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“The relation 
between the 

models is so close 
that independent 

discovery by 
Copernicus is all 
but impossible.”

“The question therefore is not 

whether, but when, where, and in what 

form he learned of Maragha theory.”



A CRITIQUE OF THE ARGUMENTS FOR 
MARAGHA INFLUENCE ON COPERNICUS

VIKTOR BLÅSJÖ, Utrecht University 

1. Introduction

Copernicus’s planetary models exhibit some striking similarities to those of late 
medieval Islamic astronomers. On this basis many have concluded that he must 
have been influenced by them.1 We claim that no good evidence for this inference 
exists. Certainly there is no direct trace of it in the documentary record: the sources 
Copernicus supposedly copied from are not cited by him or any of his European 
contemporaries — despite the fact that Copernicus happily cites numerous earlier 
Islamic sources2  — and there is virtually no evidence that they were accessible to him.3

As for the technical similarities, they are all natural consequences of natural 
principles, making independent discovery perfectly plausible. Copernicus and his 
Islamic predecessors had the same starting point, the same goal, and the same tech-
niques at their disposal, so extensive similarities in their results are to be expected 
even if they worked independently. Nor is it surprising that they had the same goal, 
namely to reformulate Ptolemy’s theory of the planetary system in terms of uniform 
circular motion. Ptolemy’s abandonment of the principle of uniform circular motion 
was glaringly conspicuous already in ancient times, and the idea to reinstate it is 
so natural that it can hardly fail to suggest itself to any serious astronomer familiar 
with the classical astronomical tradition. Copernicus makes his dislike of the equant 
known immediately at the very beginning of the Commentariolus:

Ptolemy … envisioned certain equant circles, on account of which it appeared 
that the planet never moves with uniform velocity.… Therefore a theory of this 
kind seemed neither perfect enough nor sufficiently in accordance with reason.… 
I often pondered whether perhaps a more reasonable model composed of circles 
could be found from which every apparent irregularity would follow while every-
thing in itself moved uniformly, just as the principle of perfect motion requires.4

Islamic astronomers felt similarly, but there is no reason to think that Copernicus 
inherited his view from them since the principle of uniform circular motion was 
the most unquestionable axiom of astronomy already in Antiquity. This principle 
is affirmed for example by Plato, Timaeus 34a, and Aristotle, De caelo II.6, where 
the possibility of acceleration and deceleration in the heavens is explicitly rejected. 
Ptolemy himself stresses the point no less strongly (though obviously his interpreta-
tion of it is different from that of Copernicus):

It is our purpose to demonstrate for the five planets that all their apparent anoma-
lies can be represented by uniform circular motions, since these are proper to 
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Mathematics, the mathematical sciences, and historical
contingency: Some thoughts on reading Netz
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ABSTRACT
The history of mathematics is replete with multidimensionality and
multiculturalism. This essay attempts to use the history of
astronomy (one of the mathematical sciences) to emphasize the
multiple traditions from various cultural zones that contributed to
that history. In doing so, it supplements, but also challenges, the
more unidimensional story that Reviel Netz puts forth in his own
essay on the importance of the Archimedean tradition.
Specifically, the essay uses examples from Babylonian, Greek,
Indian, and, especially, Islamic astronomy to show how traditions
not tied to Archimedes were of major importance on the often
circuitous path to modern science. The notion of contingency is
also explored, in particular the idea that without Greek
mathematics in general, and Archimedes in particular, early
modern and modern science might not have been possible.
Counter to this, the essay explores other possible scenarios,
whereby different mathematical traditions in other cultural
settings could have plausibly led to major breakthroughs
associated with the scientific revolution.

KEYWORDS
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science; Greek; Ptolemy;
Copernicus; contingency

Reviel Netz’s ambitious and provocative essay does what any good exemplar of the genre
should do – raise one’s blood pressure. There is much here that deserves careful review
based on expert knowledge as well as engagement that takes seriously his claims about the
history of mathematics, the scientific revolution, and a wealth of other topics. Because of
my own limitations, I need to confine myself mostly to my main area of research, the
history of astronomy. But, to return to some semblance of sanguinity, I cannot resist con-
cluding with a few words about contingency.

