

Therefore where the distance between the centres, DZ = 3;34', 
and the radius of the eccentre, DA = 6@, 

DH = 2;57' 
and ZH = 2;OP. 

And since DA2 - DH2 = AH2, 
AH = 59;56' in the same units. 

Similarly, since ZH = OH, 
and OE = ZDH, 

by addition, A@ = 61;56' where EO = 5;54'. 

"The accumulation of small errors again leads to a signiiicant difference between Ptolemy's 
result and the accurately computed value, 38;1°. 
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N 

Fig. 11.14 

Hence hypotenuse [of right-angled triangle OAE] 
AE = 62:13' in the same units. 

Therefore, where hypotenuse AE = 120P, EO = 1 f ;ZlPtZ7 
and, in the circle about right-angled triangle AEO, 

arc EO -- 10:51° 
-'. L EAO = 10;51°0 where 2 right angles = 360°0. 

H40 1 Furthermore, xvhere EO = 5;54', 
the radius of the eccentre. ZX = 60P, and ZO = 4'; 
hence: by addition, OX, obviously, = 64', 

and we get hypotenuse [of right-angled triangle EOX] 
EX as 64; 16' in the same units. 

Therefore, where hypotenuse EX = 12OP, OE = 1 1;2', 
and, in the circle about right-angled triangle EOX, 

arc OE = 10;33O. - 
.'. L EX@ = 10;33" where 2 right angles = 360°0. 

But we showed that L EAO = 10;51°0 in the same units. 
Therefore, by subtraction, the le of the required difference, 

0;.180° where 2 right angles = 360'' 
L AEX = 

O;gO where 4 right angles = 360°. 
But the planet a t  the first opposition, when viewed along line AE, had an 
apparent longitude of^  1 ; 13O. Thus it is clear that if the epicycle centre were 
carried, not on AL, but on NX, it would have been at  point X [at the first 

'' I find 1 1;23P, leading l o  arc EO = 1 0 ; 5 3 O  
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opposition], and the planet would have beer? seen along line EX: 9' in advance 
of its [actual] position at A, with a longitude of 5 1;4". 

Again, let there be drawn [Fig. 1 1.151 the diagram for the second opposition, 
[like that] in the same demonstration [previously], but drawn to the rear of the 
apogee. [Then,] since arc NX of the eccentre was shown to be 19;51°, 

(vertically 19;51° where 4 right angles = 360° L NZX = L DZH 
opposite) = {39;420° where 2 right angles = 360°0. 

Fig. 11.15 

Therefore, in the circle about right-angled triangle DZH: 
arc DH = 39;4Z0 

and arc ZH = 140;18O (supplement). 
Therefore the corresponding chords 

where hypotenuse DZ = 120'. 

Therefore, where DZ = 3;34' and the radius of the eccentre, DB = 60P, 
DH = 1;13' 

and ZH = 3;21P. 
And, since BB2 - DH2 = BH2, 

BHz 59;5gP in the same units. 
Similarly, since ZH = HO, and EO = ZDH, 

by addition, BO = 63;2@ where EO = 2;26'. 
Hence hypotenuse [of right-angled triangle BE@ J 

EB = 63;23' in the same units. 
Therefore where hypotenuse BE = 12V, EO = 4;36', 
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and, in the circle about right-angled triangle BEO, 
arc EO = 4;24O 

.'. L EBO = 4;240° where 2 right angles = 360°0. 
Likewise, where the radius of the eccentre, XZ = 60P, 

ZO is computed as 6;42'; 
so, by addition, X O  = 66;42? where EO is given zs 2;26'. 

Hence we find hypotenuse [of right-angled triangle EOX] EX as 66;45' in the 
same units. 

Therefore, where hypotenuse EX = 12@, EO = 4;23', 
and, in the circle about right-angled triangle E@X, 

arc EO = 4; 1 ZO. 
.'. L EX@ = 4;12"" where 2 right angles = 360°0. 

But L EBO was shown to  be 4;240° in the same units. - 
0; 120° in the same units 

Therefore, BEX = 
();GO where 4 right angles = 36000. 

Here too, then, it is clear, since the planet at the second opposition, when 
H404 viewed along EB, had a fongitude of $ 9;40°, that if, instead, it were viewed 

along EX, it would have a longitude of $ 9;46O. And we showed that at the first 
opposition it would, on the same hypothesis, have had a longitude of 6 1;4". 
Hence it is clear that the interval in apparent [longitude] from the first to the 
second opposition, if it were taken with respect to the eccentre NX, would be 
68;42O of the ecliptic. 

Let the diagram for the third opposition be drawn [Fig. 11.161, with the same 
layout as that set out above for the second. [Then,] since we showed [p. 5291 that 
arc NX = 57;43', 

M 
Fig. 11.16 
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L NZX (= L DZH) = 
57;43O where 4 right angles = 360° 

11 5;260° where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle DZH, 

arc DH = 1 15;26O 
and arc ZH = 64;34O (supplement). 

Therefore the corresponding chords W405 
DH = 

where hypotenuse D Z  = 12@. 
and Z H  = 64;6' 

Therefore where DZ = 3;34' and the radius ofthe eccentre, DG = 60P, 
D H  = 3;lP 

and ZH = 1;54'. 
Again, since DG2 - DH2 = GH2, 

GH = 59;56' in the same units. 
Similarly, since ZH = OH, and EO = ZDH, 

by addition, GO = 61;5@ where EO is computed as 6;ZP; 
Hence hypotenuse [of right-angled triangle GEO] 

EG = 62;8' in the same units. 
Therefore, where hypotenuse G E  = 120P, EO = 11;3Y, 

and, in the circle about right-angled triangle CEO, 
arc EO % 1 l;gO. 

.'. L EGO = 1 1;90° where 2 right angles = 360''. 
Similarly, where the radius of the eccentre, XZ = 60P, 

ZO is computed as 3;48'; 
so, by addition, XO = 63;48' where EO was found to be 6;ZP. 

Hence hypotenuse [of right-angled triangle EOX] 
EX = 64;5' in the same units. 

Therefore, where hypotenuse E X  = 12@, EO = 11;18', H406 
and, in the circle about right-angled triangle EOX, 

arc EO = 1 0;4g0 
.'. L EX@ = 10;490° where 2 right angles = 360°0. 

But we showed that L EGO = 1 1;90° in the same units. 
0;20°0 in the same units 

GEX = 0; 100 where 4 right angles = 3600, 
Hence, since the planet at the third opposition, when viewed along line EG, had 
a longitude of l9 14;14O, it is clear that, if it had been on line EX, it would have 
had a longitude of LP 14;24O, and the interval from the second opposition to the 
third in apparent [longitude], taken with respect to eccentre NX, would have 
been [& 14;24O - $ 9;46O =] 34;3g0. 

Starting from these intervals, then, we follow through the same theorem, and 
find the distance between the centres of the ecliptic and the eccentre which 
produces the uniform motion of the epicycle (i.e. the distance equal to EZ  
[in Fig. 11.161) as about 6;5V where the diameter of the eccentre is 12@, and 
[the following values] for the arcs of that same eccentre: 

from the first opposition to the apogee 5 7; 5O 
from the apogee to the second opposition 18;3e0 
from the apogee to the third opposition 56;30°. 
Here again, the above quantities have been accurately derived by this H407 
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method; lor the differences in the ecliptic arcs computed from these arcs are 
very nearly the same as the previous set,28 and the apparent intervals [in 
longitude] of the planet are ibund to be in agreement with those observed, as we 
shall show by a procedure similar [to the preceding ones for Jupiter and Mars]. 

Let the diagram for the first opposition be drawn [Fig. 1 1 . 1  71, with only the 
eccentre carrying the epicycle centre. Then since the angle subtending 5 ' 7 ; 5 O  of 
the eccentre [i-e. equant], 

L AZL = 57;!i0 where 4 right angles = 360°, 
and L AZL = L DZH (vertically opposite) = 1 14; 1 OoO where 2 right angles 

= 360G0, 

M 
Fig. 11.17 

in the circle about right-angled triangle DZH, 
arc DH = 114;10° 

and arc ZH = 65;50° (supplement). 
Therefore the corresponding chords - 

DH = 100'447 where hypotenuse DZ = 120'. 
and ZH = 65;13* 

H408 Therefore where the distance between the centres, DZ = 3;25', 
and the radius of the eccentre, DA = 6@, 

DH = 2;5ZP 
and ZH = 1;51P. 

Furthermore, since AD2 - DH2 = AH2, 
AH = 59;56 in the same units. 

Similarly, since ZH = HO, and EO = ZDH, 

281ndeed, with one more iteration, one finds corrections 01'0;9,28~, 0;5,36O and 0;9,40° (compare 
Ptolemy's 9', 6' and lo'), and a result for the eccentricity and apogee agreeingvery closely with that 
adopted by Ptolemy. 
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by addition, AO = 61;47* where EO is computed as 5;44'. 
Hence hypotenuse [of right-angled triangle AEO] 

AE = 62;3' in the same units. 
Therefore, where hypotenuse AE = 1 20P, EO = 1 1;5', 

and, in the circle about right-angled triangle AEO, 
arc EO = 10;36O. 

-: L EAZ = 10;360° where 2 right angles = 3600°. 
But L AZL was given as 1 14; loo0 in the same units. 

103;340° in the same units Therefore, by subtraction, L AEL = 
51;47O where 4 right angles = 360'. - - 

That [51;47O], then, was the amount by which the planet was in advanceofthe 
apogee at the first opposition. 

Again, let the diagram for the second opposition be drawn in the same 
manner [Fig. 1 1.183. [Then,] since 

Fig. 11.18 

L BZL was shown to be 18;38O where 4 right angles = 360°, 
and L BZL = L DZH (vertically opposite) = 37; 1 60° where 2- right angles H409 

= 360°, 
in the circle about right-angled triangle DZH, 

arc DH = 37; 16' 
and arc ZH = 142;44O (supplement). 

Therefore the corresponding chords 

DH = 38'2'} where hypotenuse DL = 120'. 
and ZH = 1 13;43' 

So where DZ = 3;25' and the radius oftheeccentre, DB = 60P7 
DH = 1;5' 

and ZH = 3; 14'. 
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And since DB2 - DH2 = BH2, 
BH = 59;59P in the same units. 

Similarly, since ZH = HO, and EO = ZDH, 
by addition, BO = 63;13' where EO is computed as 2;1@. 

Hence hypotenuse [of right-angled triangle BE@] 
EB = 63;15' in the same units. 

Therefore, where hypotenuse EB = 120P, OE = 4;7', 
H410 and, in the circle about right-angled triangle BE@, 

arc OE = 3;56O. 
.*- L EBZ = 3;560° where 2 right angles = 360°0. 

But L BZL was given as 37;160° in the same units. . 
33;20°0 in the same units 

Therefore, by subtraction, L BEL = 
1 6;40° where 4 right angles = 3W0. 

Therefore at the second opposition the apparent position of the planet was 
16;4-0° to the rear of the apogee. And we showed that at the first opposition it 
was 51;47O in advance of the same apogee. Therefore the interval in apparent 
[longitude] from the first opposition to the second is computed as the sum of the 
above amounts, 68;27O, in agreement with the distance found from the 
observations [p. 5261. 

Now let the diagram for the third opposition be drawn [Fig. 11.191. [Then,] 
since 

L GZL was shown to be 56;30° where 4 right angles = 360°, 
and L GZL = L DZH (vertically opposite) = 113;Oo0 where 2 right angles 

= 360°0, 
in the circle about right-angled triangle DZH, 

arc DH = 113' 
H4i 5 an% arc ZH = 67O (supplement). 

M 
Fig. 11.19 
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Therefore the corresponding chords . 
where hypotenuse DZ = 120P 

Therefore, where D Z  = 3;25', and the radius ofthe eccentre, DG = 6@', 
D H  = 2;51P 

- and Z H  = 1;53P. 
Again, since DG2 - DH2 = GM2, 

GH = 59;56" in the same units. 
Similarly, since Z H  = HO, and EO = ZDH, 

by addition, GO = 61;4q where EO is computed as 5;4ZP; 
hence hypotenuse [of right-angled triangle GEO] 

EG = 62;5P in the same units. 
Therefbre, where hypotenuse GE = 12@, EO = 11; lP,?' 

and, in the circle about right-angled triangle GEO, 
arc EO = 1 0;3Z0 

.'. L EGO = i0;320° where 2 right angles = 360'". 
But L GZL was given3' as 1 130° ir! the same units. 

Therefore, by subtraction, L GEL= 102;28°0 in the same units 
51 ; 14O where 4 right angles = 360". 

That [5t ;14"]: th.en, is the amount by which the planet was to the rear of the 
apogee a t  the third opposition. And we showed that at the second opposition it 
was 16;40° to the rear of the same apogee. So the distance in apparent 
[longitude] from the second opposition to the third is computed as the difference 
[between 5 1 ; f 4" and 1 6;40°], 34;34O, which is, again, in agreement with that 
derived from the observations [p. 5261. 

It is immediately clear, since the planet at the third opposition had a 
longitude of L!F 14; 14", and was shown to be 5!; 14" to the sear of the apogee, 
that the apogee of its eccentre had at that moment a longitude of 23O, while 
its perigee was diametrically opposite at 8 23". 

In the same way f as before], if we draw [Fig. 1 1.203 the epicycIe HO about 
centre G, we immediately get the mean position of'the epicycle in longitude 
from the aposee of the eccentre as 56;30° (as demonstrated [p. 533]), and arc 
OK of the epicycle as 5; 16" (forL EGZ was shown [above] to be 10;320° where 2 
right angles equal 360°0). Therefore, by subtraction [from 180°1, 

arc H e ,  the arc from the apogee of the epicycle to the planet, is 1 74;M0. 
?'herefore at the moment of. t he third opposition, namely in the twent~eth year 
of Hadrian, Mesore 24 in the Egyptian calendar, at noon, the planet Saturn 
had the follo~ling mean positions: 

in longitude: 56;30° from the apogee of the eccentre 
(i.e. its [mean] longitude was 13. 1 9;30°); 

in anomaly: 174;44O from the apogee of the epicycle. 
Q.E.D. 

"Reading 1(1 6 (with Ar) for la (ll;lOP) at H411,22. The reading is confirmed by the 
surrounding computations. 

30Reading ~)R~KEITO,  with D, for ~ ) J ~ ~ K E ~ T Q I  ('is given') at H412,I. 
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M 
Fig. 11.20 

M414 6. {Demons~l-ation of the size of'Saturn's epicycle) 

Next, once again, in order to demonstrate the size of the epicycle, we took an 
observation which we made in the second year ofAntoninus, Mechir [VI] 6/T 
in the Egyptian calendar [ I  38 Dec. 22/23]. It was 4 equinoctial hours-before 
midnight, for according to the astrolabe the last degree of Aries was 
culminating, while the longitude of the mean sun was J' 28;41°. At that 
moment the planet Saturn, sighted with respect to the bright star in the Hyades 
[catalogue XXIII 141, was seen to have a longitude of Z 9A0, and was aboutfo 
to the rear of the centre of the moon (for that was its distance from the moon's 
northern horn). Now at that moment the moon's positions were as follows: 

mean longitude Z 8;55" 
anomaly 174; 15" from the apogee of the epicycle 
hence its true longitude must have been Z 9;40° 

H415 and its apparent-longitude a t  Alexandria Z 8;34O." 
Thus from these considerations too the planet Saturn must have had a 
longitude of 2 9h0 (since it was about f0 to the rear of the moon's centre). 

" It  is far from clear for what moment these amounts are computed. The equation of time with 
respect to epoch is about - 13j minutes, and indeed the mean positions seem to be computed for 7;50 
p.m. rather than 8 p.m.; but then Ptolemy's true longitude is much to6 big. I find: 

- for 7;50 p.m. 
A (  308;52O 
G G  174;15O 

309;29O 

for 8 p.m. 
308,58" 
174;200 
309,35" 

Ptolemy 
308;55O 
1 74; 15O 
309;W. 

Since the moon was almost on the horizon, the parallax was large: from Ptolemy's tables I find a 
longitudinal parallax of about - 140 (-1;6" text), leading to a discrepancy of about 4" in the final 
result. 
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And its distance from the apogee of the eccentre (which was [in] the same 
[position as at the third opposition], since its shift over so short an interval is 
negligible), was 76;4". 

Now the interval from the third opposition to this obsenration is 
2 Egyptian years 167 days 8 hours. 

And the [meanj motions of Saturn over this interval, calculated are 
in longitude: 30;3" 
in anomaly: 134;24". 

If we add the latter to the positions at the third opposition as found above 
[p. 5371, we get, for the moment of the observation in question: 
in [mean] longitude 86;33" from the apogee of the eccentre 

in anom,aly 309;8" from the apogee of the epicycle. 
With the above as data, let us again draw the diagram [Fig. 1 1.211 as in the 

similar proof [for Mars and Jupiter, Figs. 10.17 and 11.101, but with the 
epicycle situated to the rear of the apogee of the eccentre, and lthe planet in 
advance of the apogee of the epicycle, in accordance with their given positions. 
[Then,] since 

Fig. 11.21 

L AZB (= L DZM) = 
86;33O where 4 right angles = 360" (given) 

173;60° where 2 right angles = 360°0, - - 
in the circle about right-angled triangle DZM, 

arc DM = 173;6" 
and arc ZM = 6154" (supplement). 

Therefore the corresponding chords 
DM = 11 

where hypotenuse DZ = 120'. 
and ZM = 

32These agree, to the nearest minute, with those found from the tables. Cf: p. 526 n.23. 
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Therefore, where the distance between the centres, D Z  = 3;25', 
and the radius of the eccentre, DB = 6@, 

DM - 3;2Y 
and ZM = 0: 12'. 

H417 And since DB2 - DM2 = BM2, 
BM = 59;54' in the same units. 

Similarly, since ZM = ML, and EL  = ZDM, 
by  addition, BL = 60;6' where EL is computed as 6;5@ 

Hence hypotenuse [of right-angled triangle BEL] 
EB = 60;29P in the same units. 

Therefore. where hypotenuse EB = 120P, EL = 13;33', 
and, in the circle about right-angled triangle EEL, 

arc EL = 12;58O 
.'. L EBZ = 1 2;580° where 2 right angles = 360°0. 

But L AZB was given33 as 1 73;60° in the same units. 
Therefore, by subtraction, L AEB = 1 60;80° in the same units. 
But the angle representing the apparent distance of the planet from the apogee, 

76;4" where 4 right angles = 360° 
L AEK was given as 

152;80° where 2 right angles = 360°0. 
Therefore, by subtraction, L KEB = 8;Oo0 in the same units. 
Therefore, in the circle about right-angled triangle BEN, 

arc BN = 8" 
H418  and-^^ = 8;2P where hypotenuse EB = 120'. 

Therefore, where EB = 60;2gP, and the radius of the eccentre is 60P, 
BN = 413'. 

Furthermore, since the distance of the planet from H, the apogee of the .% 

epicycle, was 309;g0, 
by subtraction [from 360°], arc HK = 50;52O. 

50;52" where 4 right angles = 360' .'. L HBK = {101;440° 
where 2 right angles = 3600°. 

But we found that L EBZ (= L HBO) = 1 2;580°. r, 

Therefore, by  subtraction, L OBK = 88;460° where L KEB was shown to be 8"' .+ +' 

$ 
Therefore, by subtraction, L BKN = 80;460° in the same units. 

Therefore, in the circle about right-angled triangle BKN, a. 
arc BN = 80;46" f 

and BN = 77;45' where hypotenuse BK = 120'. 
Therefore, where BN was found as 4; 13') and the radius of the eccentre is 60P, 

the radius of the epicycle, BK =3 63'. 
Thus we have computed the following: 
round about the beginning of the reign of Antoninus the longitude of Saturn's 

H419 apogee was TQ 23O; 
where the radius of the eccentre carrying the epicycle is 6@, 
the distance between the centres ofthe ecliptic and the eccentre which produces 
the uniform motion is 6;5@, 
and the radius of the epicycle is 6;30P. 

Q.E.D. 
"Reading ~ ~ ~ K E I T O  (with D) for ~ Y ~ ~ K E ~ T Q L  ( L i ~  given'j at H417,13. 
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7 .  f On the correction of Saturn's periodic motions) 

It remains to demonstrate the correction of the periodic motions. For this 
purpose we again selected one of the accurately recorded ancient observations. 
In this i i  is declared that in the 82nd year in the Chaldaean calendar, 
Xanthikos 5, in the evening, the planet Saturn was 2 digits [i.e. 10 minutes] 
below [the star on] the southern shoulder ~ f v i r ~ o . ~ ~  NOW that moment is in the 
519th year from Nabonassar, Tybi [V] 14 in the Egyptian calendar [-228 
Mar. 11, evening, a t  which time we find the longitude of the mean sun as 
34 6;10°. But the fixed star on the southern shoulder ofVirgo had a longitude at  
the time of our observation of ITQ 1 3 9 0 ; ~ ~  thus at  the moment of the observation M420 
in question, since to the intervening 366 years corresponds a motion of the fixed 
stars of about 310, its longitude was, obviously, 9f0. And the planet Saturn 
had the same longitude, since it was 2 digits to the south ofthe fixed star. By the 
same argument, since we showed that in our time its apogee was at IIL 23", a t  
the observation in question it must have had a longitude of% 19fo. From this 
we conclude that a t  the above moment the apparent distance ofthe planet from 
the then apogee was 290;10° of the ecliptic, while the mean sun was 106;50° 
from the same apogee. 

With the above as data, let there be drawn [Fig. 11.223 the diagram as for the 
same demonstration [for Mars and Jupiter, Figs. 10.18 and 1 1.1 11, [but] with 
the epicycle located in advance of the apogee of the eccentre, and the [mean] 
sun in advance of the perigee, with the radius from the epicycle centre to the 

Fig. 11.22 

34 This is clearly a Babylonian observation: see Introduction p. 13. On the 'digit' seep. 322 n.5. 
The star in question, y Vir, is one of the Babylonian 'normal stars' (cf. p. 453 n.70). 

35Catalogue no. XXVII 7. 
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planet drawn parallel to [the line indicating] the sun's position. Then, since the 
apparent position of Saturn was in advance of the apogee by 69;50° (the 
difference [of 290; lo0] from one revolution), the angle at the centre of the 
ecliptic, ! 

H421 i 69;50° where 4 right angles = 360' L AEO = A 

139;400° where 2 right angles = 360''. - 

And the angle of the sun's distance [from the apogee], 

{ 106;M0 where 4 right angles = 360° LAEL is given as 
213;400° where 2 right angles = 360°0. 

Therefore, by addition, L @EL (= L BOE, since BO is parallel to EL), 
is 353;20°0 where 2 right angles = 360°0, 

and, by subtraction [of L BOE from 2 right angles] 
L BON = 6;40°0 in the same units. 

Therefore, in the circle about right-angled triangle BON, 
arc BN = 6;40° 

and BN = -6;58' where hypotenuse BO = 12@. 
H422 Therefore where the radius of the epicycle, EN3 = 6;30P, 

BN = 0;23'. 
Similarly, since L AEO = 139;40°0 where 2 right angles = 360°0 

and L EDM = 40;20°0 in the same units [complement], 
in the circle about right-angled triangle DEM, 

arc DM = 139;4-0° 
and DM = 1 12;3gP where hypotenuse ED = 120'. 

Therefore, where the distance between the centres, ED = 3;25', 
and the radius of the eccentre. DB = 6@, 

DM (= XN) = 3;1ZP, 
and, by addition, BNX = 3;35' where hypotenuse [of right-angied 

triangle BDX] DB = 60P. 
Therefore, where DB = 12@, BX = 7; 1 @, 

and, in the circle about right-angled triangle BDX, 
arc BX = 6;5Z0 

.'. L BDX = 6;520° where 2 right angles = 360°0 
l 

and, by subtraction [from a right angle], 
L BDM = 173;80° in the same units. 

And, by addition [of'L EDM], L BDE = 213;280° in the same units, 
and, by subtraction [from 2 right angles], 

L BDA = 146;320° in the same units. , 
Therefore, in the circle about right-angled triangle DZK, K e 

arc ZK = 146;3Z0 I 

and arc DK = 33;28O (supplement). k g : Therefore the corresponding chords c 
ZK = f 

H423 
where hypotenuse DZ = 120'. 

Therefore, where the distance between the centres, DZ = 3;25', 
and the radius of the eccentre, DB = 60P, 

ZK = 3; 2 7' 
and DK = 0;5p, L. 
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and, by subtraction [from DB], KB = 59;lP where ZK = 3;f 7P. 
Hence hypotenuse [of right-angled triangle BZK] 

ZB = 59;6' in the same units. 
Therefore, where hypotenuse ZB = 120') ZK = 6;4V, 

and, in the circle about right-angled triangle BZK, 
arc LK = 6122". 

.'. L ZBK = 6;220° where 2 right angles = 360". 
But we found that L ADB = 146;320° in the same units. 

Therefore, by addition, the angle representing the mean position in longitude, 
152;540° in the same units 

L AZB = 
76;27O where 4 right angles = 360°. 

Therefore at  the moment of the above observation Saturn's distance from the 
apogee in mean longitudinal mot ion was 283;33O, i.e. its [mean] longitude was 
[n 19;20° + 283;33O =] ITQ 2;53O. 

And since the sun's mean position is given as 1 06;50°, ifwe add the 360° of one 
revolution to the latter and from the resulting 466;50° subtract the 283;33O of H424 
the longitude [from apogee], we get, for the anomaly at that moment, 

183; 17' from the apogee of the epicycle.36 
So, since w7e have shown that a t  the moment of the above observation, which is 
in the 519th year from Nabonassar, Tybi [V] 14,37 in the evening, [Saturn] was 
183;17O [in anomaly] from the apogee of the epicycle, and a t  the moment ofthe 
third opposition, which was in the 883rd year from Nabonassar, Mesore [XII] 
24, noon, it was 174;44O, it is'clear that in the interval between the observations, 
which comprises 

364 Egyptian years and 21$ days, 
the planet Saturn has moved 

351127' (beyond 351 complete revolutions in anomaly). 
That is again almost the same increment as one derives from the [tables for] 
mean motions which we constructed. For it was from these very same elements 
that we derived the daily mean motion [in anomaly], by dividing the total in 
degrees computed from the number of complete revolutions plus the increment H425 
by the total in days computed from the time [ inter~al] .~ '  

8. ( O n  the epoch of Saturn's periodic moiions) 

Now since the time interval from the first year ofNabonassar, Thoth 1, noon, to 
the above ancient observation is 

518 Egyptian years 133a days, 
and this interval comprises increments of 

21 6; 10" in longitude39 

'6 Accurate computation gives 183; 1 6 O  to the nearest minute. 
" Reading 16 ' for 6 ' (4) at H424'6. The latter is found as the reading ofthe first hand in D, but is 

probably a misprint in Heiberg's text. Corrected by Manitius. 
380n the actual derivation of Saturn's -- mean motion in anomaly see Appendix C. 
39 Reading atq I (with GD', Ar) for ~ I S  0 (21 6;g0), which is Heiberg's correction (most Greek mss. 

have 2 1 6 O  or 216;0°). Heiberg was no doubt influenced by the fact that the mean motion. according 
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and 149; 15O in anomaly, 
if we subtract the latter from the [respective] positions at the observation, we 
get, for the same moment of epoch, the mean position of the planet Saturn as 

in longitude: 0 26;43" 
in anomaly: 34;Z0 from the apogee of the epicycle. 

By the same computation [as before], we find the apogee of' its eccentre in 
nl, 14;10°.40 

Q.E.D. 

H426 9. (Hozt~ the true positions can be found geometricall_y Ji-om the periodic motions) 

Furthermore, conversely, given the arcs of the periodic [motions] on the 
eccentre which produces the uniform motion [i.e. the equant] and  on the 
epicycle, one can readily obtain the apparent positions of the planets 
geometrically, as will become clear to us through the same [diagrams as above, 
e.g. Fig. 1 1.211. 

For [see Fig. 1 1.233, in the simplified diagram containing [only] the eccentre 
and epicycle, we join ZBO and EBH. Then, ifwe are given the mean position in 
longitude, i.e. L AZB, fi-om what we proved previously, L AEB will be given 

H427 according to both hypotheses,41 and so will L EBZ, (which is the same as 

Fig. 11.23 
i 

to Ptolemy's table, is only 216;8,27O. But 216,10° isconfirmed by the reading 26;43O below (in which 
all mss. agree here and in IX 4: Heiberg's correction to 26;44O must be rejected), and we must admit 
that Ptolemy made a small computing error. Cf. H A M A  182 n. 15. 

'O The apogee was in 19;200 at the observation (p. 541). In 518)) the movement in precess~on is 
5; 1 lo. Ptolemy, through inaccuracy or rounding, found 5;100. The latter subtracted from Q 19;200 
gives his result. 

*' I presume that by 'both hypotheses' Ptolemy means the simple eccentric model and the full, 
equant model. A possible alternative would eccentric and epicyclic models, but since these are 
not discussed (for the planets) until Bk. XII, this seems unlikely. 
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L HBO), and also the ratio ofline EB to the radius of the epicycle. And if we also 
suppose that the planet is located on the epicycle, e.g. at point K, and, when EK 
and BK are .joined, arc OK is given, then, if instead of dropping the 
perpendicular from the epicycle centre B on to EK (as in the converse proof), we 
drop the perpendicular (here KL) from the planet K on to EB, thenL HBK will 
be given by addition [of'the given anglesL OBK: L HBO], and hence the ratio of 
KL and LB to BK and also, obviously, [their ratio] to EB." Accordingly, the 
ratio of the whole line EBL to LK will be given.4"ence L LEK will be given, 
and we will have computed the angle AEK which comprises the apparent 
distance of the planet from the apogee. 

10. {Melhod of con~.tructing tables for the anoviaiiesf 44 

However, to avoid always computing the apparent positions geometrically (for 
although that method is theonly one which provides a fully accurate solution to 
the problem. it is too cumbersome to be convenient for [astronomical] W428 
investigations), we have constructed for each of the five planets a table which is 
as easy to use as we could devise, while at the same time being very close to full 
accuracy. [Each table] contains the individually determined anomalies of the 
planets, so that we can use them as a ready means of computing any particular 
apparent position? once we are given the periodic motions from the respective 
apogees. 

We have again arranged each of the tables in 45 lines for the sake of 
symmetry, and we have arranged each in 8 columns. The first 2 columns will 
contain the numbers of the mean positions arranged as for the sun and moon 
[IIT 6 and V 81: in the first column the 180 degrees beginning from the apogee, 
from the top down, and in the second the remaining 180 degrees of the [other] 
semi-circle, from the bottom up, in such a way that the number '180' is in the 
last line in both columns, and the increment in the numbers is 6 O  in the top45 15 
lines, but 3' in the 30 lines remaining below (for the differences between 
[successive] values for the anomalies remain almost constant for longer stretches 
near the apogee, whereas they change faster near the perigee). As for the next H429 
two columns, the third will contain the equations corresponding to the mean 
position in longitude (each to the arguments on the same line), computed for the 
greater eccentricity,46 but under the simplifying assumption that the centre of 
the epicycle is carried on the eccentre which produces the mean motion [i.e. the 
equant]. The  fourth column will contain the corrections to the equations due to 
the fact-that the epicycle centre is carried, not on the above circle, but on 
another. The  method by which each of these quantities [the equation and its 
correction], both in combination and separately, can be found geometrically has 

42 Euclid, Dafa Props. 40 and 8. 
'3 Euclid, Data Props. 6 and 8. 
" See HAMA 183-6, Pedersen 291-4. 
45 Reading &voO&v (with D,Is) for ~ V W ~ E V  nphrov ('first top') at H428,18. 
% 1.e. the equations of center computed for the double eccentricity (ZE in Fig. 1 1 23, where the 

equation is L ZBE). 
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already been made plain by numerous preceding theorems.47 In this place, 
since this is a [scientific] treatise, it was appropriate to display this way of 
separating the zodiacal anomaly, and hence to tabulate it in two columns. 
However, for actual use, a single column formed by combining these two will 

Each of the next three columns will contain the equations due to the epicycle. 
These, again, are computed under a simplifying assumption, [namely] that the 
apogee or perigee of the epicycle is viewed along the line from the observer [to 

H430 the epicycle centre].49 The way in which this kind of demonstration is 
performed has also been made plain by the previous theorems. The midmost of 
these three columns (which is the sixth from the beginning) will contain the 
equations computed for the ratio [of epicycle radiu; to distance of epicycle 
centre] at mean distance; the fifth will contain, [for each argument], the 
difference between the equation at greatest distance [of the epicycle] and the 
equation for the same argument at mean distance; the seventh will contain the 
differences between the equations at least distance and the [corresponding] 
equations at mean distance. For we have shown that for the following epicycle 
sizes (from now on it would be best to list [the planets] in order from the 
outermost): 

Saturn Jupiter Mars Venus Mercury 
6; 30" 11;3@ 39;3@ 43; 1 OP 22;3Op, 

the mean distance, i.e. the distance [equivalent] to the radius of the eccentre 
which carries the epicycle, is 60P in all cases; and the greatest distances (with 
respect to the centre of the ecliptic), are: 

Saturn Jupiter Mars Venus Mercury 
H43 1 63;25' 62; 45' 66' 61;15' 6 9 .  

The least distances (defined similarly) are: 
Saturn Jupiter Mars Venus Mercury 
56;35' 57; 1 5P 54p 58;45' 55;34P.50 

As for the remaining, eighth column, we provided it in order that one may find 
the applicable fraction of the above differences [in cols. 5 and 71 when the 
planet's epicycle is not exactly at mean, greatest or least distance, but in an 
intermediate position. The computation of this correction is based only on the 
maximum equation ([i.e.] that formed by the tangent from the observer to the 
epicycle) at each intermediate distance; for the [fraction] of the difference to be 
applied for any particular position [of the planet] on the epicycle is not 
significantly different from that for the greatest equation. 

But in order to make our meaning clearer, and to explain the actual method 
of computing the [fractions] to be applied, let us draw [see Fig. 1 1.241 the line 

'7 E.g. XI 5 pp. 529-37 and XI 9. 
'*The didactic purpose of the Almagest is made explicit here. '[scientific] treatise' is my 

translation o f o b w a ~ y .  For this meaning, which is typical of Hellenistic prose, but seems not to be 
classical, see LSJ s.v. 3. In the Handy Tables Ptolemy does indeed combine the twocolumns intoone, 
and that is the pattern of all subsequent ancient and mediaeval astronomical tables. 

49 1.e. the equation of anomaly is computed as a function, not of the mean anomaly, but of the 
true, that is as counted from the true apogee of the epicvcle. 

50 For this value for the least distanceofthe centre of the epicycle for Mercury see IX 9 p. 460 with 
n.89. 
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through both centres (the centre of the ecliptic and the centre of the eccentre 
producing the uniform motion of the epicycle), ABGD. Let the centre of the 
ecliptic be taken at G, and the centre of the epicycle's uniform motion [i.e. the 
equant point] at B. Produce line BEZ, describe the epicycle ZH about centre E, 
and draw the tangent to it from G, line GH. Join GE and perpendicular EH, 
and let us suppose, exempli gratia, that for each of the five planets the epicycle 
centre is 30' from the apogee of the eccentre in mean motion. 

Fig. 1 1.24 
B 

Then (to avoid lengthening the computation by demonstrating the same 
thing over and over again), we have demonstrated at length in what preceded, 
both in the hypothesis for Mercury and in that for the other planets,51 that if 
L ABE is given, the ratio of GE to the radius of the epicycle (HE) is also given. 
Hence, by means of the computations for each particular planet, with L ABE 
taken as 30°, this ratio comes to: 

for Saturn Jup~ter  Mars Venus Mercury 
63;2 : 6;30 62;26 : 1 1;30 65;24 : 39;30 61 ;6'* : 43; 10 66;35 : 22;30. 

Thus we will get for L EGH, which comprises the maximum epicyclic equation 
at that point, 

for Saturn Jupiter Mars Venus Mercury 
5;5g0 1 0;3d0 37;g0 44;5G0 1 9;4s0. 

And we compute the greatest equations at the mean distance, according to the 
ratios set out just above, as (to avoid repetition, we [simply Iist them] in an order 
corresponding to the above order of the planets): 

6 13" 11;3O 41;10° 46;0° 22; 2"; 

5' Mercury, IX 9 pp. 457-60; other planets, X 2, X 8, XI 2, XI 6. 
'*Reading @ (with AD,Ar) for @ (61;26) at H433,4. At H503,5 all mss. have 61;6. 

Corrected by Manitius. 
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those at the greatest distances as 
5; 53O 1 0; 34O 36; 45' 44;48O 19;T; 

and those at the least distances as 
6;36" 11;35O 47;1° 47; 17" 23;53O 

PI434 Thus the differences between the equations at mean distance and those at 
greatest distance are 

0;20° 0;29" 4; 25" I;12" 3;0°, 
while the difrerences between [those a t  mean distance and] those at  least 
distance are 

0; 23" 0; 32" 5;51° 1; 17' 1;51°. 
Now the equations of the distances in question [for a mean longitude of 30" 

from the apogee] are less than those for mean distance, and differ from the latter 
by the following amounts: 

0; 1 74" 0;2e0 4; lo lr3to 2; 1 7", 
and the latter (expressed as sixtieths of the above total differences between [the 
equations for] mean and greatest distance)53 are 

for Saturn Jupiter Mars Venus Mercury 
52;30 54150 54;34 52;55 45;40. 

So those are the values, in sixtieths, which we put in the 8th column of the 
appropriate table, on the line containing the number '30' for the mean motion 
in longitude. 

H435 For those distances .which have equations greater than those at mean 
distance, we again reduced the [resulting] differences to sixtieths, but in this 
case expressed as fractions, not of the [corresponding] equations at greatest 
distance, but of those at least distance. In the same way [as above], we 
performed the computation for all other positions [of the epicycle] at 6" 
intenfals of mean l~ngi tude , '~  and tabulated the resulting fractions, expressed 
in sixtieths, opposite the appropriate arguments. As we said, the fraction of the 
difference to be applied is sensibly the same even when the position of a planet is 
not at the greatest epicyclic equation, but at some other point on the epicycle. 

The layout of the five tables is as follows. 

H436-45 1 1. (Planetav  equation tables) 55 

[See pp. 549-53.1 

59Thus, e.g., for Saturn 0;154 : 0;20 = 524 : 60. 
54 The statement that these values were computed at 6O intervals, even where the function is - 

tabulated at 3' intervals, is easily verified by taking the differences between successive values in CO!. 
8 for Mars. 

55 Corrections to Heiberg: 

H441,49 Mars, arg. 174O, coi. 6. Read l a  IE (with Ar) for ia 10 (1 l;lgO): Computed: 1 1 ;16O. 
H442,17 Venus, arg. 66O, col. 6. Read KG vc (with DL)  for^^ 16 (26;37O). 26;57O is the value 1 

compute, and it also agrees with the value in col. 2 of the latitude table (XI11 5). 
H443,34 arg. 12g0, col. 3. Read a v6 (with AT) for a va (1;51°). Corrected by Manitius. 
H443:36 arg. 135O, col. 6. Read PE VO (with D,Ar) for PE vs (45;35O). Computed: 46;0°. 
H443,43 arg. 156O, col. 7. Read a pq (with D,Ar) for a vq (1 ;580), which is obviously wrong since 

it is greater than the value for 159". Computed: 1;47O. Corrected by Manitius. 
H444,9 Mercury, arg. 18O, cot. 5. Read o KO (with Ar) for o KS (0;24O). Computed: 0;290. 
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SA'I'URN 
APOGEE: trb 14;10° 

78 
84 
90 

93 , 
96 
99 

102 
105 
108 

111 
114 
117 

120 
123 

- 1 2 6  

129 
1-32 
I35 

138 
141 
144 

147 
150 
153 

156 
159 
162 

165 
168 
171 

174 
177 
180 

282 
276 
270 

267 . 

264 
261 

258 
255 
252 

249 
246 
243 

240 
237 
234 

231 
228 
225 

222 
219 
216 

213 
210 
207 

6 14 
6 24 
6 30 

6 31 
6 32 
6 31 

6 30 
6 27 
6 23 

6 19 
6 14 
6 7 

5 59 
5 50 
5 39 

5 27 
5 14 
5 0 

4 45 
4 29 
4 12 

3 54 
3 35 
3 16 

2 56 

+O 5 
+O 3 
+O 1 

+O 0 
-0 2 
-0 3 

,-0 4 
-0 5 
-0 6 

-0 7 
-0 8 
-0 9 

-0 10 
-0 10 
-0 11 

-0 11 
-0 12 
-0 12 

-0 12 
-0 12 
-0 12 

-0 12 
-0 11 
-0 11 

I -0 10 

0 7 

0 6 
0 5 
0 5 

0 4 
0 2 
0 0 

-0 8 

-0 7 
-0 6 
-0 5 

-0 3 
-0 2 
-0 0 

198 2 15 

0 18 
0 19 
0 19 

0 20 
0 20 
0 20 

0 21 
0 21 
0 20 

0 20 
0 20 
0 19 

0 19 
0 19 
0 18 

0 18 
0 17 
0 17 

0 16 
0 15 
0 14 

0 14 
0 12 
0 11 

0 10 
2 3 6  

195 
I92 
189 

186 
183 
180 

0 9 -0 9 

1 53 
1 31 
1 9  

0 47 
0 24 
0 0 

+56 6 

+57 24 
+58 42 
+59 21 

+60 0 
+60 0 
t60 0 

2 9 

I 48 
1 27 
1 6  

0 45 
0 23 
0 0 

-18 0 
-12 0 
- 4 30 

- 0 45 
+ 2 32 
+ 5 51 

+ 9  8 
+I1 45 
+14 21 

+16 58 
+19 31 
+22 11 

+24 47 
+27 24 
+30 0 

+32 37 
+35 13 
+37 50 

+40 26 
t43 3 
+45 39 

+47 37 
+49 34 
+51 32 

+53 29 

5 55 
6 5 
6 12 

6 12 
6 13 
6 12 

6 12 
6 9 
6 5 

0 10 

0 8 
0 7 
0 5 

0 4 
0 2 
0 0 

t54 49 

0 21 
0 22 
0 22 

0 23 
0 23 
0 24 

0 24 
0 24 
0 25 

2 29 0 11 

6 0 0 25 
5 55 1 0 24 
5 48 

5 40 
5 31 
5 21 

5 10 
4 58 
4 45 

4 31 
4 16 
4 0 

3 43 
3 25 
3 7 

2 48 

0 24 

0 23 
0 23 
0 22 

0 22 
0 21 
0 20 

0 19 
0 18 
0 17 

0 15 
0 14 
0 13 

0 12 
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JUPITER 

6 
Equation 

of 
Anomaly 

0 58 
1 56 
2 52 

3 48 
4 42 
5 34 

6 25 
7 12 
7 57 

8 37 
9 14 
9 46 

10 13 
10 35 
10 51 

10 57 
11 0 
11 2 

11 3 
11 1 
10 59 

10 53 

,- 
1 2 

Common 

3 
Equation 

in 
Longitude 

0 30 
1 0  
1 30 

1 58 
2 26 
2 52 

3 17 
3 40 
4 1 

4 20 
4 37 
4 51 

5 2 
5 9 
5 14 

5 15 
5 16 
5 15 

5 14 
5 12 
5 9 

5 5 

Numbers 

6 
12 
18 

24 
30 
36 

42 
48 
54 

60 
66 
72 

78 
84 
90 

93 
96 
99 

102 
105 
108 

111 

7 

Additive 
Diff'erenee 

0 2 
0 5 
0 7 

0 9 
0 11 
0 13 

0 15 
0 18 
0 20 

354 
348 
342 

336 
330 
324 

318 
312 
306 

300 
294 
288 

282 
276 
270 

267 
264 
261 

258 
255 
252 

249 
114 
117 

120 
123 
126 

5 0 
4 54 

4 47 
4 39 
4 30 

4 
Dilference 

in 
Equation 

+O 1 
+O 2 
+O 3 

+ O  4 
+O 5 
+O 6 

+O 7 
+O 7 
t o  7 

+O 6 
+O 5 
+ O  4 

+ O  3 
+O 2 
+O 1 

+O 0 
-0 1 
-0 1 

-0 2 
-0 2 
-0 3 

-0 4 

8 

Sixtieths 

-60 0 
-58 58 
-57 56 

-56 54 
-54 50 
-51 43 

-47 35 
-43 27 
-39 19 

246 
243 

240 
237 
234 

APOGEE: 2;g0 

5 

Subtractive 
Difference 

0 2 
0 5 
0 7 

0 9 
0 11 
0 13 

0 15 
0 17 
0 19 

0 21 
0 23 
0 24 

0 25 
0 26 
0 26 

0 27 
0 27 
0 27 

0 28 
0 28 
0 29 

0 29 

129 
132 
135 

138 

-0 5 
-0 5 

-0 6 

0 22 
0 24 
0 26 

0 28 
0 30 
0 31 

0 31 
0 32 
0 32 

-35 8 
-28 58 
-22 45 

-17 35 
-11 23 
- 4 4 0  

- 1  8 
+ 1 52 
+ 5  9 

+34 41 
+37 30 
+40 19 

+43 7 

0 30 0 34 
0 30 I I: 2 1 0 34 +23 26 

O i 3  l + 2 0 3 7  I 
0 32 
0 33 
0 33 

+45 28 
+47 49 

+49 42 
+51 31 
+52 58 

+54 22 
+55 47 
+57 11 

+57 40 
+58 13 
+58 40 

+59 4 
+59 32 
+60 0 

0 30 

+ 8 26 
+11 43 
+15 0 

+29 4 
+31 52 

9 36 
9 16 
8 54 

8 30 

0 28 
0 28 
0 27 

0 26 

231 
228 
225 

222 

+I7 49 

0 32 
0 32 
0 31 

0 30 
8 4 
7 36 

7 6 
6 34 
6 0 

5 24 
4 47 
4 9 

3 29 
2 49 
2 7 

0 25 
0 23 

0 22 
0 21 
0 19 

0 17 
0 15 
0 13 

0 11 
0 9 
0 7 

0 5 
0 3 
0 0 

-0 6 
-0 7 

+26 15 

0 28 
0 26 

0 25 
0 23 
0 21 

0 19 
0 17 
0 15 

0 13 
0 10 
0 8 

10 24 
10 10 
9 54 

0 29 
0 29 

4 20 
4 9 
3 58 

3 46 
141 
144 

147 
150 
153 

156 
159 
162 

165 
168 
171 

174 
177 
180 

0 34 
0 33 
0 33 

-0 7 
-0 8 
-0 8 

-0 8 
3 33 
3 20 

3 6 
2 51 
2 36 

2 20 
2 4 
1 47 

1 30 
1 13 
0 55 

0 37 
0 18 
0 0 

219 
216 

213 
210 
207 

204 
201 
198 

195 
192 
189 

186 
183 
180 

-0 8 
-0 7 

-0 7 
-0 6 
-0 6 

-0 5 
-0 5 
-0 4 

-0 3 
-0 2 
-0 2 

-0 t 
-0 1 
-0 0 

1 25 
0 43 
0 0 

0 5 
0 3 
0 0 



XI 11. Table for anomaly rrf f i r s  

MARS 
APOGEE: 5 1 6;40° 



X I  1 I. Table for anomaly of Venus 

VENUS 
APOGEE: 8 16:10° 



X I  I d .  ;Table for anomaly of hlercury 

MERCURY 
APOGEE: 2 1 : 10" 



554 X I  12. Computation of planetary position from tables 

H446 12. {On the computation ofthe longitude of the 5 planets)56 

So when we want to determine the apparent position of any one of the planets 
from the periodic motions in longitude and anomaly, by employing the above 
[tables], we carry out the numerical computation (which is one and the same for 
all five planets) in the fo l lo~~ ing  way. 

