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cALl QUSHJi AND REGIOMONTANUS: 
ECCENTRIC TRANSFORMATIONS AND 

COPERNICAN REVOLUTIONS 

F. JAMIL RAGEP, University of Oklahoma 

In 1973, Noel Swerdlow presented a new and significant reconstruction of how Coper
nicus arrived at the heliocentric theory. 1 This reconstruction was based upon several 
bits of new I y-interpreted information, most importantly a set of notes in Copernicus's 
hand contained in an Uppsala University manuscript. These notes provided compel
ling evidence that Copernicus had transformed Ptolemy's epicyclic models of the 
planets into eccentric models as a first step in developing a Sun-centred astronomy. 2 

But this transformation depended upon a general proposition that one could indeed 
convert all the epicycle models into eccentric ones. Curiously, Ptolemy denied this, 
claiming in Book XII of the Almagest that this was possible only for the outer plan
ets (Mars, Jupiter, and Saturn) but not the inner ones (Mercury and Venus). From a 
modern perspective this seems odd, and it is not entirely clear why Ptolemy could 
not see that the epicycles of the inner planets, with a proper consideration of speeds, 
could also be converted into eccentrics. Indeed, Ptolemy's modern translator Gerald 
Toomer says: "I do not understand why Ptolemy does not recognize this."3 

Be that as it may, it would seem that no one else recognized this until the fifteenth 
century. Swerdlow found what he believed to be the source for the propositions 
Copernicus needed to begin his conversions, namely Book XII, Chapters 1 and 2 of 
Regiomontanus's Epitome of the Almagest.4 In Chapter 2, Regiomontanus gives a 
brief sketch and proof of the crucial theory for the inner planets, which would allow 
Copernicus to convert all the planets from epicyclic to eccentric models. Though 
Copernicus is sparing in his references and nowhere cites Regiomontanus for these 
propositions, his use of the Epitome is well-documented, and there would seem to 
have been no other European source that he could have depended upon.5 

Whatever subsequent use was made of them, Regiomontanus's own motivation 
for including these propositions at the beginning of Book XII has remained unclear. 
Swerdlow himself signalled this when he stated: "For some reason the eccentric 
model must have caught Regiomontanus's attention .... "6 And Michael H. Shank 
has recently remarked that "We do not yet know specifically what, apart from his 
compulsive thoroughness, motivated Regiomontanus to explore the eccentric models 
of the second anomaly".7 What is especially odd about Regiomontanus's interest is 
that it is apparently so unprecedented. Neither in Europe nor in the Islamic world 
does this eccentric alternative alluded to by Ptolemy seem to have generated much 
interest. And the motivation to extend this alternative to the lower planets, after 
being rejected by the great authority himself, is even more puzzling. Finally, there 
is the odd way in which Regiomontanus presents the two propositions. He himself 
gives no motivation - he just presents them. There is no mention of Ptolemy, no 
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statement that Ptolemy was wrong, no explanation of why Ptolemy made his mistake, 
no claim of credit. 

One possibility is that Regiomontanus does not claim credit because he was not 
in fact the originator of the proposition. Indeed, it would seem, based on evidence 
presented in the sequel, that an older contemporary of Regiomontanus named cAn 
Qushji may well have been the discoverer of this crucial proposition and that Regio
montanus learned of it either while in Italy or through the intermediation of Cardinal 
Bessarion, who had originally suggested to Regiomontanus and his collaborator 
Georg Peurbach that they write the Epitome. 8 

Most readers of this journal will be acquainted with Regiomontanus and Peurbach, 
and perhaps even Bessarion, but cAn Qushji is most likely an unknown figure. This is 
regrettable since he is, at least in my opinion, one of the major figures in astronomy 
of the fifteenth century. 