1. What is meant by ‘mathematics’?

Somewhat surprisingly, a major issue I have with Netz’s essay is what is meant by ‘math-
ematics.’ For those of us who study ‘the mathematical sciences,’ it is an ambiguous term.
From our modern perspective, mathematics refers to a fairly delimited, though some-
times arcane, set of subdivisions. There is certainly a wide range of topics covered in a
mathematics department, but for the most part the subjects of physics and astronomy
are to be found elsewhere. In any event, this was not always the case. Aristotle
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Islamic astronomers strongly criticized some of his devices and models that they main-
tained violated the requirements of uniform, circular motion in the heavens. The most
famous of these was the equant, a point outside the circle’s centre about which
uniform motion occurred. This was most likely introduced by Ptolemy to deal with dis-
crepancies he found in his simpler models between distance and the sizes of retrograde
arcs of the planets. (As it turns out, the equant did considerably improve his models.)
However, the result was that the required uniformity of motion for certain celestial
bodies no longer held. Now Ptolemy does not seem overly concerned about this
(reading Almagest, IX.2 as a kind of apologia), but Islamic astronomers from an early
period were quite disturbed by these violations. The idea was simple: if we have physical
principles, we need to adhere to them. The question then became: where do these prin-
ciples come from? One group held that they were sanctified by Aristotelian natural phil-
osophy. Another group held that astronomical principles needed to be proven within
astronomy using observation and mathematics. The latter culminated with ʿAlī Qūshjī
in the fifteenth century, who held that one could dispense with Aristotelian natural phil-
osophy entirely (Ragep 2001a, 61–71).

So what does all this have to do with the scientific revolution? For the most part, his-
torians of science have accepted the influence of Islamic astronomy on Copernicus.14 But
exactly what that influence amounts to has been a matter of controversy. On the one
hand, it is clear that Copernicus seems most directly indebted to the models of Ibn al-
Shātir, the fourteenth-century timekeeper of the Umayyad Mosque in Damascus. But
Ibn al-Shātir’s models are geocentric, while those of Copernicus are heliocentric. On
the other hand, as we have seen, there was an extensive discussion of the Earth’s possible
motion among Islamic writers (not just astronomers), and, as mentioned, there is evi-
dence that Copernicus might well have been influenced by them. There is also the inter-
esting critique among Islamic writers that questioned the need for Aristotelian physics in
astronomy, rather echoing Ptolemy’s own position.

The fact, though, is that the first, major and consistent heliocentric cosmology was due
to Copernicus;15 nothing comparable can be found in Islamic sources. This leads to the
tantalizing and as yet unanswerable question of why Copernicus did what he did (though
many answers have been put forward). The point I would make here is that whatever the
reason(s)— astrology, ordering of the planets, crashing of the spheres, the hints from Ibn
al-Shātir and/or Regiomontanus, to name a few – we should not minimize his accom-
plishment. The attempt to downgrade the ‘Copernican Revolution’ by emphasizing
Copernicus’s conservatism and lack of originality (except for one thing) seems to me
to miss the mark. Without Copernicus, there is no scientific revolution. Galileo,
Kepler, Newton: how could one conceive their work without a heliocentric cosmology?

But let us consider how we have reached this point. There is a translation of Babylo-
nian astronomy into Greek, geometric terms. This leads to an impressive but flawed cul-
mination in the Almagest. The flaws — observational, mathematical, and physical – are
discussed extensively among Islamic writers and, at least to some extent, dealt with

14Despite some recent, rather insubstantial claims to the contrary, the Islamic background to Copernicus is fairly well
established; see Ragep (2007) and, more recently, Nikfahm-Khubravan and Ragep (2019). The interpretation of that
‘background’ is what is in dispute.

15For an argument that Aristarchus’s heliocentrism was considerably different and less developed than that of Coperni-
cus, see Carman (2018).
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lunar model



“Ibn al-Shatir’s lunar model was 
indeed identical, in every respect, 
to that of Copernicus.”