From the tables for mean motion we compute the mean positions in longitude 
and anomaly for the moment required (by addition, and casting out complete 
revolutions). Then, taking as argument the distance from the apogee of the 
eccentre a t  that moment to the mean position in longitude, we enter the 
anomaly table belonging to the planet in question, and take the value for the 
longitudinal correction corresponding to that argument in the third column, 
together with the value (in minutes) in the fourth column (which has to be 
added or subtracted). We subtract the resuIt from the [mean] longitude and 
add it to the anomaly if the above-mentioned argument for the longitude [i.e. 

H447 the mean centrum] falls in the first column, but if it falls in the second column, 
we add the result to the longitude and subtract it from the anomaly. to get both 
positions corrected. 

Then we enter with the corrected anomaly [counted] from the [epicyclic] 
apogee into [one of) the first two columns, take the corresponding amount in the 
sixth column (the equation for mean distance), and write it down separately. 
Similarly, we enter with the amount for the mean longitude [i.e. mean 
centrum] (which we used as argument at the beginning) into the same 
argument ~cofumnsJ; then, if [that argument] falls in the upper lines. which are 
closer to the apogee than that for mean distance (this will be clear from the 
entries in the eighth column),57 we take the corresponding number of sixtieths 
in the eighth column, take, from the fifth column (for the [diKerence at] greatest 
distance), the entry on the same line as that for the equation at mean distance 
which was written down separately, form the fraction of that [entry for the] 
difference corresponding to the above number of sixtieths, and subtract the 
result from the amount which we wrote down separately. But if the argument of 
the above longitude [i.e. the mean centrum] falls in the lower lines, which are 
closer to the perigee than that for mean distance, we take the corresponding 
number of sixtieths in the eighth column, as before, take, from the seventh 
column (for the [difference at] least distance), the entry corresponding to the 
equation for mean [distance] which was written down separately, form the 
fraction of that difference corresponding to the above number of sixtieths, and 

H448 add the result to the number we wrote down separately. The result will be the 
corrected equation [ofanomaly]. If the corrected anomaly is in the first column, 
we add that corrected equation to the amount for the corrected longitude, 
but we subtract it if the corrected anomaly is in the second column. Using the 
result to count from the apogee of the planet at that moment, we reach its 
apparent position. 

56 See  HAMA 186-5 and Appendix A, Example 14. 
57 1.e. ifthe entry in the eighth column is subtractive, the epicycle centre is closer to apogee than to 

mean distance; if additive, closer to perigee (for Mercury, to least distance) than to mean distance. 



Book XI1 

1 .  f On the preliminaries for the retrogradations)' 

Now that we have demonstrated the above, the appropriate sequel would be to 
examine the greatest and least retrogradations associated with each of the 5 
planets, and to show that the sizes of these, [as computed] from the above 
hypotheses, are in as close agreement as possible wiih those found from 
observations. 

In the definition of this kind of problem, there is a preliminary lemma 
demonstrated (for a single anomaly, that related to the sun) by a number of 
mathematicians, notably Apollonius of Perge, to the following effect. 
[ l ]  If [the synodic anomaly] is represented by the epicyclic hypothesis, in which 
the epicycle performs the [mean] motion in longitude on the circle concentric 
with the ecliptic towards the rear [i-e. in the order] of the signs, and the planet 
performs the motion in anomaly on the epicycle [uniformly] with respect to its 
centre, towards the rear along the arc near the apogee, and if a line is drawn 
from our point of view intersecting the epicycle in such a way that the ratio of 
half that segment of the line intercepted within the epicycle to that segment 
intercepted between thr observer and the point where the line intersects the 
epicycle nearer its perigee is equal to the ratio of the speed ofthe epicycle to the H45B 
speed of the planet, then the point on the arc of the epicycle nearer the perigee 
determined by the Iine so drawn is the boundary between forward motion and 
retrogradation, so that when the planet reaches- that point it creates the 
appearance of station. 
[Z] If the anomaly related to the sun is represented by the eccentric hypothesis 
(which is a viable hypothesis only for the three [outer] planets which can reach 
any elongation from the sun): in which the centre of the eccentre moves 
[uniformly] about the centre of the ecliptic with the speed of the [mean] sun 
towards the rear [i.e. in the order] of the signs, while the planet moves on the 
eccentre in advance [i.e. in the reverse order] of the signs with a speed [uniform) 
with respect to the centre of the eccentre and equal to the [mean] motion in 
anomaly, and if a line is drawn in the eccentre through the centre of the ecliptic 
(i.e. the observer) in such a way that the ratio of half' the whole line to the 
smaller of the two segments of the line formed by [the position of3 the observer is 

' On chs. 1-6 see HAMA 190-201, Pedersen 331-49. 
This type of eccentric model is in fact applicable to the inner planets as well, provided that, for 

the s eed of the centre of the eccentre, one uses, not the speed of the mean sun, but the sum ofthe 
spe ecf' s of the mean sun and the planet's anomaly (whichsum is the same as the modern heliocentric 
mean motion). I do not understand why Ptolemy does not recognise this. 



556 XII  1. Apollonius' lemma on stationary points 

equal to the ratio of the speed of the eccentre to the speed of the planet, then 
when the planet arrives at the point in which the above line cuts the arc of the 
eccentre near the perigee, it will produce the appearance of station. 

H452 We too shall achieve the required result by a method which, though 
summary, is none the less more convenient: we employ a proof which contains 
both hypotheses combined in a common [figure], to demonstrate their 
agreement and similarity in these ratios of theirs too.3 

Let [Fig. 12.11 the epicycle be ABGD on centre E and diameter AEG, which 
is produced to Z, the centre of the ecliptic (i.e. our point ofview). Cut offequal 
arcs, G H ,  GO, on either side of the perigee G, and draw ZHB and ZOD from Z 
through points H and 0. Join DH and BO to intersect each other at point K, 
which will, obviously, lie on diameter AG. 

We say, first, that 
AZ:ZG = AK:KG. 

[ProoE] Join AD, DG, and draw LGM through G parallel to AD. Then LGM 
H453 will, obviously, be perpendicular to DG (for L ADG is right). 

Then, since L GDH = L GDO [on equal arcs, Euclid III 271, 
GL = G M  [triangles LDG, MDG congruent]. 

Fig. 12.1 

' 'in these . . . too' refers to the earlier demonstrations ofthe equivalence ofthe hypotheses in I11 3 
and fV 5. Note that Ptoiemy opposes his proof (fip~R 66)  to that of the earlier mathematicians. 
notabty Apollonius (npoan&&~~vdoua~ pkv, H450,9). This counts against Neugebauer's supposi- 
tion (H.4hf.4 264) that Ptolemy has taken this elegant equivalence theorem from ApolIonius, 
despite its relationship to Conics I11 37-40 and to Plane Loci I1 8 ('Circle of Apollonius'). 
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-'. AD: GL = AD:GM. 
But AD:GM = AZ:ZG [triangle ADZ 111 triangle GMZ] 
and AD:LG = AK:KG [triangle ADK 111 tria~gle GLK]. 

.*. AZ:ZG = AK:KG. 
So, if we imagine epicycle ABGD to be the actual eccentre in the eccentric 

hypothesis, the point K will be the centre ofthe ecliptic, and diameter AG will y 
be divided by it in the same ratio as [the corresponding amounts] in the 
epicyclic hypothesis. For we have shown that the ratio of the greatest distance in 
the epicyclic [hypothesis], AZ, to the least distance, ZG, is the same as the 
greatest distance in the eccentric [hypothesis], AK, to the least distance, KG. 

We also say, [secondly], that 
DZ:ZO = BK:KO. 

[ProoE] In the similar diagram [Fig. 12.21 join the line BND (obviously, this will 
be perpendicular to diameter AG), and draw OX parallel to it from O. Then, H454 

Fig. 12.2 

BN = ND, 
BN:XO = ND:XO. 

But ND:XO = DZ:ZO [triangle ZND 111 triangle ZXO] 
and BN:XO = BK:KO [triangle BNK 111 triangle OXK]. 

.-. DZ:ZO = BK:KO. 
SO, componendo, 

(DZ+ZO):ZO = BO:OK. 
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.4nd, dropping perpendiculars EO and EP, and diiidendo, [we get]$ 
0Z :ZO = PO:K0.4 

And, dividend0 once again, 
0 0 : Z O  = PK:KO. 

Therefore, if, in the epicyclic hypothesis, DZ is drawn in such a way that the 
ratio o f 0 0  to ZO equals the ratio of the speed of the epicycle to the speed oft he 

H455 planet, in the eccentric hypothesis PK:KO will have that same ratio. 
The reason that in thiscase [i.e. in the eccentric hypothesis] we do not use this 

ratio obtained ditlidendo (namely PK:KO) to get the stations, but rather the 
undivided ratio (namely PO:KO), is that the epicycle's speed is in the same 
ratio to the planet's as the [mean] motion in longitude (alone) to the [mean] 
motion in anomaly, whereas the ratio of the eccentre's speed to the planet's is 
the same as that of the sun's mean motion (i.e. the sum of the planet's [mean] 
motions in longitude and anomaly) to the motion in- anomaly. Thus, e.g. for 
Mars: 

_ speed of epicycle : speed of planet E=: 4237 
(for that, approximately, is the ratio which, as we demonstrated, holds between 
the [mean] motions in longitude and anomaly).' 

Hence that is also the ratio of 0 0 : O Z .  
But speed of eccentre : speed of planet [42 + 37 =f 7937, 
i.e. this is the same as the ratio obtained componendo, PO:OK, 

H456 since we found that the divided ratio, PK:KO, is equal to 0 0 : O Z  (i-e. 42:37). 
Let the above suffice us as preliminary theorems. It remains to prove that 

when one takes lines [corresponding to ZD, BO] divided in the ratio described, 
then in both hypotheses H and O represent the points in which station appears 
to take place, and [thus] arc HGO must be retrograde, and the remainder [of 
the circle] possessing forward motion. [For this purpose] Apollonius proposes 
the following preliminary lemma. 

[See Fig. 12.3.1 In triangle ABG, in which 
BG > AG, 

if we cut off [from GB] G D L  A G , ~  then 
GD:BD > L ABG:L BGA. 

H457 His proof is as follows. 
Complete the parallelogram ADGE (he says), and let BA and GE be 

produced to meet at 2. Then, since 
AE [= GD] 2 AG, 

the circle drawn on centre A with radius AE will either pass through'G or 
beyond G. Let it be drawn to  pass through G, as HEG. Then, since 

triangle AEZ > sector AEH 
and triangle AEG < sector AEG, 

triangle AEZ : triangle AEG > sector AEH : sector AEG. . 
But sector AEH : sector AEG = L EAZ:L EAG 

'For DZ + ZO = 202, and BO = 2PO (Euclid 111 3). -= 20Z:Z0  = 2PO:OK. :. 0Z:ZO = PO:@K. 
It is this last step which is described as dividend0 (S~EA~VTI). See Introduction pp. 17-18 for the two 
senses of this term. 

IX 3 p. 424.37 returns in anomaly correspond to about 42 revolutions in longitude and 79 years. 
Literally 'not less than AG'. 
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z 

Fig. .12.3 

and triangle AEZ : triangle AEG = ZE:EG ( b a ~ e s ) . ~  
.'- ZE:EG > 6 ZAE:L EAG. 

But ZE:EG = [ZA:AB =] GD:DB. 
And L ZAE = L ABG 
and L EAG = 6 BGA. 

-'- GD:DB > 6 ABG:L AGB. 
And it is obvious that if  G D  (= AE) is supposed, not equal to AG, but greater, 
the dif'eerence in the ratios will be even greater. 

Now that we have established this preliminary lemma, let [Fig. 12.41 the 
epicycle Ile ABGD on centre E and diameter AEG. Produce AEG to Z, 
[representing] our point of' view, so that- 

EG:GZ > speed of epicycle : speed of planet.8 
Thus i t  will he possible to draw a line ZHB9 in such a way that 

$BH:HZ = speed of epicycle : speed of planet. 
Then, by what we proved previously, ifwe cut on'arc AD equal to arc AB, and 
join DOH, point O will represent our point of view in the eccentric hypothesis, 
and 

$DH:OH = speed of eccentre : speed of planet. 
We say, then, that in either hypothesis, when the planet reaches point H, it 

will produce the appearance oi'station, and if we cut offarcs, however small, on 
either side of H ,  we will find that the arc intercepted towards the apogee will be 
an arc of forward motion. and the arc towards the perigee will be retrograde. 
[Proofi] First; cut offan arbitrary arc towards the apogee, KH,  draw ZKL and 
KOM, and join BK, DK and also EK and EH. 

Then since, in triangle BKZ, 
BH > BK,'O 

BH:HZ>L HZK:L HBK [cf. above]. 

7Euclid VI 1: triangles witti the same height are iri  proportion to their bases. 
'The situation where EG:GZ = speed of epicycle : speed of planet is the limiting situation for 

retrogradation to occur: see p. 561. 
'Because of Euclid 111 8, which proves that ofall lines drawn to a circle fi-om a point outside it, 

that through the centre is the least. 
l o  Euclid I11 15. 
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Fig. 12.4 

-'- $BH:HZ > L HZK:2 L KBH = L HZK:L KEM 
But ~BH:HZ = speed of epicycle : speed of planet. 

.'. L HZK:L KEH < speed of epicycle : speed of planet. 
Therefore the angle which has the same ratio to L KEH as the ratio (speed of 

H460 epicycle : speed of planet) is greater than L HZK. Let that angle be L HZN. 
Then, in the time that the planet takes to travel arc KH of the epicycle, the 
epicycle centre has moved in the opposite direction by an amount equal to the 
[angular] distance from ZH to ZN. So it is clear that arc KH ofthe epicycle has 
moved the planet in advance through an angle at our eye (L HZK) which is less 
than the angle (L HZN) through which [the motion ofl the epicycle itself has 
moved it towards the rear during the same space of time. Thus the planet has 
undergone a forward motion [of the amount] of L KZN. 

Similarly, to carry out the reasoning as if the circle [ABGD] were an 
eccentre: " 

Reading & Eni E ~ ~ k v r p o u  toG ~ l j ~ h o u  (with C2D) for (35 kRi to?? E ~ ~ k v r p o u  K ~ K ~ O U    la^ on 
the eccentric circle') at H460,13. 
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since BH:HZ > L HZK:L HBK, 
componendo, BZ:ZH > [L HZK + L HBK =I L BKL:L MBK. 

B U ~  BZ:ZH = DO:OH.'* 
And L BKL = L D K M ' ~  
and L HBK = L HDK. 
-.. DO:OH > L DKM:L MDK. H46 1 

So, componendo; DH:HO > [L DKM + L HDK =] L HOM:L HDK. 
Therefore, diuidendo, f DH: HO > L HOK:2 L HDK = L HOK:L HEM. 

But f DH:OH = speed of eccentre : speed of planet. 
.'. L HC3K:L HEK < speed of eccentre : speed of planet. 

Therefore the angle which bears the same ratio to L HEM as the speed of the 
eccentre bears to the speed ofthe planet is greater than L HOK. Let it, again, be 
L HON. So, since the planet, in its own motion along KH, has travelled in 
advance through L KEH, and in the same space of time has been carried by the 
motion of the eccentre towards the rear through L HON, which is greater than 
L KOH, it is clear that, by this [hypothesis] too, the planet will appear to have 
undergone a forward motion [of the amount] of L KON. 

It is easy to see that thesamemethod can be used to prove the opposite case,'4 H462 
if in the same figure [Fig. 12.51 we suppose that 

~LK:KZ = speed of epicycle : speed of planet 
and hence ~ M K : @ K  = speed of eccentre : speed of planet; 

and imagine arc KM cut 0% towards the perigee side of line LZ. 
For, if we join LH to produce the triang!e LZH, in which there is cut off 

ZK > ZH, then 
LK:KZ< L HZK:L HLK. 

:. $LK:KZ < L HZK:Z L HLK = L HZK:L KEH, 
which is the opposite of what was proved a b o ~ e . ' ~  
And, by the same reasoning, one will come to a conclusion opposite [to the 
above, namely] that 

L MEH:L HZK < speed of planet : speed of epicycle H463 
and L KEH:L HOK < speed of planet : speed of eccentre. 

So the angle which has the same ratio [to L MZK or L HOK as the speed ofthe 
planet has to the speed of the epicycle or eccentre] turns out to be greater than 
L KEH, and the resulting retrograde [component ofl motion is greater than the 
forward. 

Furthermore, it is clear that for distances at which 
EG:GZ< speed of epicycle : speed of planet 

it will be impossible to draw another line [to the circle which will be cut] in a 
ratio equal to that [of the speeds of epicycle and planet], and the planet will not 
appear stationary or retrograde. 

"This was proven p. 557 (in Fig. 12.2 DZ:ZO = BK:KO). 
l3 Euclid 111 27: angles standing on equal arcs are equal. 1.e. Ptolem) assumes that arc BL = arc 

DM. This follows from the fact that O is a fixed point for given Z (cf; HAMA 264-5). Cf. p. 556, 
where it is shown that AZ:ZG = AK:KG, hence K (corresponding to @ here) is a fixed ~ o i n t .  

l 4  1.e. that the planet will be retrograde on the other side of the point defined by the ratio of the 
speeds. 

I S p .  560, where 4 BH.HZ > L HZK:L KEH. 
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Fig. 12.5 

For since, in triangle EKZ, EG has been cut off and is [equal to, i.e.1 not less 
than EK, 

L GZK:L GEK < EG:GZ. 
But EG:GZ< speed of epicycle : speed of planet. 

... L GZK:L  GEK < speed of epicycle : speed of planet. 
El464 Hence, since we have shown [p. 5601 that, where this occurs, the planet has 

undergone a forward motion, we shall find no arc either on epicycle or on 
eccentre on which it will appear retrograde. 

2. (Demonst ration of the ~etrogradations of Saturn) 

That  being established, h7e shall next set out the calculations of the retro- 
gradations for each of the planets, in accordance with the hypotheses 
[previously] demonstrated, beginning with Saturn. The method is as follows. 
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Fig. Q 

* 

[See Fig. 12.6.]'6 Let the circle carrying the epicycle centre be AB on 
diameter AGB, on which G represents the centre of the ecliptic, i.e. our point of 
view. Describe the epicycle DEZH on centre A, and draw line GZE in such a 
way that, when perpendicular A@ is dropped on to it, the ratio of half EZ (i.e. 
OZ) to ZG is that of the speed of the epic).cle to the speed of the planet. Let us 
suppose, first, that the epicycle is situated at mean distance: thus the mean 
motions in longitude and anomaly are very nearly the same as the motions [in 
longitude and anomaly] taken with respect to the centre of the ecliptic.I7 

Now for Saturn, as we demonstrated [XI 61, where the mean distance GA is 
60P, the epicycle radius AD = GP. 

Thus, by addition, DG = 66;30P, 
and, by subtraction, GH = 53;30P in the same units. 

16Ptolemy uses an identical simplified figure (Fig. 12.6 - 12.12), in which the observer, G, is 
represented as the centre of the circle, for all situations. The actual situation is depicted in Fig. Q 
(copied from Manitius), where the subscripts 1, 2 and 3 represent the situations at mean, greatest 
and least distances respectively. 
" 1.e. because the epicycle centre is the same distance from the observer as it would be in the 

simple model treated in ch. 1, one can assimilate the situation to that, and use the mean motions 
unmodified. As Ptolemy says, this involves an approximation, since the centre olmotion is not the 
observer, but the equant point. However, for small eccentricities this is negligible. 
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Fig. 12.6 

Thus their PI-oductl* is 3557;45". 
But DG.GH = EG.GZ, 

so EG.G% = 3557145' in the same units. 
Further~nore (in accordance with the mean mot ions), whel-e the spced of the 
epicycle (i.e. OZ) is lP,  the speed of'the planet (i.e. ZG) is about ~8;25 .46~ . '"  

Therefore, by addition, EG [= ZG + 2021 = 30;25,46', 
and EG.GZ = 865;5,32P in the same units. 

M466 So if we dividez0 355'7j45 bj. 865;5,32, which gives a quotient oi'4:6,45. take the 
square root of the latter, 2;f, .40, and rntlltipljr this factor intoOZ (= tP)  and ZC 
(= 28;25,46*) separately, we get - 

O Z =  2;1,40"\ 
where (EG-GZ) = 3557;45P. 

and ZG = 57.;38.5!ipJ 
Then if we join AZ, where AZ = 6;30P, 

ZO = 2;1,4@, 
so where AZ = 120P, ZO = 37;26.gP. 

Therefore, in the circle about right-angled triangle AZO, 
arc OZ = 36;21,15O,*' 

= 36;21 ; I  50° where 2 right angles = 360"' 
= 18;10,38O where 4 right. angles = 360". 

"Literally 'the rectangle contained by them'. 
" Taking the mean daily motions tabulated in IX 4onefinds the ratiooflongitude to anomaly as 

1 : 28;25,.55 . . . Ptolerny may have taken the rounded numbers @57,7,43"/d and @2,0,34"/d, 
which lead to 28;25,48. 

2 0 ~ a p a f i a h o p ~ v  ~capa, literall! 'measure i t  I,? laying alongside'. 
Accurately, 36;21 ,20°. 
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Furthermore, where hypotenuse [of right-a~gled triangle AC;O? CHA = 60P, 
by addition, GZO [= 57;38,55' + 2;1,40P] = 59;40,35', 

so where GHA = 120P, GZO = 119;21 ,loP. 
So, in the circle about right-angled triangle AGO, 

arc GO = 168;5,3g0. 

-'a L G A@ { = 168;5,390° where 2 right angles = 3Wo0 
84;2,50° where 4 right angles = 360' . 

Hence we get L AGO = 5;57,10° (complement), 
and L ZAH = L GAO - L ZAO = 65;52,1Z0 

SD, since the planet is seen along line GZ at first station, and along G H  at 
[mean] opposition, it  is clear that, if the epicycle centre had no motion towards 
the rear [during this interval], arc Z H  of the epicycle, comprising 65;52,1Z0, 
would produce a retrograde motion of the amount of L AGZ, 5;5'i,10°. But 
since, according to the above ratio ofthe speed ofthe epicycle to the speed of the 
planet, to this anomaly of 65;52,1Z0 correspond approximately 2;1g0 in 
longitude,'* we get a retrograde motion of: 

from either station to opposition 3; 38,10° and 6gdZ3 
(the latter is approximately the time the planet takes to move 2;1g0 in mean 
longitude), 

and  a total retrogradation of 7;16,20° and 138'. 
Next we will investigate the [corresponding] quantities near the greatest 

distance under the same conditions, namely when the opposition halfway 
between the [two] stations brings the epicycle centre precisely to the apogee of 
the eccentre, and, obviously, brings each of the two stations to a distance in 
corrected longitude from the opposition (i.e. from the apogee)24 which isclose to 
the 2;1g0 which was derived [above] from the ratio between the mean 
[motions]. In this situation AG, which represents thedistance at that moment, 
is negligibly different from the greatest di~tance, '~  and hence is obtained via the 
theorems previously developed, and to lo  of longitude corresponds an equation 
of about 6;30'.26 Therefore the ratio of the corrected [motion in] longitude to 
the corrected [motion in] anomaly, i.e. of the apparent speed of the epicycle at 
that moment to t h e  apparent speed of the planet, is 0;53,30 : 28;32,1 6.27 

Then, repeating the same figure [Fig. 12.71, where the radius of the epicycle 
DA is 6;30P, GA (which is negligibly different from the greatest distance) is 
63;25'. 

Hence, by addition, DG is computed as 69;55', 
and, by subtraction, GH = 56;55'. 
And DG.GH (= EG.EZ) = 3979;25,25'. 

22 65;52,12/28;25,46 = 2;19,1. 
235;57,100 - 2;1g0 = 3;38,10°. In 69 days the planet moves 2;18,3g0 in longitude, i.e. here (and 

throughout) Ptolemy rounds to the nearest day or convenient fraction d a  day. 
24 Since this must be the meaning, one has to correct Heiberg's punctuation at H468,3, deleting 

the comma after ~ ~ K O V S ,  and inserting a comma after dxoyciov. 
25 Since the epicycle centre is in the apogee of the eccentre halfway between the stations, at the 

actual stations the epicycle is a little before or after apogee: hence 'negligibly different'. 
26 In the anomaly table for Saturn (XI I I), to 6' corresponds an  equation ofcentre of39': hence to 

1' corresponds exactly 64'. 
*' 1.e. lo  - 0;6,30° and 28;25,46O + 0;6,30° jcf. p. 564 n. 19). On  the rationale for this procedure see 

HAMA 193-4. 
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Fig. 12.7 

And, by hypothesis, where ZO (representing the speed of the epicycle) is 
H469 0;53,30P, GZ (representing the speed of the planet) is 28;32,16'; 

so, by addition, EG [= GZ + 2201 = 30; 13,16', 
and EG.GZ = 865; 1 7,50P. 

So, again, dividing 3979;25,25 by 865;17,50, which gives 4;35,56, taking the 
square root of the latter, 2;8,40, and multiplying this factor intoOZ (= 0;53,3OP) 
and ZG (= 28;32,IGP) separately, we get 

OZ = 
where AZ = 6130' and AG = 63:25'. 

And, by addition, GO = 63;6,36' in the same units. 
Therefore where hypotenuse AZ [of right-angled triangle AZO] = 120P, 

OZ = 35;18,9', 
and where hypotenuse GA [of right-angled triangle AGO] = 12@, 

GO = 119;25,1lP. 
Therefore, in the circle about right-angled triangle AZO, 

arc OZ = 34;13,4O, 
and, in the circle about right-angled triangle AGO, 

arc GO = 168:43.38O. , , 

H470 .: L ZAO = 34;13,40° 
and L GAO = 168;43,38O0 1 where 2 right angles = 3600°. 

.*. L ZAO = 1 7;6,3Z0 
and L GAO = 84;21 

where 4 right angles = 360°. 

Hence, by subtraction [from go0],. L AGO (which represents the amount of 
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retrogradationz8 which there would be between either of' the stations and 
opposition, if the epicycle had noz9 forward motion) is 5;38,11 O, 
and, by subtraction [ o f 1  ZAG from L GAO], L ZAH (which represents the 
apparent motion on the epicycle3' at  the same [unchanging] distance) is 
67; 15,17". 

Now, according to the ratio of the speeds at  the apogee, to the latter amount 
correspond 2;6,6O in corrected longitude;3' so we get, for half of the total 
retrogradation, 

[5;38,1 l o  - 2;6,6" = j 3;32,5" and 70fd 
(the Jatter is approximately the time the planet takes to travel 2;21,25O in mean 
longitude, which is the amount corresponding to the above 2;6,6O in corrected 
longitude); 

and, for the total retrogradation, 
7;4,10° and 140id. 

Again, we will investigate the [corresponding] quantities near the least 
distance, using the same figure [Fig. 12.83 and under similar conditions, i.e. 

Fig. 12.8 

28Reading r* (with C2D) for ro3 at H470,6. CI: H473,I. Corrected by Manitius. 
29ReadingpqGBv at H470,8 for yqS~v65. There is no ms. authority for my correction, but it is 

necessary for the sense. As a consequence of the corruption  of^@, tor03 just above, it was assumed 
that K ~ O ~ ~ ~ ~ C X C O S  was connected with bxehcixcro, hence pqSEv was changed to pq6cvbq to agree 
with it. 

''By 'apparent motion' Ptolemy means 'as counted from the true [and not the mean] epicyclic 
perigee'. 
" One might suppose from what hesayshere that Ptolemycomputes67;15,1 7'x0;53,30/28;32,16. 

This leads to 2;6,5O. The actual method of computation is explained at the end ofXII 6 (p. 582). It is 
as follows: 67;15,17' x 1/28;32,16 = 2;21,24'. T o  the latter corresponds an equation of O;15,1g0, 
which, subtracted from 67;15~17', gives about 67'. Then 67' x 1/28;25,46 = 2;21,25'. 2;21,25O - 
0; 15,190 = 2;6,6'. 
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H4711 when the opposition halfway between the [two] stations is precisely at the 
perigee of the eccentre, and both stations are the above [ca. 2;1g0] distance in 
longitude from the opposition (i.e. from the perigee). 

In this situation the distance at that moment, AG, is found in the same way 
[as at greatest distance], since it is negligibly different from the least distance. 
And to 1 of longitude corresponds an equation ofabout 7;20 So here 

apparent speed of epicycle : apparent speed of planet = 1 ;7,20 : 28; 1 8,26.33 
Hence, where OZ = 1;7,20P, GZ = 28;18,26P, 

and, by addition, EG = 30;33,6P,34 
and EG.GZ = 864;49,58P.35 

But where the epicycle radius, DA = 6;30P, 
AG (which is negligibly different from the least distance) is 56;35P; 

hence, by addition, DG = 63;5', 
and, by subtraction, GH = 50;5', 

H472 and DG.GH (= EG.GZ) = 3159;25,25P. 
'Therefore if, as before, we divide 3159;25,25 by 864;49,58, which gives3;39,12, 
take the square root of that, 1 ;54,41 ,j6 and multiply the latter factor into OZ 
(= 1;7,20P) and ZG (= 28;18,26P) separately, we get 

OZ = 2;8,43' 
where the epicycle radius, AZ = 6;30P, and the distance at that moment, AG = 

56;35'; 
and GZ = 54;6,2ZF in the same units. 

Hence, by addition, GO = 56;15,5' in the same units. 
Therefore, where hypotenuse AZ = 120P, OZ = 39;36,18', 
and? where hypotenuse GA = 120P, GO = 1 19;17,46P.35 

Hence, in the circle about right-angled triangle AZO, 
arc ZO = 3 8 . ~ 3 ~ ~ 3 4 " ~  

and, in the circle about right-angled triangle AGO, 
arc GO = 167;34,54O. - 

.'- L ZAO = 
and L GAO = 

where 2 right angles = 360'" 

And L ZAO = 
and L GAO = 

where 4 right angles = 36Q0. 

H473 Therefore, by subtraction [from 9Q0], we get L AGO, which represents the 
retrogradation (due to the planet's speed) between either of the,stations and 
opposition, as 6; 12,33O, 

'2 To an argument of 177" (= 180" - 3") corresponds (TableXI 1 I )  an equation ofcentreof0;22". 
Hence to lo near perigee corresponds 0;7,20°. 
" l.e. 1 + 0;7,20 and 28;25,46 - 0;7,20. 
'* Deleting rotod~ov at H471,18-19 (with D,Ar). 
-'' Readingm for T(misprint in Heiberg) at H471,20. 
36Reading jZ at H472,5 for 3 (1;54,42). The latter has no ms. authority, but is Heiberg's 

correction for the fiE (45) or @ (49) of the Greek mss. '41 ' is the readingofGer (all other Arabic mss. 
I have seen have '49'), and is shown to be correct not only because it is the square root of 3;39,12 
(accurate to two sexagesimal places), but because (below) 1;54,41 x 28;18,26 54;6,22 (in 
agreement with the text), whereas I;54,42 x 28;18,26 54;6,50. 

j5 119;17,45P would be a more accurate result, and corresponds better to the arc 167;34,54' given 
below. But in the absence of any ms. authority I hesitate to change it. 
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and, again by subtract ion fof L ZAO from L GAG], L ZAH, which represents 
the apparent motion on the epicycle at the same [unchanging] distance, as 
64;31 ,lo0. 
According to the ratio of the speeds at the perigee, to the latter amount 
correspond 2;33,2B0 in corrected longitude.38 Hence we get for half the total 
retrogradation, 

[6;12,33" - 2;33,28" =] 3;39,5" and 68d 
(the latter is approximately the time taken by the planet to travel, at mean 
speed, 2;16,45O, which is the amount in mean longitude corresponding to the 
above 2;33,28O of corrected longitude). 

[Thus] the total retrogradation is 
7;18,10° and 1 36d. 

3. (Demonstration of the ref r-og~adations o j '  Jupiter) 

For Jupiter [see Fig. 12.91, according to our calculations for mean distance, 
OZ:GZ = 1 : 10;51,29,39 

and EG:ZG = 12;51,29 : 10;51:29, 

Fig. 12.9 

38 Cf. p. 567 n.31. Computation: 64;31,10° x 1/28;18,26 = 2; 16,45O. Equation for 1800-2; 16,45O is 
0;16,43O. 64;31 ,lo0 + 0;16,43O = 64;47,53O. The tatter multiplied by 1/28;25,46 gives 2;16,45O, and 
2;16,45O + 0;16,43O = 2;33,280L 

"Taking the first three places (rounded) of the mean daily motions from IX 4 (cf. p. 564 n.191, 
one gets 0;54,9,3 : 0,4,59,14 = 10;51,28,29 . . . 
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so EG.ZG = 139;37,39.40 
H474 Furthermore GA:AD = 60 : 11;30 

and GD.GH = 71;30 : 48:30, 
so GD-GH = 3467;45. 

Dividing [3467;45 by 139;37,39] we get 24;50,9, the square root of which, 
4;59,1, we multiply into the above ratio of OZ:GZ, and get, in terms of the 
given sizes of GA and AZ [i.e. 60 and 11;30], 

OZ = 4;59,1P 
and GZ = 54;6,44' in the same units. 

and, by addition, GO = 59;5,45'. 
Hence, expressed in units where hypotenuses AZ and AG [respectively] are 
1 2OP, 

OZ = 52;O,1OP 
and GO = 118;11,30P, 

and the corresponding4' arcs are: 
arc ZO = 51;21,41° 

and arc C& = 160;4,55O. 
Accordinglv we compute L ZAO 25;40,50° 

H475 and L GAO % 80;2,28O, 
and, by  subtraction [of L GAO from 90°], L ZGA, which represents the 
retrogradation due to the planet's speed, is 9;57,3Z0, and L ZAH, which 
represents the apparent [motion in] anomaly, is [L GAO - L ZAO =] 
54;21.38". To the latter correspond 5; 1,24O in longitudinal motion, according to 
the above ratio [of 1 : 10;51,29].42 Thus half the retrogradation is 

4;56,g0 and about 6ed, 
and the total retrogradation is 

9;52,16O and 121d. 
The distance at an  elongation of about 5O from apogee or perigee is 
[respectively] negligibly smaller than the greatest distance and negligibly larger 
than the Ieast distance. 

According to our calculations for greatest distance, the equation [cor- 
responding to 1'1 for correcting [the speeds] is 56 min~ t e s .~Wence  

OZ:GZ = 0;54,50 : 10;56,39 
and EG:GZ = 12;46,19 : 10;56,39, 
and EG-GZ = 139;46,42. 

"Ptolemy has made a computing error: correct is 139;36,48, and this is indeed found in Ger, 
derived no doubt from the kind of marginal correction found in D2 (1 39;36,48,32). That the error is 
Ptolemy's is shown by the subsequent calculations (at H474,5 Ger reads 24;50,17, again in 
agreement with D2 and the above amount. but the square root should be 4;59,2, whereas the whole 
tradition agrees on 4;59,I, which is confinned by the following computations). 

" Reading Ex' a b ~ a ? ~  at H474,16 (with all mss.) for Heiberg's correction En' ahi3v. Although 
the genitive is normal in the Almagest in expressions of the type fi bni tiiq ZO REPI(PEPE'~OL<, the 
dative after Eni is perfectly good Greek, and is explicable here as avoiding the ambiguity of two 
genitive plurals referring to different things. I have restored the mss.' reading in the similar passages 
H476,9 and H477,18. 

"In fact 54;21,38/10;51,29 = 5;0,23O. But the number in the text is confirmed by the following 
computations. 

43 ReadingE <' (with L,Ger) at H475,14 for E<  (5;6). The correction was made by Manitius, who 
notes that, in the table of anomaly, to an argument of 6" corresponds an equation ofcentreof0;31°, 
hence, to lo, 0;5,10°. 
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Furthermore, GA:AD = 62;45 : 11;30, 
DG:GH = 74;15 : 51;15, 

and DG.GH = 3805;18,45. 
Dividing [3805; 18,45 by 139;46,42], we get 27; 13,26, the square root of which, H476 
5;13,4, when multiplied into the above ratio of OZ:GZ, gives, in terms of the 
given sizes of GA and AZ [i.e. 62;45 and 11 ;30] 

ZO = 4;46,6', 
GZ = 57;6, 19P,44 

and, by addition, GO = 61;52,25'. 
Hence, expressed in units where hypotenuses AZ and AG [respectively] are 
12OP, 

ZO = 49;45,23' 
and GO = 1 18; 19,27', 

and the corresponding arcs are: 
arc ZO = 48;59,34O 
arc GO = 160;49,36O. 

Arr,ordingly, L ZAO = 24;29,47O 
and L GAO = 80;24,4S0. 

And, by subtraction, L ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - L GAO =] 9;35, lZO, and L ZAH, which represents the 
apparent [motion inJ'anomaly, is [L GAO - L ZAO =] 55;55,1°. To the latter 
correspond 4;40,35O in corrected longitudinal motion,45 and 5;6,35O in mean 
[longitudinal] motion, according to the ratio [of speeds] at the apogee. Thus 
half the retrogradation is 

[9;35,1Z0- 4;40,35O=] 454,37O and about 61 id, 
and the total retrogradation 

9;49,14" and 123~.  
According to our calculations for least distance, the equation [corresponding I1477 

to lo] for correcting [the speeds] is found to be.51 minutes.46 Hence 
OZ:ZG = 1;5,40 : 10;45,49, 
EG:ZG = 12;57,9 : 10;45,49, 

and EG.ZG = 139;24,56. 
Furthermore, GA:AD = 57;15 : 11;30, 

DG:GH = 68;45 : 45;45, 
and DG-GH = 31 45; 18,45. 

Dividing [the latter by 139;24,56], we get 22;33,39, the square root of which, 
4;45, multiplied into the above ratio ofOZ:GZ, gives, in terms ofthe above sizes 

- 

of GA and AZ [i-e. 57;15 and 11;30], 
OZ = 5; 1 1,55*, 
ZG = 51;7,3SP7 

and, by addition, GO = 56;19,33P. 

44 More accurate would be 57;6>15, which is the reading of D and is given as an alternative in 
ABC. But the text is guaranteed by the following computations. 

45 Cf. p. 567 n.31. Computation: 55;55,1° x 1/10;56,39 = 5;6,33O, to which cor-responds an equation 
of 0;26,24O 26'. 55;55,1° - 0;26O = 55;29,1°. This multiplied by 1/10;51,23 = 5;6,35O [so text; 
accurately 5;6,36]. 5;6,35O - 0;26O = 4,40;35O. 

46 In the table of anomaly, to an argument of [180° - 3O =] 177' corresponds an equation of 0;17O, 
hence to lo  near perigee corresponds 5$'. 
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Hence, expressed in units whc.1-e hypotenuses 2'4 and AG [respectively] are 
1 2OP, 

ZO = 54; 1 4,47P 
and (;O = 1 1 8;3,46P, 

and the cori.esponding arcs 
arc Z@ = .53;45,4O 

and arc GO = 159;22,40°. 
Accordingly L ZAO = 26;52,3Z0 

H478 and L GAO = 79;41 ,20°. 
And, by subtraction, L ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - L GAO =] 10; 1 8,40°, and L ZAM, which represents the 
apparent [motion in] anomaly, is [L GAO - L ZAO =] 52;48,48O. To the latter 
correspond 5;21,20° in corrected longitudinal motion,47 and 4;54,2Q0 in mean 
[longitudinal] motion, according to the ratio [of'speeds] at the perigee. 2'hus 
half the retrogradation is 

[10;18,40° - 5;21,20° =] 4;57,20° and about 59', 
and the total retrogradation is 

9;54,40° and 1 1 8d. 

4. (Demonstration of' f h ~  ~fj-ogmdation.~ of' Matsf 

Again, in the case of Mars [see Fig. 12.101, according to our calculations for 
near mean distance, 

OZ:ZG = 1 : 0;52,51 ,48 

and EG:GZ = 2;52,5 1 : 0;52,5 1 ,  
so EG-GZ = 2;32,15. 

Furthermore, GA:AM = 60 : 39;30, 
and DG:C;H = 99;30 : 20;30, 

so DC.GH = 2039;45. 
H479 Dividing [2039;45 by 2;32,15], we get 803;50,50,49 the square root of'which, 

28;21,8, multiplied into the above ratio of OZ:ZC;, gives, in terms oft he above 
sizes of' GA and AZ [i-e. 60 and 39;30], 

OZ = 28;21,8', 
GZ = 24;58,25' in the same units, 

and, by addition, GO = 53; 19,33'. 
Hence, in units where hypotenuses AZ and AG are each [respectively] 120P, 

ZO = 86;8,Op 
and GO = 106;39,6P. 

1 

47Cf. p. 567 n.31. Computation: 52;48,48O x 1/10;45,49 = 4;54.24O, to which corresponds an 
equation of27' [so text: accurate would be 29'].52;48,48° + 0;27O = 53;15,48O, which multiplied by 
1/10;5I ,29 gives 4;54,20° [accurately 4;54,19O]. 4;54,20° + 0;27O = 5;21,20°. 

"From the mean daily motions (IX 4) : 0;27,41,40/0;31,26,36 = 0;52,50,47 . . . 
'9 Accurate would be 803,50,33, which is found as the reading of the second hand in D. Ger has 

803;50,32, T 803,50,30. The variation has no further consequences, since the square root of all 
(to the nearest second) is 28;21,8. 
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B 
Fig. 12.10 

The corresponding arcs are 
arc ZO = 91 ;44,34O 

and arc GO = 125;26,10°. 
Accordingly L ZAO = 45;52,17O 

and L GAG = 62;43,5O. 
And, by subtraction, L ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - L GAO =] 27;16,55O, and L ZAH, which represents the 
[motion in] anomaly, is [L GAO - L ZAO =] 16;50,48". T o  the latter amount 
COI-sespond 19;7,33O in [mean] longitudinal motion, according to the above 
ratio [of speeds, 01' 1 : 0;52,51]. Thus half the retrogradation is 

[27;16,55" - 13;7,33" =] 8;9,2Z0 and about 3Gd. 
And the total retrogradation is 

16;18,44O and 73d. 
[Hence] the distance at  the elongation of the stations from apogee and H480 

perigee is [respectively] about 0;20P of the mean distance [i.e. 60'1 less than the 
greatest distance, and about the same amount greater than the least di~tance.~ '  

Accol~ding to our calculations for near greatest distance, the equation 
corresponding to an argument of 1" for correcting [the speeds] is found to be 
10f'." Hence 

''For a true centrum (K) of 19;7,33", the distance of the centre of the epicycle, p = 65;38,1ZP= 
66' - 22'. For K = 160;52,27O, p = 54;17,56'- 54' + 18', i.e. 20' is a reasonable mean. 
'' In the anomaly table for Mars (XI 1 l), to an argument of 18' corresponds an equation of3; 13" 

and to 24O, 4;16O; hence, as Manitius notes, the correct amount corresponding to lo  should be 
(4;16 - 3;13)/6 = 10;'. 
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OZ:ZG = 0;49,40 : 1;3,11, 
EG:GZ = 2;42,31 : 1;3,11, 

and EG.GZ = 2;51,8. 
Furthermore, GA:AH = 65;40 : 39;30, 

DG-GH = 105;lO : 26;10, 
and DG.GH = 2751;51,40. 

And, when we divide [2751;51?40 by 2;51,8], we get 964;48,47, the square root 
of which, 31;3,41, multiplied into the above ratio ofOZ:ZG, gives, in terms of 
the above sizes of GA and AZ [i.e. 65;40 and 39;30], 

OZ = 25;42,43', 
GZ = 32;42,34', 

and, by  addition, GO = 58;25,17'. 
Hence, expressed in units where hypotenuses AZ and AG areeach [respectiveiy] 
1 2OP, 

ZO = 78;6,44' 
and GO = 106;45,36'. 