cAn Qushji was a son of a falconer, 9 but not just any falconer. His father worked 
at the Samarqand court of Ulugh Beg, a grandson of Timur Lang (Tamerlane: 
1336-1405). Ulugh Beg was governor ofTransoxiana and Turkestan from 1409 until 
1447, at which time he briefly became the supreme Timurid ruler until he was killed 
by order of his son in 1449. A major patron of the arts and sciences, in particular the 
mathematical sciences, Ulugh Beg attracted to Samarqand a wide array of scientists 
who taught at the madrasa (school) and worked at the impressive astronomical 
observatory. 10 It was in this environment that Qush ji received his education under such 
luminaries as Jamshld al-Kashi (d. c. 1429), Qaiqzade al-Rumi (d. after 1440), and 
Ulugh Beg himself. After the deaths of Kashi and Rum!, Qushji may have assumed 
a primary role at the observatory, whose main product was the Zzj (astronomical 
handbook with tables) ofUlugh Beg. When Ulugh Beg was assassinated, Qushji was 
forced to seek patronage at a number of courts in Central Asia and Persia. One of his 
most important works during this later period was his commentary on Na;;Ir al-Din 
al-Tusi's theological work, the Tajrzd al-cAqa'id. His renown spread to the Ottoman 
conqueror of Constantinople, Mehmet II, who invited him to Constantinople where 
he became a professor of the mathematical sciences at two madrasas. Although he 
spent only two or three years in Constantinople before his death in 1474, Qushjl's 
influence continued in Ottoman circles for centuries as a result of his writings and 
the activities of his students. 11 

One thing that seems to have been emphasized in the Samarqand School was the 
importance of the mathematical sciences. Biographical accounts ofQaqlzade al-Ruml, 
for example, highlight his difficulties with his teacher al-Sayyid al-Sharlf al-Jurjani, 
who thought his student overly interested in mathematics at the expense of philoso
phy.12 Kashi is also noted for his embrace of the mathematical sciences, as we can 
see from his letters to his father, 13 and Ulugh Beg, like a number of Mongol/Turkic 
rulers, was predisposed to support the mathematical sciences; in addition, he himself 
became proficient in them. 14 It was in this atmosphere that the young cAn Qushji was 
raised, and this seems to have had a profound effect upon his intellectual outlook. In 
his commentary on Tusl's Tajrzd, for example, he makes the rather startling case that 
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astronomy should dispense with its dependence upon Aristotelian physics. 15 Even 
more surprising, he there claims that since there are no good observational proofs 
for the Earth's motion and since he does not wish to depend upon Aristotle's natural 
philosophical arguments, the Earth's rotation is a possibility. 16 

It is with this background in mind that we can now turn to his proof that eccentric 
models could be used for the two lower planets. The motivation for dealing with 
this problem seems to have arisen in the context of his work on a Mercury model 
that could serve as an alternative to Ptolemy's. 17 Qushjl was in a long line of Islamic 
astronomers who objected to the irregular (i.e. non-uniformly rotating) motions 
contained in several of Ptolemy's planetary models and who had not infrequently 
proposed alternative models. 18 In the course of his presentation, Qushjl remarks that 
Ptolemy had mentioned that it was not possible to assign an eccentric as a substitute 
for Mercury's epicycle to represent the second anomaly, i.e. that having to do with 
the planet's relationship with the Sun. This was because observation showed that the 
time between the fastest motion and mean motion was always greater than between 
mean motion and least motion, a situation Ptolemy contended could be represented 
by an epicyclic hypothesis (in which the epicycle rotation at the apex was in the same 
direction as its deferent) but not by an eccentric hypothesis. 19 But Qushji dismisses 
this contention, saying "the situation is not as stated by Ptolemy". He then claims 
that he has a "geometrical proof" but that it would not be appropriate to present it in 
this treatise on Mercury. 20 And indeed a several-page excursus in a four- or five-folio 
work would not have been appropriate. 

The geometrical proof forecast in the Mercury treatise is clearly contained in 
the text edited and translated below. But the context is somewhat different. In the 
Mercury treatise, as we have seen, Qushjl refers to Almagest IX.5 in which Ptolemy 
denied that an eccentric hypothesis could account for the asymmetrical times in 
the second anomaly of the five retrograding planets. In this treatise, however, the 
focus is on XII.1, where Ptolemy actually presented just such a model for the upper 
planets (though without making an explicit connection to IX.5) but denied it for the 
lower ones. One might speculate that Qushji had come upon his proposition while 
experimenting with different models for Mercury and, contra-Ptolemy, had tried to 
substitute an eccentric for the epicycle, which might explain why he was interested 
in the asymmetries of time in Mercury's second anomaly. But by the time he came 
to publish his proof, Qushjl perhaps noticed that Ptolemy in XII. I had implicitly 
contradicted his statement in IX.5 as far as the upper planets were concerned and 
all that remained was to show that the epicycle models of the lower planets could be 
transformed into eccentrics as well. 