196

72 Q Islam & Science Q Vol. 7 (Summer 2009) No. 1

,QWHUSUHWDWLRQ�RI�WKH�+RO\�4XUâDQ�by Abdullah Yusuf Ali, who reduced the 
4XU¾½QLF�FRQFHSW�RI�-LK½G�WR�VWULYLQJ�DJDLQVW�RQHĈV�LQQHU�HYLO�DQG�LPSRVHG�
LPDJHU\�RI�5RPDQWLF�SRHWV�RQWR�4XU¾½QLF�YRFDEXODU\��7KHVH�DUH�FOHDUO\�
LQDSSURSULDWH� FKRLFHV� IRU� WKH� (QJOLVK� WUDQVODWLRQV� RI� WKH�4XU¾½Q� WR� EH�
XVHG� LQ� D� ZRUN� ZKLFK� FODLPV� WR� EH� ĊEDVHG� XSRQ� WKH� LQWHUSUHWDWLRQV� E\�
FODVVLFDO�4XU¾½QLF�FRPPHQWDWRUV�RI�WKH�FRQWH[WXDOL]HG�RFFXUUHQFHV�RI�WKH�
ILQLWH� YRFDEXODU\� LWHPV�XVHG� LQ� WKH�4XU¾½QLF� WH[Wċ� �[YL���7KH�Dictionary 
KDV��KRZHYHU��PDQDJHG� WR� DYRLG� VRPH�RI� WKH�GRFWULQDO�SUREOHPV�ZKLFK�
WKH�FKRLFH�RI� WKH�DIRUHPHQWLRQHG�PRGHUQLVW� WUDQVODWLRQV�RI� WKH�4XU¾½Q�
ZRXOG�KDYH�EURXJKW� WR� LW��7KHUH� LV�� IRU� LQVWDQFH��QR�WUDFH�RI� WKH�/DKRUL�
$ÁPDGÂ�FUHHG�LQ�LWV�JORVV�RQ�3URSKHW�ÊV½�Ô��QR�PHQWLRQ�RI�KLV�DOOHJHG�
GHDWK�LQ�.DVKPLU�DQG�WKH�WUDQVIHUHQFH�RI�WKH�UROH�RI�WKH�PHVVLDK�WR�0LU]D�
*KXODP�$KPDG��,Q�VRPH�FDVHV��KRZHYHU�� WKH�UHOLDQFH�RQ�WKHVH� WUDQVOD-
WLRQV�EHFRPHV�DSSDUHQWĆIRU�LQVWDQFH��WKH�Dictionary WDNHV�WKH�PRUH�RE-
VFXUH�PHDQLQJ�RI�ibil��FORXGV��XVHG�E\�0XKDPPDG�$VDG�LQ�KLV�WUDQVODWLRQ�
RI�4��������DV�FRPSDUHG�WR�WKH�PRUH�JHQHUDOO\�KHOG�YLHZ�WKDW�WKH�4XU¾½Q�
refers to camels.

,W�WRRN�WKH�DXWKRUV�VHYHQ�\HDUV�WR�FRPSOHWH�WKLV�ZRUN��,Q�WKH�FRXUVH�RI�
WKHLU�SURMHFW�WKH\�KDG�WR�PDNH�FHUWDLQ�GLIILFXOW�GHFLVLRQV��VXFK�DV�ZKHWK-
HU�RU�QRW�WR�LQFOXGH�WKH�VR�FDOOHG�VFLHQWLILF�LQWHUSUHWDWLRQV�LQ�WKHLU�ZRUN��
6XFK�GHFLVLRQV�DQG�WKH�HGLWRULDO�SDUDPHWHUV�KDYH�EHHQ�LQGLFDWHG�LQ�WKH�
Ċ,QWURGXFWLRQċ��7KH�$UDELF�WH[W�XVHG�LQ�WKH�Dictionary LV�FOHDU�WKRXJK�QRW�
HOHJDQW��GXH�FRQVLGHUDWLRQ�KDV�EHHQ�JLYHQ�WR�SURSHUO\�WUDQVOLWHUDWH�ZRUGV��
DQG�WKH�ZRUN�KDV�UHFHLYHG�SURSHU�HGLWRULDO�FDUH��1RWZLWKVWDQGLQJ�WKH�UHV-
HUYDWLRQV�PHQWLRQHG�DERYH��$UDELF�(QJOLVK�'LFWLRQDU\�RI�4XUâDQLF�8VDJH is 
DQ� LPSRUWDQW� FRQWULEXWLRQ� WR�4XU¾½QLF� VFKRODUVKLS�DQG�ZLOO�SURYLGH�DQ�
LPSRUWDQW�UHVRXUFH�IRU�UHVHDUFKHUV�DQG�(QJOLVK�ODQJXDJH�VFKRODUV�

A

George Saliba: Islamic Science and the Making of the European Renaissance
&DPEULGJH��7KH�0,7�3UHVV��2007, HC, 315 SS��ISBN: 978-0-262-19557-7