The corresponding arcs are 
arc ZO = 81; 1 3,805* 

and arc GO = 125;39,46O. 
Accordingly L ZAO = 40;36,34O 

and L GAO = 62;49,53O. 
And, by subtraction, A ZGA, which represents the retrogradation due to the 
planet's speed, is [90° - L GAO =] 27;10,7O, while L ZAH, which represents 
the [motion in] apparent anomaly, is [L GAO - L ZAO =] 22; 13,19". To the 
latter correspond [motions in] corrected longitude of 17;13,21°, and in mean 
[longitude] of 20;58,21°,53 according to the ratios [of the speeds] at the apogee. 
Thus half the retrogradation is 

[27;10,7O - 17$3,21° =] 9;56,46O and about 4od, 
and the total retrogradation is 

19;53,3Z0 and 8od. . 

According to our calcuiations for near least distance, the equation [cor- 
responding to an argument of lo] for correcting [the speeds] is found to be 
l~: ' . '~  Hence 

OZ:ZG = 1;12,40 : 0;40,11, 
EG:GZ = 3;5,31 : 0;40,11, 

and EG-GZ =-2;4,14. 
Furthermore, GA:AH = 54;20 : 39;30, 

DG:GH = 93;50 : 14;50, 
and DG.GH = 1391;51,4U. 

Dividing [1391;51,40 by 2;4,14], we get 672;13, the square root of which, 

'' COI-rect \.vould be 81 ;13,28O, and this is the reading of BCL,Ger-. Howevel-. all mss. agree in the 
reading for the half of this, 40;36,34O, which would seem to confirm Heiherg's reading here. It is 
possible, however, that Ptolemy made an error in halving, and that the reading '8' in AD is due 10 

scribal correction. 
53Ptolemy gives the cornputa~ion for this at XI1 6 p. 582. 
54 In the anomal! table for Mars (XI 1 I),  to an argument of 1620 corresponds an equation of 

3;55O, and to 15g0, 4;33O. Therefore to lo, at about 20' from perigee. corresponds (4:33 - 3;55)/3 = 
1 2it. 
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25;55,38, multiplied into the above ratio of OZ:ZG, gives, in terms ofthe above 
sizes of GA and AZ [i.e. 5420 and 39;30], 

OZ = 31;24,3', 
GZ = 17;21,51P in the same units, 

and, by addition, 60 = 48;45,54P. 
Hence, where the hypotenuses AZ and AG are each [respectively] 120P, 

ZO = 95;23,4Zp 
and GO = 107;42,7P. 

The corresponding arcs are 
arc ZO = 105;18,10° 

and arc GO = 127;40,22°.5" 
Accordingly L ZAO = 52;39,5O 

and L GAO = 63;50,1 lo. 
And, by subtraction, L ZGA, which represents the [amount of) retrogradation 
due to the planet's speed, is [90° - L GAG =] 26;9,4g0, while L ZAH, which 
represents the [motion in] apparent anomaly, is [ L GAO - L ZAO =] 1 1; 1 1,6O. 
To the latter correspond [motions in] corrected longitude of 20;33,42O, and in 
mean longitude of 16;52,52", according to the ratios [of the speeds] at the 
perigee.56 So half the retrogradation comes out as 

[26;9:49" - 20;33,4Z0 =] 5;36,7" and about 32ad, 
and the total retrogradation is 

11;12,14" and 6dd .  

5. {Demonstration of the retro,g~adations of Venus) 

Again, in the case of the planet Venus [see Fig. 12.!2], according to our 
calcufations for mean distance, 

OZ:ZG = 1 : 0;37,31 ,57 
EG:GZ = 2;37,31 : 0;37,31, 

and EG.GZ = 1;38,30. 
Furthermore, GA:AH = 60 : 43;10, 

DG:GH = 103;lO : 16;50, 
and DG.GH = 1736;38,20. 

Dividing [ 1736;38,20 by 1 ;38,30], we get 1057;51 ,58 the square root of which, 

Si Accurately, 127;40,3". 
56Cf. p- 567 n.31. Computation: 11;11,6° x 1/0;40,11 = I6;42,3O, to which corresponds an 

equatlon of 3;40,50" [accurately 3;38,59? it appears as if Ptolemy took the equation or (1800 - 
16;51°)]. 1 l ;I 1,6O + 3;40,500 = 14;51,56O, which multiplied by 1/0;52,51 gives 16;52,5Z0 [accurately 
16;52,36"). 16;52,52O + 3;40,500 = 20;33,4Z0. 

57 However one computes, 0;37,32 would be more accurate. From the relationship (IX 3 p. 424) 5 
revolutions in anomaly correspond to 8 revolutions In longitude less 2i0, one finds 0;37,31,45 . . ., 
and the samt %rn the mean daily motion carried to three places. Even taking only two places 
(0;36,59/0; 59,8), oi;e gets 0;37,31,31 . . . 

58 Reading LkI (with C2) forV5 (1057;50,6) at H483,22. The latter is Heiberg's emendation for the 
reading of most mss., (1057;56), which 1 take to be a scribal corruption of=. Correct to two 
fractional places is 1057;51,4, and that Ptolemy did not make a computingerror is indicat~d by the 
amount given for the square root. The reading of D,Ar (1057;50,56) is also consistel?t vith the 
square root. but sepms to be a conjectural (and baseless) correction of the corruc?ion '357,56. 



XII 5. Venus' retrogradation at mean distance 

Fig. 12.11 

H484 32;31,29. multiplied into the above ratio ofOZ:ZG, gives, in termsofthe above 
sizes of GA and AZ [i.e. 60 and 43;10]3 

OZ = 32;31 ,2!Ip, 
* 

GZ = 20;20,11P in the same units, 
and, by addition, GO = 52;51,40P. 

Hence, where hypotenuses AZ and AG are each [respectively] 120P, 
ZO = 9O;24,5gP 

and GO = 105;43,2@. 
The [corresponding] arcs are: 

arc ZO = 97;47,0° 
and arc GO = 123;3 1 ,4g0. 

Accordingly L ZAG = 48;53,30° 
and L GAO 61;45,54O. 

And, by subtraction, L ZGA, which represents the [amount ofJ retrogradation 
due to the planet's speed, is [90° - L GAO =] 28;14,6O, while L ZAH, which 
represents the [motion in mean] anomaly, is [L GAO - L ZAO =] 12;52,24O. 
To the latter corresponds a motion in [mean] longitude of 20;35,19°,59 
according to the above mean ratio [of the speeds], and halfthe retrogradation is 
computed to be 

[28;14,6' - 20;35,19O =] 7;38,47O and about 20id. 
The total retrogradation is 

15;17,34O and 41 fd. 

"' 12;52,24/'0;37,31 is, accurately, 20;35,17. 
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[Hence] the distance at the elongation of the stations from apogee and 
perigee is [respectively] about 0;5P of the mean distance [i.e. 60'1 less than the 
greatest distance, and about the same amount greater than the least di~tance.~'  

According to our calculations for near greatest distance, the equation H485 
[corresponding to lo] for correcting [the speeds] is found to be 2f'." Hence 

OZ:ZG = 0;57,40 : 0;39,51, 
EG:GZ = 2;35,11 : 0;39,51, 

and EG.GZ = 1;43,4. 
Furthermore GA:AH = 61;10 : 43;10, 

DG:HG = 104;20 : 18;0, 
and DG.HG = 1878;O. 

Dividing [I878 by 1;43,4], we get 1093;16,23, thesquare root ofwhich, 33;3,53, 
multiplied into the above ratio of OZ:ZG, gives, in terms of the above sizes of 
CA and AZ [i.e. 61;lO and 43;10], 

OZ = 31;46,44', 
GZ = 21;57,38' in the same units, 

and, by addition, GO = 53;44,2ZP. 
Hence, where hypotenuses AZ and AG are each [respectively] 120P, 

ZO = 88;20,34' 
and GO = 105;25,44'. 

The [corresponding] arcs are: 
arc ZO = 94;48,54O 

and arc GO = 122;56,27O. 
Accordingly L ZAO = 47;24,27O H486 

and L GAO = 61 ;28,14O. 
And, by subtraction, L ZGA, which represents the [amount ofJ retrogradation 
due to the planet's speed, is [90° - L GAO =] 28;31,46", while L ZAH, which 
represents the [motion in] apparent anomaly, is [L GAO - L ZAO =] 14;3,47O. 
To the latter correspond [motions of] 20;19,3O in corrected longitude and 
21;9,3O in mean longitude, according to the ratios [of the speeds] at apogee." 
Thus half of the retrogradation comes to 

[28:31,46O - 20;19,3O =] 8; 12,43O and about 21 fd.  

The total retrogradation is 
16;25,26O and 43d. 

According to our calculations for near least distance, the equation [cor- 
responding to an argument of lo] for correcting [the speeds] is found to be the 
same amount, 2f'.63 Hence 

60For a true centrum (K) of 20;35,19 the distance of the centre nf the epicycle is 61;10,6' 
(" 61;15' - 5); and for K = 180" - 20;35,1g0 the distance is 58;49,41P =;; 5845' + 5'. 

The increment between successive values or the equation in the anomaly table for Venus (XI 
1 I )  is 14' for 6O of argument near the apogee, hence 24' for lo. However, one should take the 
increment between 18' and 24", which is 15'. leading to 21' for lo. 

62Cf. p. 567 n.31. Computation: 14;3,4'i0 x 1/0;39,51 21' [accurately 21;10,26°], to which 
corresponds an equation of 0;50° [accurately 0;50,30°]. 14;3,47O - 0;50° = 13;13,47O % 13;13t0. 
13;13j0 x 1/0;37,31 = 21;9,3O, and 21;9,3O - 0;500 = 20;19,3O. 

6 3 T h i ~  corresponds to an increment of 7' for an increment of 3O in the argument. In the anomaly 
table for Venus (XI 1 I), near perigee, the increment is 7' between 165O and 162O and between 15g0 
and 156O, byt between 162' and 15g0, which is the proper interval (K 20°), it is only 6'. 
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ZO:ZG = 1;2,20 : 0;35,11, 
EG:GZ = 2;39,51 : 0;35,11, 

and EG.GZ = 1;33,44. 
Furthermore GA:AD = 58;50 : 43;10, 

DG:GH = 102;O : 15;40, 
and DG.GH = 1598;O. 

H487 Dividing [1598 by 1;33,44], we get 1022;54,7, the square root of which, 
31;58;58, multiplied into the above ratio ofOZ:ZG, gives, in terms ofthe above 
sizes of GA and AZ [i.e. 58;50 and 43;10], 

OZ = 33;13,36', 
GZ = 18;45,16' in the same units, 

and, by addition, GO = 51;58,52'. 
Hence, where hypotenuses AZ and AG are each [respectively] 120P, 

ZO = 92;22,3' 
and GO = 106;1,23P.64 

The [corresponding] arcs are: 
arc ZO = 100;39,34O 

and arc GO = 124;8,2Z0. 
Accordingly L ZAG = 50; 19,47O 

and L GAO = 62;4,1 lo. 
And, by subtraction, L ZGA, which represents the [amount ofl retrogradation 
due to the planet's speed, is [90° - L GAO =I 27;55,4g0, while L ZAH, which 
represents the [motion in] apparent anomaly, is [L GAO - L ZAO =] 
1 I;44,24". To the latter correspond [motions off 20;53,30° in corrected 
longitude, and 20;4,30° in mean longitude, according to the ratios [of the 
speeds] at perigee.65 Accordingly half of the retrogradation comes to 

[27;55,4g0 - 20;53,30° -1 T;2,1g0 and about 20fd. 
* 

The total retrogradation is 
14;4,38' and 40jd. 

H488 6. { Demonstralion of the retrogradations o f  Me7-curyj 

Again, in the case of Mercury [see Fig. 12.121, according to our calculations for 
mean distance, 

OZ:ZG = 1 : 3;9,8,66 
EG:GZ = 5;9,8 : 3;9,8, 

and EG.GZ = 16;14,27. 
Furthermore, GA:AH = 60 : 224, - 

DG:GH = 82;30 : 37;30, 
and DG.GH = 3093;45. 

"Calculation gives 106;1,26P, and perhaps one should correct to that, which is the reading ofIs. 
However, an arc of 124;8,22O agrees better with a chord of 106;1,23'. 

65Cf. p. 567 11-31. Computation: 11;44,24O x 1/0;35,11 = 20;1,15O 200. To (1800 - 200) 
corresponds an equation of 0;4g0. 11;44,24O + 0;4g0 = 12;33,24O 12;33O. 12;33O x 1/0;37,31 
% 20;4f0 [accurately 20;4,16°]. 20;4t0 + 0;4g0 = 20;53,30°. 

66Fr~m the mean daily motions taken to 2 sexagesimal places (IX 4), 3;6,24/0;59,8= 3:9,7,54- 
3~9.8. 
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B 
Fig. 12.1,Z 

Dividing [3093;45 by 16;14,27], we get 190;29,31, the square root of which, 
13;48,7, multiplied into the above ratio of lines OZ:ZG, gives, in terms of the 
above sizes of GA and AZ [i.e. 60 and 22;30], 

OZ = 13;48,7', 
ZG = 43;30,24', 

and, by addition, GO = 57;18,31P. 
Hence, where hypotenuses AZ and AG are each [respectiveiy] 120P, 

ZO = 73;36,37', 
and GO = 1 l4;37,Zp. 

The corresponding arcs are: 
arc ZO = 75;&l,280 

and arc GO = 145;32,5Z0. 
Accordingly L ZAO = 37;50,14O 

and L OAG = 72;46,26O. 
And, by subtraction, L ZGA, which represents the [amount of3 retrogradation 
due to the planet's speed, is [90° - L OAG =] 17;13,34O, while L ZAH, which 
re-presents the [motion in mean] anomaly, is [L OAG - L ZAO =] 34;56,1Z0. 
To the latter corresponds a motion in [mean] longitude of 11 ;4,5g0, according 
to the above ratio [of the speeds],67 and half the retrogradation is found by 
subtraction as 

[17;13,34O - 1 1;4,5g0 =] 6;8,35O and about 11 id. 
The total retrogradation is computed as 

12;17,10° and 2gd. 

6734;56,12/3;9,8 is indeed 11;4,59 (accurate to two places). 
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According to our calculations for near greatest distance, i.e. when the 
corrected longitude is about 11 from apogee (corresponding to a mean 
longitude of about I ljO), the equation for correcting [the speeds] corresponding 
to lo  [of anomaly] is about 2f'.68 Hence 

0Z:ZG = 0;57,40 : 3; 1 1,28, 
EG:GZ = 5;6,48 : 3; 1 1,28, 

and EG.GZ = 16; 19,2. 
Furthermore, GA:AH = 68;36 : 22;30,69 

DG:GH = 91;6 : 46;6, 
and DG.GH = 4199;42,36. 

Dividing [4199;42,36 by 16; 19,2], we get 257;22,44, the square root of which, 
16;2,35, multiplied into the above ratio ofOZ:ZG, gives, in terms of the above 
sizes of GA and AZ [i.e. 68;36 and 22;30], 

OZ = 15;25,gp 
ZG = 51;11,43' in the same units, 

and, by addition, GO = 66;36,5ZP. 
Hence, where hypotenuses ZA and AG are each [respectively] 120P, 

ZO = 82;14,8' 
and GO = 1 16;3 1,36'. 

The corresponding arcs are: 
arc ZO = 86;31:4O 

and arc OG = 152;27,56°.70 
Accordingly L 2'40 = 43; 1 5,3Z0 

and L OAG = 76;13,58O. 
And, by subtraction, L ZGA, which represents the [amount ofJ retrogradation 
due to the planet's speed, is [90° - L GAG =] 13;46,Z0, while L ZAH, which 
represents the [motion in] apparent anomaly, is [L OAG - L ZAO =] 
32;52;26°.71 To the latter correspond [motions ofl 9;48,5 1 in corrected 
longitude and 10;16,51° in mean [longitude], according to the ratios [of the 
speeds] at the apogee.72 Thus half the retrogradation is found by subtraction as 

[ 1  3;46,ZC - 9;48,51° =] 3;57,1 lo and about l d d .  
The total retrogradation is 

7;54,2ZC and 21d. 
According to our calculations for near least distance (which occurs near the 

In the table of anomaly for Mercury (XI 1 1). to an argument of 6" corresponds an equation of 
17', and to 32'. Thus to an increment of6O corresponds an increment of 15', or, to lo, 2;'. I have 
no explanation for the discrepancy. 

b9The distance at apogee is 69'; hence Ptolemy assumes that the distanceat the given situation is 
24' less. For iC = I1 fO,  the distance (p) is in fact 68;37'. It is about 68;36' forZ = 11;W. 

i0 Ptolemy has committed a considerable computing error here: the arc of the chord 116;31,36' 
should be about 152;2Z0. 

71 As noted by Heiberg and Manitius, 76;13,58 - 43;15,32 in fact equals 32;58,26. But Ptolemy's 
erroneous number isconfirmed by the following calculations and by H500,23. It is worthnotingthat 
had Ptolemy used the correct arc of the chord 1 16;31,36' (cf. n.70), he would have found,! O AG- 
76;l lo and L ZAH 32;55O, which is closer to the text, but still not in perfect agreement. 

72Cf. p. 567 11.31. Computation: 32;52,26O x 1/3;11,28 FT 10;18O, to which corresponds an 
equation of0;28O [accurately 0;27,45O]. 32;52,26' - 0;28O = 32;24,26O, which divided by 3;9,8 gives 
10;16.51°. 10;16,51° - 0;28O = 9;48,51°. 
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elongations of 120° in mean motion from the apogee), the equation for correct- 
ing [the speeds], derived from entering [the table] at around 1 lo either side of 
the perigees is approximately 1f '.'%ence 

OZ:ZG = 1;1,30 : 3;7,38, 
EG:GZ = 5;10,38 : 3;7,38, 

and EG-GZ = 16; 1 1,25. 
Furthermore, GA: AH 55;42 : 22;30,74 

DG:GH = 78;12 : 33;12, H492 
and DG-GH = 2596; 14,24. 

Dividing [2596; 14,24 by 16; 1 1,251, we get 160;2 1,29, the square root of which, 
12;39,48, multiplied into each member of the above ratio ofOZ:ZG, gives, in 
terms of the above sizes of GA and AZ [i.e. 55;42 and 22;30], 

OZ = 12;58,47' 
ZG = 39;36,4' in the same units, 

and, by addition, GO = 52;34,5lP. 
Hence, where hypotenuses AZ and AG are each [respectively] 12W7 

O Z  = 69;13,3IP 
and OG = I 1  3; 16,48'. 

The corresponding arcs a r s  
arc O Z  = 70;27,44O 

and arc OG = 141 ;28,14O, 
Accordingly L OAZ = 35; 13,5Z0 

and L OAG = 70;44,7O. 
And, by subtraction, L ZGA, which represents the [amount ofl retrogradation 
due to the planet's speed, is [90° - L OAG =] 19;15,53O, whileL ZAH, which 
represents the [motion in] apparent anomaly, is [L OAG - L OAZ = j  
35;30,15". To the latter correspond [motions ofl 11;39,30° in corrected 
longitude, and 1 1;21,30° in mean [longitude], according to the above ratios [of 
the speeds near the perigeeJ7' Thus half of the retrogradation is found by 
subtraction as 

[19;15,53" - 1 1;39,30° =] 7;36,23O and about 11 id. M493 
The total retrogradation is 

15;12,46" and ~ 3 ~ .  
The amounts [of the retrogradations] we have demonstrated agree very 

closely with those derived from the actual phenomena associated with each 
planet. 

77 From the table of anomaly for Mercury (XI 11) it can be seen that 1 !' is a compromise between 
the two values derivedon either side of the perigee: t o3  = 108' corresponds an equation of2;56', and 
toi? = I 1 I", 2;53". Here, then, an increment of I" produces 1'. Fori? = 129' and 132O one finds 2;24O 
and 2;18O respectively, and hence, for an increment 01' lo, 2'. 

"Cf. p. 580 n.69. Here, for a distance of 11 fo in mean motion from 'perigee' (at Z= 120°), one 
finds, for K = 131to, p = 55;41,58P (text 55;4ZP). On the other side of the perigee, however, for 
3 = 108i0, p = 55;45,5@. 

75Cf. p. 567 11-31, Computation: 35;30,15O x 1/3;7,38 = 11;21,1 lo, to which corraponds an 
equation of 18' [in fact 1 I;21,1 lo 6Pfo1e the perigee leads toan equation of+15', and 11;21 ,I 1°afier it 
to -23', i.e. 18' is, again, a compro~ise]. 35;30,15O + O;lgO = 35;48,15O, which divided by 3;9,8 gives 
1 1 ;21 ,30°. 1 1 ;21 ,30° + 0; 18' = 1 1 ;39,30°. 
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W e  used the following method to find the motions in longitude at  greatest 
and least distances.76 

For example, in the case of Mars [XI1 4 p. 5741, we showed that, near the 
greatest distance,77 the apparent arc of the epicycle from either ofthe stations to 
opposition (i.e. the arc as viewed from the centre of the ecliptic) is 22; 13,1g0. To 
the latter corresponds (according to the ratio 1 : 1;3,11) a motion in mean 
longitude of about 21;10°.78 But the latter does not represent [the actual mean 
motion] accurately, since the ratios of the speeds which we set out for the 

Fig. R 

stations do not remain unchanged throughout the whole period of retro- 
gradation. However, it is close enough to the truth so that the equation cor- 
responding to it (which is about 3;45°)79 is not significantly different r from the 

H494 true equation]. So we subtracted that [3;45"] from the 22;13,1g0 of the epicycle 
(since a t  greatest distance the apparent motion on the epicycle is greater than 
the mean motion), and [thus] found that the corresponding mean motion in 
anomaly from either of the stations to opposition is 18;28,1g0. T o  this, according 
to the ratio of the mean motions [0;52,51 : 11 corresponds a motion in mean 
longitude 0f20;58,21~.*~ So we adopted that as the accurate value instead ofthe 

76There is no need to assume, with Neugebauer (note in Manitius, revised edition, p. 301) that 
the following passage has been displaced in antiquity from its rightful place in XI1 4. For the 
method applies to all planets, not just Mars. It is quite in Ptolemy's manner to attach an 
explanation or justification of a particular method as an appendix at the end of his general treatment. 
Cf. V 19 pp. 267-73 and V14 p. 232. 

"See Fig. K. The planet is at opposition (P) when the epicycle is at apogee, and at second station 
(S) when the epicycle is at a mean centrumST from apogee. Then 'the apparent arc of (motion on) 
the epicycle' is XS, and 'the mean motion on the epicycle' (which differs from it by the equationc) is 
ZS. 

Accurately 21;6,8O. 
79 Accurately 3;46,15O. 

Accurately 20;58,15'. 
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[previous] 21;10°, and subtracted from it the 3;4s0 of the equation (which 
remains very nearly unchanged for this position). [We subtracted] because at 
greatest distance the apparent motion in longitude is less than the mean. Thus 
we found the apparent motion in longitude as 1 7;13,21°, the interval set out 
above. 

7. (Construction of a table for the statiod8' 

Furthermore, to enable us to investigate conveniently at what point on the 
epicycle each planet is when it produces the appearance of being stationary, for 
distances in the interval between mean distance and greatest or least distance as 
well, we have constructed8' for this purpose a table with 31 lines and 12 H495 
columns. The first two of these columns will contain the numbers of the mean 
longitude at intervals of 6O (corresponding to the arrangement of the other 
tables). The following 10 columns will contain the distances in corrected 
anomaly from the apparent apogee of the epicycle for each of the 5 planets: in 
each case the first column [of the pair for that planet] will contain the amount 
for first station, and the second column the amount for second station. We 
obtained the amounts for these [entries] too from the [numbers] demonstrated 
above for mean, least and greatest distances, and from the increments at 
distances in between these, which we happen to have determined already in 
[our computations ofJ the minutes to be tabulated in the eighth column of the 
tables for anomaly.83 For in demonstrating the amount of the maximum 
equation of anomaly corresponding to each entry in mean motion, one 
simultaneously demonstrates the distance of the epicycle, which is the principal 
factor affecting the difference in [the position oflthe stations. 

But first, since the retrogradations which we demonstrated for near apogee 
and perigee represent, not the stations which occur when the centre of the 
epicycle is precisely at apogee and perigee, but those when it is a certain H496 
specified distance [from them], we used the latter to determine, for each planet, 
the amount corresponding to the actual apogee and perigee, as follows. 

In the case of Satunl and Jupiter, since the distances of the epicycIe at  actual 
apogee and perigee do not differ significantly from those at the elongations from 
apogee and perigee used above, we entered the amounts of anomaly (counted 
from apparent apogee of the epicycle) derived for those elongations on the 
appropriate lines, i.e. we entered the amount for apogee on the line with the 
argument '360', and the amount for perigee on the line with the argument 
'180'. We showed that for Saturn [XI1 2, pp. 567-91 the distance [in anomaly] 
from the perigee of the epicycle i t  apogee of the eccentre is about 67; 1507 and at 
perigee of the eccentre about 64;31°; and that for Jupiter [XII 3, pp. 571-21 it 
is 55;55O at apogee and 52;4g0 at perigee. For convenience in use, we entered the 

" See HAMA 202-06, Pedersen 349-51. 
"Reading ~ E ~ O ~ E ~ O U ~ E V  (with D,Ar) at H494,20 for p&606&60)l&~ ( L ~ e  construct'). 
=Cf. XI 10 p. 547. It was necessary for Ptolemy to compute the distances of the centre of the 

epicycle all round the orbit in order to calculate the 'minutes of interpolation' in the planetary 
anomaly tables. 
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amounts [in anomaly] corresponding to these, counted from the apogee ofthe 
H497 epicycle, on the appropriate lines in the 4 cc,lumns following the [argument 

columns of] longitude: on the line with the argument '360' (for the apogee) [we 
entered], in the third column, '1 12;45O' for the first station ofsaturn, and, in the 
fourth column, '247;15OY for its second station; similarly, in the fifth column, 
'124;5OY for Jupiter's first station, and, in the sixth column, 2235;55O' for its 
second station. And on the line with the argument '180' (for the perigee) [we 
entered], following the same order, '115;29O' and '244;31°', and similarly 
'1 27; 1 1 "' and '232;49O'. 

In the case of Mars, we showed [XI1 4, pp. 573-41 that when the epicycle 
centre is 20;58O in mean [longitude] from the apogee of the eccentre, the planet 
performs its stations at a distance of 22;13O [in anomaly] from the apparent 
perigee of the epicycle; and the [corresponding] amount [of anomaly] at mean 
distance is 16;51°, so that the difference is 5;2Z0. Furthermore, where the mean 
distance is 6@, the greatest distance is 66' and the difference between greatest 
and mean is 6', while at the above distance from the apogee [of 20;58O] the 

- 

distance is 65;40Pa4 and the difference between this and the mean is 5;40P. So, 
H498 multiplying 6 into 5;22 and dividing the result by 5;40, we find that the 

difference with respect to the mean distance at the actual apogee is about 5;41°. 
Thus we calculate the distance [in anomaly] from the apparent perigee of the 
epicycle as [16;51° + 5;41° =] 22;3Z0, and from the apogee as, for the first 
station, 157;28O, which we enter in the seventh column on the line with '360', 
and, for the second station, 202;3Z0, which we enter in the eighth column on the 
same line. 

Similarly [see p. 5753, when the epicycle centre is 16;53" in mean [longitude] 
from the perigee [of the eccentre], [Mars] performs its stations at  a distance of 
1 l;l1° [in anomaly] from the apparent perigee of the epicycle, so that the 
difference [in anomaly] from that for mean distance is [ 16;51 - 1 1; 1 1 =] 
5;40°. And, in the same units [as before], the least distance is 54' (with a 
difference from the mean of GP), and at the above elongation from the perigee of 
the eccentre it is 54;20P, with a difference from the mean of 5;40P. Thus at the 
actual perigee we get the total difference [in anomaly from the mean] as 
[5;40° x 6 s 5;40 =] 6O. Hence the amount [of anomaly] from apparent perigee 
of the epicycle is [16;51° - 6O =] 10;51°, and from the apogee, for the first 

H499 station, 169;g0, and for the second 190;51°, which we enter in the appropriate 
columns on the line with '180'. 

In the case of Venus, we showed [XI1 5, pp. 576-71 that when it is 21;g0 in 
mean longitude from the apogee [of the eccentre], the planet performs its 
stations a t  a distanee of 14;4" [in anomaly] from the apparent perigee of the 
epicycle, while the [corresponding] amount at  mean distance is 12;5Z0, so that 
the difference is l;lZO. And, where the mean distance is 60P, the greatest 
distance is 61; 15', and the difference from the mean 1 ;15', while at the above 
elongation from the apogee the distance is 61 ; lv  and the difference from the 
mean 1;1OP. So, again, multiplying 1;15 into 1;12 and dividing the result by 

"Cf. p. 573 with n.50. One should probably read &xi, TO$ dnoydou (with D) at H497,21 (cf. 
H499,ll) Co~rected by Manitius. 
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1 ; 10, we find the difference [in anomaly] at the actual apogee with respect to 
that for the mean distance as 1 ;I 7O. Thus we calculate the distance [in anomaly] 
from the apparent perigee of the epicycle as [ I  2;5Z0 + 1 ; 17O =] 1 4;g0, and from 
the apogee as, for the first station, 165;51°, which we enter in the ninth column 
on the line with '36OY, and, for the second station, 194;g0, which we enter in the 
tenth column ori the same line. 

Similarly [see p. 5781, when the epicycle is about 20° in mean longitude from H500 
perigee of the eccentre, [Venus] performs its stations a t  a distance [in anomaly] 
of 11;44" from the apparent perigee of the epicycle, so that the difference with 
respect to [that for] mean distance is [12;5Z0 - 11;44O =] 1;8O. And the least 
distance is 58~45' where the mean is 60P, and their difference is 1;15', while the 
distance at the above elongation from the perigee is 58;50P in the same units, 
and the difference from the mean l;lOP. So, multiplying 1;15 into 1;8 and 
dividing the result by ];lo, we find the difference [in anomaly] at the actual 
perigee with respect to the mean distance as 1;13O. Hence the amount of 

] anomaly from the apparent perigee of the epicycle is [12;5Z0 - 1 ;13O =] 1 1 ;3g0, 
% 
j 

and from the apogee, for the first station, 168;21°, and, for the second station, 

:: 191;39", which we enter in the same columns [i.e. the ninth and tenth 
respectively] opposite the numberB5 '1 80'. i In the case of the planet Mercury, we showed [XI1 6, pp. 579-801 that when 

1 the epicycle is 10;17O in mean longitude from the apogee of the eccentre, the 

i planet performs its stations at a distance [in anomaly] from the apparent 

t perigee of the epicycle of 32;5Z0, while the [corresponding] amount at mean H501 

1 distance is 34;56O, so that the difference is 2;4". Furthermore, where the mean 
distance is 60P, the greatest distance is 69' and the difference between them 9'- 

4. while at the above elongation from the apogee the distance is 68;36P,86 and the 
difference from the mean 8;36'. By the same procedure as before, multiply ing9 
into 2;4 and dividing the result by 8;36, we find the difference [in anomaly] at 
the actual apogee with respect to that for the mean distance as about 2;10°. 
Thus we calculate the distance [in anomaly] from apparent perigee of the 

C 
! epicycle as [34;56O - 2;10° =] 32;46O, and from the apogee as, for the first 
4 station, 14'7;14O, which we enter in the eleventh column opposite the number 

'3607, and for the second station 212;46O, which we enter in the twelfth column 
on the same line. 

Similarly [see p. 5811, when the epicycle is 1 1;2Z0 in mean [longitude] from 
the perigee, the planet performs its stations a t  a distance [in anomaly] from the 
apparent perigee of the epicycle of 35;30°, so that the difference from that for 
mean distance is [35;30° - 34;56O =] 34'. And the least distance is 55;34'where H502 
the mean is 60P, and their difference is 4;26P, while at  the above elongation from 
the perigee the distance is about 55;4ZP, and the difference from the mean 4; 18'. 

'i So, again, multiplying4;26 into0;34 and dividing the result by 4;18, we find the 
difference [in anomaly] a t  the actual perigee with respect to that for the mean 
distance as 0;35O. Hence the distance in anomaly from the apparent perigee of 

85 K U T ~  T ~ V  T ~ V  j% hptepov. One would expect ~ a r a  T& r6v fi o ~ i ~ o u  (cf. e.g. H499,l-2,22), 
and that occurs (at least as an alternative reading) in L,Ger. But the same expression occurs at 
H501,14 and 502,12. 

86Cf. p. 580 with n.69. 
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the epicycle is [34;56O + 0;35O =] 35;31°, and from the apogee, for the first 
station, 1 44;2g0, and for the second station 215;31°. We enter the latter in the 
same [i.e. eleventh and twelfth] columns, in this case, however, not opposite the 
number '180' of longitude, but opposite '120' and '240', since we have-shown 
that the points of the planet Mercury's eccentre closest to the earth are at those 
posit ions. 

Now that the above has been set out, the increments for the positions in 
between [apogee and perigee] can be obtained using the same methods. 

To take an example, let us set ourselves the task of finding the entries (in 
apparent anomaly) for first station when the mean position in longitude is 30° 

H503 from the apogee. At this situation the distance of the epicycle, for a mean 
distance in every case of 60P, calculated by the methods explained previously, is 
(as we stated before)87 as follows: 

Saturn Jupiter Mars Venus Mercury 
63;2' 62;26' 65;24' 61 ;6' 66;35'. 

Hence the differences of each with respect to the mean (using the above order, 
to avoid repetition) are 

3;Zp 2;2SP 5;24' 1 ;6' 6;35' 
But the differences between the distance at actual apogee and the mean, since 
the above amounts for the distance are in all cases greater than the mean, are, in 
the same units, 

3;25' 2;45' .6;OP 1;15' 9; 0'. 
Now the total differences in apparent anomaly between apogee and mean 
distance come to (using the same order)" 

1 $23" 1 ;33" 5;41 O 1117" 2; 1 O0 
We multiply each ofthe latter in turn ipto the difference between the distance at 
that point and the mean for the planet in question (e.g. [for Saturn we multiply] 
1;23 into 3;2), and divide the result by the difference between greatest distance 

H504 [and mean], (e.g. [for Saturn] by 3;25), and thus get for the above position in 
longitude, for each planet, the following amounts of difference in anomaly with 
respect to that for mean distance: 

1;14" 1 ;2Z0 5;7" 1 ;8O 1 ;35". 
The distances [in anomaly] from the apparent apogee of the epicycle at the 
mean distances are:89 

1 14;W 125;38O 1 63;g0 167;8O 145;4O. 
The [corresponding amount] at greatest distance is greater than the above for 
Mercury, but less for the other planets. So for Mercury we add the difference 
which we found for the distance in question to that for the mean distance, but 
for the other plane& we subtract it, and get the following amounts, in apparent 

87 Xi 10 p. 547. See that chapter for the method of calculating these quantities. 
88Saturn (p. 567) Apogee 67;15O, mean 65,52O, difference 1;23*. Jupiter (p. 571) Apogee 55;55" 

mean 54;22O, difference 1;33O. For the other amounts see pp. 584,585, and 585. Although Ptolemy 
does not explicitly say so, iogic demands, and the tables confirm, that for positions of the epicycle 
between mean distance and perigee one takes the corresponding differences in anomaly between 
mean distance and perigee (namely 1;21, 1 ;33,6;0,1;13 and 0;35) and interpolatesaccordingly. Cf. 
HAM4 204 bottom. 

For the following amounts seeL ZAH on pp. 565,570,573,576, and 579, where in each case the 
supplements (i-e. the distances from apparent perigee) are given. 
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anomaly from the apogee of the epicycle, which are entered in the columns for 
first station opposite 30° of mean longitude: 

Saturn Jupiter Mars Venus Mercury 
1 12;54" 1 24; 1 6" I 58;Z0 1 66;0° 1 46;3g0. 

We can immediately complete the columns for second station, by entering, for 
each [planet],g0 the difference from 360° of the amount for first station, [putting 
the result] in the column for second station on the same line. Thus at  the above H505 

[we enter] 
247;6" 235;44" 201 ;58" 1 94;0° 213;21°. 

I t  is easy to see that if, for the sake ofgreater convenience, we should choose to 
enter, not the anomaly, taken with respect to the apparent apogee of the 
epicycle, but the uncorrected anomaly, taken with respect to the mean 
[epicyclic apogee], we can immediately derive this too, by taking in the table of 
anomaly the equation (combined [fi-om the 3rd and 4th columns]) correspond- 
ing to  each argument of mean longitude, and subtracting it from the amount we 
found for the apparent anomaly on the 180' of the eccentre counted from 
apogee, but adding it for [longitudes from apogee] of more than 180°. 

The layout of the table is as follows. 

8. { Table of Stationsjgl H506-7 

[See p. 588.1 

9. (Demonstration o_f the greatest elongationsj?orn the sun of Venus and Me?-cug,jg2 H508 

Now that we have gone through the theorems concerning retrogradations, next 
in the logical sequence is to demonstrate the greatest elongations of the pIanets 
Venus and Mercury from the sun, in each of the zodiacal signs, as derived from 
the above hypotheses. In setting out [the tables] for these, we -have taken [the 
elongations] with respect to the apparent position of the sun, and assumed that 
the actual planets are at the beginning of the [respective] signs, and that the 
positions of their apogees with respect to the solstitial and equinoctial points are 
those which obtain in our time, namely, for Venus, in 8 25O, and, for Mercury, 
in fi lo0. It will be easy for those who come after us to correct for the change in 
the greatest distances due to the shift in the apogees, using the same methods, and 
in any case the change remains negligible for a very long time. 

In order to make it easy to understand the method of our approach [to this 
problem], by way of example we must demonstrate, for Venus first, the greatest 

SODeleting the word o r i ~ o v  at H504,20. If kept, this would mean 'on each line'. But, Iirst, 
Ptolemy does not use h i  in this sense, but Kara; secondly, .it is hideously clumsy to follow 5 ~ '  
EKUOTOV m i ~ o v  by ~ a r a  rOv abrGv o r t ~ 3 v ;  and thirdly one needs a reference to each planrt 
tmactl? as at H504,l j. This is an ancient interpolation, since it is iL all mss. 

9'For Mars, argument 138O (H507,28), D,Ar have the reading 167;10° (also A') and 192;50°, 
which are more correct than the 167;8", 192;5Z0 adopted by Heiberg, and should perhaps Ix 
preferred. However, errors of as much as 2' occur elsewhere in the Mars table. 

9" See HAMA 230-4, Pedersen 351 -4.. 
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H509 morning and evening elongations (as defined above) when the planet is at the 
spring equinox, [namely] at the b'ginning of Aries. 

Let [Fig. 12.131 the line through A, the apogee of'the eccentre, be ABGDE, 
on which B is taken as the centre .of'uniform motion, G as the centre of the 
eccentre carrying the epicycle, and D as the centre ofthe ecliptic. Draw G Z  as 
radius of the eccentre, describe the epicycle HO about 2, and fi-om D dl$w DO 
as tangent on the side ofthe epicycle which represents morning [visibility] and is 
in advance ofit[s centre]. Join BZH and ZO, and drop perp.endicu1ars GK,  GL 
and BM. 

Then, since DA points towards 8 2 5 O  and DO towards the beginning of 
Aries. 

55O where 4 right angles = 360° 
L A D O =  

1 1 0°" where 2 right angles = 360°0; 
and L DGK = 70°0 (complement). 
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n 

Fig. 12.13 

Therefore. in the circle about right-angled triangle GDK, 
arc GK = 11 oo 

and GK = 98; 18' where hypotenuse GD = 120'. 
Therefore where GD = 1;15* and the radius of the epicycle, ZO = 43;10P 

GK (= LO) = l;lP, 
and, by subtraction [of LO from ZO], ZL = 42;gP, 
where GZ, the radius of the eccentre, is taken as 60'. 
Therefore where hypotenuse GZ = 120P, ZL = 84;18', 
and, in the circle about right-angled triangle CZL, 

arc ZL = 89; 16'. 
.'. L ZGL = 89;160° where 2 right angles = 3600°. 

But L DGK = 70°0 in the same units, and L LGK is I ight. 
Therefore, by addition, L ZGD is found to be [89;16 + 70 + 1803 = 339; 160°, 

and, by subtraction [from 2 right angles], L AGZ = 20;440°. 
Therefore, in the circle about right-angled triangle BGM, 

arc BM = 20;44O 
and arc GM = 159;1S0 (supplement). 

Therefore the corresponding chords - 
BM = 21;350/ where hypotenuse BG = 120'. H511 

and GM = 1 1 8;ZP 
Therefore where BG = 1 ; 15', and GZ, the radius of the eccentre, is 6OP, 

BM = 0; 13', 
GM = 1;14', 

and, by subtraction [of GM 
Hence hypotenuse BZ [= in the same units. 

Therefore, where BZ = 12P, BM = 0;27', 
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and, in the circle about right-angled triangle BZM, 
arc BM = 0;26O. 

--. L BZG = 0;260° where 2 right angles = 360°0. 
And we showed that L AGZ = 20;440° in the same units. 

Therefbre, by addition, L ABZ, which represents the mean motion in longitude, 

is { 21 ;loo0 where 2 right angles = 360°0 
10;35O where 4 right angles = 360". 

Therefore the mean position of the sun will be 10;35" in advance of the 
apogee at  A, and, obviously, will be in 8 14;25". 

And the true ~os i t ion  of the sun will be in 8 15; 14'. Therefore the pianet, 
when it is at  the beginning of Aries, will have a maximum morning elongation 
from the true sun of 45; 14". 

Again, let there be drawn next [Fig. 12.341 the diagram with the tangent to 
the side of the epicycle which represents evening [visibility] and is towards the 

E 
Fig. 12.14 

rear of the epicycle [centre], while the planet, as before, is taken as being at the 
H5 12 beginning of Aries. 

By-what was shown above, L ADO will remain the same, 
and L DGK = 70°0 where 2 right angles = 360°0, 

and GK = LO-= l ; lP 
where GZ, the radius of the eccentre, is 60P, 
and ZO, the radius of the epicycle, is 43; 1 p .  

Therefore, by addition, ZL[= ZO + LO] = 44;11P in the same units. 
And it is obvious that, where hypotenuse [of triangle GZL] G Z  = 120P, 

ZL = 88;2Zp, 
and, in the circle about right-angled triangle GZL, 

arc ZL = 94;51°. 
.'. L ZGL = 94;51 O0 where 2 right angles = 360°0, 

and L ZGK = 85;90° (complement). 
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So, by addition, L ZGD (= L BGM) [= L DGK + L ZGK] = 1 55;90G in the same 
units. 

Hence, in the circle about right-angled triangle BGM, 
arc BM = 155;g0 

and arc GM = 24;51° (supplement). 
Theretore the corresponding chords 

where hypotenuse BG = 12@. 

Therefore, where BG = 1; 15', 

and, by addition, MZ = 60;16'. 
Hence hypotenuse BZ [= J B M ~  + MZZ] = 60;17' in the same units. 

Therefore, where BZ = 120P, BM = 2;25" 
and, in the circle about right-angled triangle BZM, 

arc BM = 2; 1 9". 
.'- L BZM = 2;190° where 2 right angles = 360"". 

And L BGZ = 204;51°0 in the same units. 
since L DGZ was shown to be 155;90° in those units. 

Therefore, by addition, L ABZ, which represents the mean motion in 
longitude,g" 

207;10°0 where 2 right angles = 360"' 
comes to 

103;35" where 4 right angles = 360'. 
Therefore the sun's mean will be a t  [ 8  25" - 103;350 =] = 11;25" 

and its true position a t  .;w" 13;3S0. 
Thus the greatest evening elongation of the planet from the true sun, when, as 
before, i t  is a t  the beginning of Aries, will be 46;2Z0. 

In the case of the planet Mercury, in order to have a more convenient 
approach to the demonstrations of its missing phases which we shall give further 
on," let us set ourselves the task of finding the maximum elongation of the 
planet from the true sun, as evening star when it is a t  the beginningofScorpius, 
and as morning star when it  is at the beginning of Taurus. 

Now, according to our hypothesis for Mercury, when the apparent position 
of the planet is given, the mean position in longitude cannot be found, since line 
GZ does not remain the same constant lengthyg5 always equal to the radius of 
the eccentre (as it does in the hypothesis for the other [planets]). But if the mean 
position in longitude is given, the apparent position can be demonstrated. So we 
assume, for each [zodiacal] sign, two positions in [mean] longitude which can 
bring the planet [at greatest elongation] near the beginning of the sign in 

'' Reading r f l ~  6pa)i'i~ ~ a r a  ~ ~ K O S  xapo6ou (with DIG, Ar) at H5 13,15- 16 lor  the nonsensical 
~ 5 %  6pah'& ~ a i  K ~ T U  Clft~oq xapci&ou. Corrected by Manitius. 

94 The reference is to X 111 8 (p. 644). 
'"or the other planets (e.g. Venus, Fig. 12.14) this denotes the distance from the centre of the 

eccentre to the centre ofthe epicycle, but for Mercury Ptolemy seems to be referring to a figure such 
as Fig. 9.9, where it denotes the distance from the equan~ point to the centre ofthe epic)-cle- These 
two amounts are indeed trigonometrically comparable. Ptolemy is correct in stating that, Ibr 
Mercury, one cannot find the mean position from the true, at least by Euclidean geometry. 