Qushji would seem to be claiming at least some priority for his discovery. He 
states that "most" of the experts have agreed with Ptolemy in denying that eccentrics 
could be used to replace epicycles for the lower planets, citing in particular Qutb 
al-Din al-Shirazi (1236-1311). But the fact that he does not say "all" experts could 
be interpreted as meaning that someone may have questioned Ptolemy on this point. 
At any rate, from what Qushji says in the Mercury treatise, he wants to take credit 
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FIG. I. Comparison of diagrams of Regiomontanus and Qushjl.28 (L~ft) J. Regiomontanus and G. Peurbach, Epytoma Joannis de monte regio In almag
estum ptolemaei (Venice, 1496), n4r, and (right) 'All Qushjl, Fz anna a~/ al-kharij .. . , Carullah MS 2060, f. 137a. Reproductions courtesy of the 
History of Science Collections, University of Oklahoma Libraries, and of the Siileyrnaniye Library, Istanbul, respectively. 
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at least for the geometric proof. 
Unfortunately, none of the three extant manuscripts provides a date of composi

tion, but we can give an approximate date based upon other evidence. It would seem 
reasonable to date it to a time shortly after the Mercury treatise. Since that work 
cannot be precisely dated either, we can only assign both to within a certain range. 
Obviously the Mercury treatise was written before Ulugh Beg's assassination in 1449, 
since it is dedicated to him. Saliba makes a good argument for dating it to sometime 
in the 1420s, after Qushji returned to Samarqand from a period of exile brought on 
by court intrigue.21 And ihsan Fazlloglu, on the basis of other evidence, has further 
refined the date to c. 1428.22 So we would not be too far amiss to assign a date of c. 
1430 for this treatise on the eccentric hypothesis. 

How much further did Qushji or his students go with his discovery? Swerdlow 
has stated that "Copernicus's derivation of his theory rests upon the eccentric model 
of the second anomaly and therefore upon these two propositions in the Epitome. In 
this way Regiomontanus provided the foundation of Copernicus's great discovery. It 
is even possible that, had Regiomontanus not written his detailed description of the 
eccentric model, Copernicus would have never developed the heliocentric theory".23 

Swerdlow goes on to claim that "While I do not believe that Regiomontanus ever 
advocated the heliocentric theory, he was, through these two propositions, virtually 
handing it to any taker".24 Can we say the same for Qushji? Since research has just 
begun into the legacy of c AH Qushji, in particular into the Istanbul circle of scientists 
that he helped initiate, we can only speculate. But it is certainly of considerable inter
est that Qushji, like Copernicus, was open to the possibility of the Earth's rotation 
based upon a new, non-Aristotelian physics.25 

Inevitably these sorts of discoveries raise anew the question of transmission oflate 
(post-1200) Islamic astronomy to the West. Because of the paucity of research from 
Europeanists, we do not as yet have a great deal of knowledge of how and under what 
circumstances this and other products of Islamic science might have been received in 
the period after the translation movements of twelfth-century Spain and Sicily. 26 But 
the mounting number of 'coincidences' between early modem European astronomy 
and late medieval Islamic astronomy can only be held to be 'parallel' developments 
if one accepts the increasingly implausible idea that somehow the 500-year tradition 
of non-Ptolemaic astronomy in Islam was recapitulated in Europe in scrupulous detail 
in a 50-year span in the last part of the fifteenth century.27 

TRANSLATION AND TEXT 

The edited Arabic text presented below is based upon the three extant manuscripts. 
There are few textual problems. My comments are given as endnotes to the English 
translation. 

The following are the manuscripts, sigla, and abbreviations that have been used: 
C Istanbul, Siileymaniye Library, Carullah MS 2060, ff. 136a-137a 
H Bursa, Yazma Library, Hiiseyin (,;:elebi MS 751, ff. 124a-125a 
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L Istanbul, Siileymaniye Library, Uileli MS 3743, f. 60a 
[ Separates reading in edition from any variant 

Separates variant and manuscript sigla 
+ What follows is an addition to the text 
Cab Above the line inC 
C nu In the margin of C 
C Under the line inC 

un 

TREATISE ON THE ECCENTRIC HYPOTHESIS29 BEING POSSIBLE 

FOR THE Two LOWER [PLANETS] JUST AS FOR THE OTHERS 

BY MASTER cAu QusHJI 

In the name of God, the beneficent, the merciful. In Him is my trust. 