:KHQ��ZKHUH��DQG�KRZ�GLG�WKH�,VODPLF�VFLHQWLILF�WUDGLWLRQ�EHJLQ"�:KHQ��
ZKHUH�DQG�KRZ�GLG�LW�UHDFK�LWV�]HQLWK"�:KDW�GLG�LW�DFFRPSOLVK"�$QG�ZKHQ�
GLG� LWV� GHFOLQH� EHJLQ"� 7KHVH� DUH� WKH� EDVLF� TXHVWLRQV� WKDW� KDYH� SX]]OHG�
KLVWRULDQV� RI� VFLHQFH� IRU� RYHU� D� TXDUWHU� FHQWXU\� DV� WKH\� UHFRQVLGHU� WKH�
ĊFODVVLFDO� QDUUDWLYHċ� IRUPXODWHG� E\� HDUOLHU� JUDQG� 2ULHQWDOLVWV� VXFK� DV�
*ROG]LKHU� DQG�KLV� VXFFHVVRUV��*HRUJH�6DOLEDĈV�QHZ�ERRN��ZKLFK�KH� FDOOV�



Trying to solve the same problem with 
the same tools leads to similar outcomes.



simple moon model doesn’t work



greater 
epicycle 
effect

WANTED:

lesser 
epicycle 
effect



Ptolemy’s solution: bring epicycle 
alternately closer and further away



Problem for Ptolemy:
distance to moon varies unrealistically



greater 
epicycle 
effect

WANTED:

lesser 
epicycle 
effect

Without greatly varying the radius.



Copernicus’s and Ibn al-Shatir’s solution:
One more epicycle



“consensus”



 

Planetary theory 

(1473–1543) (Saliba 1987, 371; Nikfahm-Khubravan and Ragep 2019; see also the following 
discussion). 

ʿAlī Qūshjī was born and educated in Samarqand, where he became director of the observa-
tory founded by Ulugh Beg (r. 812–850/1409–1447 as governor of Samarqand; 850–853/1447– 
1449 as head of the dynasty). After Ulugh Beg’s assassination Qūshjī served in various other 
princely courts, ending his life under the patronage of Sultan Meḥmed II (r. 848–849, 855– 
886/1444–1446, 1451–1481) in Constantinople ([c. 876–878/1472–1474]; today Istanbul; 
Barker and Heidarzadeh 2016). His children and students founded a dynasty of astrologers 
at the Ottoman court. ʿAlī Qūshjī both contributed to the Zīj-i Ulugh Beg, written at the 
Samarqand observatory, and corrected it after publication. He also produced original models for 
Mercury and Venus that di#ered from both Ptolemy’s and al-Shīrāzī’s (Fazlıoğlu 2007). In 2005 
Jamil Ragep pointed out a striking similarity between a proof and diagram in a book written 
by Regiomontanus (1436–1476), published in Nuremberg in 1496, and work by ʿAlī Qūshjī. 
Like Copernicus’s use of Ibn al-Shāṭīr, this seems to be further evidence of advanced Islamicate 
planetary theory being available in Italy. 

The connections between Copernicus, Ibn al-Shāṭīr and earlier members of the Marāgha 
school have been intensely studied by historians of astronomy since their discovery in the 
1950s. Despite some recent controversy, the main consensus is that Copernicus obtained infor-
mation from works of al-Ṭūsī, al-ʿUrḍī, and Ibn al-Shāṭīr, probably during his education in 
Italy, and incorporated their ideas in his own astronomical work (Swerdlow and Neugebauer 
1984; Nikfahm-Khubravan and Ragep 2019). A central problem concerns the transmission of 
non-Ptolemaic planetary models from Arabic and Persian writers. Here, the focus was for a 
long time on texts and their presence in Italian cities. Less attention has been paid to the study 
of such works in centers of the Mamluk and Ottoman empires, and almost none in the Safavid 
and Mughal empires. It was not recognized that, for instance, al-Shīrāzī’s models were copied 
and known in Mamluk Cairo and are also preserved in some Ottoman libraries. The Ottoman 
scholar Taqī al-Dīn Muḥammad ibn Maʿrūf (d. 985/1585) and director of the short-lived obser-
vatory in Istanbul knew several works of Ibn al-Shāṭīr, in particular those describing his new 
instruments. 