592 XI1 9. Computation of Mercury's greatest elongations 

question, the first in advance [ofthe beginning of the sign], and the second to the 
rear [of it]; we compute the greatest elongations at  the chosen positions, and 
thenceg6 find the greatest elongation which occurs at the actual beginning ofthe 
sign. This will be easily comprehensible from the [particular] problems we have 
set ourseives to solve: and first for the greatest evening elongation at the 
beginning of Scorpius. 

H515 Let [Fig. 12-15] the diameter through the apogee A be ABGD, on which G is 
taken as the centre of the ecliptic, and B as the centre of the epicycle's uniform 
motion. First let the epicycle centre be imagined as being precisely at the 

Fig. 12.15 

apogee, so that the mean position in longitude of the sun will be fi 10': and its 
true longitude fi 8 O .  O n  centre A describe the epicycle ZH, draw GH as 
tangent to the side of it representing evening, and drop perpendicular AH. 

Then, since in our previous treatment [IX 9, p. 4593 it was shown that where 
GA, the greatest distance, is 6gP, AH, the epicycle radius, is 22jp, 
where hypotenuse [of right-angled triangle AGH] AG = 12@, 

AH = 39;8', 
and, in the circIe about right-angled triangle AGH, 

arc AH = 38;4O, 
38;40° where 2 right angles = 360°0 

and L AGH = 
19;2O where 4 right angles = 360°. 

H516 And GA is at  ^ lo0. 
Therefore the planet will have a position of 29;Z0, its maximum elongation 
from the true sun being 21 ;2O. 

!'%y linear. intCl-polat ion. 
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Again, let [Fig. 12-16] the distance in mean longitude from the apogee be 3O: 
thus the mean sun will be at 5 13", and the true sun at 11 ;4O. Draw BE and 
on centre E describe the epicycle ZH. As before, draw the tangent GH, and join 
EG, EH. Then at the situation in question, i.e. withL ABE taken as 3O, by our 
previous methods one can show that the angle corrected for the eccentricity,97 

L AGE = 2;5Z0, 
and the distance of the epicycle in that situation,98 

EG 68;58' where EH, the radius of the epicycle, is 22;30P. 

Fig. 12.16 

Therefore, where hypotenuse EG = 1 20P, EH = 39;gP. 
Therefore, in the circle about right-angled triangle GEH, 

arc EH = 38;5O, 
38;50° where 2 right angles = 360°0 

and L EGH = 
H5 17 

19;3O, approximately, where 4 right angles = 360°. 
Hence, by addition, L AGH = 21;55O in the same units. 

So when the planet is at  IQ 1;55", its greatest elongation from the true sun will be 
[Q 1 ;55O - fi 1 1 ;4O =f 20;51°. 
And we showed that when it is a t e  29;Z0, its greatest elongation from the true 
sun will be 21;Z0. 
Thus the difference between the longitudes is 2;53O, and the difference 
between the greatest elongations is 1 l', and so to the 0;58" from the first position 

97 If the text is to be trusted here, thisrmust be the meaning of re$ ~ a p a  rqv ~ K K E V C P ~ T ? ~ T ~  

G~acpopB~. But the normal reference of such an expression would he to the eguafion (of centre) itself; 
not to the angle corrected by the equation. I strongly suspect that the phrase is interpolated (it is in 
the whole ms. tradition). 

By tri~onometrical calcuiation, EG = 68;58,25', L AGE = 2;52,10°. 
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to the beginning ol'scorpius corresponds [a decrement in greatest elongation of) 
about 4', which we subtract fi-om 21 ;ZO to get the greatest evening elongation 
from the true sun [when the planet is] precisely at the beginning of Scorpius as 
20;58". 

Next, to find the greatest morning elongation at the beginning of Taurus, let 
us suppose first that the mean position in longitude is 39O towards the rear from 
the perigee. Thus the mean sun is at 8 19') and the true sun at 8 19;38O. Let 
there be drawn [Fig. 12.173 a figure similar [to the preceding], in which the 

H5 18 epicycle is described to the rear of the perigee, and the tangent is drawn to the 
morning side of the epicycle. 

Fig. 12.17 

Then a t  the position in question, i.e. withL DBZ taken as3g0, by the method 
previously described one can show that 

L DGE = 4 0 ; 5 7 ~ , ~ ~  
and that the distance at that moment, 

GE = 55;5gP where the radius ofthe epicycle, EH = 22;3OP. 
Therefore where hypotenuse [of right-angled triangle GEH] GE = 120P, 

E H  = 48;14' 
and, in the circle about right-angled triangle GEH, 

arc E H  = 47;24". 
H519 

-'- L E G H  = i 47;240° where 2 right angles = 360°0 
23;42O where 4 right angles = 360°. 

And, by subtraction [from L DGE], L HGD = 17;15O in the same units. 
Therefore when the planet Mercury has a longitude of 27;15", its greatest 
morning elongation from the true sun will be [ 8 19;38" - 27; 15" =] 22;23". 

"For 'T = 21g0, p = 55;59,1P, and K = 220;55,57O, hence L DGE 40;56O. 
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Again, Iet it be assumed to have a distance in mean longitude from the 
perigee, on the same side, of 4Z0. Thus the sun will have a mean longitude of 8 
2Z0 and a true longitude of 8 22;31°. 
Then at this position, i.e. with L DBZ taken as 42O, one can show that 

L DGE = 44;4O, 
and that the distance at  that moment, 

GE = 55;53P'00 where the radius of the epicycle, EH = 22;30P. 
Therefore, where hypotenuse EG = 120P, EH = 48;1gP, 

and, in the circle about right-angled triangle EGH, 
arc EH = 47:30°. 

47;30°0 where 2 right angles = 360°0 .'- L EGH = 
23;45O where 4 right angles = 360°, i ' 

and, by subtraction [from L DGE], L HGD = 20;1g0 in the same units. 
Therefore when the planet Mercury has a longitude of 8 0; 19') lo' its greatest 
morning elongation from the true sun will be [ 8 22;3 l o  - 8 0; 19' =] 22; 12'. 
And we showed that when it has a longitude o f T  27;15O, its greatest elongation 
(similarly defined) will be 22;23". 
So, again, since the difference between the longitudes is 3;4O, and the difference 
between the greatest elongations is 11') to the 2;45O from the longitude at  the 
first position to the beginning of Taurus correspond approximately 10'. So, 
subtracting the latter from the 22;23O, we get the greatest morning elongation 
from the true sun [when the planet is] at the beginning of Taurus as 22;13O. 

Q.E.D. 
In the same way we computed the greatest morning and evening elongations 

for both planets by calculation at [the beginning ofl the other signs, and H521 
constructed a small table for them, with 12 lines (equal in number [to the signs]) 
and 5 columns. At the beginning we put, in the first column. the first points of 
the signs, starting with Aries. In the following 4 columns we put the 
corresponding computed greatest elongations from the true sun: the second 
contains the morning elongations of the planet Venus, the third its evening 
elongations, the fourth the morning elongations of Mercury, and the fifth its 
evening elongations. The table is as follows. 

' 0 °  Reading VE at H519,13 for Vi? T (55;50P). Calculation (for ii- = 22Z0) gives p = 55;52,58'. 
Although Ptolemy is capabIe of a computing error of this amount, he did not in fact make it, for the 
following calculations are consistent with 55;53' and not with 55;50P (thus 22:30 x 120/55;50 = 
48;21$, whereas 55';53 leads to 48;19, as the text}. The error, though scribal, is old, since it isshared 
by a11 mss. 

lo' Literally 'of 19' of the first degree of Taurus'. 
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H522 10. (Greatest  elongation.^ with 7-esptct to the true sun)'02 

102 Correction to Heiberg: omit (with G,Ar) the column of ar-gument before the entries lor 
Mercury. Ptolemy's own description indicates that it was not in the original. 

There are occasional computing errors of up to 5' in the entries. For Venus, z ,  evening, the 
printed version of'the Han4~ Table.\ (Halma 111 p. 32) has 47;37 (computed 47;39), but this greater 
accuracy seems coincidental, as the version in Val. G. 1291, 1: %Ir, agrees with the Altna~gesl. For 
Mercury, &, evening, there is a serious computing error, as noted HL4 MA 234 n. 10. I find 18;53, but 
all mss. known to me agree in 19;14. 
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1. {On  he hypothesesfu~- [he po.sitions in Eafitude oj'rhe 5 planets)' 

The following two topics still remain to [complete] the treatment of the 5 
planets: their position in latitude with respect to the ecliptic, and the discussion 
of their elongations at their first and last visibilities with respect to the sun. For 
the second topic the latitudinal distances of' each must also be taken into 
account first, since some considerable diff'erences in the first and last visibilities 
occur due to that factor. So we shall again first set out the hypotheses which we 
assign-to the inclination of the circles of' all [five] in common. 

Now [first], just as each [planet] appears to perform a twolold anomaly in 
longitude, each exhibits a twofold diff'erence in latitude, one [varying] with 
respect to the parts of the ecliptic, and due to the eccentre, the other with respect 
to [its elongation from] the sun, and due to the epicycle. Therefore in every case 
we suppose that the eccentre is inclined to the plane of'the ecliptic, and that the H525 
epicycle is inclined to the plane of the eccentre. However, as we said [IX 6, p. 
4431, no noticeable diff'erence occurs in the longitudinal position or the 
demonstrations of the anomalies on account oi'such~small inclinations, as we 
shall show later.' [Secondly,] from individual observations of' every planet, [we 
see that] the planets appear exactly in the plane of the ecliptic when the 
corrected longitude is approximately a quadrant from the northern or southern 
limit of the eccentre, and at the same time the corrected anomaly is 
approximately a quadrant fi-om its own apogee." So we suppose the inclinations 
of the eccentres to take place at the centre of the ecliptic bust as for the moon), 
and with respect to the diameters through the northern and4 southern limits; 
and [we suppose] that the inclinations ofthe epicycles take place with respect to 
that diameter of the epicycle which points towards the centre ofthe ecliptic, on 
which its apparent apogee and perigee are observed. 

Moreover, in the case of the 3 planets Saturn, Jupiter and Mars, we have 
observed that when their longitudinal positions are in the section oft he eccentre 
farther from the earth they are always5 north of the ecliptic, and are more H526 

'On chs. I and 2 see H A M A  206-7, Pedcrsen 355-61. 
See XI11 4 pp. 608-22. 
1.e. from the true apogee of the epicycle. 
' One would expect ~ a i  (text fi) ,  and ~ a i  was apparently read by ai-Hajjiij. Il'one keeps the text, 

one has to understand 'through [the centre of the ecliptic] and the northern or southern limits'. 
Excising ~6 ~AE?OTOV at H525,23, with Ar. It is a gloss ('for the most part') put in by a 

commentator to qualify d ~ t :  since the northern limit does not qulte coincide with the apogee 
(except fbr Mars), the planets are not always north of the ecliptic when on the semi-circle containing 
the apogee. 
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northerly for positions at  the perigee of the epicycle than tor those at the 
apogee;6 but that when their longitudinal positions are in the section of the 
eccentre nearer the earth, quite the opposite, they appear south of'the ecliptic. 
And [we have observed] that the northern limit of the eccentre is, for Saturn 
and Jupiter, around the beginning of the sign of Libra, and, for Mars, around 
the end of Cancer, almost exactly at its apogee. From these [observations] we 
conclude that the parts of their eccentres in the above-mentioned regions of the 
zodiac are inclined towards the north, and the diametrically opposite parts 
[depressed] by an equal amount towards the south, and that the parts o f the  
epicycle nearer the earth are always inclined in the same direction as the 
e~cen t re ,~  while the diameter [of the epicycle] at right angles to the diameter 
through its apogee always remains parallel to the plane of the ecliptic. 

In the case of Venus and Mercury, however, we have observed that [firstly 1, 
when their longitudinal positions are at the apogee or perigee of the eccentre, 
then positions at the perigee of the epicycle do not differ at all in latitude from 

M527 positions at the apogee {of the epicycle]: rather they are either north or south of 
the ecliptic by an equal amount, always north for Venus, always south, on the 
contrary, for Mercury; whereas their positions at  the greatest elongations differ 
[in latitude] from each other by the greatest amount (that is, the morning 
greatest elongations difrer from the evening greatest elongations), while they 
differ from the positions at apogee and perigee of the epicycle (i.e. from the 
difrerence [in latitude] due to the eccentre)* by an equal amount, [but] in 
opposite directions: the greatest elongation which is towards the rear [of the 
epicycle centre] and in the evening is, for Ven:s, more northerly [than the 
morning one] at the apogee of the eccentre and more southerly at the perigee. 
while for Mercury the opposite is true, it is more southerly at the apogee [ofthe 
eccentre] and more northerly at the perigee. [Secondly. we have observed that,] 
when their corrected longitudinal positions are at the nodes, then a distance of a 
quadrant on either side of apogee or perigee of'the epic)-cle brings [the planet] 
into the plane of the ecliptic, whereas positions at the perigee [of the epicycle] 
have the greatest diRerence [in latitude] from positions at the apogee: for Venus 
this inclination is towards the south at the node on the semi-circle on which the 

H528 equation is subt rac t i~e ,~  and towards the north at the opposite [node]; for 
Mercury the opposite is again true: at the node on the subtractive semi-circle 
the inclination is towards the north, at the opposite one towards the south. 
From this too, then, we conclude that the inclination of the eccentre is also 
variable, and that its variation has the same period as the epicycle [on the 

6Exci~ingrCg nh~iarq T ~ T E  at H526,l. This would have to mean 'the amount by which they are 
more northerly for apogee positions than for perigee positions is greatest at that point', whe re rd r~  
refers to the apogee of the eccentre. But in fact the point where this occurs is not the apogee, but the 
northern limit, and in any case this relinement is simply not appropriate.here. 
' 1.e. if the eccentre is north of the ecliptic, the perigee of the epicycle is north ofthe eccentre, and 

if it is south, south. 
*At the positions in question (at apogee or  perigee of the eccentre) the diameter of the epicycle 

through apogee and perigee of the epicycle lies in the plane of the eccentre, hence the latitudinal 
effect comes entirely from the inclination of the eccentre. 

'This nomenclat~~re is used, rather than 'ascending' and 'descending' (as far the moon and the 
outer planets), because the ejJecect of the inclination of the eccentre is always in one direction (north 
fbr Venus and south Sor hfercuryj. Cf. Manitius p. 328 n.a) and Pedersen 376. 
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eccentre]: when the epicycle is in the nodes, the eccentre is in the same plane as 
the ecliptic, but when [the epicyle] is at apogee or perigee, the eccentre produces 
the greatest difference in the epicycle's latitude, making it most northerly for 
Venus and most southerly for Mercury. [We also conclude that] the epicycle 
brings about two variations [in latitude]: it produces the greatest inclination of 
the diameter through the apparent apogee at the nodes of the eccentre, and the 
greatest 'slant7 (let us use this term to distinguish this kind of angular variation) 
of the diameter at  right angles to the former a t  the apogee and perigee of the 
eccentre. Contrariwise, it brings the first [diameter] into the plane of the 
eccentre at its [the eccentre's] apogee and perigee, and  brings the second 
diameter into the plane of the ecliptic at the above-mentioned nodes. 

2. {On ihe ppe of the rnoiions in inclination and slant according to the hypo these^)'^ H529 

The general structure of the hypotheses, then, which we infer is as follows. The 
eccentric circles of [all] 5 planets are inclined to the plane of the ecliptic about 

-the centre of the ecliptic. But in the case of the 3 planets Saturn, Jupiter and 
Mars the eccentre has a fixed inclination, so that diametrically opposite 
positions of the epicycle have opposite directions in latitude, whereas in the case 
of Venus and Mercury the eccentre moves together with the epicycle in the 
same latitudinal direction, for Venus always to the north, for Mercury always to 
the south. The epicycle [for all 5 planets] has the diameter through its apparent 
apogee moved from a starting-point in the plane of the eccentre, by a small 
circle which we may suppose attached to the end [of the diameter] nearer the 
earth. This circle is of a size corresponding to the appropriate [maximum] 
deviation in fatitude, is perpendicular to and  centred in the plane of the 
eccentre, and revolves with uniform motion, with a period equal to that of the 
motion in longitude, from one end of the intersection of its own piane and the H530 
plane of the epicycle towards the north (by hypothesis), carrying with it the 
plane of the epicycle: in its revolution through the first quadrant it carries the 
epicycle's plane, obviously, to the northern limit, in the second back to the 
plane of the eccentre, in the third to the southern limit, and  in its return to [the 
end ofJ the remaining quadrant back to the original plane. We also [infer] that 
the origin and point of return of this revolution is for Saturn, Jupiter and Mars 
the ascending node, for Venus the perigee of the eccentre, and for Mercury the 
apogee of the eccentre." The diameter [of the epicycle] a t  right angles to the 
aforementioned, in the case of the 3 [superior] planets, as we said [p. 5981, 
always remains parallel to the plane of the ecliptic, or at any rate is not inclined 
to it by a significant amount, but in the case of Venus and Mercury i t  too 
is carried from a starting-point in the plane of the ecliptic by a small circle 
which we may suppose attached to the rearward end, which is again of a 
size corresponding to the appropriate [maximum] deviation in latitude, 

''On the mechanism imagined by Ptolemy (and in particular the 'small circles') the best 
discussion is by Riddell, 'Latitudes ofVenus and Mercury', despite occasional inaccuracies due to 
his use of Taliaferl-0's faulty translation. 

" I t  is essential to change Heiberg's punctuation Erom a comma to a full stop at H530,13. 
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perpendicular to the plane of the ecliptic, and centred on the diameterI2 
parallel to the ecliptic. This circle revolves, with a speed equal to that of the 

H531 other [small circle], from one end ofthe intersection of its plane and the plane of 
the epicycle towards the north, again by hypothesis, and carries with it  the 
evening [i.e. rearward]13 end of the aforementioned diameter in the same order 
as before. For this too the origin and point of return ol'the similar type of 
revolution is, in the case of Venus, at the node in the additive semi-circle, and, 
in the case of Mercury, at the node in the subtractive semi-circle. 

However, we must make the following assumption concerning those small 
circles which produce the motions in latitude of the epicycles: they too are, 
indeed, bisected by the planes about which we declare that the variations in 
latitude take place; for that is theonly way in which it can come about that their 
[the epicycles'] motions in latitude are equal on both sides [of the planes]. 
However, their revolution in uniform motion takes place, not about their own 
centres, but about some other point which will produce in the small circle an 
eccentricity corresponding to [the eccentricity] of the planet in longitude in the 
ecliptic. For since the times of revolution on the ecliptic and the small circle are, 
by hypothesis, equal, and the arrivals a t  the quadrants in both [circles] also 

H532 correspond to each other, according to the [observational] phenomena, if the 
[uniform] revolution of the small circle were to take place about its own centre, 
the desired result would not be achieved; since [in that case] each of the 
quadrants of the small circle would be traversed in an equal time, while the 
quadrants of the ecliptic traversed by the epicycle would not be, because of the 
eccentricity assumed for each planet. But if [the uniform revolution of the small 
circle takes place] about a point placed similarly to the [centre of uniform 
motion] in the eccentre, the returns in the inclinations will also traverse the 
corresponding quadrants of the ecliptic and the small circle in equal .times.14 

Now Iet no one, considering the complicated nature of our devices, judge 
such hypotheses to be over-elaborated. For it is not appropriate to compare 
human [constructions] with divine; nor to form one's beliefs about such great 
things on the basis of very dissimilar analogies. For what [could one compare] 
more dissimilar than the eternal and unchanging with the ever-changing, or 
that which can be hindered by anything with that which cannot be hindered 
even by itself?'%ather, one should try, as far as possible, to fit the simpler 
hypotheses to the heavenly motions,16 but if this does not succeed, [one should 
apply hypotheses) which do fit. For provided that each of the phenomena is 

H533 duly saved by the hypotheses, why should anyone think it strange that such 

"CC Manitius' note p. 331 b). If 'diameter' is to make any sense here, it must be a diameter ol'the 
epicycle which is parallel to the ecliptic (at a certain point in the orbit), and notionally remaining 
there all the time, even when the epicycle is 'slanted'. Cf. HAMA 1279 Fig. 219a (where the line 
through A is parallel to the ecliptic), and Riddell Fig. 4 and p. 101. 

"scpd< Eoscbpav, literally 'toward evening', which one would expect to mean 'western'. But the 
sense demands 'eastern', and, ifthe text iscorrect, one must interpret it, with the Arabic translators, 
as 'the side of the epicycle where the planet appears as evening star', cf. H511,22, .rh Eonbp~a ~ a i  
Exop&va to3 Erct~d~hou. 

l 4  It is essential to correct Heiberg's punctuation of this passage by deleting the comma after 
r~taprqpopiov (H532,9) and inserting one after E ~ ~ E v r p o u  (H532,8). 

'".e. the substance of the heavenly bodies, the 'fifth essence'. Cf. p. 36 n.8. 
lb On this principle of simplicity see p. 136 n. 17. 
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complications can characterise the motions of'the heavens when their nature is 
such as to afford no hindrance, but ofa kind to yield and give way to the natural 
motions of each part, even if [the motions] are opposed to one another? Thus, 
quite simply, all the elements can easily pass through and be seen through all 
other elements, and this ease of transit applies not only to the individual circles, 
but to the spheres themselves and the axes of revolution. We see that in the 
models constructed on earth the fitting together of these [elements] to represent 
the different motions is laborious, and difficult to achieve in such a way that the 
motions do not hinder each other, while in the heavens no obstruction whatever 
is caused by such combinations. Rather, we should not judge 'simplicity' in 
heavenly things from what appears to be simple on earth, especially when the 
same thing is not equally simple for all even here. For ifwe were tojudge by those 
criteria, nothing that occurs in the heavens would appear simple, not even the 
unchanging nature of the first motion, since this very quality of eternal 
unchangingness is for us not [merely] difficult, but completely impossible. 
Instead [we should judge 'simplicity'] from the unchangingness ofthe nature of 
things in the heaven and their motions. In this way all [motions] will appear 
simple, and more so than what is thought 'simple' on earth, since one can 
conceive of no labour or difficulty attached to their revolutions. 

3. {On the amount ofthe inclination and slant fol- each Ipl~net])'~ 

From the above considerations one may infer the general situation and 
arrangement of the inclinations of the [various] circles. But [concerning] the 
actual size for each planet of the arc cut off by the inclination on the great circle 
drawn perpendicular to the plane of the ecliptic through the poles of the 
inclined circle'8 (with respect to which [great circle] the positions in latitude are 
measured), this is readily calculated in the case ofVenus and Mercury fi-om the 
apparent positions in latitude at  the situations described. 

For when their motion in longitude brings them to apogee or perigee of the 
eccentre, if the planet's position is at  perigee or apogee of the epicycle, they 
appear, as we said, (operating from nearby  observation^),'^ an equal amount 
either north or south of the ecliptic: Venus always about bonorth, and Mercury 
always ao south. Hence [we conclude that] the inclinations of the eccentres are of 
that size for each. But if they are a t  a greatest elongation from the sun, both 
planets appear about 5O (in the mean) farther north or south than a t  the 
opposite greatest elongation: for Venus has an apparent difference in latitude of 
the kind mentioned [i.e. between greatest morning and evening elongations] of 
negligibly less than 5' at  the apogee ofthe eccentre, and negligibly greater than 
5" at the perigee, while Mercury has about to [less and greater than 5O in 

"On chs. 3 and 4 see H.4MA 208- 16, Pedersen 361-85, Riddeli, 'Latitudes of Venus and 
Mercury'. 

"'inclined circle': deskrent or epicycle as the case may be. 
'"rom 'nearby observations' because the planets are invisible when precisely at apogee or 

perigee of'the epicycle. Correct Heillerg's punctuation by inserting a comma after cb< Eqap~v ('as 
we said'), which cannot refer to the use ofnearby observations, but only to the fact that the planet is 
north or south etc. (as p. 599). 
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latitudinal difference at apogee and 1 80° from apogee respectively]. Hence the 
slant of the epicycle to either side of the plane ofthe eccentre subtends about 2io, 
in the mean, of the [great] circle orthogonal to the ecliptic, From this [quantity] 
the size of the angles formed by the slant of the epicycle to the plane of the 
eccentre [for each planet] can be found, as will become clear in our proofs 

H536 concerning them in what follows [XIII 4, p. 6251 (so as not to fragment, at this 
point, our discussion of the inclinations, which will treat the five planets in 
common). 

But when their corrected motion in longitude brings them to the nodes and 
[hence] very nearly to mean distance: then Venus, when its position is near the 
apogee of the epicycle, appears l o  north or south2' of the ecliptic, and, when its 
position is near the perigee, about 6f0: hence the inclination of its epicycle too 
cuts off b0 of the great circle drawn through its poles in the way described; for 
we find from the [table for] epicyclic anomaly that at mean distance that amount 
[2io] subtends at the observer's eye an angle of 1 ;ZO for [the planet at] the apogee 
of the epicycle, and 6;2Z0 for [the planet at] the ~e r igee .~ '  As for Mercury, when 
its position is near the apogee of the epicycle, as one can calculate from the 
phases nearest to it, it is north or south of the ecliptic2* by lao, and, when near 
the perigee, about 4O; hence the inclination of its epicycle comes to d o .  For 

H537 again we find from the [table for] epicyclic anomaly that at the distances of 
greatest inclination, that is when the corrected longitude is a quadrant from 
apogee, that amount [&o] subtends, at the observer's eye, 1;46O for [the planet 
at] the apogee of the epicycle, and 4;5O for [the planet at] the perigee.23 

In the case of the other planets, Saturn, Jupiter and Mars, there is no method 
for finding the sizes of the inclination immediately [from the observational 
data], since both inclinations, that connected with the eccentre and that 
connected with the epicycle, are always intermingled; however, once again, 
from the latitudinal positions observed at perigee and apogee of eccentre and 
epicycle, we determine each inclination separately in the following manner. 

[See Fig. 13.1 .] In the plane orthogonal to the ecliptic let the intersection with 
it of the plane of the ecliptic be AB, and of the plane of the eccentre, GD. Let 
point E be the centre of the ecliptic, and at the intersection of the planes, [that of 
the eccentre and that orthogonal to the ecliptic], draw,24 in the defined plane, 
about G, the apogee of the eccentre, and about D, the perigee, equal circles 

H538 ZHOK and LMNX to represent the circles through the poles of the epicycles. 
On these circles let the planes of the epicycles [be drawn] on lines HGK and 
MDX, inclined, obviously, a t  equal angles at G and D. From E, the centre of 

'Osee HAMA 1279 Fig. 219b: Venus at apogee is north for KO = 90°, south for KO = 270°. 
For the rationale of this calculation see HAMx4 215. From Table XI 11, col. 6,  to an argument 

of 2fo near apogee corresponds an equation of anomaly of 2;31° x 2f/6=.: 1;2O, while to 2f0 near 
perigee corresponds 7;38" x 2$/3 6;2Z0. 

"See HAMA 1280 Fig. 221: Mercury at apogee is north for KO = 270' and south for K~ = 90°. 
23See HAMA 216 (which has several small errors). The corrected longitude for Mercury is 

exactly 90° from apogee when the rhean longitude is 92;52O. From Table XI 1 1, cols. 6-8, one finds, 
for iC  = 92;5Z0 and a = 6f0, an equation of 1;45,51°, and for i? = 92;52O and a = 173 9, an equation of 
4;4,47O, confirming Ptolemy's calculations.. 

24 Excising?& aftery~ypaqewoav at H537,20 (with D). Alternatively onecould put a strong stop 
after CntdGwv at H537.19 (with A,Is), and translate 'Let point E be the centreo!'the ecliptic and at 
the intersection of [all threeJ planes. Then draw. . . .' 
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Fig. 13.1 

the ecliptic, at which the obselver's eye is, draw straight lines joining it to the 
apogees and perigees oft  he epic!-cles, EH and EM to the apogees, and EK and 
EX to the perigees. It is clear that points K and X will represent the positions at 
opposition, and H and M thosc at conjunction. 

Fon- h/lars, then, we obtained the positions in latitude round about the 
oppositions occurring at the apogee oft he eccentre (that is, round about point 
K of the epic)rcle), and also round about the oppositions occurring at the 
perigee of the eccentre (that is, round about point X of the epicycle), since the H539 
dilyerence between them is quite noticeable. At the oppositions near the apogee 
it is 44' to the north of the ecliptic, and at those near the perigee about 5 O  to the 
south. Thus 

L AEK = 4i0 
and L BEX = 7 O  1 where 4 right angles = 360°. 

With that as data, we find the angle formed by the inclination of the eccentre, 
namely L AEG, and that formed by the inclination of the epicycle, namely 
L HGZ, in the following manner. 

Since it  is easy to see from our demonstrations ofthe anomalies of'Mars that, if 
one considers the angles subtended at the observer's eye by equal arcs of the 
epicycle near its perigee, those for positions near the apogee ofthe eccentre bear 
to those for positions near the perigee [of the eccentre] a ratio ofapproximately 
5:9,*%nd since 

arc OK = arc NX, 

z5 For the derivation of this ratio from I he anomaly table see HAMA 209- 10, Pedersen 363 (wiih 
the correction Toomer [3], 141). 
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it follows that L GEK:L DEX = 5:9. 
H540 So, since angles AEK and BEX are given, 

and the ratio of L GEK:L DEX is given, 
and L AEG = L BED, 

if we form the difference between the magnitudes of the whole [angles, i.e. 
L AEK a n d l  BEX], and the difference between [themembersofl theratio[i.e. 5 
and 91, take the fraction which the first [difference] is of the second, and take 
that fraction of each [member of' the] ratio, we will get the magnitude 
corresponding to each part of the ratio. This can be proven by means of an 
arithmetical lemma.26 

So, since the magnitudes are 4f and 7, and their difference 2f, 
and the ratio is 5:9 and the dillerence 4. 

and 2; is two-thirds of 4, 
we take two-thirds of 5 and 9 [respectively], and get 

L GEK = 3f0 and L DEX = 6O. 
Accordingly, by subtraction, - 

L AEG = L BED = lo, the inclination of the eccentre. 
Hence arc OK, representing the inclination of the epicycle, is 2a0, Ibr fi-om the 
table of anomaly we find that that amount [2i0] corresponds approximately to 
the quantities we found for the angles GEK and DEX.27 

In the case of Saturn and Jupiter, we find that the [latitudinal] positions 
occurring near the apogee of the eccentre are not sensibly different from those 

H541 diametrically opposite, near the perigee. So we computed the required results 
in another way, by comparing the [latitudinal positions] near apogee of the 
epicycle with those near perigee. It has become clear to us from individual 
observations that at positions near first and last visibilities the maximum 
deviation to north and south is about Z0 for Saturn and 1 for Jupiter, while for 
positions near opposition [the maximum latitudinal deviation] is about 3' for 
Saturn and ZOfor Jupiter. Now for these planets too it is obvious from the [table 
for] anomaly that, if one considers the angles su btended at  the observer's eye by 
equal arcs near apogee and perigee oft he epic).cle, the angles subtended by arcs 
near apogee bear a ratio to those subtended by arcs near perigee of 18:23 for 
Saturn, and 29:43 for Jupiter;28 
and arcs ZH and OK of the epicycle are equal. 

So L ZEH: L ZEK = 
18:23 for Saturn 
29:43 for Jupiter. 

But L HEK, which is the difference between the two latitudes [at apogee and 

26Given two magnitudes A, B, and the ratio l:m of two other magnitudes, C, D such that 
A = x + C, B = x + D. the lemma states that 

C = I x (B - A)/(m - I), L) = m x (B - A)/(m - 1). 
Proof: Since D/C = d l ,  (D - C)/C = (m - 1)/1. 

B u t D - C = B - A  
... C = I x (B - A)/(m - I), 

D = C x m/l = m x (B - A)/(m - 1). 
27 For the method see p. 602 n.21. Here, from Table XI 11, cols. 5-7. for argument 

a = (180' - 240) at greatest and least distance respectively, one finds (5;45 - 1;16) x 4 /3=  3;22Oand 
(5;45 J- 2;20) x 2t/3 6;4O (text 3f0 and 6'). 

28 See HAMA 21 1, where however one should change to Cb (183) = $ for Saturn and for 
Jupiter, in exact agreement with Ptolemy. C6 (3) 
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perigee of'the epicycle], is, by subtraction, I O for both planets. Therefore, if we H542 
divide that 1 in the above ratios, we get 

L ZEH = 
0;26O for Saturn 
0;24O for Jupiter, 

and L ZEK = 0;34O fbr Saturn 
0;36O for Jupiter. 

So, by subtraction [from L AEK1, the inclination of the eccentre 

LA,,: = {  2;26O fbr Saturn 
1;24" for Jupiter. 

Instead o f  these, to achieve <greater symmetry, we have adopted the round 
numbers 2i0 and liO. Then arc OK, representing the inclination oftheepicycle, 
can immediately be computed as 4f for Saturn and 240 for Jupiter. For again, 
in the tables of' anomaly lor each planet, those were the amounts which 
correspond approximately to the quantities we found for angles ZEH and 
ZEK." 

Q.E.D. 

4. f (,'onstruc/ion clf'/ahles fur [he indi~lidual po.sition.s in latitude) 

From the above, then, we established the generally applicable quantities ofthe 
greatest inclinations of eccentres and epicycles. But in order that we may be 
able to conveniently and systkmaticaliy find the positions in latitude for a given 
moment for the individual distances [from apogee] as well, we constructed 5 
tables for the 5  planets. Each contains the same number oflines as the tables fbr H543 
anomaly [i.e. 451, and 5 columns. The first 2 of'these columns comprise the 
arguments, in the same way as in those [tables for anomaly]; the third column 
contains the latitudinal distances from the ecliptic corresponding to the 
particular degrees of [motion on] the epicycle, under the assumption ofgreatest 
inclination - for Venus and Mercury this is the inclination at the nodes of the 
eccentre, and fbr the other 3 planets the inclination at the northern limit of the 
eccentre. For the latter the fourth column will contain thesimilar corresponding 
amounts at the southern limit, and in the case of these 3 planets the maximum 
deviation to north and south of the eccentres too has also been included in the 
computation. The  way in which we determined these quantities for Venus and 
Mercury again rested on a single theorem [for both], as follows. 

[See Fig. 13.21 In the plane orthogonal to the ecliptic let ABG be the 
intersection with it of the plane of the ecliptic, and DBE the intersection [with 
it] of the plane of the epicycle. Let A he the centre ofthe ecliptic, B the centre of H544 
the epicycle, and AB the distance of the epicycle at the greatest inclination. 
About B descril~e the epicycle DZEH,30 and draw diameter ZBH perpendicular 

29 See p. 602 n.21. Here, from Table XI 1 1 ,  col. 6 for Saturn, 0;36 x 44/6 = 0;270 (text 0;26O), and 
0;23 x 4$/3 = 0;34,30° (text 0;34O); for Jupiter 0;58 x 2i/6 = 0;24,10° (text 0;24O); 0;43 x 2;/3= 
0:35.50 (text 0;36). 

''Note that G is not a point on the epicycle, as might appear S i m  Fig. 13.2 and from the 
corresponding figure for Mercury, Fig. 13.4. To make the various planes in this three-dimensional 
fygure clearer it has been redrawn as Fig. S. 
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Fig. 13.2 

to DE. Let the plane of the epicycle too be taken as perpendicular to the 
assumed plane [that orthogonal to the plane of the ecliptic], so that when lines 
are drawn in it perpendicular to DE, all wili be parallel to the plane of the 
ecliptic, excepting only ZH, which will lie in the plane of the ecliptic. 

Then let the problem be, given the ratio of AB to BE, and the amount of the 
inclination (i.e. ofL ABE), to find the positions of the planets in latitude when (to 
take an example) they are at a distance of 45' (where [the circumference of) the 
epicycle is 360°) from the perigee of the epicycle, E. [We ch0ose45~1 because we 
intend to demonstrate at the same time the differences in the positions in 

H545 longitude produced by these [maximum] inclinations, and these differences 
ought to reach their maximum at about halfway between the perigee E and the 
positions Z and H, since at those points [the longitudes so computed] are 
identical with the longitudes produced by neglecting the inclination. 

So let arc EO be 'cut  off in the above amount of 4 5 O ,  and 
drop OK perpendicular to BE, and KL, OM perpendicular to the plane of the 
ecliptic. .Join OB, LM, AM and A@. 
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Fig. S 

It is immediately obvious that 
[ l ]  quadrilateral LKOM has parallel sides and right angles 
(since KO is paranel to the plane of the ecliptic); and 
[2] the equation in longitude is comprised by L LAM, and 
[3] the position in latitude is comprised by L @AM 
(since angles ALM and AM@ too turn out to be right angles, because line AM 
lies in the plane of the ecliptic).31 

But now we must demonstrate the numerical amounts of the required 
positions to be computed for each of the above planets, and first for Venus. 

Since arc EO = 45' where [the circumference ofJ the epicycle is 360°, 
L EBO (since it is at the centre 45O where 4 right angles = 360' H546 

ofthe epicycle) = { 90°0 where 2 right angles = 360°0. 
Therefore, in the circle about right-angled triangle BOK, 

arc BK = arc KO = 90'. 
So the corresponding chords 

BK = K O  = 84;5ZP where hypotenuse BO = 120'. 
Therefore where B e ,  the radius of the epicycle, is 43;10P, 
and AB, the mean distance, is 60' 

(for the greatest inclination of the epicycle occurs at approximately that point), 
BK = KO = 30;3ZP. 

Again, since the angle of inclination, 
2;30° where 4 right angles = 360' L ABE is taken as 

50° where 2 right angles = 360°0, 
in the circle about right-angled triangle BLK, 

arc LK = 5' 
and arc BL = 175' (supplement). 

So the corresponding chords 
KL = 5;14' 

where hypotenuse BK = 120'. 
and BL = 1 

31 See Fig. S, which makes most of Ptolemy's statements obvious. In particular, since M is in the 
ecliptic (by construction) and L AM@ is constructed as a right angle, LM, KO and BH are all 
parallel, so L ALM is a right angle. 
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Therefore, where hypotenuse BK = 30;3ZP, and AB = 60') 
KL = 1;20P, 
BL = 30;3@, 

and, by subtraction [of BL from AB], AL = 29;30P. 
H547 But, in the same units, LM = KO = 30;3ZP. 

Therefore hypotenuse AM [= JXCTE'F] = 42;27' in the same units. 
Therefore, where hypotenuse AM = 120P, LM = 86;19P, 

and the equation in longitude at that point, 

i 92;Oo0 where 2 right angles = 36OoG L LAM = 
46;0° where 4 right angles = 360G. 

Similarly, where AM = 42;27', 
OM = KL = 1;20P; 

and OM2 + AM2 = A@, 
so A@ = 42;2gP in the same units. 

Therefore, where hypotenuse AO = 120P, 
OM = 3;46', 

and the angle of the deviation in latitude, 

. i 3;360° where 2 right angles = 360°0 
L @AM = 

1;48O where 4 right angles = 360". 
That [1;48O] is what we shall put in the third column of the table for Venus on 
the line containing '135". 

In order to make a comparison of the difference in the equation of longitude 
which results [from the above computation 1, let there be drawn [Fig. 13.31 the 
corresponding figure without any inclination of the epicycle. Then we showed 
that 

BK = KO = 30;3ZP where AB = 60P, 
so, by subtraction, AK = 29;28'; 

H548 and AK2 + KO2 = A@', 
so AO = 42;2tiP in the same units. 

Therefore, where hypotenuse A@ = 12@, KO = 86;21P, 
and the angle of the in longitude, 

92;30° where 2 right angles = 360°0 L OAK = 
46;Z0, approximateIy, where 4 right angles = 360°. 

And with the inclination it was shown. to be 46". 
Therefore the equation in longitude, computed according to the inclination, 
was -less by 2'. 

Q.E.D.32 
Again, to enable us to demonstrate the [latitudinal] positions for Mercury 

too, let there be drawn a figure [Fig. 13.41 similar to the one before the last, with 
arc EO taken as the same size, 45". Hence again 

BK = KO = 84;5ZP where hypotenuse BO = 120'. 
H549 Therefore, where the radius of the epicycle,BO = 22;3@, 

32.4ccurately, one finds 45;5g0 (to the nearest minute) with the inclination, and 46;0° without it. 
Ptolemy's inaccuracy here is mysterious, since for the table of anomaly (XI 1 l ) ,  argument 135Oat 
mean distance, he found (presumably by an identical computation) the better value 45;5g0. 
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F1 
Fig. 13:3 

I and ihB, the distance at which the greatest inclinations occur, is 56;4@ (all of 

I which we have previously dern~nstiated),~' 

I BK = KO = 15;55' ~n the same units. 
I Again, since by hypothesis the angle of the inclination of the epicycle, j i 6;15O where 4 right angles = 360° 

L ABE = 

I 12;30°0 where 2 right angles = 360°0, 

I- in the circle about right-angled triangle BKL, 
arc LK = 12;30° 

and arc BL = 167;30° (supplement). 
So the corresponding chords 

KL = 13;4' 
where hypotenuse BK = 12p. 

and BL = 
Therefore where BK, as we showed, is 15;55', 

and AB, by hypothesis, is 56;4U", 
KL = I;#', 
BL = 15;4Y, 

f c 

"This last number is not, in fact, previously attested. However, Ptolemy must have computed 
the distances all the way round the orbit in order to construct the table ofanomaly, and no doubt 
found this value by interpolation. Neugebauer (HAMA 221) found 56;37' from a cubic equation. 
However, from a computer program I find, for ii = 93;I,41°, K, = 90;0,0°, p = 56;43,9. 
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Fig. 13.4 

and, by subtraction [from AB], AL = 40;51 in the same units. 
And LM = KO = 15;5!iP. 

And since AL2 + LM2 = AM2, 
AM = 43;50P where line LM = 1 5;5!iP. 

Therefore, where hypotenuse AM = 12p, LM = 43;34'. 
and the angle of the equation in longitude, - 

L LAM = { 42;340° where 2 right angles = 360°0 
21;17" where 4 right angles = 360°. 

Similarly, where AM = 43;50P, 
OM = KL = 1;44'; 

and AM2 + OM2 = A@, 
so AO = 43;5ZP in the same units. 

Therefore, where hypotenuse A@ = 12@, 
OM = 4;44', 

and the angle of the deviation in latitude, 
4;3Z00 where 2 right angles = 360" 

L @AM = 
2;16O where 4 right angles = 360°. 
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That  [ 2 ; 1 6 O J  e what we shall enter in the third column ofthe table tor Mercury 
on the same line, namely that containing the argument ' 1 3 5 O ' .  

In order again to make a comparison ofthe equation, let there be drawn [Fig. 
13.51 the figure without the inclination [of the epicycle]. Then we showed that, 
where line AB = 56;40P, 

OK = KB = 15;55', M55 I 
and, by subtraction, obviously, AK = 40;45' in the same units; 

and AK2 + KO2 = A02, 
so A@ = 43;45' where OK = 15;55'. 

Fig. 33.5 

Therefore, where hypotenuse A@ = 12@, OK = 43;3gP, 
and the angle of the equation in - longitude, 

42;40°0 where 2 right angles = 360°0 
L KAO = 

21;20° where 4 right angles = 360°. 
But we showed that with the inclination it was 21; lF.  
Therefore here too the equation in longitude computed according to the 
inclination was less, by 3'. 

Q.E.D. 
Such, then, is the method by which we computed the positions in latitude at  

the greatest inclinations for these two planets. For the greatest inclinations 
occur when the eccentre is in the same plane as the ecliptic. For the remaining3 H552 
planets, however, we computed (those positions] by means of a theorem which 
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requires a different diagram, since [for these] the greatest inclination of the : 

epicycle occurs when the inclination of the eccentre is also at a maximum, and it 
would benefit us to have the positions in latitude resulting from both 
inclinations computed together. 

[See Fig. 13.6 and cf. Fig. T.] In the plane orthogonal to the ecliptic, again, 
let the intersection with it of the plane of the ecliptic be AB, the intersection of 
the plane of the eccentre AG, and the intersection of the plane of the epicycle 
DGE. Let A be taken as the centre of the ecliptic, and G as the centre of the 
epicycle, and let the epicycle DZEH be described about G in such a way, again, 

Fig. 13.6 

Fig. T \A 
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that when lines are drawn perpendicular to DE, diameter ZGH lies in the plane 
of the eccentre and parallel to the plane of the ecliptic, while the other 
[perpendiculars] are parallel to both the above planes. SimiIarly, let arc EO be 
cut olT in the same amount of 45", and drop ~ e r ~ e n d i c u l a r  OK from O (the 
point at which the planet is located), and also drop perpendicuJarsOL, KB fi-om H553 
points O and K to the plane of the ecliptic. Join BL and AL. Then let the 
problem be, to find the equation in longitude, represented by L BAL, and the 
position in latitude, represented by L LAO. 

So draw perpendicular KM from K to AG, and join GO, AK and A@. Let us 
again take it as given, from what was proved before, that 

GK = KO = 84;5ZP where hypotenuse GO = 120'. 
Then first, for Saturn: 

Since we showed that the radius of the epicycle is 6;30P where the mean 
distance is 60P, 

GK = KO = 4;36' where hypotenuse GO = 6;30P. 
And since: by hypothesis, the angle of the inclination of the epicycle, 

4;30° where 4 right angles = 360° 
L AGE = 

9"' where 2 right angles = 360°, 
in the circle about right-angled triangle GKM, 

arc KM = 9O 
and arc GM = 171" (supplement). 