The author of the Almagest held that the eccentric hypothesis is possible for the three 
[planets] that can be at all elongations from the Sun but that it was not possible for 
the two lower planets since this hypothesis results in all elongations whereas these 
two do not become elongated from the Sun except by a small amount.30 So only the 
epicyclic hypothesis is possible for them. Most experts have agreed with him on that, 
including our master, the most learned author of the Tu}JfaY But perhaps they came 
to this conclusion at first glance when they thought that the middle of direct and of 
retrograde motion, according to the eccentric hypothesis, would need to be at the 
apogee and perigee, whose positions on the orb are in opposition. They believed that 
according to the eccentric hypothesis the planet, since it is in conjunction with the 
mean Sun at the middle of direct motion, would be in opposition to [the Sun] at the 
middle of its retrogradation, and vice versa. So in going from the middle of direct 
motion to the middle of retrogradation, it will undergo all elongations from the Sun, 
which is contrary to the epicyclic hypothesis; in the [latter] case, the middle of the 
direct motion and of the retrogradation occur at the apex and the [epicyclic] perigee, 
their positions on the orb being the same.32 

Thus according to the epicyclic hypothesis, the two lower planets will be in conjunc
tion with the mean Sun both at the middle of direct motion and at the middle of retro
gradation. So they will not experience all elongations from the meanS un in going from 
the middle of direct motion to the middle of retrogradation; rather they do not become 
elongated from it except in the amount that is dictated by the epicycle radius. 

But the situation is not as they have believed. For the mean motion according 
to the eccentric hypothesis could rather proceed sequentially in the amount of the 
sum of the Sun's mean motion and the motion of anomaly, while the motion of 
the eccentric is counter-sequential in the amount of the motion of anomaly.33 So in 
the amount by which the eccentric causes the planet's centre to elongate from the 
mean Sun counter-sequentially, the eccentric's deferent by its motion sequentially 
will restore it. So the elongation between the planet's centre and the mean Sun will 
end up being none other than the amount of the equation as it was according to the 
epicyclic hypothesis, [whereby] it will be elongated from it only by the amount of 
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FIG. 2 

the equation. So the equation at each instant according to the two hypotheses is the 
same.34 Thus the centre of the two lower planets will only become elongated from 
the mean Sun by the same amount according to each of the two hypotheses. 

In order to prove this: let circle AB with centre E be the equator35 of both the 
deferent of the eccentric and of the epicycle; circle CD the equator of the epicycle; 
circle CO about centre M the equator of the eccentric. Let us take the planet to be in 
the middle of direct motion at the apogee of the eccentric [according to the eccen
tric hypothesis or] at the apex of the epicycle according to the epicyclic hypothesis. 
Then let the centre of the epicycle move through angle AES by the mean motion36 

and the centre of the planet through angle GSK by the motion of anomaly. We join 
EK. We will show that the centre of the planet according to the eccentric hypothesis 
is also at point K. This is so since if the eccentric apogee moves by the motion of 
the eccentric's deferent with a motion equal to the sum of the mean motion and 
anomaly through angle AET, then angle SEE is its excess over the mean and is equal 
to angle GSK, which is the anomaly. Therefore line ET is parallel to line SK. Then 
when the centre of the planet moves on the circumference of the eccentric with [the 
eccentric's] motion through angle TMQ, which is equal to the motion of anomaly, 
line MQ will be parallel to line ES. 37 When we join SQ, it will be equal and parallel 
to line EM since lines MQ and SE are parallel and are equal by assumption. Line SK 
is also equal to line EM by assumption and is parallel to it. So line SKis coincident 
with line SQ. Therefore point Q is the centre of the planet according to the eccentric 
hypothesis and coincident with point K, which is the centre of the planet according 
to the epicyclic hypothesis. So there is no difference between the two hypotheses in 
any particular. That is what we sought to prove.38 
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