So the corresponding chords 
KM = 9;25' 

where hypotenuse GK = 120'. 
and GM = 1 19;38' 

Therefore, where GK = 4;36', 
KM = 0;2ZP 

and GM = 4;35'. 
Now at the greatest inclination on the semi-circle containing the apogee, AG, 
representing the distance [when the epicycle is] near the beginning of Libray3* is 
computed, by means of the theorems which we went through before, in treating 
the anomalies, as 62; 10' in the same units.35 Hence, by subtraction [of GM from 
AG 3, 

AM = 57;35' where Iine MK = 0;2ZP; 
hence hypotenuse AK [= JAMZ + MK2] = 57;35' in the same units. 

Therefore, where hypotenuse AK = 12V, KM = 0;46', 
and L KAM36 = 0;440° where 2 right angles = 360°0. 

But, by hypothesis, the angle of the inclination of the eccentre, 
2;30° where 4 right angles = 360' 

L .BAG = 
50° where 2 right angles = 360°0. 

Therefore, by addition, L BAK = 5;440° where 2 right angles = 36OW. 
Therefore, in the circle about right-angled triangle BAK, 

arc BK = 5;44O 
and arc AB = 174;16" (supplement). 

3* Cf. XI11 1 p. 598. 
35Accurately, 62;8,21P when the centre of the epicycle is at a true longitude o f 6  0' (the apogee 

being in 20°, cf. Xll l  6 p. 635). 
36Readinp KAM for KAM (misprint in Heiberg's text) at H554,ll. Corrected bv Manitius. 
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So the corresponding chords 
BK = 6;OP 

where hypotenuse AK = 120P. 
and AB = 1 19;51P 

Therefore, where line AK = 57;35', 
I4555 BK = 2;53', 

AB = 57;31P, 
and BL = KO = 4;36' [p. 6131. 

And since AB2 + BL2 = AL2, 
AL = 57;4ZP in the same units. 

Similarly, since LO = BK = 2;53' in the same units, 
and AL2 + LO2 = A02, 

A@ = 57;46'. 
Therefore, where hypotenuse A@ = 120P, OL = 5;59, 
and the angle of the deviation in latitude, 

{ 5;440° where 2 right angles = 360°0 
L OAL = 

2;5Z0 where 4 right angles = 360°. 
That [2;5Z0] is what we shall enter in the third column of the [ab~e for Saturn 
opposite '1 35OY. 

But at the greatest inclination on the semi-circle containing the perigee, since 
AG, representing the distance [when the epicycle is] near the beginning of 
Aries, is computed as 57;4@,37 
where, as we demonstrated [p. 6131, KM = 0;2ZP and GM = 4;35', 

hence, by subtraction, AM = 53;5'. 
And hypotenuse AK = 53;5' in the same units, since it is negligibly 

greater than line AM. 
Therefore, where hypotenuse AK = 120P, 

KM = 0;5OP, 
H556 and L KAM = 0;480° where 2 right angles = 360°0. 

But, by hypothesis, L BAG = 50° in the same units. 
So, by addition, L BAK = 5;480° where 2 right angles = 360°0. 

Therefore, in the circle about right-angled triangle BAK, 
arc BK = 5;48O 

and arc AB = 1 74;1Z0 (supplement). 
So the corresponding chords 

BK = 6;4' 
and AB = 

where hypotenuse AK = 120P. 

Therefore, where line AK = 53;5', 
BK = 2;4lp 

and AB = 53;lP. 
And since AB2 + BL2 = AL2, 

and BL was shown to be 4;36' in the same units, 
AL = 53;13' in the same units. 

37Accurately, 57;44,48' when the centre of the epicycle is at a true longitude o f T  W. Precisely 
opposite a distance ef p = 62;10P is the distance (63;25 x 56;35/62;10 =) 57;43'. It is obvious that 
Ptokemy has rounded to the nearest convenient number, whatever method of computation he used. 
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Therefore, where hypotenuse AL = 12V, BL = 20;23", 
and the angle of the equation in longitude, 

i 9;560° where 2 right angles = 3600° 
L BAL = 

4;5B0 where 4 right angles = 360°. 
Again, where line AL = 53;13', 

OL = KB = 2;4IP, 
and AL2 + OL2 = A@', 

so AO = 53; 1 7'. 
Therefore where hypotenuse A@ = 120P, OL = 6;3", 
and the angle of the deviation in latitude, 

L OAL = 
5;460° where 2 right angles = 360°0 
2;53O where 4 right angles = 36U0. 

That [2;53O] is what we shall enter in the fourth column of the table opposite 
'1 35"'. 

Then in order to compare the equations in longitude fbr the inclination 
nearer the perigee, let the diagram with no  inclination be drawn again [Fig. 
13.71. Then, where the distance at that point, 

AG = 57;4@, 
GK (= KO) is given as 4;36'; 

and, by subtraction, AK = 53;4" in the same units; 
but AK2 + KQ2 = A02,  

so A 0  = 53; 16'. 

Fig. 13.7 
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Therefore, where hypotenuse AO = 120P, KO = 10;2ZP, 
and the angle of the equation in longitude, 

H558 9;540° where 2 right angles = 360°0 
L OAK = 

4;57O where 4 right angles = 360'. 
But when the inclinations [of eccentre and epicycle] were taken into account it 
was shown to be 4;5B0. So the equation in longitude computed according to 
both inclinations was 1' greater. 

Q.E.D. 
Let there again I>e drawn [Fig. 13.81, first, the diagram for the inclinations, 

representing the ratios established for Jupiter. 
Hence, where the radius of the epicycle, GO = 1 1;30P, 

GK (= KO) is computed as [84;52 x 11 ;30/ 120 =] 8;8P. 

Fig. 13.8 

Then, since the angle of the inclination of the epicycle, 

i 2;30° where 4 right angles = 360' 
L AGE = 50° where 2 right angles = 360°0, 

in the circle about right-angled triangle GKM, 
arc KM = 5O 

H559 and arc GM = 175' (supplement). 
So the corresponding chords . 

KM = 5;14' 
where hypotenuse GK = 120'. 

and GM = 1 19;53' 
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Therefore, where line GK = 8;8P, 
and AG, the distance near the beginning of Libra, is 62;3@',j8 

K M  = 0;21P, 
GM = 8;8', 

and, by subtraction, MA = 54;2ZP. 
Hence hypotenuse AK, being negligibly greater than MA, is54;22' in the same 
units. 

Therefore, where hypotenuse AK = 12@, KM = 0;46', 
and L KAM = 0;440° where 2 right angles = 360°0. 

But, by hypothesis, the angle of inclination of the eccentre, 
1;30° where 4 right angles = 360°0 

where 2 right angles = 360°0. 
Therefore, by addition, L BAK = 3;440° where 2 right angles = 360°". 

Therefore, in the circle about right-angled triangle BAK, 
arc KB = 3;44O 

and arc AB = 176;16" (supplement). 
So the corresponding chords 

where hypotenuse AM = 120P. 

Therefore, where line AK = 54;2ZP, 
KB = 1 ;46' 

and AB = 54;20P. 
And, from what was demonstrated previously, BL = 8;8P in the same units. 

And since AB2 + BL2 = AL2, 
AL = 54;56' in the same units. 

Similarly, since LO [= KB] = 1;46' in the same units, 
- and AL2 -t LO2 = A02,  

AO = 54;58' in the same units. 
Hence, where hypotenuse AO = 120P, LO = 3;5ZP, 
and the angle of-the deviation in latitude, 

{ 3;420° where 2 right angles = 360°0 L OAL = 
1;51 where 4 right angles = 360°. 

That [1;51°] is what we shall enter in the third column of the table forJupiter 
opposite 'l35O'. 

In the same way, AG, when it represents the distance at the beginning of 
Aries, is computed as 57;30P,39 where, as we demonstrated, KM = 0;21P and 
GM = 8;8'; 
hence, by subtraction, AM(= AK which is negligibly greater) is 49;22? in the 
same units. 

Therefore, where hypotenuse AK = 1 2V, KM = 0;51P, 
and L KAM = 0;490° where 2 right angles = 360''. 

38Accurately, 62;34,36' when the centre of the epicycle is at a true longitude o f e  O0 (the apogee 
being in lo0, cf. XI11 6 p. 635). 

39Accurately 57;24,31P. The values of Ptolemy for both distances (cf. n.38) would fit better an 
elongation from the apogee of -2440 and (1 80° - 24f0), rather than the -20" which he specifies 
in XIII 6. But ifone were to take the precise position of the apogee in his time, 1 1  O, this would give 
-lgO with even worse agreement with the text. 
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Therefore. by addition, L BAK [= L KAM + 30°1 = 3;490° in the same 
units. 

Therefore, in the circle about right-angled triangle AKB, 
arc KB = 3;4g0 

and arc AB = 176; 1 ! (supplement). 
H561 So the corresponding chords . 

BK = 3;5gP 
and AB = 1 

where hypotenuse AK = 120'. 

Therefore, where line AK = 49;2ZP, 
KB = 1;3Y 

and AB = 49;20P. 
Hence, since BL = 8;8' in the same units, 

and AB2 + BL2 = AL2, 
AL = 50;OP in the same units. 

Therefore, where hypotenuse AL = 12@, BL = 19;31P, 
and the angle of the equation in longitude, 

i 18;440° where 2 right angles = 360°0 L BAL = 
9;2Z0 where 4 right angles = 360'. 

Again, where line AL = 50;OP, 
OL [= KBJ = 1;3gP, 

and AL2 + OL2 = A@', 
So A@ = 50;ZP. 

Therefore, where hypotenuse A@ = 12@, LO = 3;57', 
and the angle of the-deviation in latitude, 

i 3;460° where 2 right angles = 36OC0 
L OAL = 

1;53O where 4 right angles = 360°. 
That [1;53"] is what we shall enter in the fourth column ofthe table opposite the 
same '135O'. 

In order to compare the equations in longitude, let the diagram with no 
inclinations be drawn again [Fig. 13.91. Then at ihe distance in question, 

where OK = GK = 8;8', 
H562 the whole line AG = 57;30P, 

and, by subtraction, AK = 49;2ZP in the same units. 
But AK2 + K e 2  = A02, 

so AO = 50;ZP in the same units. 
Therefore, where hypotenuse AO = 12V, OK = 19;3V, 
and the angle of the equation in - longitude, 

18;420° where 2 right angles = 360°0 L OAK = 
9;21 where 4 right angles. = 360°. 

And when the inclinations were taken into account it was shown to be9;2Z0. So 
the equation in longitude computed according to both inclinations was, again, 
greater by only a single minute.) 

Q.E.D. 
Next, to determine the quantities for Mars, let there be drawn, first, the 

diagram for the inclinations [Fig. 13-10], and let GK (= KO) be computed as 
[84;52 x 39;30/120 =] 27;56', where the radius of the epicycle, GO = 39:30P. 
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D 

R 
Fig. 13.9 

Then, since the angle of the inclination of the epicycle, - 
2;15" where 4 right angles = 360' 

LACE = 
4;30°0 where 2 right angles = 36Q00, 

in the circle about right-angled triangle GMK, 
arc KM = 4;30° 

and arc GM = 1 75;30° (supplement). 
So the corresponding chords 

KM = 
where hypotenuse GK = 120'. 

and GM = 1 
/ 

Therefore, where Iine GK = 27;56', 
and AG, the greatest distance, is 66P,40 

KM = 1;6' 
and GM = 27;54P, 

and, by subtraction, AM = 38;6. 
Hence hypotenuse AK [= JAM? + KM" = 38;7' in the same units. 

Therefore, where hypotenuse AK = 12QP, 
KM = 3;28', 

and L KAM = 3;190° where 2 right angles = 360°0. 
But, by hypothesis, the angle of the eccentre's inclination, 

40 1.e. the northpoint is taken as coinciding with the apogee, both being placed in the (rounded) 
61 oO. 
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Fig. 13.10 

1" where 4 right angles = 360° 
L BAG = 

2'" where 2 right angles = 360°0. . 

Therefore, by addition, L BAK = 5;190° where 2 right angles = 360°0. 
SO, in the circle about right-angled triangle BAK, 

arc KB = 5;1g0 
and arc AB = 174;41 (complement). 

So the corresponding chords . 
BK = 5;34p) where hypotenuse AK = 121. 

and AB = 1 19;5ZP 
Therefore, where line AK = 38;7', 

k KB = 1;46' 

and AB = 38;5'. 
But line BL [= KO = GK] = 27;56' in the same units. 

And, since AB2 + BL2 = AL2, 
AL = 47; 14'. 

Similarly, since OL = 1;46' in the same units, . 

and AL2 + L e 2  = A@', 
A@ = 47;16P in the same units. 

Therefore, where hypotenuse A@ = 12@, OL = 4;2gP, 
and the angle of the deviation in latitude, 

4;180° where 2 right angles = 360m 
.L @AL = 

where 4 right angles = 360°. 



XddI 4. Effect of latitude on longitude of Mars 62 1 

?'hat [2;g0] is what we shall enter in the third column 01- the table fbr Mars 
opposite ' 1  35O'. 

In the same way, for the inclinations at least distance: 
AG = 54P where, as  was shown, 

K M  = 1;6' 
and GM = 27;54'. 

Thus, by subtraction, AM = 26;V, 
and hypotenuse AK [= J K M ~  + AM'] = 26;7' in the same units. 

Therefore, where hypotenuse AK = 120P, KM = 5;3', 
and L KAM = 4;490° where 2 right angles = 360°0. 

Hence, by addition, L BAK = 6;490° in the same units. 
Therefore, in the circle about right-angled triangle ABK, 

arc BK = 6;4g0 
and arc AB = 173; 1 1 (supplement). 

So the corresponding chords 
BK = 7;BP 

where hypotenuse AK = 120P. 
and AB = 1 

'I'herefore, where line AK = 26;7', 
BK = 1;33P 

and AB = 26;4'. 
And fine BL is, again, 27;5@' in the same units. 

And, since AB2 + RIA2 = AId2, 
AI, = 38; 12'. 

Therefor?, where hypotenuse AL  = 120P, BL = 87;45', 
and the angle of the equation in lonp-itude, 

i 940° where 2 right angles = 360'' 
L BAL = 

47" where 4 right angles = 360°. 
Similarly- where line AL = 38;1ZP, LO [= BK] = 1;33', 

'&' 

and AL2 + L a z  = A@*, 
so A@ = 38;14'. 

Therefore, where hypotenuse A@ = 120P, LO = 4;5ZP, H566 
and the angle of the deviation in latitude, 

i 4;40°0 where 2 right angles = 360°0 
L OAL = 

2;20° where 4 right angles = 360°. 
That [2;20°] is what we shall enter in the fourth column ofthe table opposite the 
same '1 35O' 

Again, if, in order to compare the equations in longitude, we set out the 
diagram without the inclinations [Fig. 13.1 11, at the least distance (where the 
difference must necessarily become most noticeable), 

AG:GK (= KO) = 54 : 27;56. 
hence, by subtraction, AK = 26;4', 
and hypotenuse A@ [= J A K ~  + KOZ] = 38;1ZP in the same units. 

Hence, where hypotenuse AO = 120P, 
OK = 87;45' again [as BL in the previous computation], 

and the angle of the equation in longitude, 
94OO where 2 right angles = 360°0 

L OAK = 
where 4 right angles = 360°. 
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Fig. 13.1 1 

H567 But that is the samasize as was demonstrated by means of the calculations 
including the inclinations.  heref fore the equation in longitude for Mars 
computed according to the inclinations of the circles [of epicycle and eccentre] 
did not differ at all. 

Q.E.D. 
The  fourth column in the two tables for Venus and Mercury will contain the 

positions in latitude produced by the greatest slants of their epicycles, which 
occur at  the apogee and perigee of the eccentre. However, we have computed 
these separately, without the effect due to the inclination of the eccentre, since 
that would have required a greater number of tables and a more complicated 
method of calculation [from the tables]: for the [corresponding latitudinal] 
positions as morning-star and evening-star are  not going to be equal to each 
other, and not even always on the same side [i-e. north or  south] of the ecliptic; 
and in any case, since the inclination of the eccentre is not constant, the 
differences in the amount to be diminished with respect to the greatest 
inclination [of the epicycle] would not correspond to the differences in the 
amount to be diminished with respect to  the greatest slant.*' However, if we 

H568 separate the effects, we can determine each element in a more convenient way, 
as will become clear from the actual procedure which we shall adduce. 

4' Ptolemy means that one could not use asinglecoeficient column (c, in HAMA) to compute the 
diminution with respect to maximum of both inclination and slant as a function of the planet's 
posit& on the epicycle. 
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Let AB [see Fig. 13-12] be the intersection of the planes of the ecliptic and the 
epicycle. Let point A be taken as the centre of the ecliptic, and Bas the centre of 
the epicycle, and let the epicycle GDEZH be described about it slanted to the 
plane of the ecliptic,42 i.e. so that straight lines drawn in the [two planes] 
perpendicular to the common section GH all form equal angles at the points on 
6 H .  Draw AE tangent to the epicycle, and AZD intersecting the epicycle at an 
arbitrary point, and drop from points D, E and Z perpendiculars DO, EK and 
ZL to GH, and perpendiculars DM, EN and ZX to the plane of the ecliptic. Join H569 
OM, KN, LX, and also AN and AXM (for AXM will be a straight line, since 
the three points [A, X, M all] lie in two planes, the plane of the ecliptic and the 
plane through AZD perpendicular to the ecliptic. 

Fig. 13.12 

It is obvious that, with the slant as depicted, the equations in longitude of the 
planet [at D and E respectively] will be represented by anglesOAM and KAN, 
and the [positions] in latitude by angles DAM and EAN. We must demonstrate, 
first, that the position in latitude at the tangent point, L EAN, is the maximum, 
.just as the equation in longitude [is maximum at that point]. 

42 See Fig. U for a redrawing ofthis three-dimensional figure. Note that Ptoiemy's figure is an 

artificial one, since when the intersection of the planes of'ecliptic and epicycle passes through the 
centre of the epicycle. the 'slant' is zero. But it is jus1ified.b~ the 'separation of the effects'. 
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Fig. U 

[ProoE ] Since L EAK is the maximum, 
KE: EA >OD:DA = LZ:ZA. 

But EK:EN = OD:DM = LZ:ZX, 
for: as we said, the triangles formed by them [EKN, DOM and ZLX] have 
equal angles [at GH] and right angles at M, N and X. 

.'. NE:EA > MD:DA = XZ:ZA. 
H570 And, again, the angles Dh4A, ENA and ZXA are right. 

Therefore L EAN >L DAM, and hence, obviously, 
L EAN is greater than any angle so formed. 

It is immediately obvious that, when one considers the effect on the equations b. 

in longitude caused by the slant, the maximum difference is produced at  the 
greatest deviations in latitude at E. For the differences [in theequationcaused by 

i i" 

the slant] are represented by the anglessubtended by (OD - OM), (KE - KN) 
and (LZ - LX) [when the planet is at D, E and Z respectively], and since the 
ratios of these lines [OD:OM etc.] to each other and to the difference between I 

them [(OD - OM) etc.] remains the same, it follows that 
(EK - KN) : EA >(OD - OM) : AD, e t ~ . * ~  I 

k 

And it is also immediately clear that, whatever the ratio between the greatest 
equation in longitude and the greatest deviation in latitude [due to the slant], 
that ratio holds between the equation in Iongitude for any position [of the 
planet] on the epicycle and the [corresponding] position in latitude. 

t 
d 

a 
43 Ptolemy's argument here is fallacious, as pointed out by Pedersen 382. He seems to have been 5 

misled by his figure, which substitutes straight lines for arcs. 8 
< 

2 
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For KE:EN = LZ:ZX = OD:DM. 
and so on for the other points [on the epicycle].44 

Q.E.D. 
Having established these preliminary points, let us first examine the size of 

the angle which is contained by the slant of the planes for each of the two 
planets. We take for granted what was noted at the beginning [of the discussion, 
p. 6011, that both planets, when halfway between greatest and least distances, 
display a maximum difference [in latitude] between opposite positions on the 
epicycle of 5' to north or south: for Venus appears to [so] vary by slightly more 
than 5' at  perigee and slightly less than 5' at apogee, while Mercury varies by 
about io [more and less than 5" at 180' from apogee and apogee respectively]. 

So let [Fig. 13.131 ABG again be the intersection of ecliptic and epicycle. 
Describe the epicycle GDE about centre B, slanting to the plane of the ecliptic45 
in the way described. From A, the centre ofthe ecliptic, draw AD tangent to the 
epicycle, and from D drop perpendicular DZ on to GBE, and perpendicular 
DH on to the plane of the ecliptic. Join BD, Z H  and AH, and let L DAH be 
taken as comprising half the above deviation in latitude for each of the two 

Fig. 13.13 

4 4  This too is fallacious, since Ptolemy hassubstituted chords for arcs (in modern terminology, has 
treated a relationship between the sines oianglesasa relationshi11 between the angles). See Pedersen 
380-1. However, if one treats it as an approximation, i t  is a very reasonable one: see my remark on 
Pedersen, Toomer [3] 145. 

45 Cf. p. 623 n.42. 
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H572 plancts (thus it is 2;'). Let our problem be, to lind for each the amount ofthe 
slant between the planes, namely the size ol'L DZH. 

For Venus, since, where the radius of the epicycle is 43;10P, the greatest 
distance is 61;15P, the least 58;45P, and the mean between them 60P, 

AB:BD = 60 : 43; 10. 
And since AB2 - BD2 = AD', 

AD = 41;40P in the same units. 
Similarly, since BA:AD = BD:DZ, 

DZ = 29;58P in the same units. 
Furi hermore, since, by hypothesis, 

2;30° where 4 right angles = 360' 
L DAH = 

50° where 2 right angles = 360°0, 
in the circle about right-angled triangle .4DH, 

H573 arc DH = 5' 
and the corresponding chord DH = 5;14' where hypotenuse AD = 120P 

Therefbre, where line AD = 41;40P, D H  = 1;50P. 
And DZ was shown to be 29;58' in the same units. 
Therefbre, where hypotenuse DZ = 120P, DH =7;20P, 
and the angle of the slant, 

70° where 2 right angles = 360m 
L DZH = 

3;30° where 4 right angles = 360°.'6 
But since the amount by which L DAZ exceeds L HAZ represents the resulting 
difference in the equation in longitude, we must immediately compute this too, 
b) finding the amounts of these angles. For we showed that, where line 
DH = 1;50P, hypotenuse AD = 41;40P and DZ = 29;58'; 

and AD2 - DH2 = AH2 
whiIe ZD2 - DH' = ]HZ2; 

so AH = 41;37P 
and HZ = 29;55' in the same units. 

Thei-eire: where h>rporenuse AH = 1 20P, ZH = 86;16P, 
91;560° where 2 right angles = 3600° 

and L ZAH = 
45;58O where 4 right angles = 360°. 

H574 Similarl)., since DZ = 18P where hypotenuse AD = 120P, 
91 ;580° where 2 right angles = 360°0 

L DAZ = 
45;5g0 where 4 right angles = 360°. 

Thus the equation in longitude computed according to the slant was less by one 
minute. 

For Mercury [see Fig. 13.141, where the radius of the epicycle is 22;30P, the 
greatest distance, as we demonstrated, is 69': and the distance diametrically 
opposite to that 57'; the mean between these two is calculated as 63' in the same 
units. 

So AB:BD = 63 : 22;30. 
And since AB2 - DB2 = AD2, 

AD = 58;51P. 

46This neat result is achieved only by some devious rounding: computing accurately one finds 
3;28 f ". 



XIII  4. Angle of 'slant' for Mercury 

Fig. 13.14 

SirniIarly, since AB:AD = BD:DZ, 
- DZ = 21;lP in the same units. 

Again, since, by hypothesis, 
L DAH = 50° where 2 right angles = 360°0, H575 

in the circle about right-angled triangle ADH, 
arc DH = 5O, 

and the corresponding chord D H  = 5;14' where hypotenuse AD = 120'. 
Therefore, where line AD = 58;5IP, DH = 2;34'. 

But we showed that DZ = 21;lP in the same units. 
Therefore, where hypotenuse DZ = 12W, D H  = 14;4@, 

and the angle of the slant, 
140° where 2 right angles = 360°0 

L DZH = 
7O where 4 right angles = 360°47. 

In the same way [as for Venus], in order to compare the angles of the equation 
[in longitude]: 

again, where D H  = 2;34P7 we showed that 
hypotenuse AD = 58;5IP and DZ = 21;lP. 

And DA2 - DH2 = AH2, 
DZ2 - DH2 = HZ2, 

so AH = 58;47' 
and Z H  = 20;53P in the same units. 
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Therefore, where hypotenuse AH = 120P, HZ = 42;38', 
41;380° where 2 right angles = 360°0 

and L ZAH = 
20;4g0 where 4 right angles = 360°. 

In the same way, where hypotenuse AD = 120P, DZ is calculated as 42;50P, 
41;50°0 where 2 right angles = 360°0 

and L DAZ = 
20;55O where 4 right angles = 360°. 

So in this case the equation in longitude due to the slant was less by 6'.48 
Q.E.D. 

Next let us examine whether, if we take the above amounts of the slant as 
given, we find the greatest latitudes at the greatest and least distances [derived 
from them] to agree with those derived from our observations. In  the same 
figure [Fig. 13.151, let us now take as basis the greatest distance of Venus, i.e. 

Fig. 13.15 

AB:BD = 61;15 : 43;lO. 
Hence, since AB2 - BD2 = AD2, 

AD = 43;27'. 
But AB:AD = BD:DZ. 

So DZ = 30;37' in the same units. 
Again, since, by hypothesis, the angle of the slant, 

H577 L DZH = 7'' where 2 right angles = 360°0 

48Pt~lerny has 1Ldged the calculations a little to get this result. Accurate computation gives 
L ZAH = 41:33,5fiW, L DAZ = 41 ;50,50°0, with a difference of 0; I 6,520°, or about 8:'. 
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and [hence] DH = T;20P where hypotenuse DZ = 120P, 
therefore, where line DZ = 30;3TP, and AD = 43;27', 

DH = 1 ;5ZP. 
So where hypotenuse AD = 120P, 

DH = 5:gP. 
and the greatest deviation in latitude, 

L DAH = 
4;540° where 2 right angles = 360'' 
2;27O where 4 right angles = 360°. 

But at the least distance, where the radius of'the epicycle, 
BD = 43;10P, 

AB is given as 58;45". 
And AB2 - DB2 = AD', 

so AD = 39;5IP in the same units. 
Similarly, since AB:AD = BDDZ, 

DZ = 29;17P in the same units. 
But DZ:DH is given as 120 : 7;20. 

Therefore, where DZ = 29;17P and AD = 39;51P, 
DH = 1;47'. + 

Therefore, where hypotenuse AD = 120P, DH = 5;2ZP, 
and the greatest deviation in latitude, 

5;80° where 2 right angles = 360°0 
L DAH = 

2;34" where 4 right angles = 360°. 
Thus [the greatest latitude] differs from the 60 of' [greatest] deviation in H578 

latitude assi~med fbr the mean, being less at the apogee and greater at the 
perigee, but [in both cases] by an amount which is negligible to the senses; for at 
the greatest distance it was only three minutes less, and at the least distance four 
minutes more. Such [smali differences] could not be at all easily detected from 
the observations. 

Next [see Fig. f 3.161 let us take the greatest distance of Mercury as basis, 
namely 

AB:BD = 69 : 22;30. 

and DZ [= AD x BD/AB] = 21;16' in the same units. 
But in this case the angle of slant, 

L DZH is given as 140° where 2 right angles = 360°0. 
Hence we have DH = 14;40P4' where hypotenuse DZ = 120'. 

Therefore, where line DZ = 21;16P, and AD = 65;14P, 
DH = 2;36'. 

Therefore, where hypotenuse AD = 12@, DH = 4;47', 
and the greatest deviation in latitude, 

4;340° where 2 right angles = 360'' 
L DAH = 

2;17O where 4 right angles = 360'. 

49The chord of 14O (I 11) is 14;37,27P. But Ptolemy's 14;W is justified by p. 627, where the 7'0f 
the slani is derived from that value. 
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Fig. 13.16 

But at the least di~tance,~'  
AB:BD fs given as 57 : 22;30, 
and so, by the same procedure again, 

AD = 52;2ZP in the same units 
and DZ = 20;MP. 

And the slant is the same as before, 
and hence ZD:DH is given as 120 : 14;40, 

so where DZ = 20;40P and AD = 52;2ZP, 
DH = 2;32'. 

Therefore, where hypotenuse AD = 120P, DH = 5;48', 
5;320° where 2 right angles = 360°0 

and L D A H  = 
2;46O where 4 right angles = 360'. 

Thus the difference from the maximum deviation in latitude at the mean 
(which was taken as 2f0 here too) was 13' in the negative direction at apogee 
and 16' in the positive direction at perigee. T o  represent these, we shail use a 
correction of'$' with respect to the mean in the calculations [f*-om the table], in 
accordance with the perceptil~le difrerence derived fi-om the observations. 

Now that we have demonstrated the above, and also demonstrated that the 
ratio between the greatest eyuation in longitude and the greatest deviation in 

50Ptolemy is speaking loosely here. 57' represents, not the least distance, (which is c. 55;34' at 
120' from apogee, IX 9 p. 460j, but the distance at the point opposite the greatest distance, i.e. 
strictly analogous to the situation for Venus. Ct: the use of' -perigee1 below. 
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latitude also holds good at other points on the epicycle for the ratio between the 
individual equations in longitude and the [corresponding] individual positions 
in latitudq5' we immediately have a convenient method for computing the 
positions in latitude due to the s!ant to be entered in the fourth column of the 
tables for Venus and I\/lercury. However, as we mentioned, these positions are 
based only on the slant of the epicycles at mean distance: the difference due to 
the inclination of the eccentres, and also the diirerence due to [the approach 
towards] apogee or perigee for Mercury, will be found by means ofa correction 
procedure in the computation [from the tables], for convenience ofcalculation. 

For, at the mean distances as set out above, the greatest deviation due to the 
slant was shown to be 2;30° on either side of the ecliptic for both planets; and the a greatest equation in longitude is approximately 46' for Venus and 22' for 
Mercury;52 and we already have, set out in the tables for anomaly of these 
planets, the equations corresponding to the individual positions on the epicycle. H581 

I 
So we form the ratios between the latter and the greatest equation, take the 
same proportion of 210, separately for each planet, and enter the results in the 
fourth column of the tables of latitude opposite the corresponding arguments- 

I We have produced the filth column [in each table] in order to cbi-rect the 

1 positions in latitude for other positions [of'the epicycle] on the eccentre, by using 
the sixtieths entered [in that column]. For since, as we said, the increase and 

1 decrease in the inclination and slant of the epicycle, through the action of'the 
attached small circles, have a period precisely corresponding to the period of 

i return on the eccentre, and since the amounts ofall the inclinations and slants is 
not veq2 difrerent from that associated with the moon's inclined orbit, and the 

1 individual delriations in latitude,for such small inclinations, are, again, almo5t 
1 
! proportional. and since \ye already have the corresponding entries for the moon 

computed geometricall), M e  multiplied each of the entr ies in that table by 12 
(because the maximum there isabout 5@. and here we are making the maximum 

I 
I G O ) ,  and entered the results opposite the appropriate argument in the fifth 
1 column of each table. 

The  layout of the tables is as follows. 

I 

1 I 5. { l a ~ l o u t  o j  the  fable^ jo l  /he conzpu[atron~ in iatitudeef 53 H582-6 
i 
f 
: [See pp. 632-4.1 
I 

I 
1 

i 
1 51 See p. 625 n.44. 
I 
I "These ni~mbers are simply lounded liom the maxima in col. 6 01 the tablesofanomaly (XI 1 I), 
I 45;5g0 101 Venus and 22:2' 101 Met c u ~ y .  Heiberg mistakenly refers to XI1 9, wh~ch gives nothing to 
I 

I compare, since i t  t e le~s  to true, not mean elongations. 
i 5'As Manitius (p 428) note\, thete are a numl)e~ of entries in col. 5 (the 'sixtieths') which are 

d e ~  ived, not tiom the corresponding values in col. 7 of the lunar table (V8), but from a value 1' less. 1 Most (thosr fot 24', 36', 4Z0, 72'. 11 lG, 153O, 155') are less accurate, I,ut some (those Ibr lZO, 78", 
9g0) a: e more accurate. Since thete isno doubt that Ptolemy did, as he says, obtain the values in col. 
5 \imply 1)) multipytng b\ 12. this may I)e a remnant ofan earlier stage in thecomputation ofthe 
111nat table. 
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INCLINATIONS OF SATURN INCLINATIONS OF JUPITER 
Argument 

[in Distance] 
from 

6 
12 
18 

24 
30 
36 

42 
48 
54 

60 
66 
72 

78 
84 
90 

93 
96 
99 

102 
I05 
108 

11 1 

Sixtieths 

59 36 
58 36 
57 0 

54 36 
52 0 
48 24 

Northern 
Limit 

2 4 
2 5 
2 6 

Northern 
Limit 

1 7  
1 8  
1 8  

1 9  
1 10 
1 11 

Southern 
Limit 

1 5  
1 6 
1 6  

1 7  
1 8  
1 9  

Apogee 

354 
348 
342 

336 
330 
324 

318 
312 
306 

300 
294 
288 

282 
276 
270 

267 
264 
26 1 

258 
255 
252 

249 

Argument 
[in Distance] Southern 

Limi~ 

2 2 
2 3 
2 3 

Slxtiethr / 
58 36 

48 24 1 

from 

6 
12 
18 

24 
30 
36 

2 11 
2 12 
2 14 

2 16 
2 18 
2 21 

2 2 4  
2 27 
2 30 

2 31 
2 33 
2 34 

2 36 
2 37 
2 39 

2 40 
2 42 
2 43 

2 45 
2 46 
2 47 

2 49 
2 50 

' 2 52 

Apogee 

354 
348 
342 

336 
330 
324 

2 8 
2 10 
2 12 

2 15 
2 18 
2 21 

2 24 
2 27 
2 30 

2 31 
2 33 
2 34 

2 36 
2 '37 
2 39 

2 40 
2 42 
2 43 

2 45 
2 46 
2 48 

2 49 
2 51 
2 53 

114 1 246 
117 243 

120 ) 240 

1 53 
1 55 

2 7 
2 8 

1 55 
1 57 

i 23 
126 

i 129 
f 132 

1 12 
1 13 
1 14 

1 16 
1 18 
1 21 

1 24 
1 27 
1 30 

I 31 
I 33 
1 34 

1 36 
1 37 
1 39 

1 4 0  
1 42 
I 43 

1 4 5  
1 46 
1 47 

1 49 
1 5 0  
1 51 

1 10 
1 11 
1 13 

1 16 
1 18 
1 21 

I 24 

2 4 
2 5 

46 36 
48 24 

237 
234 

23 1 
228 

1 52 

44 24 ' 
40 0 1 
35 12 1 
30 0 
24 24 
18 24 

12 24 , 

318 
312 
306 

300 
294 
288 

282 
276 
270 

267 
264 
261 

258 
255 
252 

249 
246 
243 

240 
237 
234 

23 I 
228 
225 

2 10 , 2 7 

44 24 
40 0 
35 12 

30 0 
24 24 
I8 24 

12 24 
6 24 
0 0 

3 12 
6 24 
9 24 

12 24 
15 24 
18 24 

21 24 
24 24 
27 12 

30 0 

1 54 
2 55 
2 56 

141 
1 44 

42 
48 
54 

60 
66 
72 

78 
84 
90 

93 
96 
99 

102 
1 05 
108 

11 1 
114 
117 

120 

44 24 2 5 3  
219 
216 

46 36 
48 24 

219 / 2 54 
216 2 55 

135 / 225 

147 
I50 
153 

156 
159 

50 I2 
52 0 
53 12 

54 36 
56 0 

li 1 27 1 
1 30 

1 31 
1 33 
1 34 

1 36 
1 37 
1 39 

1 4 0  
I 42 
1 43 

1 45 
1 46 
1 48 

1 49 
, 1 5 1  

1 53 

2 54 
141 
144 

I38 f 

1 56 
1 58 , 

1 59 

2 0 

1 2 1  
57 0 - 
57 48 
58 36 
59 12 

59 36 
59 48 
60 0 

6 24 
0 0 

3 12 
6 24 
9 24 

12 24 
15 24 
I8 24 

21 24 
24 24 
27 12 

30 0 
32 36 
35 12 

37 36 
40 0 
42 12 

32 36 
35 12 

213 
210 
207 

204 
201 

222 

50 12 
52 0 
53 12 

54 36 
56 0 

44 24 222 

1 59 
2 0 
2 1 

2 3 
2 4 

213 
210 
207 

204 
20 1 

123 
126 

147 
150 
153 

1 56 
159 

138 

1 62 

165 
1 68 
171 

174 
177 
1 80 

2 56 
2 57 
2 58 

1 2 59 
2 59 

37 36 
40 0 
42 12 

57 0 

57 48 
58 36 
59 12 

59 36 
59 48 
60 0 

198 

195 
I92 
189 

186 
183 
180 

2 57 
2 58 
2 59 

3 0 
3 1 

129 
132 
135 

1 62 

165 
1 68 
171 

174 
177 
180 

2 5 

2 6 
2 6 
2 7 

2 7 
2 8 
2 8 

3 0 

3 0 
3 1 
3 1 

3 2 
3 2 
3 2 

1 98 

195 
1 92 
1 89 

186 
1 83 
180 

3 2 

3 2 
3 3 
3 3 

3 4 
3 4 
3 5 

2 2 

2 2 
2 3 
2 3 

2 4 
2 4 
2 4 
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AI gumcnt 
[in Distanc el 

INCLINATIONS 

Inclination 

1 45 
1 44 
1 43 

1 4 0  
1 36 
1 30 

1 23 
I 16 
1 8 

0 59 
0 49 
0 38 

0 26 
0 16 
0 0 

0 8 
0 15 
0 23 

0 31 
0 40 
0 48 

0 57 
1 6  
1 16 

1 25 
1 35 
1 45 

1 55 
2 6 
2 16 

2 27 
2 37 
2 47 

2 57 
3 7 
3 17 

3 26 
3 34 
3 42 

3 48 
3 54 
3 58 

4 2 
4 4 
4 5 

fiom 

6 
12 
18 

24 
30 
36 

42 
48 
54 

60 
66 
72 

78 
84 
90 

93 
96 
99 

102 
105 
108 

11 1 
114 
117 

120 
125 
126 

Apogee 

354 
348 
342 

336 
330 
324 

318 
312 
306 

300 
294 
288 

282 
276 
270 

267 
264 
261 

258 
255 
252 

249 
246 
243 

240 
237 
234 

OF MERCURY 

Slant 

0 11 
0 22 
0 33 

0 44 
0 55 
1 6  

1 16 
1 26 
1 35 

1 44 
1 52 
2 0 

2 7 
2 14 
2 20 

2 23 
2 2.5 
2 27 

2 28 
2 29 
2 29 

2 30 
2 30 
2 30 

2 29 
2 28 
2 26 

2 23 
2 20 
2 16 

2 11 
2 6 
2 0 

1 53 
1 46 
1 38 

1 29 
1 20 
1 10 

0 59 
0 48 
0 36 

0 24 
0 12 
0 0 

Six1 iettls 

59 36 
58 36 
57 0 

54 36 
52 0 
48 24 

44 24 
40 0 
35 12 

30 0 
24 24 
18 24 

12 24 
6 24 
0 0 

3 12 
6 24 
9 24 

12 24 
15 24 
I8 24 

21 24 
24 24 
27 12 

30 0 
32 36 
35 12 

37 36 
40 0 
42 12 

44 24 
46 36 
48 24 

50 12 
52 0 
53 12 

54 36 
56 0 
57 0 

57 48 
58 36 
59 12 

59 36 
59 48 
60 0 

I29 
132 
135 

138 
141 
144 

145 
150 
153 

156 
159 
162 

165 
168 
171 

174 
177 
180 

231 
228 
225 

222 
219 
216 

213 
210 
207 

204 
201 
198 

195 
192 
189 

186 
183 
180 
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6. {Computation of /he deviation in latitude for  the 5 

Those [tables] thus established, we carry out the latitude computation for the 5 
planets as follows. 

For the 3 planets Saturn, Jupiter and Mars, we take the corrected longitude 
(for Marsjust as it is, for Jupiter subtracting 20" and for Saturn adding 50°),55 
and entering the argument [columns] of the appropriate table, find the sixtieths 
corresponding to it in the fifth column of the latitude, and write that down 
separately. Similarly, we enter the same argument [columns] with the corrected 
amount of the anomaly,56 and take the difference in latitude corresponding to 
it, in the third column ifthe corrected longitude falls within the first 15 lines, but 
in the fourth column if it faIls within the lines afier [the 15thl. We rnultipll- 
this by the sixtieths we wrote down, and the result will give us the amount by 
which the planet is north ofthe ecliptic, ifwe took the diff'erence in latitude from 
the third column, or south of it, if we took it fi-om the fourth. 

For Venus and Mercury we first enter with the corrected amount of the 
anomaly into the argument [columns] of the appropriate table, take the 
corresponding amounts in the third and fourth columns of the latitude, and 
write them down separately; we take them unchanged from a11 columns except 
the fburth column for Mercury, but for that, if the corrected longitude falls 
within the first 15 lines, we subtract a tenth part of t  he amount, whereas if the 
corrected longitude falls within the lines below [the 15th], we add a tenth 
part.i7 Then we add to the corrected longitude, for Venus always 90': and for 
R'fercury always 270°, subtract [the 360' ofl a circle if i t  comes to that [i.e. to 
more than 36Q0], enter with the result into the same argument [columns], and 
take the corresponding number of sixtieths in the fifth column. We multiply the 
Iatter into the amount we wrote down from the third column, and set out the 
result. The direction cf this will be: 
[A] if the longitude (with the addition as detailed above) falls within the first 15 

lines, and 
[1] the amount of the corrected anomaly falls within the first 15 lines: 

southerly 
[ Z ]  the anomaly falls within the lines following [the 15thl: northerly; 

[B] ir the above-mentioned longitude falls within the lines below the 15, and 
[ l  ] the amount of the above-mentioned anomaly falls within the first 15 

lines: nort hel-ly 
[2] the anomaly falls within the lines following [the 15thl: southerly. 

Next we again take the corrected longitude, just as it is for Venus, but with the 
addition of 180" for Mercury, enter with it  into the same [columns ofl 

5.'See HA4MA 219-20, 222-6, and Appendix A, Example 15. 
"The 'corrected longitude' means 'the distance of the epicycle centre from apogee, as seen from 

the observer (i.e. corrected by the equation ofcentre)'. The amounts to I)e applied to it represent the 
(rounded) distance between apogee and northpoint of the inclined orbit. 

56 1.e. the true anomaly a, corrected for equation of centre. 
57 The 'tenth part' represents the ratio a" : 24". Cf. XI11 4 p. 630. 
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argument, take the sixtieths corresponding to this in the fifth column, multiply 
them into the amount we wrote down from the fourth column, and set out the 
result. The direction of this will be: 
[A] if the longitude we entered with (as described above) falls within the first 15 

lines, and 
[ I ]  the corrected anomaly is 180° or less: northerly 
[ Z ]  the anomaly is greater than 1 80°: southerly; 

[B] if the longitude falls within the lines below the 15, and 
[I]  the anomaly is 180° or less: southerly 
[2] the anomaly is greater than 180°: northerly. 

Then we take these same sixtieths which were found by the second entry with 
the longitude, calculate the amount which is the same fraction of them as they 
are of 60, and, for Venus, take f t h  of this and set it out too, always with a 
northerly direction; but for Mercury we take of the amount and set it out, 
always in a southerly directione5* 

Thus, by combining the 3 quantities set out, we determine the apparent 
position in latitude with respect to the ecliptic of these [two planets]. 

H590 7 .  (On the f int  and last visibilities of  the 5 

NOW that we have dealt with the basic problem of the deviations in latitude of' 
the 5 planets, there remains the supplementary topic of the requisite theorems 
for their first and last visibilities with respect to the sun. For, as we explained in 
the treatise on the fixed stars [VIII 6, p. 4131, it turns out that their distances 
from the sun along the ecliptic are variously unequal, for both first and last 
visibilities, for a number of reasons: the first of these is due to the fact that they 
are of unequal size, the second due to the variation of the inclination of the 
ecliptic to the horizon, and the third due to their positions in latitude. 

For if we again imagine [see Fig. 13.171 segments of great circles, AB of the 
horizon, and G D  of the ecliptic,60 and take point E as their intersection at rising 
or  setting, points G and A in the direction of south [i.e. the meridian],6' and 
point D as the sun's centre, and we draw through D and the pole of the horizon 

H591 another great circle segment DBZ, and suppose the planet to rise or set along the 
horizon AEB (when it is situated on the ecliptic, it will do so, obviously-, at  E; 
when it is north of the ecliptic, at H ,  and when it is south, at  @), and drop 
perpendiculars H K  and OL on to the ecliptic from points H and@, then we will 
again@ have, in BD, an arc which is equal to the amount which the sun must 
always be below the earth in order for the same [given] planet to be first or last 
visible. For it is on a great circle so drawn [i.e. perpendicular to the horizon] 

58 For an explanation of this procedure see H.4MA 224. 
59 See H,4MA 234-8, Pedersen 386-8, with the correction Toomer 131, 145. 
"Reading K ~ K A O U  (with D,Ar) for p~yiorou KGKAOV ('the great circle of the ecliptic') at 

H490,18. Corrected by Manitius. 
Ger adds 'and points O and H in the direction of south and north', which makes good sense. 

62Lagain' refers back to the similar situation with the fixed stars, VIII 6 p. 413. 
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7 

Fig. 13.17 

that equal intervals below the earth must be taken in order for the identical 
obscuring efl'ect of the sun's rays to take place. 

First, then, this arc [BD] is, naturally, unequal for thevarious planets, which 
are unequal [in size], so, even if all other factors remain the same, the arc of the H592 
ecliptic subtending the right angle, i.e. the interval corresponding to ED, must 
vzry, being, obviously, smaller for the larger planets, and greater for the smaller 
planets. 

Similarly, even if BD rema'ins the same for the same [given] planet, but the 
angle ol'inclination of the ecliptic, BED, varies either because there is a difl'erent 
zodiacal sign [crossing the horizon] or [the latitude ofJ the location is different, 
the arc of the [sun's] distance, ED, will again vary, and will become greater as 
the angle in question decreases and lesser as it increases. 

I E  the same way, even ifwejoin to the above condition [of BD being constant] 
the further condition that the inclination remains the same, but the planet does 
not lie on the ecliptic, but is either north of it a t  H or south of it at  0, its first and 
last visibility will no longer take place at  a distance [from the sun] of arc DE, but 
when it is north of the ecliptic, at the lesser distance DK, and when it is south, at  
the greater distance DEL. 

Therefore, for our investigations of the particular cases, it is essential that 
there first be given, for each of the 5 planets, the universally applicable size of 
the arc corresponding to BD, from the more reliable observations of the phases. H593 
These would be those made in summer, round about Cancer, since at that 
season the atmosphere is thin and clear, and the inclination ofthe ecliptic to the 
horizon is symmetrical [at eastern and western  horizon^].^^ We find, then, by 
examining observations of [first] risings ofthis kind,64 that near the beginning of 
Cancer, in general, 

b'This is Neugebauer's interpretation ~f's~rnmetrical' (H.4MA 235), and it is confirmed by p. 
639, 'whcn the beginning of Cancer is setting, it forms the same angle and inclination to the horizon 
as betore [at risingr. 

MFor Satu~n at least, these could hardly have been Ptolerny's own observations, as the 
requirement ofa longitude near 5 O0 takes us back to about the year 120, much earlier than any of 
Ptolrrny's quoted observations. This is confirmed 1)). the references to the Ba1,ylonians. 
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Saturn rises [i.e. is first visible] at  a distance from the true sun of 14O 
Jupiter at i d o  
Mars at 1440 
Venus as evening star at 5f0, and 
Mercury as evening star at 11 40. 
With these data given, let the diagram of the preceding figure be drawn [Fig. 

13.181. (For such small arcs i t  will make no difference if, for convenience' sake, 
we substitute in our calculations the corresponding chords which are not 
sensibly different from them). Let point E be the intersection of ecliptic and 
horizon at the above-mentioned phases, at the beginning ofcancer, and rising 

D 
Fig. 13.18 

for the 3 morning-star planets, Saturn, Jupiter and Mars, I~ut ,  obviously, 
setting for the evening-stars, Venus and Mercury. Let us take as geographical 

H594 latitude the parallel through Phoenicia, where the longest day is 145 hours, 
since it is mainly on this parallel or round about it that the majority and most 
reliable of the observations of' the phases have been made, those of' the 
Babylonians almost on it, and those in Greece and Egypt round about it.65 

Now we find, by means of the procedure for angles [between ecliptic and 
horizon] previously demonstrated [I1 111, that when the beginningof'cancer is 
rising at  the latitude in question, 

L BED = 1030° where 2 right angles = 360°0,66 
and hence the ratio of the sides about the right angle,67 

[BD:BE] 94 : 75 where the hypotenuse [DE] = 120'. 

65 According to the Geography Babylon has a latitude of 35' (which corres onds closely to the 70 standard Babylonian daylight ratio M:m = 3 : 2). In fact its latitude isabouf 321 . The parallel with 
M = 14Sh (and cp = 33;18O) is halfway between the climata oflower Egypt ( 1 4 ~  and 30;2Z0) and 
Rhodes (14th and 36'). 

66 HOW Ptolemy got this angle remains mysterious: whether he used interpolation in the tables11 
13 (cf. HAMA 236) or direct computat ion, he should have found (in round numbers) 53' = 1060°. 
On the general problem of the angles between ecliptic and horizon in this chapter see HAMA 245- 
50. 

6'The text has 'right angles', 'hypotenuses' etc. because it is true for each planet. 
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By means oi'the procedure for the [planetary] latitude, we find that (considering 
now just the 3 [outer] planets), when they [first) rise near the beginning of 
Cancer, that is, when they are near the apogee of the epicycle, then at any 
distance from the apogee not exceeding h th  [of the epicycle ~ircumference] ,~~ 
with no sensible error Saturn and Jupiter are practically on the ecliptic, while 
Mars is ahout 3" north of the ecliptic.69 H595 

Therefore their distance from the sun along the ecliptic will be represented by 
DE for Saturn and Jupiter, and by DK for Mars, since it  is north [of the ecliptic] 
by KH, of the amount 12'. 

And since KH:KE = 94 : 75, 
K E Z  10' in the same units. 

But DK is given for Mars as 14i0, 
so, by addition, DE = 14;40°. 

And for Saturn it is 14O 
and for Jupiter 12i0. 

So, since ED:DB = 120 : 94, 
we get, approximately, for DB, the ar-c of the great circle drawn through the 
poles of the horizon, 

1 lo  fbr Saturn 
.lo0 for Jupiter 

and I 1  to  for A4ars. 
Similarly. for Venus and h4ercury7 when the beginning ofcancer- is setting, it 

forms the same angle and'inclination to the horizon as before; and we are 
given that, when these planets have their first visibility as evening-star in this 
part of the ecliptic, the distance of Venus from the true sun is 5f0,  while 
Mercury's is I l f o .  -Therrforc at their [first] risings the true sun will have a 
longitude of' 

fl 24;" for Venus H596 
and II 18i0 for h$ercur),, 
while the longitude of the mean sun will be about 

111 25O for Vcnus 
and 111 1 9 O  for Mercury. 
Therefore the planets will have these positions in mean longitude. And when, 
with these [mean] longitudes, the planets have apparent positions at  the 
beginning of Cancer, we find that their distances from the apogee are about 

14O for Venus 
and 3Z0 for Mercury. - 

(This kind ofcomputation can be carried out by means ofthe theoremson their 
anomaly which we set out before).70 Accordingly, at  these positions, we find 
that 

68At apogee of the epicycle the planet is at mean conjunction. So Ptolemy is considering 
elongations fiom the mean sun of up to one zodiacal sign. 

69 See H.4M.4 235,237. 
"From the anomaly tables, XI 1 1 ,  given, tor Venus, % = 85O, B = 14O and the apogee in 8 25O, 

then C = 30°, leading to an equation ofcentre of 1;l lo, so a = 15;11 O, which leads to an equation of 
anomaly of +6;6i0, so h = 85O - 1;l l o  + 6;do = 89;56i0 ;r 5 OO. For Mercury, with1 = 7g0, B = 3Z0 
and theapogee in lo0, iC=24g0, leading to an equation ofcentreof2;53O, soa =29;7O, which leadsto 
an equation of anomaly of 8;16O, hence A = 79' + 2;53O + 8;16O = 90;90= 5 OO. 
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Fig. 13.19 

Venus is about 1-0 north of the ecliptic, 
and Mercury about 1 $O north.71 
These, obviously, are the amounts of KH [in Fig. 13.191. 

So, since KH:EK = 94 : 75. 
3 1 : 4 ;  

and 94 : 7 5 ~  

i0 for Venus 
liO for Mercury. 

And in the sa-me units, by hypothesis, the apparent distance of the planet from 
the sun. .. = {  5520 fok Venus 

1 l f o  for Mercury. 
6g0 for Venus H597 Therefbse, by addition, DKE- 120 for Mercury. 

So. since ED:BD is again 120 : 94, 
and that ratio is about the same as 63 : 5 

and 122 : 10, 
we get for DB, the size of the normal distance, 

5O for Venus 
and 10" fbr Mercury. 

Q.E.D. 

8. (Tha t  the peculiar characteristics of the phases of Venus and h f e r c u y  are also in 
accordance with the hypothses) 

F, 

'.-< 

. - 
Furthermore, it is in accordance with the hypotheses detailed above that the 
strange characteristics of the first and last visibilities ofVenus and Mercury take 

" For the calculations confirming this see H.4hfA 237-8. 
'' See HAMA 239-42: There is a reference to this in Proclus, Hypogpo~ic I 17 (ed. Manitius p. 10). 
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place: namely that, for Venus, the interval from evening setting to morning 
rising is about 2 days round about the beginning of Pisces, but about 16 days 
round about the beginning of Virgo; and, for the planet Mercury, the phases as 
evening-star are missing, when one would expect it to appear round about the 
beginning of'Scorpius, and the phases as morning-star, when round about the H598 
beginning of Taurus. We can come to understand that as follows; and first for 
Venus. 

Let there be drawn a diagram [Fig. 13-20] similar to the preceding figure for 
the phases, and let point E represent, first, the point on the ecliptic at the 
beginning of Pisces (at this point Venus, when it is near the perigee of the 

Fig. 13.20 

epicycle, is about 640 north of the ecliptic).'3 Let the diagram represent the 
evening setting [i.e. last visibility as evening-star]. In this L BED, at the 
terrestrial latitude in question, is calculated as 1 540° where 2 right angles equal 
360°0. 74 

And [in the right-angled triangles BED,KEH], where the hypotenuse is 12OP, 
the greater of the sides about the right angle, 

[BD or KH] 1 1 7', 
and the lesser, [BE or KE]= 27'. 

Hence, where the normal distance, DB = 5 O ,  
DE = 5;8". 

7'See H A M A  239, and cf. XI11 3 p. 602; when Venus is in the node and near the perigee of the 
epicycle its latitude is 64". Since Venus' apogee is taken as 8 25O, for a position o f X  0" it is 275' 
fi-om apogee 01.5' from the node. 

"On the angles between ecliptic and horizon given by Ptolemy see H A M A  245-50. The 
(rounded) value here, 77O, can be lound from the tables 11 13, taking the values for X O0 at Clima 111 
and Clima IV, 10;5O and 15;53O, taking the mean, 12;5g0, and taking its complement, 77;1°. The 
other values given by Ptolemy, however, cannot be so derived. 
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H599 But since the planet is 6:" north ofthe ecliptic (which amount is represented by 
arc KH), 

and the ratio 117 : 2 7 ~ 6 ;  : I;,  
KE  = I t o ,  

and, by subtractior,, KD, which represents the distance ol'the planet towards 
the rear from the sun at its evening setting, is 

[5;8 - 1 ;30 =] 3;3S0. 

Fig. 13.21 
6 

-4gain, on the similar diagram [Fig. 13.21 1, since at the morning rising [i.e. a t  
the planet's first visibility as morning-star] 

L BED = 690° where 2 right angles = 360°0, 
and hence, where the hypotenuse [of the right-angled triangles] is 12QP, 
the lesser of the sides about the right angle, [BD or KH] -- 6SP, 

and the greater, [BE or KE] 99"; 
and we calculate that 68 : 120 = 5 : 8;49 

and that 68 : 99 = 6:; : 9;13, 
so we get DE = 8;4g0 in the same units, 

and the difference [in longitude] due to the latitude, 
KE = 9;13"; 

and, by subtraction, DK, [the planet's distance] from the sun, towards the rear 
(obviously), is 0;24O. 

H600 And a t  its evening setting its distance, likewise towards the rear, was 3;38O. 
Therefore during the interval from evening setting to morning rising it has 
moved a distance which is less than the sun's motion (that is, 
its own motion in [mean] longitude) by 3;14O, which is due to its motion -in 
advance on the epicycle. Now it is easy to  determine from the table ofanomaly 
that a motion in advance of that amount [3;14O] is produced by a motion on the 
epicycle near its perigee of IiO:" and the planet traverses 1 f o  in mean motion [in 

75 L approximately', because the sun's motion is that of the true sun, while the planet's mean 
motion in longitude is equal to that of the mean sun. 

76 From the table of anomaly, XI 1 1 ,  Venus has an equation of anomaly of 7;38O for a = 177' 
; hence to 3;14O corresponds 3;14 x 3/7:38= 1;16,14O- 1 bo. Similarly: (below pp. 643-4), 

for (= a = 172 301 O we find an equation of 18;1° (text 18;2a), arrd for a = 177:' an equation of 6;21° (text 
638"). 
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anomaly] in about 2 days. Hence it is clear that that [2 days] is the period ofthe 
above interval, in agreement with the phenomena. 

Again, on the similar diagram [Fig. 13.221, let point E be taken as the 
beginning of Virgo (at this point, when Venus is at the perigee of the epicycle, it 
is south of the ecliptic by about the same amount, 6f 0).77 Let us consider, first, 
the evening setting, when 

L BED = 690° where 2 right angles = 360°0. 

Fig. 13.22 

Thus where the hypotenuse [of right-angled triangle BED) is 12QP, 
the lesser of the sides about the right angle, [BD] 68', 

and the greater, [BE] 99'. H601 
Thus since the ratios [of BD:BE:DE] are the same as for the morning rising in 
Pisces, and the difference due to the latitude is equal [to its amount there], we 

get 
arc ED = 8;4g0, 

the difference [in longitude] due to the latitude, LE = 9;13O, 
and, by addition, DL, the planet's distance from the sun towards the rear, is 
18;2". 
From the table of anomaly, as mentioned before, [the motion in anomaly] near 
the perigee of the epicycle corresponding to that amount [18;2O] of retro- 
gradation with respect to the mean motion in longitude of sun and planet is 
about 7t0 

Similarly, at the morning rising at the beginning of Virgo, when 
L BED = 1540° where 2 right angles = 36OU0, 

and [hence], where the hypotenuse [of right-angled triangle BED] is 120", 
the greater of the sides about the right angle, [BD] = 1 17', 

and the lesser, [BE] = 27'; 
and one again finds the same ratios as those set out for the evening setting in 
Pisces, so we get 

DE = 5;8", 
77Cf. p. 641 n.73. 
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the difference [in longitude] due to the latitude, EL = 1;30°, 
and, by addition, DL, the planet's distance from the sun in advance, is 6;38O. To 

H602 this amount corresponds, in the same way as above, about 250 of [motion in 
anomaly] near the perigee of' the epicycle. 

Therefore the total amount ofrnotion on the epicycle which the planet Venus 
will perform from evening setting to morning rising is 10°; and it traverses that 
amount in about 16 days, which, as stated above, is the amount agreeing with 
the phenomena. 

Having demonstrated the above, we must apply our theory to the facts 
concerning the missing phases of Mercury,78 and [show], first, that at the 
beginning of'Scorpius, even if it reaches its greatest elongation towards the rear 
from the sun,79 i t  cannot become visible as evening-star. 

[ProoE] Let the diagram f ~ r  the phases [Fig. 13.231 be drawn, with point E 
taken as the point on the ecliptic at the beginning of'scorpius at a [terrestrial 
latitude] such that at setting 

L BED = 690C where 2 right angles = 360°0, 
and [thus] where the hypotenuse [of right-angled triangle BED] is 120P, 

the lesser of the sides about the right angle, [BD] = 68', 
and the greater, [BE] = 9Y. 

H603 Therefore where the amount of the normal distance, BD = lo0, 
DE = 1 7;3g0. 

But when the planet is in the above situation, It is about 3O south of the ecliptic.80 
So, according to the above ratios. 
where LO, the amount of the latitude, is 3", 

LE = 4;2Z0, 
and, by addition, DEL [= 1 7;3g0 + 4;22O] 22'. 

"A similar phrase is used of Mercury as early as Aristotle (Meteorologica 342b34) 61a yhp tb 
ptKpi)\r krcavaPaiv~1v rcohhaq ~ K ~ E ~ K E I  ( ~ ~ ( T E I S  'hecause it rises only a little above [the horizon] it 
misses many phases (appearances)'. 

79 At XI1 9 Ptolemy has calculated the maximum elongations for Mercury at C0 and 8 0°, in 
preparation, as he says (p. 591) for this problem. 

''For a computation of this see H.4MA 241 n.11. 
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Hence the planet must have that elongation [ZO] fi-om the true sun in order to 
have its first visibility. But since its maximum elongation from the true sun when 
i t  is at the beginning of'Sco~.pius is only 20;5g0, as we demonstrated previously 
[XI1 9, p. 5941 in our treatment ofthe greatest elongations, it isobvious that it is 
natural for phases of this kind to be missing. 

Again, if'we'set out the same diagram for the phases [Fig. 13.241 and take 
point E as the beginning of Taurus at morning rising, when the planet, in 
accordance with the positions in question, is about 3b0 south of'the ecliptic,81 
and the ratios ofthe sides [of triangles BED, LEO] about the right angles are the 
same as those allove, 

then DE = 17;3g0 
and, where the latitude OL = 3;10°, 

LE = 4;37O. 
Thus, by addition, DEL = 22;16O. 

: I  Fig. 13.24 
' 

i 
i, Thus here too the planet must have an elongation of that amount [22; 16O] from 
, the true sun in order to have its first visibility. But since its maximum elongation 

i [in this situation] does not exceed 22;13O, as we demonstrated previously [p. 

1 5951, naturally, this kind of phase too is missing. Thus we have shown that the 

! facts in question are in agreement with the hypotheses we set out aswell as with 

i the phenomena. 
t 

9. (Method of determining the individual elongations from the sun of the first and last 
visibilities] 

It is immediately obvious [see Fig. 13.251 that if we take as fixed, for each planet, 
the normal arc [arcus visionis] BD, and are given the beginning of [each of] the 
[zodiacal] signs at the intersection E, and hence angle BED, there will also be 
given DE and the position in latitude of the planet at that elongation [i.e. DE], 

"See H A M A  241 n.11. 
See H A M A  242-56. 
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U 

Fig. 13.25 

namely KH or OL; thence will be given KE or EL [respectively], and also the 
[corresponding] apparent distance, DK or DL. In this way, (to avoid 
lengthening our discussion), we computed, for all the signs and for each ofthe 5 
planets, but for only one [terrestrial latitude], the intermediate parallel used 

H605 above, since that is sufficient in itself, the apparent distance from the true sun of 
the risings and settings [i.e. first and last visibilities], on theassumption that the 
planets themselves were located at the beginning of the signs. We have set these 
out below, putting them, too, for the user's convenience, in 5 tables, [one] for 
[each of) the 5 planets, each containing 12 Iines. T h e  first 3 tables, for Saturn, 
Jupiter and Mars, are arranged in 3 columns: the first column contains the 
beginnings of the signs, the second the elongations at morning rising, and the 
third those a t  evening setting. The next 2 tables, for Venus and Mercury, are 
arranged in 5 columns: the first, as before, contains the beginnings of the signs, 
the second the elongations at evening rising, the third those at evening setting: 
and the fourth, again, those at morning rising, and the fifth those at morning 
setting. The layout of the tables is as follows. 

H606- 10. {Layou/ o f  the tables containing thefirst and last uisibilities of the 5 planets)83 
H607 

[See p. 647.1 

83 The basis of computation of these tables is in part unclear (see HAMA 242-56), hence I have not 
been able to recompute them to check the numbers. However, from Neugebauer's computations, 
the following corrections to Heiberg have been made: 
H606.6 Saturn, Morning Rising, Aries, ~y h (with DK,Is) for ~y a (23;1°) (H.4M.4 248, n.11). 
H606,7 Mars, Morning Rising. Taurus, K 15 (with DHKL) for K q (20;8O) (HAMA 248 n. 9 suggests 
20; 1 9'). 
See also HA4MA 255 for a suggestion to emend Venus, Morning Rising, Aries. to 2:0° from 3;0°. 
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TABLES FOR FIRST AND LAST VISIBILITIES OF THE 5  PLANETS 

aurus . 

Libra 10 48 17 6  1 9  57 16 34 11 38 21 1  
Scorpius 10 53 16 53 10 1  16 12 11 48 20 19 
Sagittarius 11 34 15 34 10 40 14 31 12 34 17 32 

Capricornus 14 2  14 2  1 2 4 6  1 2 4 6  1445 1445 
Aquarius 1752 1 2 2 6  1 5 5 1  1 1 1 0  1735 1 2 3 6  
Pisces 2157  1 1 4 1  19 6  1 0 2 9  2 0 2 6  1149  

1 1 . {Epilogue o f  the treatise) H608 

We have now completed these additional topics, Syrus, and have shown the 
way to deal with almost all the topics which should, at least to my mind, be 
subjected to theory for the purposes of this kind of treatise, at any rate as far as 
the time up  to our own days84 contributed to greater accuracy in our discoveries 
or in corrections [of earlier discoveries], and as far as was suggested by a 
memoranduma5 directed only toward scientific usefulness, and not towards 
ostentation. So at this point our present discussion can be terminated at an 
appropriate place and at the right length. 



Appendix A 

Examples of Computations 

1 (a). I1 4 p. 80. Given the terrestrial latitude (cp) ,  compute the distance of the 
sun from the summer solstice as measured along the ecliptic (Ah). 
Example: cg = 4;15" (cf- I1 6, second para11e17 p. 83). 

From Table 1 15 h 6 
10" 4; 1,3g0 
11" 4;25,32". 

Hence to a declination of 4;15" corresponds a longitude (counted from 
equinox) of 10;33,33". 
Therefore the distance from solstice, Ah = (90' - 10;33,33@) = 79;26,27O 
(text: 79;"). 

1 (bj. I1 6 p. 89. Find the terrestrial latitude (q) at which the sun does not set 
for a given period of time. 
Example: Period of one month. Taking a month as 30 days, and assuming the 
sun to move 1 % in the ecliptic, we find that the parallel in question cuts off 30" of 
the ecliptic, or 15" either side of the summer solstice. 

From Table I 15 h 6 
90° - 15" = '75" 22;59,41 O. 

Hence tp = 90° - 6 = 67;0,19° (text: 67"). 

2. I1 9 p. 99. Given the longitude of the sun (ho) and the terrestrial latitude (i.e. 
the 'cIima'), find the length of day or night and the length of the seasonal hour. 
Example: h o  = J' 28; 18". Place: Babylon (cf. IV 1 1 p. 212). What is the length of 
night? 
We use the rising-time table (11 8) for Rhodes (M = 14fh). 
(a) First method. 
Since it  is night, we take the degree opposite the sun, 11 28: 18O. 
From the table: p (11 28;18O): 69;27O 

p ( $ 28;18O): 286;50° 

Difference (in order of signs), A: 2 17:23O. 
Length of night in equinoctial hours is A/15: 14;2gh (text: 14jh). 
Length of 1 seasonal night-hour in time-degrees is A/12: 18;7O (text: 18O) 
(hence length of 1 seasonal hour in equinoctial hours: 1 ; 1 2 , ~ 8 ~ ) .  
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( b )  Second method. 
From rising-time table (I1 8) at sphael-a recta: a (11 28;18"): 88;9" 

as above p (11 28;18"): 69;27O 

Difference (A): 18;4Z0 
A 3;7" 

Since Gemini is north of the ecliptic, add 15O: 18; 7" 
This is the length of 1 seasonal night-hour in time-degrees. 

3. I1 9 p. 104. Given the length of a seasonal hour in time-degrees, convert the 
time in seasonal hours to the time in equinoctial hours. 
From Example 2 (q.v.), length of 1 seasonal night-hour: 18;7O. 
What is 5f seasonal hours after midnight in equinoctial hours? 
5f x 18;7/15 = 6;38, so the time is 6;38 a.m. 
Ptolemy (1.c.) multiplies by and gets 62 equinoctial hours after midnight. 

4. I1 9 p. 104. Given the longitude of the sun (la), the terrestrial latitude, and 
the time in seasonal hours, find the point of the ecliptic which is rising (the 
'horoscope' j . 
Example (cf. VII 3 p. 336). ha IIL 13;17" (text, 'about the middle of R') 
Place: Alexandria. Time: 2; seasonal hours after midnight.' 
Length of 1 night-hour (A3 = TI& 13; 17O, M = 14" cf. Example 2): 16;38" 

Time from sunset: & seasonal hours. 83 x 16;38: 137; 14' 
From Table 11 8 for Clirna 111: p ( 8  13;17O): 31 ;4" 
(we take the point opposite the sun, since it is night) Sum 168;18O. 3 

h 
168;18" is the rising-time (at Clima 111) of the horoscope: p (m 19;51°) k 

(text: 'about IQ 2 6 0 ) .  

5. I1 9 p. 104. Given the same data as in Example 4, find the point of upper 
culmination. 
Total of seasonal hours from last midday: 6 day-hours plus &! night-hours. 
Length of 1 day-hour: 1 3;2Z0 
Length of 1 night-hour: 16;3S0 
6 x 13;2Z0 + 8; x 16;3S0 = 80;1Z0 + 137;14" = 21 7;26" 
Rising-time a t  sphaera recta of sun's degree: a (IIL 13; 17') 220;46O 

Sum: 78;12" 
78;12" = a (11 19;11°) (text: I1 26"). 

2 
5 

' Ptolerny (i.c.) gives 2f equinoctial hours, which is approximately the same. 
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6. 11 9 p. 104. Given the longitude of the horoscope at a given pface, find the 
point of upper culmination. 
Example: same data as in Example 4. 

Rising-time of horoscope at Clima 111: p (ITQ 19;51°): 168; 18" 
- 90;0° 

78; 18" 
78; 18" = a (I1 19; 16') (text: II 2240). 
The  discrepancy from the result of Example 5 is due to the rounding to minutes 
of the tables and at every step of the computation. 

7. 111 8 p. 169. Given the date, compute the position of the sun. 
Example (Cf. 1V 11 p. 214). Date: Nabonassar 548, Mechir [VI] 9/10? 1 
equinoctial hours after midnight. 
From mean motion table, I11 2: 

Sum 547' 1 5 8 ~  13fh 743;17,2l0-- 23;17,21° 
- 
K (epoch): + 265; 1 5 O  

- 
K: 288;32,2 1" 

~ r o m ~ a b l e  III 6, for argument 288;3Z0, we find (by interpolation) the equation 
as 2; 13,28". This is additive, since K falls in the second column. 288;32,21° 

longitude of apogee: + 65;30° 

h : 356; 15,49", 
or about X 26; 16' (text: X 26;17O). 

8. 111 9 p. 171. Computation of the 'equation of time', E (given an interval in 
true solar days, find the interval in mean solar days). 
Example (cf. IV 6 p. 198): 

t,: Hadrian 17 (Nabonassar 880) Pauni [XI 20/21, 1 l;15 p.m. 
t,: HadrIan 19 (Nabonassar 882) Choiak [IV] 213, 11 p.m. 

From the solar tables (cf. Manitius I p. 437): - 
h (t,): 42;21°, - h (t,): 8 13;15" 
h (t,): 206;4Z0 h (t,): fi 25;10°. 
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Hence, from Table I1 8 (rising-times at sphaera recta): 
a (t,): 40;44" 
a (t,): 203;17". . -, 

AX =x (t2) - X ( t , )  = 164;21°1 i E = 1 ;48" = 75 mins. 
Aa = a (t,) - a (t,) = 162;33"J 

Since AX 1, Aa, we subtract E from the 'simpley intelval, 1' 1 6 6 ~  23;45" to 
get, for the interval in mean solar days, 1' 166d ~ 3 ; 3 7 , 4 8 ~  (text: 23ih = 
23;37,30h). 

9. V 9 p. 239. Computation of the moon's latitude and longitude from the 
tables for a given date. 
Example: Nabonassar 466, Thoth [I] 7/8, 2 equinoctial hours after midnight 
(cf. VII 3 p. 336). 
From the mean motion tables, IV 4: - 

h - - - a o 'I 
epoch value 268;49" 354; 15" 70;37" 

450' 260;46,44" 323;26,5" 320;54,6" 10;11,3" 
15 ' 140;41,33" 250;46,5Z0 70;41,48O 1 44;20,2Z0 
6d 79;3,30° 78;23,24" 79;22,34" 73;8,40° 

1 4h 7;41,10" 7;37,16" 7;43,Z0 7;6,41° 

Sum 488; 12,57" 929;2,37" 832;56,30° 305;23,46". 
AT = 128; 13" E = 209;3" G = 1 12;56" 2q = 250;48O. 

From anomaly table, V 8, 
C O ~ .  3: c3(2q) = - I3;4O 

true anomaly a = a + c, = 209;3 - 13;4O = 195;5g0 
col. 4: c,ja) = I ;30° 
col. 5: &(a) = 0;55O 

col. 6: c,(Zij) = ;36,52 
equation c = c,  + c5.c6 = +(1;30° + 0;55" x 0;36,52) = +2;4O 
longitude = AX+c+Lpoch = 128;13O + 2;4O + 41;2Z0 = 171;3g0 (text: 171;30°). 
o = G + c = 112;56" + 2;4O = 1 15;0°. 
col. 7: latitude p(o) = -2;7" (text: -260). 

10. V 19 p. 264. Computation of the parallax of the moon for a given time, 
place, solar longitude and lunar longitude, latitude and elongation, from the 
tables. 
Example: time, 2; equinoctial hoursafter midnight (truelocaltime Alexandria); 
ho: 13;17O; ha: 9 21;30°, P a: - 2f0  (cf. VII 3 p. 336 and Example 9). 
From solar longitude and local time: cuIminatingpoint: Lr 19;11° (cf. Example 

5). 
Distance of moon from meridian: a (m 21;30°) - a (II 19;l lo) 

= 1 72; 12" - 78; 12" = 94" 
= 6;16h east. 
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From Table II 13 (Clima III), arguments 6 ;16~  (vertical) and np 2130' 
(horizontal), by interpolation in tables for 17irgo and Libra: 

arc 90° 
east angle 1 72;30°. 

Correction to arc and angle for moon's latitude (cf. V 19 p. 272): 
Crd (2 x (180' .- 1 72;30°)) = Crd 15' = 15;40P 

Crd ( 1  80' - 15') = Crd 165' = 11 8;58'. 
Multipiying P by each of these and dividing by 120, we get 0;17O and 2;g0 
respectively. Then the corrected arc is given by 

d (90"  t 0; 1 6°)2 t (2;9°)2 ;= 90; 18") 
and the corresponding angle of correction from: 2;9 x 120 = 2;51P, which 

90; 18 
is the chord of ca. 2;44O, half of which is 1 ;2Z0. 
Therefore the corrected ansle is 172;30° - 1;2Z0 = 171;8O. 
We take the arc as exactly 90' (since otherwise the moon would be below the 
horizon). 

Computation of total parallax. 
From Table V 18, argument ( = 90°. 
Lunar parallax (ac = 195;59O, f j  = 305;24O, cf. Example 9): 

col. 3 col. 4 col. 5 col. 6 
0;53,34 0; l0,I 7 1; 19,O 0;25,0 

with argument (360' - a ) / 2  (z 8Z0), from col. 7: minutes: 58,39 
from col. 8: minutes: 58,3 1. 

Parallax at syzygy: 0;53,34 + 0;10,17 x 0;58,39 = 1;3,37O 
Parallax at quadrature: 1 ;19,0 + 0;25,0 x 0;58,3 1 = 1 ;43,23O 

A = 0;39,46" 
with Srgument (360' - 7 j )  = 54;36, fi-om cot. 9: minutes: 42,35. 
Parallax: 1;3,37 + 0;39,46 x 0;42,35 = 1;32'. 

Determination of' longitudinal and latitudinal components of parallax. 
Angle between hour-circle and ecliptic (see above): 171;8'. 
This is greater thar! 90°, so we take the supplement, 8;5Z0. 
Twice this is 17;44", and the supplement of the latter 162;16O. 
The chords of these angles are 1 8;30P and 1 1 8;34' respectively. 
Latitudinal parallax: 1 ;32 x 17;44/120 = 0;13j0. 
Longitudinal parallax: 1 ;32 x 1 18;34/ 120 = 1 ;3 1 O. 
Latitudinal parallax is southwards (zenith to the north of the culminating 
point) . 
Since latitudinal parallax is southwards and the angle greater than 90°, 
longitudinal parallax is positive. 
Result: parallax in latitude: -0; 13;" (text: -0;5O) 

parallax in longitude: +1;31° (text: +l;OO). 
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11. VI 9. Given year and month, compute lunar eclipse. 
Example: Date, Nabonassar 28, 'Ihoth (cf. IV 6 pp. 19 1-2). 
From Table VI 3, compute mean opposition: 

Days of Thoth K 
- - 
a w 

Period: 26 9;55,35 267;58,12" 83;24,2g0 230; 10,5" 
Year: 2 8; 15,53 7;39,3€i0 285;25,4" 46;45,54" 

-- 

Year: 28 18;11 ,28d 275;37,48" 8;49,33" 276;55,5g0. 
Time of mean opposition: 18; 1 1 ,28d = Thoth 18/19, 4;35 p.m. 
6 lies within ecliptic limits for lunar eclipse, which is therefore possible. 
Computation of true opposition. 

From Table I11 6, cw): +2;21° solar equation 
From Table IV 10, c(a): -0;4Z0 lunar equation. 
True position in latitude: o = i3 + c(a) = 276;14O at mean opposition. 

Ah = 2;21° + 0;4Z0 = 3;3". 
Moon's true hourly motion in longitude: 0;32,56 - 0;32,40 x 4;' = 0;30,24". 
A t  = 3;3 x f j  + 0;30,24 = 6;31h. 
True longitude of moon at mean syzygy is less than true longitude efsun (minus 
180°). So we add At  to the time of mean opposition to get the time of true 
opposition as 11;6 p.m. (text: 11;lO p.m.). 
Motion over At: 3;3 x t j  = 3; 18". 
We add this to the position in latitude: o = 279;32" at true opposition. 
In 6;31h motion in anomal?; is 3;33O, s-, at true opposition5 = 12;2Z0. 
Computation of circumstances of eclipse. 
From Table VI 8, 11, argument 27!3;3z0. 
tat greatest distance At least distance 
Magnitude Duration Magnitude Duration 
2;32 digits 0;26,22" 4;42 digits 0;39,35" 

A: 2;10 digits and 0;13:13". 
From 111, argument 12;2z0: sixtieths: 0;43. 
Magnitude: 2;32 + 2;10 x 0;0,43 = 2;34 digits (text: 3 digits observed). 
Duration: 0;26,22 + 0;13,13 x 0;0,43 = 0;26,31°. 
T o  get time from beginning to middle of eclipse, we cilvide the duration, 
increased by a twelfth, by the moon's true hourly motion: 

13 0;26,31 x 72 t 0;30,24 = 0;57~. 
Beginning of eclipse (Alexandria) 10;9 p.m. 
Eclipse middle 11 ;6 p.m. 
End of eclipse 12;3 a.m. 
Magnitude ca. d digits. 

12. VI 10. Given year, month and place, compute solar eclipse. 
There is no example of a solar eclipse in the Almagesi, so I have selected the 
eclipse of 364, June 16, which Theon observed at Alexandria, and gave as the 
example of computation in his commentary on the Almagest, first according to 
the Almagest, and again according to the Handy Tables (Base1 edition pp. 332- 
339, cf. Rome [6]). A somewhat different calculation of the same eclipse also 
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appears in some mss. ofTheon's small commentary on the Handy Tables, and 
has been published in extenso by Tihon, 'Calcul de  17i.clipse'. 
Example: Nabonassar 11 12, Thoth, Alexandria. 
From Table VI 3 compute mean conjunction: 

Days of Thoth x - - a o 
Period: 1 101 22;41,45 19;11,56" 222;53,3Z0 65;41.57" 
Vear: 11 1 ;9,39 358;28,11° 271;4,1g0 211;12,3" 

Year i l l 2  23;51,24~ 17;40,7" 1 33;57,51° 276;54,0°. 
Time of mean con-junction: 23;51,24~ = Thoth 24, 8;34 a.m. 
o lies within ecliptic limits for solar eclipse, which is therefore possible. 
Computation of true conjunction. 

From Table I11 6, c@): -0;41° solar equation 
From Table IV 10, c(a): -3;50° lunar equation. 

True position in latitude: o = i3 + c(E) = 273;4O at mean conjunction. 
Ah = -0;41° i- 3;50° = 3;g0. 
Moon's true hourly motion in longitude: 0;32,56O + 0;32,40 x 34' = 0;34,56O 
(Theon: 0;34,56O). 
At = 3:9 x f? -. 0;34,56 = 5;5zh. 
Time of true conjunction: 8;34 a.m. + 5;5zh = 2;26 p.m. (Theon: 2 + f + j6 
hours after noon). 
Motion over At: 3;9 x -- 3;25O. 
Mre add this to the position in latitude: o = 276;2g0 at true conjunction. 

h In 5 5 2  mean motion in anomaly is 3; lZO, so a t  true conjunction a = 137; I OO. 
To  find time of apparent conjunction at Alexandria we have first to find true 
local time, i.e. apply equation of time. 
True longitude of sun ar mean conjunction: i? + x.4 + c(K\b = 
17;40° + 65;30° - 0;41° = 82;2g0. 
Motion of sun from mean to true conjunction: Ah/12 = 0;16O. 
True Iongitude of sun at true conjunction: 82;45G. 
Hence equation of time with respect to era Nabonassar (cf. Example 8 for 
method): +24 mins. 
Time of true conjunction with respect to noon a t  Alexandria: 2;50 p.m. 
Calculation of apparent conjunction. 
( 1 )  Parallax computation (cf. Example 10). 
From Table I1 13, Clima 111, h = I1 22;45O, 2;50 p.m.: 
zenith distance: 38;28O angle: 17;35O. 
From Table V 18, = 38;28O, a = 137;10° (Iatitude of moon neglected): 

total parallax of sun: 0; 1,45" 
total parallax of moon: 0;39,350 (from cols. 3 and 4 only) 

difference in parallax: 0;37,50°. 
Longitudinal parallax (for angle 17;35O): px = 0;36O. 

Time fi-om true to apparent conjunction is found by dividing the above by the 
true hourly velocity of the moon: 0;36 i 0;34,56 l;zh. 
Hence time of apparent conjunction (first approximation): 3;52 p.m. 
(2) Second parallax computation, for corrected time. 
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From Table I1 13, Clima 111, h = I1 22;45O, 3;52 p.m.: 
zenith distance: 51 ;48O angle: 1 8;3Z0. 
In 1 ;zh motion in anomaly is about 0;33O, hence a for corrected time is 
137;10° + 0;33O = 137;43". 
Neglecting lunar latitude, as before, from Table V 18, & = 51;48O, a = 137;43": 

total parallax of sun: 0;2,15O 
total parallax of moon: 0;49,47O 

difference in parallax: 0;47,3Z0. 
Longitudinal parallax (for angle 18;32O): p ' ~  = 0;45O. 

Computation of the 'epiparallax': 
Difference between first and second longitudinal parallaxes, 

d = p'a- PA = 0;45O - 0;36" = O;gO. 
Further increment, f, is found by Ed = d:p, hence f = 0;9 x 0;9 t 0;36 0;2, and 
epiparallax = d + f = 0; 1 lo. 
Final parallax in longitude: 0;36O + 0;l l o  = 0;47O. 
To account for sun's motion add hth to this: x 0;47O 0;51°. 
Time from true to apparent conjunction: 0;51 i 0;34,56 1;28~. 
Hence time of apparent conjunction: 2;50h + 1 ; ~ 8 ~  = 4; 18 p.m. (Theon: 4ih p.m.) 
Position of moon at this time: 

h: fI 22;45" + 0;51° = 1123;36" 
o :  276;2g0 + 0;51° = 277;20° 
a: 137;10° + 0;51° = 138;1° 

Computation of circumstances of eclipse. 
Computation of latitudinal parallax. 

From Table I1 13, Clima 111, h = 11 23;36O, 4; 18 p.m.: 
- zenith distance: 57; 1 B0 angle: 19;46O. 

From Table V 18, with C, = 57;18O, a = 138;1 O: 

total parallax of sun: 0;2,24" 
total parallax of moon: 0;53,2O 

difference in parallax: 0;50,38O. 
Latitudinal parallax (cf. Example 10) for angle 19;46O: pp = 0;17O. 

We convert this to a distance along the moon's orbit by multiplying it by 12: 
Ao = 1 2.ps = 3;24O (Theon uses the factor 1 1 ! and gets 3;1g0). 
Since o is 277;20°, the moon is just past the ascending node. The effect of the 
parallax is southwards, therefore its effect on o is negative. 
Final position of-moon on orbit: 277;20° - 3;24O = 273;56O, apparent argument 
of latitude. 
From Table VI 8, I, argument 273;56O: 

At greatest d~stance At least distance 
Magnitude Duration Magnitude D,uration 
4;8 digits 23;44,28 minutes 4;56 digits 26;18,52 minutes 

of travel of travel 
A: 0;48 digits and 2;34,24 minutes. 

From 111, argument a = 138;1°: sixtieths: 51,39. 
Magnitude: 4;8 + 0;48 x 0;51,39 = 4;49 digits. 
Duration: 23;44,28 + 2;34,24 x 0;51,39 = 25;57 minutes of travel. 
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We increase the latter by &th, to account for the sun's motion: 28;7', 
and divide by the moon's hourly velocity, 0;34,56O, to get 
half-duration of the eclipse: 0;28,7 t 0;34,56 = 0;48,18~ 

I 1 1  (Theon: 2 + a + ID = 0;48~). 
Thus circumstances of eclipse (neglecting variation of zenith distance during 

the eclipse): 
Magnitude: 4;49 digits (Theon: 4;39,18 digits) 

Beginning of eclipse, Alexandria: 3;30 p.m. (Theon: 3;32 p.m.) 
mid-eclipse, Alexandria: 4;18 p.m. (Theon: 4;20 p.m.) 
end of eclipse, Alexandria: 5;6 p.m. (Theon: 5;8 p.m.). 

(Theon goes on to calculate the differences in beginning and end of eclipse 
because of the variation in the zenith distance, cf. Almagest VI 10 pp. 312-13. 
These amount to 12 minutes earlier and 7 minutes later respectively, verifying 
Ptolemy7s statements about the effect on the intervals). 

Using modern tables (those in P. V. Neugebauer, Astronomische Chronologie), I 
find: 
maximum phase at Alexandria: 5.6 digits 
times of phases at Alexandria: beginning: 15;18~ 

middle: 1 6 ; ~ 8 ~  
end: 1 7 ; ~ 4 ~ .  

13. VI 13 p. 319. Given the circumstances of an eclipse (magnitude and times 
of principal phases), compute the 'inclination7 (xp6ov~uot<, i.e. point on the 
horizon towards which the line joining the centres points). 
We take as example the solar eclipse of Example 12 (364June 16 = Nahonassar 
1 112, Thoth 24), beginning of eclipse (first contact). 
Given: time at Alexandria, 3;30 p.m.; magnitude, 4;49 digits. 
First, find the rising-point of the ecliptic (cf. Example 4). 
The longitude of the sun is I7 22;45O (Example 12 p. 655). 
Time in seasonal hours at Alexandria (cf. Example 2): 3h after noon. 
Hence rising-point of ecliptic: 10"; and setting-point is therefore 8 10". 
From Fig. 6.7, azimuth of 8 10" at Clima 111: 

8 0" 13;33" N. of W. 
II 0" 23;53" N. of W. 

Hence 8 10" is 17" N. of W. 
From Table VI 12, col. 2 argument 4;49 digits: 37;41 O. 

Moon is north of ecliptic (w is somewhat more than 270" in Example 12). 
Hence this angle is set off to the north of the setting-point. 
So point of 'inclination' on the horizon is 17" + 37141" = 54;41° N. of W. 

14. XI 12 p. 554. Compute the longitude of a planet from the tables for a given 
time. 
Example: Mars, Nabonassar 886, Epiphi [XI] 15/16, 9 p.m. (cf. X 8, where 
Mars is observed for this moment). 
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From mean motion tables, IX 4, find mean longitude and mean anomaly: - 
h a 

epoch 3;32" 327; 13" 
81@ 138;15,13" 24;48,5g0 

72' 92; 17,21° 250;12,21° 
3' 2 1 3;50,43" 145;25,31° 

10" (300d) 157;13,4" 138;28,21° 
1 4* 7;20,13" 6;27,43O 
gh 0; 1 1,47O 0; 1 0,23" 

885' 314~  gh 612;40,21° 892;46,18" 
hence'h. = 252;40° = 172;46" (as X 8 p. 500). 

Apogee position at epoch: 5 16;40° 
motion of apogee in 886-' (at 1" in 100'): 8;5Z0 
hence apogee position at date: 1 15;3Z0. 
Mean centrum (R): 252;40° - 1 15;3Z0 = 137;s" (X 8: 137;l lo). - 
From anomaly table (XI 11): 
with argument X, find equation of centre from col. 3 and col. 4: 
137;8"-+ 9;3 - 0;41 = 8;22" (cf. X 8, L ZBE = 16;440°). 
Since Z is in the first column (less than 1 80°), we subtract the latter from X and 
add it  t o E  
h' = 252;40 - 8;22 = 244;18", a = 172;46 + 8;22 = 181;S0. 
With argument a ,  take the equation from col. 6: c6(181;8") = 2; 10". 
With argument it, take the 'sixtieths' from col. 8: cn(137;S0) = 379  
Since K is between mean distance and perigee (cn positive), we take the 
increment from col. 7: c7(181;8") = 0;53". 

w 

Then equation of anomaly c = c6 + cn.c7 = 2;10° + 0;53" x e);37,9 = -2;43O. 
(cl'. X 8, L BEX = 5;260°). 
Since a is greater than 180' (in second column of argument), this equation is 
negative. 
Therefore 1 = h' - c = 244;18O - 2;43" = 241;35O (X 8: observed: $ 1 jo). 

15. XI11 6. Compute latitude of planet, given 'corrected longitude' (see p. 635 
n.55: distance of epicycle center from apogee, K,) and 'corrected anomaly' (a). 
(a)  Outer planet. Example: Jupiter, Nabonassar 507 XI 18, 6 a.m. (cf. XI  3 
p. 522) 
Given: K, = 290;40°, a = 72;3O. 
o = K, - 20" = 270;40°: c5(o ) = 0,43 (Table XI11 5). 
o > 270°, so we enter col. 3: c3(72;3") = 1;21°. 
f3 = c3.c5 = 1;21 x 0;0,43 +O; 1" (northerly since we took c3). 
Text says that Jupiter occulted 6 Cnc, which according to the star catalogue 
(XXV 5) had a latitude of -0:'. Thus there is a discrepancy offo. Tuckerrnan 
(- 240 Sept. 4) gives f3 +O; 14O. Since 6 Cnc was, by modern calculations, 
almost exactly on the ecliptic at the time of the observation, there could not 
have been an occultation. 
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(b) Inner planet. Example: Mercury, Nabonassar 486 IV 18, 6 a.m. (cf. IX 7 
p. 450) 
Given: K~ = 129;44O, a = 239; 15O. 
Table XI11 5, argument a: c3 = 1;27O, 

c, = 2;2g0. Since 90' < KO < 270°, we add to the 
latter 16th of itselfi c ' ~  = 2;2g0 + 0 ~ 1 5 ~  = 2;44O. 

K' = KO -t 270' = 39;44O, c~(K' )  = 45,55. 
P, = 1;27" x 0;45,55 = 1;7". 
Condition A2 (p. 635) holds, since K' < 90°, 90° < a < 2700, so P i  is northerly. 
K" = KO f 180° = 309;44O. c5(Kr') = 38, l l .  
p2 = cf4.c5 = 2;44 x 0;38,11 = 1 ;44O. 
Condition A2 (p. 636) holds, since 270' < K" < 360°, a > 180°, so P2 is 
southerly. 
P3 = 0;45O x c ~ ( K " ) . c ~ ( K ~ )  = 0;18O. This is southerly. 
P = + P2 + P3 = +1;7O - 1;44O - 0;18O = -0;55O. 
Text says Mercury was '3 moons to the north'-of'F Cap. In the star catalogue 
(XXXI 24) this has a latitude of-ZO; so according to the observation Mercury's 
latitude should be about - 40, a discrepancy of about jo with the computation. 
From Tuckerman, for -261 Feb. 12, 6 a.m. Alexandria, I find a latitude of 
about +0;8O. 
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Corrections to Heiberg's text 

This is a list of' all corrections to the Greek text ofthe standard edition which I 
have adopted in making the translation (fbr certain typesofcorrections omitted 
see Introduction p. 4). For each item I give the reference in Heiberg's text, the 
correction (usually the reading of Heiberg followed, after- a colon, by the 
reading I adopt), and the page and note in which I make and, where necessary, 
justif'y the correction. 
H16,9 .ra x h ~ i o v a  : xh~ iova  41 n.30 
W23,l arjrqv : a h 6 v  44 n.39 
M35,I 8 ~VTEOOEV : ai)r6@&v 50 n.58 
H42,l ho1x3 : fi holmj 53 11-62 
H48,20 va : v6 58 n.68 . 
H54.10 F : y 59 n.68 
H55,43 pa : p6 59 n.68 
H56,15 K C  : K O  59 n.68 
H57,37 vq : VE 59 n.68 
M58,13 pa : p6 59 n.68 
M60,17 K G  : vs 59 n.68 
H65,13 ~ ~ I o ~ E ~ ~ T w v  : bno0~pcc-riov 62 n. 7 1 
H72,13- 15 & s r ~  . . . 6na~ouioOo del. 67 n.80 
H75, 2 TO O ~ ~ E ? O V  : ra oqp~7a  68 n.83 
H81,29 la : a 71 n.87 
H81,50 K : a 71 11.87 
H83,lO KE : vy 73 n.89 
H83,13 KE : 73 11-89 
H86,20 ~ a r a  & ~ a p o ~ p i a v  napahhqhov : K ~ T &  xapahhqhov 28 n.2 
H92,8 Ky : 77 n. 1 1 
H92,11 Ky : 77 n.11 
H95,18 npos~r10spCvov : ~ C ~ O E K T E ~ E Z ~ ~ V O V  79 n. 13 
H95,22 n~ptcp~ps ia  : rr~plcpsp~16v 79 n. 13 
H105,13 L'y '  : L ' I ~ '  84 n.28 
H108,13 :x 85 n.38 
H108,20 IS' : 7cy $ 85 n.39 
H109,9 L' y' : L' 1' 86 n.41 
H110,3 Cly 8 : E 86 n.43 
H110,6 a : 6' 86 11.45 
H I  11,9 L' y' ifl' : L' tP' 87 n.52 
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H l l  l , l3  E L' 5' : TC L' 87 n.54 
H112,3x : h 87 n.56 
H113,4 q' : y' 88 n.61 
H113,5 113' : F 88 n.62 
H122,7 jX : jIE 93 n.73 
H123,11 8 :  o 94 n.74 
H123,21 ME : MH 94 n.75 
H138,2 : hp 99 n.80 
M175,7 ptf vq : pt) pq 130 n.108 
H181,7 p pc ha  ha  : p pa ha hc 130 n.108 
H183,17 hp : hP h 130 n.108 
H186,17 php I nOv:ph$ tq nOp6 Ison-108 
H189,6 S u o p ~ ~ h r s p o q  seclusi 130 n. 1 10 
H 196,15 ~ K O ~ O ~ O ~ O V  : 6 ~ 6 h o u e o v  134 n. 10 
H198,24 hp' kauroc : 69' 'Eauro3 135 n. 13 
H210,23 va : 1 141 11-29 
H210,24 if3 : va 141 11-29 
H21 0,25 h : tf3 141 n.29 
H215,38 h~ : hq 141 n.29 
M225,4 bpoia seclusi 148 n.39 
H225,Fig. A addidi 148 n.40 
H233,2 o n o u F q ~  : nco?a onoub?'jq 153 11-45 
H239,12 rp'ijpa : ~ ~ ~ K ~ K ~ L O V  156 n.48 
H240,16- 1 7 rGq hvwpahiaq ~ ~ L C J K E ~ J E ~ ~  : rGv &vwpcrhr6v ~avovonot iaq 

157 n.49 

H251,24 np6q &noysiot~ : npoq TOTS bxoysiotq 165 n.56 
H254,5 i~otqOCips0a : n o t q ( ~ 6 p ~ 6 a  166 n.58 
H261.14 Gtacpopov : ~hc'?'iozov 6tciqopov 17 1 n.67 
H266.5 r%q o~hrjvqq : rCjq yFjq rour6ori r o c  (q6 ra~oG Frci TOG ~ i v r p o u  

rqq o~hTjvq5 173 n.2 
H267,4 ra6raq : raq a6~ciq 174 n.3 
H269,9 ~ a r h  r 6  nharoq : ~ a r a  xharoq 175 n.5 
H280,5 ha : 5; 180 11-20 
H294,6 raGrqq : ~ a i  q q  a6.r;~ 1180 11-22 
H30 1,10 olipcpovoq b ~ i  : olipcpovoq 190 11-28 
H317,4-5 iipoq (35 p i  ~ ~ O K E I ~ C V O U  T O ~ T O U  : 6poi0q 200 n.42 
H3 1 7,25 ~p iyovov  : 6p0oycjv1ov 200 n. 43 
H318,8 BEZ : BEZ bp0oyoiv1ov 2UO n.44 
H319,4 rpiywvov : bp0oy6vtov 200 n.43 
H3 19,7 CFsixBq pic : pX 201 n.45 
H3 19,14 rpiywvov : 6p0oycjvtov 200 n.43 
H321.14-15 roii Brc~~G~hou  [k t f i~ovra ]  ~ 0 1 ~ 7 ~ 6  &n7 a6rqS ,a ,  tav r&n :TO% 

~ ~ C L K ~ ~ K ~ O U  rGv aljr$v &(JTIV c, t a v  ra,n TOG r ~ r p a y c j v o ~  201 n.46 
H332.14 y~vop6vq : yevopivq 208 n.59 
H344,5 7 j  : poE ~ a i  Q 213 n.70 



4 
1 
I 
i Appendix B. Corrections to Heiberg Vol. I 663 
1 

i 
H347,16-I 7 f i p i o ~ ~  ~ a i  r p i r q  ~ a i  6 ~ ~ a r q  : f i p i o ~ t  ~ a i  ~ p i r q  ~ a i  f i p i o ~ ~  ~ a i  

spi rq  ~ a i  i j ~ ~ a r q  21 5 n.75 

i H353,l-2 r'Gv Ev bpf$ r?jq o u v r a c ~ o q  bnoF~6~typ ivwv : T$ Ev 1 5 ~ x 3  rqq 

I o ~ v T C i ~ & o ~  an06&6~1ypiv@ 2 18 n. 3 
i a H353,24-354,l ~ a i  6ta rqq cin~vavriov ~ a i  napahhfihou r o i i ~ b ~ h o u  n h ~ u p a q  

[ Gomp ~ ~ ~ o h h q p i v o q  bpqmripatq a6rGv raci~ Ent<~av~ia tq :  h o n ~ p  

i 
~ ~ ~ o h h q p i v o q  cipq10~2patq afi~fiq raTq E x ~ c p a v ~ i a t ~  219 n.5 

H358,20-21 del. ~ a i  ypacpctv n ~ p i  TO Z ~ i v r p o v  rbv AH EKKEVTPOV 221 n.8 
H360, Fig. corrigenda ut 222 n.9 
H363,16 v' : va' 224 n. 13 
H385,7 t5nor~houpkvqq dvopahiaq : cinor~houpivqq 235 11-28 
H395, Fig. corrigenda ut 240 n.33 
~404,17-'18 del. x p o ~  r 3  act3 y p a p p t  245 n.41 
H416,18-19 transposui post 1.8 251 n.50 
H417,23 del. nhsiorqq oiioqq 252 n.55 
H431,4p o : p 2 6 0  n.70 
H431,13p o : p 260 n.70 
H443,41 pa : K a  264 n.73 
H44!),16 61' a6roG : 6ta 705 H 267 n.81 
~45.1,12-13 del. cSta r 6  nohC pchhov E~sivcov a6rhq p?j 6 ~ 5 6 o 0 a i  269 n.83 
H465,lO $ : v a  277 n.6 
H475.2 p o : jI 282 n. 14 
W475,6 Fq o : 282 n. 14 ' 
H475,15- 17 del. 608kvroq r0GKa.s' a6rf)v nh~'$!Iouq r ~ v i o q p ~ p ~ v a v  hpGv rqq 

6nb roc p~oqpPptvoIU d 1 1 ~ 0 ~ q q  282. n. 16 
~ 4 7 7 , 1 0  6 : 6' 283 n.19 
H485,22 dei. ~ a i  287 n.31 - 
H490,16 p ~ y i o r q q  : pkoqq 290 n.35 
H494,12 p i y i o ~ o v  : pioov  292 n.43 
H498,8 del. a n 6  o KE 294 n.47 
H501,lO 6ta : ~ a i  Gta 295 n.52 
H501,18 del. yGp 295 n.52 
H507,3 del. 0% 298 n.57 

1 
H512, I cpatvopivov : ytvopivov 302 n.58 

! H5 14,20 7 : y' 303 n.62 
i H519,20 hy KP o : hy K o 305 n.63 

i H521,27 pp : vP 305 n.63 
i H52 129 s : tq 305 n.63 
I H521,31 pfl : vp 305 n.63 
! H537,12- 13 dei. ~ f i q  E~h&iyr&oq a v ~ u  314 n.78 i 

H539.7 E K T O ~  : Evt6q 315 n.82 
i H544,13 KC : A6 318 n.86 
i 
i H544,23 ~6 : K a  318 n.86 

Fig. ad linem Vol. I ~01.1-igenda l i t  316 n.83 / II  H4,14 r j v  : rqq 322 n.6 
1 H9,4 hapPav~t  : 6zxohapPav~t 325 n.32 
! H11,lO rbv : TOGS 326 n.44 
j 
i 
i 
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H12,12 del. ~ i c  ra k n 6 p ~ v a  327 n.49 
H29,7 LE : LP' 3 6  n.73 
H32.1 TEE : ra 337 n.81 
H32,18 $nkxov : cjlrrkrov 338 n.83 
~ 3 2 . 1 9 a :  ID' 338 n.84 
H33,20 ixiyov : cjlnk~ov 338 n.83 
H37,2 r a ? ~  r o c  : rat rqq E n o ~ c 5  kni r o 3  340 n.92 
H39,6 I< : r c,' 341 n.96 
H43,14 KP L' r;;- : KP L' 343 n. 104 
H43,15 ~ y '  : K y' 343 n. 106 
H44,19 kn6p~voq : n p o q y o \ j p ~ v o ~  344 n. 110 
H45,20 x< : rry 345 n. 1 1 1 
H46,13 del. bpoC hcr 345 n. 1 14 
H47,4 TE y' : ny 345 n. 112 
H47,7 t y' : ~y 345 n. 1 13 
H55,5 v T;;: : vy c,' 348 n. 123 
H58,I 6 ar6rGv : a6roiS 350 n. 135 
H59,3 K6 : K6 5' 350 n.133 
H64,19 r s v  : TOQ 353 n. 142 
H67,19 LG : r y' 354 n. 147 
H69,13 K< : ~y 354 n. 150 
H71,18 KS : KY 355 n.155 
H85,18 I L' : L 361 n.173 
H89,4 LC L' : t <  c,' 362 n. 180 
H90,5 ' d ~ r o ~  : ~ K T O ~  363 n. 190 
H91,lO K a  : KS 364 n.195 
H96,13 6 L' y' : 5 6' 366 n.212 
H96,14 5 6' : 6 L' y' 366 n.212 
H101,6 y E' : y c,' 368 n.221 
H103,7 y' (pr.) : 5' 369 n.226 
H103,8 L' : q' 369 n.227 
H103,10 fl L' : j3 L' 7' 369 n.228 
H105,7 5' : L' 370 n.240 
H l 1 1 , l S ~ v o  r q F :  K C , '  v o ~ q  372 n.7 
H111,14 K c,' vo ~q : K vo ~q F 372 n.7 
H113,7 KE : K$ 373 n.9 
H115,18 ~y L' y' : KG L' Y' 375 n.18 
H120,lO p o p ~ i o v  : v o r ~ o v  377 n.31 
H136,8 afi.rGv : afiroiS 384 n.76 
H147,18 pq q' : pq 389 n.lOO 
H149,4 ptl L' 8' : p8 L' 389 n.lO1 
H161,8 hy : h y' 395 n.131 
H161,I2 py : p y' 395 n.133 
H165,13 a y' : h y' 397 n.146 
H 166,Z aGr̂ wv : a6rQ 397 n. 149 
H169,12 la : IF 399 n.157 
H172,8 To56rou : r650u 400 n. 161 
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H172,ll Tot6rou : r6 toc  400 n. 161 
H 176,18 T@ V ~ T Q I  : TGV 6rwv 403 n. 172 
HI 76,24 T O ~ T O  ripepa ohov : S o v  TOGTO fipipa 403 n. 173 
H177,13 del. aC-cg 403 n. 174 
H179,4 napa : bnO 404 n.177 
Hl79,14-15 ~ a i  TGV : 6x6 -co3 404 n.178 
H181,5 .rrh&upa~ : ~ h ~ u p 3 v  405 n. 182 
H186,13 ah03 : at.rf3v 407 n. 188 
HI 90,18 6 v a ~ k h h o v r o ~  : 6va~&ihavro< 409 n. 195 
H 190,22 K ~ T ~ ~ ~ V O V T O <  : ~ a ~ a 6 6 v a v r o ~  409 n. 196 
H192,19 del. cpatv6p~vov 410 n. 197 
H 192,20 post p ~ o o u p a v q o q  add. ~ a i  r6 bnkp yi-jv ~ o l j r o u  cpa1v6pevov y i v s ~ a ~  

410 n.197 
H194, Fig. corrigenda ut 41 1 n.200 
H 198,18 8 u v a ~ b v  [$vat] : Guvarbv z v a ~  41 3 n.204 
H200,6 ~6 : TO% 414 n.207 
H200,7 OZK : HOZK 414 n.207 
H2@0,13 K E K ~ ~ ~ C V O V  : & ~ K ~ I V O ~ ~ V O U  41 4 n.208 
H203.14 TO K ~ T '  a h a s  rGv r3v  b o ~ i p o v  ( P ~ ~ E W V  q p q o & t ~  : K ~ T '  a b r & ~  T&S 

TGV cpao~ov ~qpf lo s rq  41 6 n.211 
H204,3 6n '  a 6 ~ G v  : &7c6 417 n.212 
H216,1fi :,jG 424 n.25 
M216,2 : 3 424 n.26 
~ 2 1 9 . 2 h e  : 5 $ 426 n.31 -- - 
H219,7 vp hq : vP Vij 426 n.32 
H235,24 < : V< 426 n.33 
H238,3 jZ : o 426 n.33 - 
H250,17 del. ~ a i  442 n.37 
H259,4-5 del. fl C7cu TQV 'ioov nhsupGv 447 n.47 
H260.8 post drvopahiav add. 6rarp6potr 448 n.48 
H264,18 KO' :  or' 450 n.58 
H264.24 6 q h o v 6 ~ t  : 62 450 n.61 
H265.16 del. h r  451 n.63 
H271, Fig. corrigenda ut 454 n.79 
H273,19 rq' : 18' 456 n.81 
H275,13 ~ 6 '  : K a '  456 n.84 
H283,4 a C ~ o 3  : a b ~ Q v  461 n.91 
H294,5 Cj y' : Cj 467 n. 105 
H297,5 16' : 6' 469 n.4 
H298,14- 1 5 ~a-cahapnsrv : ~ a ~ a h 6 p y s 1 t  470 n.8 
H303,2 k ~ a ~ r p a  : k ~ a ~ i p a ~  472 n. l 1 
H311,4 p i x p ~  : a' ETOS 477 n. 18 

- 
H311,5 0x6' : 0 ~ 6  io r lv  bnO Napovaooapou 477 n. 18 
H314,22 6vopah1Gv : 6 v o p a h i a ~  479 n.20 
H318,18 o u v o 8 ~ 6 ~ r  : ~ U V O F E ~ ~ E L  481 n.25 
H319,8 del. r o u ~ t o r r v  hs1cp0~'ioa fin' a C ~ q s  481 n.27 
H322,l G t a o r u o s o ~  : Gzapirpou o ~ 6 o s o q  484 n.31 
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H324,8 acrai : azrat 486 11-35 
H324,22 KAM, CTY : KAM r^ov CTY 486 n.37 
H329,17 npdq rotjrq : kvrbq ro\jrou 488 n.41 
~ 3 3 5 , 9 5 8  : 5 492 n.48 
H342,23 ralira : raljsa 494 n.53 
H345,22 O r  : OTM 498 n.55 
H348,lO del. y' 500 n.61 
H37 1, Fig. cot-rigcnda ut 51 2 11.5 
H373, Fig.  cot.^-igenda ut 514 n.6 
H379,3 post kn6p~va add. TOG bnoy~iou 518 n. 10 
H381, Fig. coi-rigenda u t  51 9 n. 11 
H389,2 fi EK TOG : fi BO k~ TOG 523 n. 18 
H396,lO : Ky 527 n.24 
H396,13 CLy : Ky 527 n.24 
H411,22 r : a 537 n.29 
H412,l ~ ) T E O K E ~ T ~ ~  : i ) 7 t & ~ & 1 ~ 0  537 n.30 
H4I7, I3 i)716K&t~al : ~ ) K ~ K & I ? o  540 n.33 
H424,6 6' : t6' 543 n.37 
H425,9 8 : i 543 n.39 
H425,14 $ : jTj 544 n.39 
H428,18 deI. nphrov 545 n.45 
H433,4 :T 547 n.52' 
H441,49 10 : 1~ 548 n.55 
H442,17 ?LC : vc 548 n.55 
H443,34 va : v6 548 n.55 
H443,36 VE : v0 548 n.55 
H443,43 vq : pq 546 n.55 
H444,9 K6 : KO 548 n.55 
H460,13 roS ku~ivrpou : k ~ ~ i v r p o u  ro3 560 n. 1 l 
H470,6 TOG : r q ~  567 n.28 
H470,8 p q 8 ~ v b ~  : pq6kv 567 n.29 
H47 1,18- 19 del. rototjrov 568 n.34 
H47 1,20 V : VTj 568 n.35 
H472,5 ;;8 : 568 n.36 
H474,16 atr^ov : atra*iq 570 11-41 
H475,14 < : <' 570 11-43 
H476,9 a h 6 v  : aezaT< 570 n.41 
H477,18 atr^ov : ab~a?< 570 11-41 
H483,22 77 : VG 575 n.58 
H494,20 ~ E ~ O ~ E ~ O ~ E V  : ~ & ~ O ~ E \ ~ ( J C I ~ E V  583 11.82 
H497,21 rolS cinoy~iou : 6x6 roo 6xoyciou 584 n.84 
H504,20 del. o r i ~ o u  587 n.90 
H513,16 del. ~ a i  591 n.93 
H519,13tr : Vf 595 n.100 
H520 del. columnam quartam 596 n.102 
H525,23 del. rd nh~?orov 597 n.5 
H526,I del. r@ n h ~ i o r q  T ~ T E  598 n.6 



Appendix B.  correction^ to Heiberg Vol. II 

H537,20 del. TE 602 n.24 
H554,ll KAM : KAM 61 3 n.36 
H590,18 del. p ~ y i o ~ o v  636 n.60 
H606,6 ~y a : ~y h 646 n.83 
H606,7 K q : x 15 646 11.83 



Appendix C 

HOE did Prolemy derive the mean motions for the jiue planers? 

Our  discussion concerns only the mean daily motions in anomaly, since the 
mean daily motions in longitude are not derived independently: for Venus and 
Mercury the latter are identical with that of the sun, while for the outer planets 
they are found by subtracting themean daily motions in anomaly li-om the sun's 
mean daily motion. 

The answer to the above question would seem to be provided by those 
chapters entitled, 'On the correction of the periodic motions [of each planet]', 
IX 10 (Mercury), X 4 (Venus), X 9 (Mars), XI 3 (Jupiter) and XI 7 (Saturn). In 
every case Ptolemy determines the position of the planet on the epicycle at one 
of his own observations, and also at an 'ancient' observation (approximately 
400 years earlier). From the (Babylonian) period relations stated in IX 3 he 
computes how many integer revolutions in anomaly have occurred between the 
two observations; this plus the increment in degrees derived from the two 
observations gives the total motion of the planet in anomaly. Division of the 
latter by the interval in days and fractions of a day between the two 
observations gives the mean daily motion in anomaly, and Btolemy explicitly 
states in every case that this was the basis of the mean daily mot ion used in the 
tables (IX 4). 

However, if one does the computations implied in the above chapters using 
Ptolemy's numbers, in no case does one find agreement with the mean daily 
motions in anomaly which he actually lists,' as the following shows. 

Ptolemy's mean daily motions in anomaly (IX 3 pp. 424-5) 

0;57,7,43,41 ,43,4O0k_ 
0;54,9,2,46,26,0% 
0;27,41,40,19,20,58% 
0;36,59,25,53,11,28% 
3;6,24,6,59,35,50% 
travels 35,11,51;27° in 36,57,59;45" 0;57,7,43,41 ,44;18O/d2 
travels 34,31,45;45O in 38,15,32;57.30d 0;54,9,2,45,8,48% 
travels 19,13,1;43O in 41,38,1;40d -- 0;27,41 ,40,19,28,7%3 

'Cf. Newton pp. 320-1, 325-7, where the discrepancy is described almost correctly, but 
implausible consequences drawn. 

21n thew and sul,sequent computations the Iast place is rounded on the hasis of one more 
computed place. 

3Ptolemy gives an increment oJ"; day', implying 6 a.m. Sor the lint ohsel-vation and 10 p.m. for 
the second. Ifwe assume (improbably) that the second was in fact 10;25 p.m. (cf. p. 484 n.32), and 



670 Appendix C. Derivation of planetary mean motions 

p. 479 Q travels 25,35,38;25O in 41 ,30,5Zd -- 0;36,59,25,49,8,51 %4 [4a! 
p. 467 9 travels 2,6,52,6;53O in 40,50,1 3;33,45d -- 3;6,24,6,58,39,48d%5[5a] 

The worst of these discrepancies, that I~rJupi ter ,~  does not produce an error 
of as much as one minute of arc in 400 years. Hence it is clear that Ptolemy had 
no motive for 'fudging' here (and also that it  is strictly illegitimate to derive a 
mean motion to the sixth sexagesimal fi-actional place from observations 
separated by only 400 years). But, although his observations are essentially in 
agrcemenl with the mean daily motions he uses, the latter cannot be del-iz~ed from 
them, not at least by the method he  state^.^ 

An alternative possibility is suggested by the way the derivation ofthe mean 
motions is presented in IX 3. There Ptolemy expresses them in the form of' 
'corrections' to the period relations, e.g. 'for Saturn, 57 returns in anomaly 
correspond to 59 tropical years plus 1 $ days'. These are reduced to degrees and 
days, e.g. 'Saturn travels (in anomaly) 20520° in ~1551;18~' .  It is plausible to 
suppose that the latter are actually primary, i.e. the corrections 'plus 1 days' 
etc. are derived from the equivalences Ixtween days and degrees together with 
the parameter 'one tropical year equals 365; 14,48".* ~ h e s e  equivalences can be 
derived from the pairs of' observations in IX 10 etc., combined with the 
Babylonian period relations, as follows. 

Example: Saturn. From Hipparchus Ptolemy knew the Babylonian period 
relation, 57 returns in anomaly take place in 59 years, i.e. that the planet travels 
(57 x 360)O in approxirnat~ly (59 x 365;14,48)". He knew l'rom his pair of 
observations that it travels 35,1 I ,51;27O in 36,51,59,45&. From the latter 
equivalence he could derive a 'correct ion' to the period of'days in the former, I))i 
multiplying 36,57,59;45 by (57 x 360) and dividing the result by 35,1 I ,51;2'7. 

d This produces 5,59,11;17,59,55. . . , or (rounded to the nearest sixtieth) 
2155l;l8" as in IX 3. The col.responding calculations fbr  the other planetsare: 

d 7 38,15,32;57,30 x (65 x 366) +34,31,45;45 = 7,12,7;36,42,19. . . or-(rounded) 
2592'7;37&, as in IX 3. 

d $ 41,38,1;40 x (37 x 360) + 19,13,1;43 = 8,0,57;40,45,50. . . or (rounded) 
~8857~41" Text in IX 3 has 28857;53, emended by me to 28857;43 {cf. n.8). 

the increment actually ~ ; 2 5 ~ ,  this would make the interval 41,38,1;41,2,30", leading to 
0;27,41,40,18,46,32"/d, which is even more discrepant. 

'But see p. 479 11-21. The interval, which Ptolemy rounds to integer days, should probably be 1 $ 
or I! hours less. These . corrections lead to daily motions of 0;36,59,25,51 ,56,2g0 and 
0;36,59,25,52,29,19°. of which the second is much closer to, but still not identical with, the 
tal>ulated daily motion. 

Applying the equation 01' time of'-23 mins. to Ptolemy's obselvat ion, i.e. taking the increment 
as 13;T" instcad of' 134, leads to a daily motion of3;6,24,73,Z0, which is even more discrepant. 

6A~~urning  that we correct the intc.1-val fbt- Venus as in n.4. 
In case anyone should conjecture that Ptolemy computed the times of the obselvations more 

precisefy than hr states (with e.g. corrections lor equation 01' time), I note that in order to get 
Ptolcmy's mean daily motion accurate to the sixth sexagesimal li-actional place directly liom the 
ol>setx.ations, thesc would haxve to be I-ecorded to an accuracy of second.^, which is totally implausible. 

'This works well for all planets except Mals (where the text ligure, '28857;53"' is certainly 
co~.~upt: I have emended '53' to '43'. but '42' would give perfect agreement with the above 
hypolhc?iis) and Mewuiy, where - + I  {G" should rathe1.be.+l;3".'But, rather than ernendingto'l hd' 
(which is possil,le), we tan  regard '1 Tb"' as simply a small ina'ccuracv. 
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d 9 41,30,52 x (5 x 360) + 25,35,38;25 = 48,39;40,5,19. . . or (rounded) 

2919;406, as in IX 3.9 
d Q 40,50,13;33,45 x (145 x 360) t 2,6,52,6;53 = 4,40,2;24,1. . . or (rounded) 

16802;24~, as in IX 3. 

From these 'corrected period relations' the mean daily motions can now be 
derived: 

20520° in 21551;18~ leads to 0;57,7,43,41,43,39,41. . .%, in agreement with 

11 I. 
23400° in 25927;37" leads to 0;54,9,2,42,55,52. . .%, in disagreement with 
[23, and worse than [2a]. 

6 13320" in 28857;41d leads to 0;27,41,40,18,39,12. . .%, in disagreement with 
[3], and worse than [3a].I0 

Q 1800" in 2919:40J leads to 0;36,59,25,53,11,27,36. . .%, in ag-eemcnt 
with [4].11 
52200° in 16802;24"eads to 3;6,24,6,59,35,49,55. . .%, in agreement 
with [5]. 

Thus, perverse as this procedure may appear, it could theoretically be used to 
derive Ptolemy's mean motions fbr Saturn, Venus and Mercury. However, i t  
Sails miserably fbr Jupiter and Mars, which casts doubt on the validity of this 
explanation in general. . 

Let us suppose, instead, that Ptolemy found his mean daily motions by some 
other method. Then the equivalences 'Saturn travels 20520° in 21 551 ; 1 8d' etc. 
can be directly derived by division of20520 by 0;57,7,43,41,43,40, etc.,12 and 
the pairs of observations in IX 10 etc. are simply used as a check. E.g. for Saturn 
Ptolemy h u n d  from the observations an increment of 351;2T0 in 364' 2 13?. 
From the mean motion tables one finds, for the latter interval, 351;26,5g0. The 
corresponding numbers for the other planets are: 

y 377' 1 2 8 ~  - l h  observations 105;45O tables 105;45,48" 
$ 410' 231id observations 61 ;43O tables 61 ;42,55O 
Q 4 0 9  1 6 7 ~  observations 338;25O tables 338;27,48013 

40ZY ~ 8 3 ~  13 ih observations 246; 53O tables 246;53,2a0. 

Thus the obseivations can in every case be regarded as justifying the mean 
motions used, within the accuracy attainable. O n  this assumption, Ptolemy had 
derived his mean motions fi-om some other source, and simply did not bother to 

'Taking an interval 1 $ or 1! hours less (see n.4) makes no dilrerence to the fils; sexagesimal 
fiact ional place. 

''Taking thr srxage~imal liaction of the day as 42,43 or 53 (cf. n.8) produces a progl-essivcly 
smaller mean daily motion and progressively greater di~a~greernent. 
" It is interesting that tl~is quotient lies almost exactly in the middle between the mean daily 

motion which Ptolemy gives explicitly (28 in thr last sexagesimal place) and that underlying the 
sections Ior yeats and 18-year periods in themean motion tables (27 in the last sexagesimal place, cl: 
p. 425 n.29). Is this an indication of incomplete revision? 

''Mars is still a problem herr., sincc- this method also produces 28857;41d (cf. n.8). 
13For an  interval Ijh less (cf. n.4) one finds kom the tal~les 338;25,30°, in agreement with the 

result li-om t hr ol>servations. 
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change them on the basisofthe observations he quotes (in this he was absolutely 
justified, since, as we saw above, an  interval of' 400 years is insuflicient to 
guarantee more than 4 sexagesimal fractional places; he was not of course 
justified in concealing it from his readers). 

This still leaves unexplained the basis ol't he actual mean motions. O n e  might 
conjecture that they were derived f ~ o m  observations made over a shorter period 
(e-g. between Hippal-chus and Ptolemy). It  is easy to find, by Diophantine 
analysis, plausible intervals in time and longitude which produce the exact 
numbers, e.g. fbl- Mars a motion in 274' 189; 16" of128 re\~olutions plus 1 69;3Z0 
leads to a mean daily motion 01'0;27,41,40,19,20,57,59~/d. But in the absence cl' 
aqy evidence fbr such obseivations b y  Hippal-chus this remains mere arith- 
metical juggling, and we must admit that the origin of these numbers, a t  least 
for Jupiter and Mars, and probably for all the planets, remains unknown." 

"An altevnative conjecture is that the mean motions were indeed derived liom the quoted 
observations: I ~ u t  11). applying a 'correction' to an ea1.1ier (?Hippa~.chan) mean motion, in the same 
way as the mean motion in lunar anomaly was cort.ected in IV 5 (and in lunar latitude in the 
Canobic Inscription). B~it since no such mean motion i 5  ment ioned 1)). Ptc1em)-, the details w~otild be 
it-reco\,erable. 
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This index contains all instances of proper names occuring in the book, with the following 
exceptions: purely bibliographical references, kings in the king-list (p. 11) not mentioned elsewhere, 
trivial occurrences of 'Ptolemy', 'Heiberg' and 'Manitius', month names, signs of the zodiac, 
constellations, named stars (although certain observations involving Regulus, Spica and other stars 
are included), and trivial mentions of the planets, sun and moon. It is also a subject index, but is 
highly selective both in the topics listed and in the references to those topics. However, it does 
include all observations recorded in the Almagest, listed under the body (e.g. Mars) or event (e.g. 
equinoxes) concerned, with the date in the Julian calendar and the observer or placeof observation. 

Achilles, Isagoge, 19 
Adulitic gulf. parallel through, 84, 84 n.29 
'advance', 16: meaning of, 20, 340 n.93, 344 

n.l10 
'Aeon-tables', 137 n.18, 420 n6,  422, 422 n.12 
aether, 36 n.8, 40; cf 600 n.15 
Agrippa, observation of occultation by, 334, 

334 n.68 
Alexander of Abonouteichos, 381 n.60 
Alexander ol Macedon, 11; death of, era. 10 

n. 16, 138(quater), 1 38 n.20, 154, 168,227, 
230. 502, 522 

Alexandria: Ptolemy worked at, I ;  libraries at, 
1, 421 n.lO. Almagest studied at. 2; 
meridian through, 225,225 n.16,337 n.78: 
used as norm, 130, 130 11.109, 169, 191, 
192,207,208,212,213,237,253,282,305, 
310, 334-5, 335 n.70, 33'7, 338, 650, 652, 
654,655,657,659; equatorial rings at, 133, 
133 n.7, 134; Square Stoa at, 133, 133 n.7; 
Palaestra at, 133 n.7, 134; latitude of 
30;58O, 247, 248; seasonal hours at. 283; 
obseivations at': by Timocharis, 12, 334, 
334 1-1-67, 335,336,337; by Ptolemy, 198, 
223, 247, 247-8, 328, 461, 475, 520, 538; 
?by 'i'heon, 206 n.54; b y  unknowns, 134, 
134 n.9, 214, 21 5, 283 

Almagest: date of, 1; Greek name of, 1, cf. 546 
n.48; importance of, 2; a standard text- 
book, 2; mediaeval translations of, 2, 3; 
origin of name, 2; ?Pahlavi translation of, 
2; printed editions of, 3; manuscript 
tradition of, 3-4, 24; interpolations in, 5, 
17, 219 n.5, 221 n.8, 235 11-28, 245 n.41, 
252 n.55,269 n.83,282 n.16,294 n.47,313 
n.74, 314 n.78, 315 11-79, 442 n.37, 447 

n.47, 516 n.9, 587 n.90, 593 n.97, 597 n.5, 
598 n.6; chapter headings and divisions in, 
5, 24, 27 n.1, 131 n.1, 251 n.50; structure 
of, 5-6, 37-8; mathematical methods in, 
6-9; chronology in, 9- 14; time-reckoning 
in, 23; didactic purpose of, 546 n.48. 
See also errors, computational; star cata- 
logue 

almanac, perpetual, 140 n.27 
Ammisaduqa, Venus tablets of, I66 11.59 
~ ~ ( O ~ O K \ O < ,  82 n.24 
'ancient astronomers', 131, 175, 175 ('even 

more ancient'), 252 n.51 ('more ancient') 
anomaly, various meanings of, 21. See also 

moon; planets 
Antares, used as sighting-star, 450, 473 
Antinous, 357, 357 n.160 
Antioch, school at, in late antiquity, 2 
antipodes, 75 n.1, 294, 294 n.47 
Antoninus, Roman emperor, 1, 1 1, 138. 223, 

328,449,450,456(ter), 461,469,473,474, 
484,499,507,519,520,538,540; first year 
of reign, epoch of Ptolemy's star catalogue, 
1, 328, 340, 406, 477, 502, 522 n.17 

apogee: Greek terms for, 22; mean, defined, 227. 
See also moon; planets; sun 

ApolIonius of Perge: knew equivalence of 
eccentric and epicyclic hypotheses for 
planets, 144 n.32, 556 n.3; lemma of, for 
stationary points, 555; ~re1iminar)i lemma 
of, 558 

'ApoIlonius, Circle of ,  556 n 3  
Apseudes, Athenian archon, 138(bis) 
Aratus, Phaenomma, 348 n.121, 349 n. 130, 350 

n.134, 358 n.165, 384 11.77, 391 11.114; 
scholion on, 15 n.27 

'Only those observations in which Alexandria is specifically mentioned are recorded here; there can be no 
doubt that e.g. all of Ptolemy's observations were made there. 
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Arbela, lunar eclipse of -330 Sept. 20 observed 
at, 73 n.3 

Archimedes: theorem of, used for Ptolemy's 
chord table, 52 n.60; observations of sol- 
stices by, mentioned by Hipparchus, 133; 
limits for rr. found by, 302, 302 n.60; order 
of planets according to, 419 n.1 

a?-cus uisionir: for fixed stars, 413, 413- 15; for 
planets, 639-40 

area digits, 302-5, 302 n.59 
Aristarchus of Samos: heliocentric hypothesis 

of, 44 11.41; solstice observed by, 137, 137 
n.19, 138, 139 

Aristotle: associated with Kallippos, 12; men- 
tioned in Almagest, 35; physics of, 36 n.8; 
Metaphysics 1026a18K, 35 n.7; Meteorologica 
342b34, 644 n.78; mentioned, 36 n.9 

Aristyllos: fixed-star observations of, used by 
Hipparchus, 32!; star declinations ob- 
served by, 331, 332 

armillary ring. See equatorial armillary 
armillarp spheres, 43,43 n.36. See also 'astrolabe' 
ascensional difTerence, 95 11.76 
Astaboras, river, 84 n.30 
Astopus, river, 84 n.30 
B o ~ ~ j p ,  meaning of, 21 
'astrolabe' (armillary sphere) 43 n.36; construc- 

tion of, 217-18,217 n.1; observation with, 
219, 219 n.4, 224, 224 i l l ,  327-8, 328 
n.51, 339, 339 n.87, 423, 423 11.17,- 
449(bis), 456,461,474,484,499,507,520, 
525, 538; advantages of. 453; ?not used by 
Hipparchus, 227 n.20 

astrolabe ('small astrolabe'), 21 7 n. 1 
astrology, terms in, 407 n. 185, 40Z n.187, 408 

n. I90 
'astronomical' dating, 9 n. 1 1 
astronomy, Babylonian, 90 n.70, 175 n.7, 176 

n.lO,224n.14,322n.5,374n.13,423n.19, 
669. See also observations, Babylonian 

astronomy, early Hellenistic, 82 n.20 
astronomy, Indian, 82 n.20,224 n.14,420 n.6, 

422 n.12 
Athenaeus, 374 n. 13 
Athens, school at, in late antiquity, 2; archons 

at, used for dating, 12 n.18, 138(bis), 21 1, 
212, 213 

Augustus, Roman emperor, 1 1, 14; era of, 
1 68 

Autoiycus of Pitane, 6, 407 n.189 
Avalite gulf, parallel through, 84, 84 n.27, 100 
Avienius, translation of Aratus by, 348 n. 121 

Babylon: longitudinal difference of, from 
Alexandria, 191, 191 n 3  1,207,208; place 
of observation according to Ptolemy, 191, 
192,206, 208,211, 212, 213,253; latitude 
of, 212 n.64, 638 n.65 

Babylonians: inventors of sexagesimal system, 
6. See also astronomy; calendar; obser- 
vations 

Bayer, Uranometria, I5 
Berenice, lock of, 368 n.223 
Bithynia, 134 n.9, 334, 334 n.69, 335 n.70; 

calendar of, 14, 334, 334 n.68 
Bockh, A., 14, 451 n.63, 502 n.63 
Borysthenes, river: parallel through mouths of, 

87, 87 n.49, 102, 122, 129, 285, 315; 
meridian through, 225 n.16 

Brahe, Tycho, 3 
Brigantiurn: parallel through, 88; identification 

of, 88 n.59 
Brittania, Great, parallels through, 88,88 n.59, 

103 
Brittania, Little, parallels through, 88, 88 11.59, 

88 n.63 
Britton, J., viii, 135 n. 12, 334 n.64 
Byzantium, meridian through, 225 n.!6 

Calcidius, 257 n.66 
calendar, Babylonian, 13, 452(bis), 541 
calendar, Bithynian, 14, 334, 334 11-68 
calendar of Dionysius, 13- 14, 450(bis), 451, 

452, 464, 502, 502 n.63, 522 
calendar, Egyptian, 9, 10, 12, 13,276 n.5; used 

by Hipparchus, 13,212,214 n.72,215 n.74, 
224, 227, 230, 284, 421 n.11. See also 
Nabonassar, era of 

calendar, Julian, 14 
calendar, Kallippic, 12. See also Kallippic Cycles 
calendar, Metonic, 12, 12 n. 18, 21 1 n.63 
Callimachus, Aetia fr. 10, 368 n.223 
Canobic Inscription: earlier than Almagest, 1; 

lunar mean motion in latitude in, 205 n.51, 
672 n. 14; differences from Almagest in, 206 
n. 52 

Canon Basileon, 10, 11, 340 n.91 
Carthage, lunar eclipse of -330 Sept. 20 

observed at, 75 n.3 
Caturactonium, parallel through, 88, 88 n.60 
centrum, meaning of, 22 
Cepheus myth, 346 n. 1 15 
'Chaldaeans', 13, 452(bis), 541 
~ q h a i ,  consistently used by Ptolemy for constel- 
. lation 'Libra', 371 n.1 
chord: no specific name for in Greek, 17; cal- 

culation of, 48-56,48 n.50, of half-angle, 50 
n.59, 52 n.60; of third-angle cannot be 
found geometrically, 54,54 n.63; of lo, 54- 
6 

chord table, 57-60; norm of, 48, 48 n.51; 
accuracy of, 57 n.68. See also trigonometry 

chronology, 9- 14. See also calendar 
clima  pa): explained, 19, 42 n.32; the 7 

climata, 19, 86 n.42; 87 n.50, 122 n. 106, 
286 n.25, 315 

colure, 83, 217; explained, 19 
Conon, mathematician and astronomer, 368 

n.223 
constellations. See star catalogue 
Oopernicus, 3 
cosmology, 38-47 
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cubit, as astronomical measurement, 322 n.5, 
453 n.70 

culminating point, computation of; 104, 650 
culmination, explained, 19, 408 
cycles, calendaric. .Yee Kallippic C:yc.les; Meton 

Darius I: king, l I, 206, 208 
day: various meanings of, 23, 169-70; epoch 01; 

astronomical, 12, 170; epochs of; civil, 12; 
length of, computation of, 99, 649-50 

day, longest, used to characterise terrestrial 
latitude, 76-9, 83-9, 285, 638 

deferent, meaning of, 21 
'demi degrees', 8, 9, 26 
digit, as astronomical measurement: 322 n.5. 

See also area digits 
Dio Cassius, on Hadrian and Antinous, 357 

n. 160 
Diodorus of Alexandria, Analemma, 62 n.72 
Dionysius, astronomer, 450 n.59, 452 11-66. See 

also calendar of Dionysius 
Dionysus, 394 n. 129 
dioptra: Mcronic, 227 n.20; four-cubit, 252,252 

n.52 
Domitian, Roman emperor, 1 1 ,  334 
'double dates', 12 
Sp6po5, meaning 01; 177 n.14, 224 n.14 
duration of totality, 296, 296 n.53,300- I; Greek 

term for, 22 

earth: sphericitv of, 40- 1; central position o f ;  
41-2; negligible size of, in relation to 
heavens, 43; motionless, 43-5; axial rotation 
of: denied by Ptolem!., 45: affirmed Ily 

others, 44 n.31 
Eboudae, islands, parallel through, 89,89 n.65 
eccentre, eccentric, meaning of, 21 
eccentric hypothesis: explained, 141; equival- 

ence of, to epicyclic hypothesis. 144-5, 144 
n.32, 148-51, 181, 188-90, 211, 556, 556 
n.3; preferred, 153, 442. See also planets, 
eccentric model for 

eccentricity, bisect ion of: demonstrated for 
Venus, 474 n. 12; observational basis for, 
480 

eclipse limits, 277 n.8,282-7,287,289,290,290 
n.34, 291. 293 

eclipses: used to show earth's sphericity, 40; 
used to determine longitudinal diuerence, 
75; tables for, construction of, 294-305; 
magnitude of, defined, 295; inequality of 
phases of, 309. See also area digits 

eclipses, lunar, 40,42; simultaneous observation 
of, 75 n.3; basis of !unar theory, 173, 174, 
181; explained, 173; computation or 
305-9, 654; angles of inclination at: 
example, 31 7; computation of, from table, 
3 18-20 

eclipses, lunar, intervals between: 6 months, 
287; 5 months, 288-9; 7 months, 289-90 

rclipses, lunar, observations ol- 
-720 Mar. 19 (Babylonian), 166 n.59, 191, 

191 n.30 
-719 Mar. 8/'9 (Babylonian), 191,191 n.32, 

204,208; usrd by Hipparchus, 205 n.51, 
309, 309 n.67 

-719 Sept. I (Babylonian), 192, 192 n.33 
-620 Apr. 21/2 (Babylonian), 253, 253 

n.56 
-522 July 16 (Babylonian), 253, 253 n.58 
-501 Nov. 19 (Babylonian), 208,208 n.60; 

used by Hipparchus, 208 
-490 Apr. 25 (Babylonian), 206,206 n.53 
-382 Dec. 23 (Babylonian), 21 1-12; used 

by Hipparchus, 21 1 
-381 June 18 (Babylonian), 212,212 n.67; 

used by Hipparchus, 212 
-381 Dec. 12 (Babylonian), 213, 213 nn. 

68, 69; used by Hipparchus, 213 
-330 Sept. 20 (in C;eo,qraphv), 75 n.3 
-200 Sept. 22 (Alexandrian), 214, 214 

n.71; used by Hipparchus, 214 
-199 Mar. 19 (Alexandrian), 214, 214 

n.73; used by Hipparchus, 214 
- 199 Sept. 1 1 / I2  (Alexandrian), 215, 215 

11.74; used by Hipparchus, 215 
- 173 May 1 (Alrxandrian). 283,284 n.21 
-145 Apr. 21 (Hipparchus), 133 n.8, 135, 

135 n.14 
-140 Jan. 27 (Hipparchus), 284,284 n.23, 

309, 309 n.67 
- 134 Mar. 21 (Hipparchus), 135, 135 n. 14 

125 Apr. 5 (?Theonj, 206, 206 n.54 
133 May 6 (Pto1cm)-), 198, 198 n.39 
I34 Oct. 20 (Ptolemv), 198, 198 n.40, 
205, 205 n.51 

136 Mar. 6 (P:olrmy), 198, 198 n.41 
eclipses, solar: afrected by parallax, 40 n.29, 

174, 24.3, 310; of -189 Mar. 14, used by 
Hipparchus, 244 n.38; annular, possible 
according to Hipparchus, 252 n.53; ~nter-  . 

vals between: 6 months, 287; 5 months, 
290- 1 ; 7 months, 291 -3; 1 month, 293-4; 
computation of, 310- 13,654-7; inequality 
of phases in, 312- 13; angles of inclination 
at: example, 317; computation of, from 
tables, 318-20, 657; of 364 June 16, 
observed by Theon of Alexandria, 654-7. 
See also parallax, lunar; parallax, solar 

ecliptic: Greek terms for, 20; explained, 46-7; 
obliquity oE determined, 61-3, 61 n.69; 
according to Eratosthenes and.Hipparchus, 
63, 63 n.75 

Egypt: observation of phases in, 638 lower, 
parallel through, 85, 101, 125, 638 n.65. 
See also calendar, Egyptian 

elongation, meaning of, 22 
emersion, meaning of, 22 
Empedocles, 40 n.26 
enlargement of heavenly bodies near horizon, 

apparent, 39 11.24 
Eqanriq, meaning of, 374 n. 13 
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Epicurus, Epicureans, 38 n.22, 39 n.23 
epicyclic hypothesis: explained, 141, 144, 

191 (for moon); equivalence to eccentric 
hypothesis, 144-5, 144 n.32, 148-51, 
188-90, 21 1, 556, 556 n.3; preferred, for 
moon, 181, 190;  referr red, fcr   la nets, 442 

epiparallax, 295; computation of, 310-1 1,311 
n.71, 656 

Entoqpaoia~, 283 n. 18, 302 
epoch: of day, astronomical and civil, 12, 170; 

of Seleucid era, 13 
Endp~va, e i ~  ra, explained, 20 
equant: introduced on basis of trial and 

application, 422 n. 15; origin of, 474 n. 12, 
480 11.24 

equation, astronomical meaning d; 21-2, 147 
n.36 

equation of ?ime: reason for, 169-70; maximum, 
170- 1 ; computation of, 171,172 n.70,230 
n.23, '281,281 n.11,461 n.93,475n.15,479 
n.22, 484 n.32, 499 n.57, 520 n.12, 538 
n.31, 651-2 

equator. celestial, defined, 19, 41, 45, 45 n.44 
equator, terrestrial, parallel through, 82, 291, 

292 
equatorial armillary, 133, 133 n.7, 134, 134 

n.12 
equinoctial points, defined 47 
equinox, position of within iodiacal si,gns, 90, 

90 11-70 
equinoxes, precession of. See precession 
equinoxes, autumnal, observations oE 

-161 Sept. 27, 6 p.m., 133, 133 n.8 
-158 Sept. 27, 6 a.m., 133, 133 n.8 
-157 Sept. 27, noon, 133, 133 n.8 
- 146 Sept. 26/7, midnight (Hipparchus), 

133, 138 
-145 Sept. 27, 6 a.m. (Hipparchus), 133 
- 142 Sept. 26, 6 p.m. (Hipparchus), 133 

132 Sept. 25, 2 p.m. (Ptolemy), 168 
139 Sept. 26, 7 a.m. (Ptolemy), 138, 138 
n.21, 154, 154 n.47 

equinoxes, spring, observations of: 
- 145 Mar. 24, 6 a.m. (Hipparchus), 134, 

135, 138 
-145 Mar. 24, 11 a.m. (Alexandrian), 134 
- 144 Mar. 23, noon (Hipparchus), 134 
-143 Mar. 23, 6 p.m. (Hipparchus), 134 
- 142 Mar. 23/4, midnight (Hipparchus), 

134 
- 141 Mar. 24, 6 a.m. (Hipparchus), 134 
-140 Mar. 23, noon (Hipparchus), 134 
-134 Mar. 23/4, after midnight (Hip- 

parchus), 134, 135 
- 133 Mar. 24, 6 a.m. (Hipparchus), 134 
- 132 Mar. 23, noon (Hipparchus), 134 
- 13 1 Mar. 23, 6 p.m. (Hipparchus), 134 
- 130 Mar. 23/4, midnight (Hipparchus), 

134 
-129 Mar. 24, 6 a.m. (Hipparchus), 134 
- 128 Mar. 23, noon (Hipparchus), 134 
-127 Mar. 23, 6 p.m. (Hipparchus), 134 

140 Mar. 22, 1 p.m. (Ptolemy), 138, 154, 
154 n.47 

eras. See Alexander of Macedon; A u ~ ~ s t u s ;  
Nabonassar; Philip; Seleucid 

Eratosthenes: determined arc between solstices 
as 8 of the circle, 63, 63 n.75; Geography of, 
63 11.75; standard meridian of, 225 n.16; 
order of planets according to, 41 9 n. 1 

Eratosthenes, pseudo-, 348 n. 121 
errors, computational, in Almagest, 130 n. 108, 

21 1 n.62,230 ~123,237 n.30,242 n.36,254 
n.60, 254 n.61, 284 n.23, 302 n.61, 305 
n.63, 333 n.63, 334 n.64, 335 n.70, 336 
n.75, 337 n.79, 570 n.40, 570 n.42, 574 
n.52, 580 n.70, 580 n.71, 596 11.102, 608 
n.32 

EonLpav, np65, peculiar sense of, 600 n.13 
Eternal Tables. See Aeon-tables 
ETEPO~KIO~,  82 n.24, 85, 85 n.36 
Euandros, Athenian archon, 213 
Euclid: Elements, 2, 6,24; 1 4,447 n.47; I 18,147 

n.37; I 19, 147 n.37; 11 5,489 n.43; 11 6,48 
n.52, 197 n.38; 111 3, 558 n.4; 111 7, 455 
n.80; I11 8, 559 n.9; I11 14,447n.46; 111 15, 
559 n.10; I11 27, 556,561 n. 13; I11 35,489 
n.42; 111 36, 196 n.37; IV 15, 49 n.55; VI 
DeE3,49 n.53; VI 1,55 n.65,559 n.7; VI 3, 
54 n.64, 55 n.66; VI 8,52 n.61, 148 11.38; 
XI11 9, 49 n.54; XI11 10, 49 n.56; Da~a: 6, 
545 n.43; 7,67 n.79; 8, 159 n.5 1,545 n.42, 
545 n.43; 40, 159 n.50, 545 n.42; 43, 159 
11-52; Phaenornena 6 

Eudoxus, defined colures, 19 
'Eudoxus' papyrus, 177 n. 14 
Euktemon, 137, 137 11-19, 138, 139 
~iirovo5, meaning of, 405 n. 180 
'Exeligmos', lunar period, 175, 175 n.8 
extreme and mean ratio, 49, 49 n.53 

'fixed' stars: terminology, 43, 43 n.35, 321; 
relative positions of unchanged, 321 -7; 
alignments of observed: by Hipparchus, 
322-4; by Ptolemy, 325-7; declinations of 

. observed: by Timocharis and Aristyllos, 
331, 332; by Hipparchus,, 33 1, 332; by 
Ptolemy, 331, 332. See also occultations; 
phase; precession; star catalogue 

Fortunate Isles, prime meridian of Geography, 
130 n.109 

fractions, Greek, 7; awkwardness of, 48 

Galen: used Hipparchus' works, 1; on Seuen- 
month Children, 1 n.1; Commentary on 
Hippocrates' Airs Waters and Places, 1 n. 1,2 
n.2; alleged mention of Ptolemy an inter- 
polation, 2 n.2; On his own Books, 139 n.25 

Gemmus, 175 n.8 
geography, Hellenistic, 82 n.20 
Gerard of Cremona, translation of Almagest 

by, 3, 4 
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Germanicus, translation of Aratus by, 348 
n. 121; scholion on, 350 n. 131 

globe. See st ar-globe 
Glykon, serpent, 381 n.60 
gnomon: mentioned by Ptolemy, 42, 43, 80; 

shadow of, used to characterise terrestrial 
latitude, 76, 80-2, 82 n.20, 82-90; in- 
accuracy of this, 82 

Goldstein, B. R., 8, 419 n.2 
Greece, observation of phases in, 638 

Hadrian, Roman emperor, 11, 168, 198(ter), 
204,247, 449(bis), 454,455,456(bis), 469, 
470(bisj, 471(bis), 472, 484(bis), 507(bis), 
525(ter), 537, 651; and Antinous, 357 
n.160 

Hajjsj, al-, Arabic translation of Almagest by, 
2,4,49n.57,327n.49,334n.66,348n.123, 
364 n.193, 379 n.47, 442 n.37, 597 n.4 

Halma, N., vii, 224 n.14, 250 n.48, 451 n.63 
Hamilton, Norman T., 1, 205 n.51, 206 n.52 
Handy Tables, 2 n.2, 10, 10 n.16, 140 n.28,237 

n.30,276 n.4,292 n.44,295 n.50,546 1-1.48, 
596 n.102, 654 

gasan, al-, ibn Quraysh, translated Almagest 
into Arabic, 2, 341 n.96 

Hebudae, islands 89 n.65 
Heiberg, J. L., 3, 4, 24, 28 n.2, 202 n.46, 

250 n.48, 252 n.51, 283 n.19, 315 n.82 
Hellespont, parallel thrbugh, 86, 86 n.42, 102, 

127 
Hephaestion, astrologer, 374 n.13 
Heraclides of Pontos, 44 n.41 
Hercules, identified with Eyy6vao1v, 348 n. 121 
Hermes, legend of, 349 n. 130, 350 n. 13 1 
Heron of Alexandria: dioptra of, 227 n.20; 

Diopira, 337 n.78; Belopoeica, 405 n. 180; 
Mechanics, 405 n. 180; Pneumaiica, 405 n. 1 80 

Hervagius, produced edilio princeps of Greek 
Almagest, 3 

Hipparchus: astronomical works of, lost, 1; used 
Kallippic Cycles inconsistently, 13, 214 
n.72, 224 n.13; used Egyptian calendar, 
13, 212,214 n.72, 215 n.74,224,227: 230, 
284, 421 n.l I; Commentary on Aratus by, 
15, 19, 63 n.75, 322 n.5, 361 n.172, 365 
n.204, 374 n.13, 391 n.114, 402 n.170; 
chord table of, 52 n.60; used Eratosthenes' 
value for arc between the solstices, 63, 63 
n.75; treatise on geography by, 63 n. 75; on 
length of year, 131, 132, 135, 139; 
discovered precession, 131, 321, 321 n.2; 
errors attributed to by Ptolemy, 132, 135, 
136, 178-9, 205, 211, 213, 215, 268, 
309- 10; observations of equinoxes by, 133, 
134, 135, 137-8; did not observe at 
Alexandria, 134 n.9; observations of lunar 
eclipses by, 135, 284 n.23, 309, 309 11.67, 
327; a 'lover of truth', 131, 136, 421; 
assumed only one anomaly for sun and 
moon, 136,309 n.68; observations of Spica 

at lunar eclipses, 135, 327; showed that 
tropical year is less than 3656 days, 136, 
139; thought predecessors' solstice obser- 
vations crude, 137; used solstice observa- 
tions of Meton and Aristarchus, 139; 
solstice observation of, 139; determined 
sun's eccentricity and apogee from season- 
lengths, 153; season-lengths according to, 
153, 156; determination of lunar mean 
motions by, 175-6,176n.10, 178,192 n.34, 
309- 10; dependence on Babylonian 
astronomy, 176 n.lO, 322 n.5, 423 n.19, 
670; use of6p6po~ by, 177 n. 14,224 n. 14; 
lunar eclipses used by, 178 n.17,205 n.51, 
208, 211, 212. 213, 214, 215, 309, 327; 
determined lunar anomaly from 3 eclipses, 
181, 181 n.24, 192 n.34, 215 n.75; 
discrepancies in his method of so doing, 
21 1- 15; method of finding mean motion 
and epoch in lunar latitude, 205,205 n.51, 
309-10; apparent diameter of moon and 
shadow according to, 205, 252, 252 n.53, 
252 n.54; lunar observations by, outside 
syzygies, 217, 217 n.2, 220, 224, 225. 225 
n.17, 227, 227 n.20, 230; suspected in- 
adequacy of simple lunar hypothesis, 217 
n.2; used 248-day lunar anomaly period, 
224 1-1.14; computations of parallax by, 
224,227,227 n.21,230,230 n.22; ?adopted 
standard meridian from Eratosthenes, 225 
n. 16; used era of death of Alexander. 227. 
230; found maximum latitude of moon as 
5", 237; used solar distance to find lunar 
distance, 243; used solar eclipse to find 
lunar distance, 244,244 n.38; ?found lunar 
distance as 59 earth radii, 251 n.49: 
crit icised 'ancient astronomers', 252 n.51; 
observed apparent diameters with $-cubit 
dioptra,  252; invented geometrical 
method of finding solar and lunar distances, 
254; parallax procedure of, 268, 268 n.82; 
investigated eclipse intervals, 294 n.47: 
unce! tam about amount 01' precession, 
321, 328; reliability of fixed-star obser- 
vations of, 321; at first restricted preces- 
sional motion to zodiacal stars, 322, 329; 
obsenrations of star alignments by, 322-5, 
322 n.3, 322 n.4, 324 n.26, 324 n.27, 
celestial globe of; 327,327 n.48; longitudes 
of fixed stars recorded by, 327, 330 n.56; 
observation ofRegulus by, 328; concluded 
that precession takes place along the 
ec1ip:ic. 329, considered observations of 
'school of Timocharis' crude, 329; records 
of star positions by, 330, 330 n.56: star 
declinations obsen-ed by, 331, 332. 333; 
265-year intaval between his and Ptolemy's 
fixed-star observations, 333; differences 
from Ptolemy in describing constellations, 
340, 340 n.94,361; ?planetary observations 
of, 420 n.7, 672; did not construct a 
planetary theory, 421; showed that con- 
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temporary planetary hypotheses were 
wrong, 421; 'computed' planetary periods, 
423, 423 11.19; mentioned, 29 

Hipparchus: works mentioned in Almagest: 
'On the displacement of the solsticial and 

equinoctial points', 132, 321 n.2, 327, 
329; quoted, 133, 327 

'On the length of the year', 139(bis), 328, 
329; quoted, 139, 328 

'On intercalary months and days', 139; 
quoted, 139 

catalogue of his own writings, 139 n.25; 
quoted, 139 

'On sizes and distances', 244 n.38,257 n.66 
'On parallaxes': Bk. I, 268; Bk. 11, 268 
compilation of planetary observations, 420 

1~7 ,421  n.9,421,421 n.11,452,452n.66 
horoscopic degree, computation OF, 104, 650 
'horoscopic instrument' 21 7 n. 1 
hours, equinoctial, 23; conversion of, to civil 

hours, 104 
hours, seasonal or civil, 23; computation of 

length of, 99, 649-50 
Hyades, bright star in (a Tau), used as sighting- 

star, 449(bis), 449 n.54,454,454 n.78,456, 
473, 520,538 

hypothesis, meaning of in Almagest, 23-4 

Ideler, J. L., 13, 214 n.72, 224 11-13, 451 n63  
immersion, meaning of, 22 
inhabited world. See 6 t ~ o ~ p E v q  
instruments, observational, 61 -3, 61 n. 70, 

133, 133 n.7, 134, 134 n.12, 217-19, 227, 
244-6,252; el rors due to, 132, 134. See also 
'astrolabe' 

interpolation, coefficient of, 235-7,260-4,546- 
8, 622 11.41, 631. See also Almagest, inter- 
polations in 

Ishaq ibn Hunayn, Arablc translation of' 
Almagest by, 2: 4, 315 n.81,342 n.99,366 
n.211, 392 n.122 

Istros, river, parallel through, 85, 87 n.48 

Jupiter: period and mean motions of, 424,522- 
5, 669-72; alleged occultationof star by, 
522,522 n. 16,658; retrograde arcs of, 569- 
72; northern limit of eccentre of, 598; ob- 
servational basis of latitude theory of, 604; 
arcus visionis of, 639 

Jupiter, observations of: 
-240 Sept. 4 (?Dionysius), 522, 522 n.16, 

658 
133 May 17 (Ptolemy), 507 
136 Aug. 31 (Ptolemy), 507 
137 Oct. 8 (Ptolemy), 507 
139 July I I (Ptolemy}, 520 

Kallippic Cycles 12-13, 139 11-24, 214 n.72; 
First, 12, 138, 139, 334, 335, 336, 337; 

Second, 12, 214(bis), 215; Third, 12, 133, 
134, 135, 137,138,139,224,284,309,328 

Kallippos, 12; length of year according to, 139; 
mentioned by Hipparchus, 139. See aLro 
calendar; Kallippic Cycles 

Kambyses, king, 1 I, 208, 253 
~a~akr ipne tv ,  414 n.209, 470 n.8 
~ k v ~ p a ,  astrological meaning of, 408 n. 190 
Kepler, 3 
Keskinto, inscription of, 422 n.12 
king-lists. See Canon Basileon 
~ A i p a .  See clima 
~6hhq015, astronomical meaning of, 407 n.187 
~okhdpopov,  346 n. 1 18, 383 n.69 
Kunitzsch, P., 2, 4, 403 11.172 

lathe, used for instrument-making, 61,217,405 
latitude: various meanings of, 19, 329 n.55; 

meaning 'latitude or declination', 21 
latitude, terrestrial, 75 n.4, 82, 82 n.22. See also 

clima 
Lepsius, R., 502 n.63 

Maiotic lake, parallel through, 87, 87 n.51 
Ma'miin, al-, Caliph, Almagest translated 

under, 2 
Manitius, K.,vii,3n.7, 7, 14, 15, 16,20,75n.l, 

133 n.6, 135 n.12, 153 n.46, 215 n.75,222 
n.9, 224n.14,250n.48,252n.55, 271 n.85 
275 n.3, 451 11.63, 631 n.53 

Mardokempad, king, 10, I 1,166 n.59, 191 (bis), 
192, 204(bis), 309 

Mars: period and mean motions of, 424, 484 
n.33,502-4,669-72; occultation ofstar by, 
502, 502 n.63; retrograde arcs of, 572- 
5; northern limit of eccentre of, 597 n.5, 
598; observational basis of latitude theory 
of, 603; arcus visionis of? 639 

Mars, observations of: 
-271 Jan. 18 (?Dionysius), 502, 502 n.63, 

505 n.67 
130 Dec. 15 (Ptolemy), 484 . 
135 Feb. 21 (Ptolemy), 484 
I39 May 27 (Ptolemy), 484 
139 May 30 (Ptolemy), 499, 657-8 

Massalia, parallel through, 86, 86 11.44 
paeqpa r t~o i ,  meaning of, 139 n.26 
mean motions, validity of, 137, 137 n.18 
mean speed, position of in epicyclic/eccentric 

hypothesis, 146. 146 n.35 
Medusa, 352 n.140 . 
Menelaus, mathematician and astronomer, 18, 

69 n.84; chord table of, 50 n.59 used 
~pilrhevpov, 80 n. 14; observations oicccul- 
tations by, 336, 338 

Menelaus Configuration, 18, 69 n.84 
Mercury: changes in Ptolemy's hypothesis for, 

206, 206 n.52; transits of, 41 9 n.2; lack of 
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parallax for, 419-20, 420 n.4; special 
modrl for, 422 n.16. 444-5. 591 n.95; 
period and mean motions of, 424, 461-7, 
467 n. 104,669-72; apogee of, 449-53,453 
n.74, 454; called Stilbon, 450, 450 n.59, 
464; double perigee of, 454-6; maximum 
elongation of, 454 n.76; computation of 
least distance as 55;34', 460,460 n.89,546; 
retrograde arcs of, 578-81; 'missing phases' 
of, 591,641,644-5; inclination of eccentre 
of, 598; observational basis of latitude 
theory of, 601 -2, 625; arcus oisionis of, 640 

Mercury, observations of- 
-264 Nov. 15 (?Dionysius), 464, 464 

n.99 
-264 Nov. 19 (ZDionysius), 464 
-261 Feb. 12 (?Dionysius), 450, 659 
-261 Apr. 25 (?Dionysius), 450-1 
-261 Aug. 23 (?Dionysius), 452 
-256 May 28 (?Dionysius), 451-2 
-244 Nov. 19 (Babylonian), 452 
-236 Oct. 30 (Babylonian), 452 

130 July 4 (Theon), 456 
132 Feb. 2 (Ptoiemy), 449, 455 
134 June 4 (Ptolemy), 449, 455 
134 Oct. 3 (Ptolemy), 454 
135 Apr. 5 (Ptolemy), 454 
138 June 4 (Ptolemy), 449-50, 456 
I39 May 17 (Ptolemy), 461 , 

139 July 5 (Ptolemy), 456 
141 Feb. 2 (Ptolemy), 450, 456 

meridian, defined, 19, 47 
meridian line. 62, 62 n.72 
meridian ring, 61-2, 218 
Meroe: parallel through, 84,84 n.30, 100, 122, 

122 n.108, 123, 285, 315; meridian 
through, 225 n. 16 

~ E T ~ ~ ~ E V O V ,  meaning of, 356 n. 159 
Meton, 12, 137, 137 n. 19, 138; cycle of. 12, 139 

n.24; length of year according to, 139; 
mentioned by Hipparchus, 139, 328 n.53. 
See also calendar 

Miletuc, parapegma at, 13, 138 n.22 
Milky Way, location of, 400-4 
'month', meaning of, 175 n.6 
month names: Babylonian, 13 11.22; in Diony- 

sius' calendar, 14; Egyptian, 9; Macedon- 
ian, 13 

moon: mean motions of, 175-80, 190, epochs of 
thew, 204-5, 207-9; periods of, 175-6; 
Ptolemy's corrections to Hipparchan mean 
motions of, 179, 179 n. 18, 204, 205-7; 
simple hypothesis of, 180- 1; second 
anomaly of, 181, 21 7, 220-2; size of this, 
222-5; determination of maximum anom- 
alp and apogee of: by Hipparchus, 181, 
181 n.24, 21 1-15; by Ptolemy, 190-203; 
inclination of orbit of neglected, 191, 191 
n.29, 297-8, 298 11-55; determination of 
mean position in latitude, 205-9; apparent 
diameter oE according to Hipparchus, 205, 
252, 252 n.54; found from eclipse observa- 

tions, 252-4, 283-5; inaccuracies in this, 
254 n.62; computation of true position of, 
233-4; (from tables), 237-9, 652; maxi- 
mum latitude of, 237,247; size and volume 
of, 257,257 n.66; velocity, computation of, 
282, 282 n. 15, 3 1 1; model of compared 
with Mercury's, 443,453 n.75; procedure 
for finding anomaly of compared with 
outer planets', 484; table of, earlier version, 
631 11.53. See also Exeligmos; parallax, 
lunar; 'Periodic' 

moon, observations of: 
-127 Aug. 5 (Hipparchus), 224 
-126 Mav 2 (Hipparchus), 227 
- 126 July 7 (Hipparchus), 230 
126 or 145 (Ptolemy), 246-7, 247 n.44 
135 Oct. 1 (Ptolemy), 247 
139 Feb. 9 (Ptolemy), 223 
139 Feb. 23 (Ptolemy), 328 

moon, observations of (star occultations): 
-294 Dec. 21 (Timocharis), 337 
-293 Mar. 9 (Timocharis), 335 
-282 Jan. 29 (Timocharis), 334 
-282 Nov. 9 (Tirnocharis), 336 

92 Nov. 29 (Agrippa), 334 
98 Jan. 11 (Menelaus), 337 
98 Jan. 14 (Menelaus), 338 

moon, observations of (as auxiliary in planetary 
observations): 

138 Dec. 16 (Ptolemy), 474 
138 Dec. 22 (Ptolerny), 538 
139 May 17 (Ptolemy), 461 
139 May 30 (Ptolemy), 499 
139 July 11 (Ptolemy), 520 

See aLro eclipses, lunar 
'moon' as unit of measurement, 450, 450 n.60, 

451, 464, 470, 470 n.9 
motion, daily, of heavens, 45-7 
motion, natural, 40, 43-4 
motions, primary, 45-7 

Nabonassar, king, 11; era of, 9.10, 12, 13, 168, 
169, 1 72,205,205 n.49,205 n. 5 1,207,209, 
212(bis), 213,214,224,247,253,275,276, 
277,283,284,334(bis), 335, 335 1~72,336, 
337(bis), 338,340,340 n.91,450,451 (bis), 
452(ter), 456 n.84,461,464, 467,477,479, 
480, 502, 505, 522 n.17, 525, 541, 
543, 651, 652, 654, 655, 657, 658; reason 
for use of this in Almagest, 9, 166, 166 
n.59 

Nabopolassar, king, 1 1, 253 
Napata, parallel through, 85, 85 n.32 
vsopqvia, 275 n.3 
Neugebauer, O., viii, ix, 18,273 n.87,405 n. 181, 

582 n.76, 637 11.63 
Newton, R., viii, 247 n.44, 669 n. 1 
Nicaea, Hipparchus born at, 134 n.9 
'normal stars', Babylonian, 453 n.70, 544 n.34 
vu~8flp&pov, meaning and translation of, 23 



690 Index 

observations. .Yee eclipses, lunar; equinoxes; 
fixed stars; Jupiter; Mars; Mercury; moon; 
Replus; Saturn; solstices; sun; Venus 

observations, Babylonian, 9, 12 n. 18, 13, 166 
n.59, 191-2, 206, 207, 208, 211, 212, 213, 
253(bis), 253 n.58, 420 n.7, 452(bis), 453 
n.70, 541 n.34, 637 n.64, 638 

occultations. See Jupiter; Mars; moon; Venus 
oi~oupivq:  location 01; 75, 82; meaning ol'fi 

~ a e '  ipG< o i~oup tvq ,  75 n.1; dilferent 
oi~oupivai ,  294 

oppositions, planetary, technical term lor, 484 
n.29 

ortive amplitude 77 n.10 

Pappus: Commentary on Almagest I)y, 2,5,219 
n.5,244 1~38,244 1~39,245 n.41,246 n.43, 
252 n.51,252 n.52, 252 n.55,268 n.82,275 
n.3, 291 n.39, 292 n.44; .Synago.ye, 80 n. 14, 
405 n. l80 

papyri, astronomical, 2 n.2, 10 n. 12, 140 n.27, 
177 n. 14, 224 n. 14, 422 n. 12 

papyrus, standard Iormats 01; 56 n.67, 140 n.28 
parallactic instrument: construction of, 244-6, 

244 1~39,244 n.40,245 n.41,246 n.42,246 
n.43; use of, 246, 247 

parallax, lunar: trigonometry required for, 105, 
130 n. 108; errors in determination 01; 136; 
complicates iunar ol>servations, 173, 243: 
explained, 173; affects solar, but not lunar, 
eclipses, 173-4, 310; computation 01; 223, 
223 n.lO, 227, 227 n.21, 264-73, 310-1. 
328; 334, 335, 336(bis), 337,338(bis). 461, 
461 n.93, 475, 499, 520, 538, 538 n.3:. 
652-3, 655-6; theory of. 243-73; observa- 
tion of, 247-8; inaccuracies in, 251 n.49. 
260 n.69,264 n.73; 'total', 258-W; table of, 
260-5; effect on solar eclipse limits, 285- 6; 
eKect on intervals between solar eclipses, 
290-4; elfect on length of phases in solar 
eclipses, 3 12-3 

parallax, solar: uncertainty of, 243-4; used by 
Hipparchus to flnd lunar distance, 243; 
'total', 258-60; calculation of, 266,310-1; 
does not affect solar theory, 267,267 n.80; 
e&ct on solar eclipse limits, 285 

Pedersen O., viii, 281 n. 12, 282 n. 15,328 11.52, 
624 11-43 

perigee (sc~piyetov): Greek terms for, 22; special 
use 01, for Mercury, 22,461 n.94,630.630 
n.50 

n&pty&toTaTo<, meaning of, 22, 461 n.94 
n&pl~a rb~qyr t< ,  424 11-22 
'Periodic', lunar period 175, 175 n.7 
n ~ p i o ~ ~ o q ,  82 n.24, 89 n.67 
Perseus myth, 346 n. 1 15, 352 n. 140, 402 n. 170 
Petavius, Dionysius, 451 n.63 
Peters-Knobel, 14, 15, 16 
Peurbach, See Regiomontanus 
Phaethon, myth of, 384 n.77 
Phanostratos, Athenian archon, 21 1, 212 

phase: meaning 01; 22, 407 n. 189, 41 6 n.211; 
phases of fixed stars enumerated, 409-10; 
dilliculty of'precise determination of, 416, 
420- 1 . .See also eclipses, solar; visibility, first 
and last 

Philadelphos. .See Ptolemy Philadelphos 
Philip (Arrhidaeus), era of; 10 n. 16 
Philometor. .See Ptolemy Philometor 
Phoenicia, parallel through, 86; used as norm 

for planetary phases, 638 
planetaria, artificial, 601 
planets: names for, 21, 450 13.59; order of, 

419-20; order of in Pfanela,:y Hypotheses, 420 
n.4; two anomalies of; 420, 442; observa- 
tions of' mostly recent and unsatisfactory, 
420, cl: 450; types used by Ptolemy, 423; 
mean motions of, 423-6; periods of 'cor- 
rected' by Ptolemy, 423,423 n.20; eccentric 
model fbr, 442 n.38, 555,555 n.2; apogees 
of sidereally Gxed, 443, 445; 'eccentre 
producing the anomaly' [equant], 443; 
description of models for, 443-5; inclin- 
ation of' orbits negligible, 443, 597, 608, 
61 1, 61 6, 61 8, 622, 626,628; computation 
of' longitude 01; from tables; 554, 657-8; 
models of with single anomaly, 555; rrtro- 
gradation, limit 01; 559 n.8; latitude 
models 01; 599-600 

planets, inner: latitude theory for, 422 n.16; 
Ptolemy's method of determining apsidal 
line for, 449 n.53; peculiarities of latitude 
theory of; 598,599,622-4; computation of 
latitude of, from tables, 635-6,659. Seealso 
Mercury; Venus 

planets, outer: observational basis of theory for, 
480-4; peculial-ities of' latitude theorv of.. 
kern tables, 635, 658. Set also Jupiter; 
Mars; Saturn 

plaque, lor determining obliquity of ecliptic, 
62-3 

Plato, order of' planets according to, 419 n. 1 
Pleiades: occultations of, 334-5; length ofi 469, 

469 n.3, 470 
Pliny, .h'hlural Histo~y, 89 n.65, 294 n.47 
plumb-line, 62, 63, 245 
Pollux, lexicographer, 374 n. 13 
Pontus, 122, 86 11-46; parallel through middle 

of, 86, 102, 128 
Porphyrius, 2 n.2, 407 n. 187 
Posidonius, use of terms & ~ ( P ~ O K ~ O <  etc. by, 82 

n. 24 
precession: effect of, 46 n.45, 132; discovered by 

Hipparchus, 131, 321 n.2; definition of, 
321 n.2; deduced from changes in declin- 
ation, 330-3; amount of: according to 
Hipparchus, 328; according to Ptolemy, 
328, 333-8 

precession-globe. See star-globe 
npiopa, astronomical meaning of; 407 n. 186 
Proclus, Hypot~osi-', 252 n.51, 252 n.52, 640 

n. 72 
wpoqyo\jp&va, ciq TU, explained 20 
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progress in science, ancient idea of, 37 n.1 l 
n p b o v ~ u a ~ ~ ,  meanings of, 43 n.38, 227 n.19, 

313 n.77,417 n.214. Seealsoeclipses, lunar; 
eclipses, solar 

Ptolemais Hermeiou, parallel through, 85 
Ptolemy: life of, I; Aristotelianism of, 35 n.4,36 

n.9 
works: 
Geography, 84 n.30, 87 n.57, 88 n.59, 89 

n.66, 130, 130 n.109, 191 n.31,212n.64. 
335 n.69, 337 n.78, 638 n.65 

 optic^, 39 n.24, 421 n.8 
Phaseis, 22, 134 n.9, 283 n.18, 417 n.213 
Planetal:~ Hypofhes~s, 407 n. 186,419 n.2,420 

n. 4 
Te~rabibios, 35 n.5, 283 n.18, 417 11.214 
,%e also Almagest; Canobic Inscription; 

Handy Tables 
PtoIemy Philadelphos, king, 11, 14, 477 
Ptolemy Philometor, king, 11, 283 
Ptolem).'~ Theorem, 50 n.59, 52 n.60 
Pyt heas of MassaIia, 89 n.66 

ratios, operating with, 17-18 
'rear: 16; meaning of, 20, 340 n.93, 344 n.l10 
refraction, rffect of, 135 n. 12,246 n.43; ?referred 

to in Almagest, 421 n.8 
Regiomontanus, epitome of Almagest by, 3 
Reguius: observations of: by Pt01ei-n~ (139 Feb. 

231, 328; by Hipparchus (-128/7), 328; 
used as sighting-star, 450, 454, 456, 461 

retardations of heavenly bodies, denied, 46 
'retrogradation', as translation of npo~jyqcr~<, 

20 
Rhine. river, parallel through mouths of, 87 
Rhodes: parallel through, 86, 101, 126, 212 

n.64,224.227,230,292,638 n.65; parallel 
through used as example, 76-9, 80, 32-4, 
95-9. 11 1-14, 120-2: observations at, by 
Hipparchus, 224, 227, 230, 284, 284 
11.23; supposed to be on same meridian as 
Alexandria, 225, 225 n.16 

Riddell, R. C.:  599 n.10 
ring. See 'astrolabe'; equatorial armillary; 

meridian ring 
rising-times. See sphaera obliq~ta; sphaera recta 
Rome: observations at, 336, 337 n.79, 338; 

longitudinal difference of, from Alexandria, 
337 n.78 

Rome, A., 135 n. 12, 246 n.43 

Sachs, A. J., 10, 253 n.58 
Salah, ibn as-, treatise on Almagest star 

catalogue by, 2 n.4. 341 11.95, 342 n.99, 
345 n. 11 3, 380 11.54, 399 n. 155 

Samuel, A. E., 13 n.22 
'Saros', 175 n.7 
Saturn: changes in Ptolemy's hypothesis for, 

206,206 n. 52; period and mean motions of, 
424-6, 541 -3, 669-72; retrograde arcs of, 

562-9; northern limit of eccentre of, 598; 
observational basis of latitude theory of, 
604; a r m  visionis of, 639 

Saturn, observations of: 
-228 Mar. 1 (Babylonian), 541 

127 Mar. 26 (Ptolemy), 525 
133 June 3 (Ptolemy), 525 
136 July 8 (Ptolemy), 525 
138 Dec. 22 (Ptolemy), 538 

Sawyer, F. W., 449 n.53 
Scythian peoples, unknown, parallel through, 

89 
seasons, lengths of according to Hipparchus 

and Ptolemy, 153-4, 156 
Seleucid Era 13, 452 n.67, 453 n.70 
Seleucus I, king, 13 
series, convergent, 281 n. 12 
sexagesimal system, 6-7, 48 
shadow (of earth at lunar eclipse): apparent size 

of according to Hipparchus, 205; according 
to Ptolerny, 254, 285; shadow-cone, 
distance to apex of, 257 

Shahpuhr I, Sassanian king, alleged translation 
of Aimagest under, 2 

sign (of the zodiac), Greek terms for, 20-1 
simplicity: in hypotheses desirable, 136, 136 

n. 17, 153, 297, 600, in heavens different 
from on earth, 601 

Sirius: names of, 387 1188,405 n. 183; change in 
colour of, 387 11.88; as starting-point on 
star-globe, 405 

'slant' (h6&001q): defined, 599; angle of com- 
puted, 625-7 

'small circle', mechanism for planetary lati- 
tudes, 599 n. 10, 600 

Smyrna, parallel through, 86 - 
Soene: parallel ~hrough, 85,85 n35, 101, 124; 

meridian through, 225 n. 16 
solstices: inaccuracy of observations of, 137; arc 

hetween. See ecliptic, obliquity of 
solst ices, observations of: 

-431 June 27, ca. 6 a.m. (Meton and 
Euktemon), 137 n.19, 138, 138 n.22, 
139, 139 n.23, 328 11.53 

-279 (Aristarchus), 137 n. 19, 139 
- 1 34 (Hipparchus), 139 

140 June 25, 2 a.m. (Ptolemy), 138, 139, 
154, 154 n.47 

other mentions of by Hipparchus, 133; by 
Archimedes, 133; by Meton and 
Euktemon, 137; by Aristarchus, 137 

solsticla1 points, defined, 47 
sphaera obliqua: explained, 18; theorems con- 

cerning, 75, 82, 99-104; rising-times at, 
90-9; table of these, 100-3 

sphar,a lecta: explained, 18; rising-times at, 
computed, 71-4; table of these, 100 

spherics, 6 
Spica: observations of, by Hipparchus, 135; 

distance of, from autumnal equinox, 135, 
135 n. 14, 327; occultations of, observed, 
335-7; used as sighting-star, 452,474,499 
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'star', special sense of, 21, 37 11.18, 419 n.3 
star catalogue, Almagest: epoch of, 1, 340; 

constellations in, 14-1 6, 340; coordigates 
in, 16, 339; magnitudes in, 16,339; identi- 
fications in, 16; mean error in, 328 n.51; 
arrangement of, 339-40, 341 11-95; men- 
tioned, 20 

star-globe, 15, 327, 327 n.48,339,339n.90,344 
n. 110; orientAtion of figures on, 15, 352 
n. 139, 356 n. 159; Farnese, 346 n. 1 18, 356 
n. 159; construction of, 404-7 

station, planetary: uncertainty of observations 
of, 420- 1 ; ancient observation of, 464 n99 

Stilbon. See Mercury 
Strabo, Geography, 83 n.24, 225 n.16, 322 13.5 
Sufi, as-, Scar catalogue of, 15, 348 11.123 
sun: eccentricity and apogee of determined, 

153-5; apogee of fmed tropically, 153, 153 
11-46; epoch ofmean motion of, 166-9,172, 
172 n.71; computation oflongitude of, 169, 
651; apparent diameter of: according to 
Hipparchus, 252, 252 n.54; according to 
Ptolemy, 252-3; distance of, 255-7; size 
and volume of, 257, 257 n.66. See also 
equinox; parallax, solar; solstices; year 

sun, observations of: 
-127 Aug. 5 (Hipparchus), 224 
-126 May 2 (Hipparchus), 227 
-126 July 7 (Hipparchus), 230 

139 Feb. 9 (Ptolemy), 223 
139 Feb. 23 (Ptolemy), 328 

See also eclipses, solar; equinoxes; solstices 
sundials, reference to in Alrnagest, 39. See 

also gnomon 
aGv~_a<16, meaning of, 546 n.48 
Swerdlow, N., ix, 252 n.53, 480 n.24 
Syene. See Soene 
Syrus, 35, 35 n.5, 321, 647 
syzygy: meaning of, 22; mean, computation of, 

275-81; true, computation of, 281-2, 308 
n.65, 654, 655; apparent, computation of, 
310-1, 655-6 

tables, Almagest: format and computation oE, 
56, 56 n67, 140, 140 nn. 27-8,165-6,165 
n.54, 180, 209, 234-7, 260-4, 275-7, 316 
11-83, 317-18, 426, 545-8, 583-7, 595, 
605-31, 646; use of 18-year interval in, 56 
n.67, 140 n.28 

tables, pre-Ptolemaic, 420 n.6. See nlso Aeon- 
tables 

Taliaferro, R. C.,  vii, 599 n. 10 
Tanais, river, parallel through mouths of, 87, 

87 n.57, 103 
Taprobane, parallel through, 83, 83 n.26 
Thabit ibn Qurra, revision ofIsh5q7s translation 

of the Almagest by, 2, 4, 342 n.99, 366 
n.211. 379 n.47 

Theodosius of Tripolis, 6; Sphaerica, 82 n.23,106 
n. 90 

Theon, associate of Ptolemy, 206 n.54, 456. 

456 n.83, 469, 470, 471 
Theon of Alexandria: Commentary on the 

Almagest, 2 ,5  n.8,35 n.6,38 n.22,39 n.23, 
40 n.25, 148 1~39,654-7; edition ofHandy 
Tables, 1 0; mentioned, 21 7 n. 1 

Theon of Smyrna, 257 1-1-66, 456 n.83 
Theophrastus, Historia Plantarum, 405 n. 180 
Thule, island: parallel through, 89; identifica- 

tion of, 89 n.66 
thyrsus, 394, 394 n. 129 
time-degrees, meaning of, 23 
Timocharis; used Kallippic calendar, 12, 334, 

334 n.65, 336 n.74; observations by at 
Alexandria, 12, 334, 334 n.66; fixed-star 
observations of, used by Hipparchus, 321, 
329; lunar eclipse observation of, used by 
Hipparchus, 327; crudity of observations 
of, 329; star declinations observed by, 
330-2; occultations observed by, 334,335, 
336, 337, 338 n.86; planetary observations 
by, 477, 479 nn. 21 -2 

fpfipara, meanings of, 62 n.73, 69 
Toledo, Almagest translated at, 3 
Trajan, Roman emperor, 11, 336, 338 
transits, Ptolemy's opinions about, 419 n.2 
trigonometry, 5, 7-9; spherical, 64-9 
rpixk~upov (spherical triangle), 80 n. 14 
triquetrum, 244 11.39. See also parallactic-irr-- 

strument 
Troad, meridian through, 225 n.16 
tropical points, tropics. See solsticial points; 

solstices 
T&, at-, revision of Almagest translation by, 

336 n.211 

GGpopirp~ov, uox nihili, 252 n.51 
uniform circular motion posited, 140, 141 
Bnopvqpa, meaning of, 37 n. 12 

V5kya system, 224 n.14 
van der Waerden, B. L., 422 n. 12 
Venus: transits of, 419 n.2; period and mean 

motions of, 424-6,474-9,479 n.21,669-72; 
two different values for mean motion of, 
425 n.29, 671 n.11; apogee of, 469-71; 
errors in dates of maximum elongations of, 
469 n.2; not source of equant model, 474 
n.12; alleged occultation of star by, 477 
n. 17; retrograde arcs of, 575-8; computa- 
tion of maximum elongatton 01, 588-91; 
inclination of eccentre of, 598; obser- 
vational basis of latitude theory of, 601 -2, 
625; arcrcs aisionis of, 640, peculiar phases of, 
641 -4 

Venus, observations of: 
-271 Oct. 12 (Timocharis), 477, 477 n. 17 
-271 Oct. 16 (Timocharis), 477 

127 Oct. 12 (Theon), 470 
129 May 20 (Theon), 471 
132 Mar. 8 (Theon), 469 



134 Feb.. 1% (Ptolemy), 472-3 
136 Nov. 18 (Ptolemy), 471 
136 Dec. 25 (Ptolem).), 470 
138 Dec. 16 (Ptolemy), 474 
140 Feb. 18 (Ptolemy), 473 
140 July 30 (Ptolemy), 469 

Vettius Valens: used Hipparchus' work, 1 n. I, 
224 n. 14; mentions 'Aeon-tables', 422 
n.12; mentioned, 407 n.187 

visibility, first and last: defined, 407; of stars, 
41 3-1 7; of planets, 636-40. See also 
Mercury; Venus 

Xenophanes, 38 n.22 
Xenophon, Memorabilia, 41 3 n.204 

year, length of; 131-40; invariability of, 132 
year, sidereal, 131, I32 
year, tropical: taken as basic by Ptolemy, 132; 

period of sun's anomaly according to 
Hipparchus, 136; length of- according to 
Hipparchus, 139; according to Ptolemy, 
137, 139-40 

water-clocks, used lor astronomical purposes, 
252, 252. n.51 

wind-directions, 315, 315 n.79, 316 n.83 Zenodorus, mathematician, 40 n.25 
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