Furthermore, Langermann has shown that another resident of the Ottoman Empire, Mūsā 
Jālīnūs (d. after 1536), knew of Ibn al-Shāṭīr’s planetary theories (Langermann 2007, 290). He 
identified this Jewish merchant and physician, who was apparently also the holder of a military 
fief, as Moses Galeano (d. after 1536). Langermann emphasized that this is the first available 
evidence that someone who had visited the Veneto while Copernicus was there  at the turn of 
the 16th century (especially 1500–1502) was familiar with four types of planetary models – the 
homocentric ones of al-%iṭrūMī (active 2nd half 6th/12th century; see the following discussion), 
the Ptolemaic models that used epicycles and eccentrics, those of Ibn al-Shāṭīr that used only 
concentric circles carrying epicycles, and those of Levi ben Gershon ([1288–1344]; Langermann 
2007, 288, 291). Morrison has followed Galeano’s trail in greater detail and provides further 
evidence for the possible transfer of information on non-Ptolemaic planetary models from the 
Ottoman empire to Italy at the time Copernicus was there (Morrison 2011, 2014). 

Other events to be considered in this complex history were highlighted by Dobrzycki, 
Kremer, Ragep, Barker and Heidarzadeh. Dobrzycki and Kremer have argued that knowledge 
of works from Maragha must have been already available in Europe before 1461, on the grounds 
that two ephemerides originating with Regiomontanus’s teacher Georg Peurbach (1423–61) 
used a Maragha-like harmonic device to calculate planetary longitudes (Dobrzycki and Kremer 
1996). As mentioned earlier, Ragep pointed to a connection between Regiomontanus and 
ʿAlī Qūshjī, who also discussed the rotation of the Earth and proved a proposition through 
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II.6  
PLANETARY THEORY  

Amir Mohammad Gamini 

This chapter surveys works on theoretical and physical models of planetary movements begin-
ning with Ibn al-Haytham’s contributions in the early 5th/11th century. The main topics in this 
kind of theoretical astronomy were geometrical planetary models, Ptolemaic and non-Ptole-
maic, the observational and physical reasons behind them, the centrality and immobility of 
the Earth in the universe, the distances and sizes of the planets and other problems related to 
Ptolemaic astronomy. 

II.6.1 Physical planetary models 
Planetary models served as a theoretical basis for computational astronomy. Those in Claudius 
Ptolemy’s (c. 100–170) Almagest were purely mathematical, incorporating some observational 
results (Ptolemy 1998[CB1]). While Ptolemy had presented the physical interpretation of those 
models in his Planetary Hypotheses, which aimed at conformity with the principles of natu-
ral philosophy  (Ptolemy 1967), the available Greek copies were apparently incomplete and 
di!cult to understand (see below). The early phase of reflections on physical models of pla-
netary movements is not yet well studied, as it used to be believed that the question of the 
physical existence of such models attracted interest only later. Recent work suggests that this 
view needs to be revised. In what follows, I survey major lines of research without aiming at 
comprehensiveness. 

Indian and Iranian astral practices employed computational astronomy for the prediction of 
planetary positions, with at best a few remarks on physical properties of the universe. In Greek 
astral literature, various approaches can be found. In the Almagest, Ptolemy put forward several 
geometrical models but did not discuss their physical aspects. He used the models as geometrical 
devices for computing the true positions of the sun, moon and five planets without explicitly 
reflecting on a physical configuration of the celestial spheres (Pedersen 2010, 27). In the 3rd/9th 
century, the physical interpretation of his models in the Planetary Hypotheses seems to have seri-
ously challenged the skills and knowledge of its translator, apparently neither a Greek nor an 
Arabic native speaker, since his translation is permeated by mistakes in both languages (Ptolemy 
1967; Murschel 1995). This may have been one of the reasons for the  subsequent historical 
development. 
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Abstract. Copernicus’ complex Mercury model in De revolutionibus is virtually iden-
tical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375). However, the model in his
earlier Commentariolus is different and in many ways unworkable. This has led some to
claim that the younger Copernicus did not understand his predecessor’s model; others
have maintained that Copernicus was working totally independently of Ibn al-Šāṭir. We
argue that Copernicus did have Ibn al-Šāṭir’s models but needed to modify them to con-
form to a “ quasi-homocentricity ” in the Commentariolus. This modification, and the
move from a geocentric to heliocentric cosmology, was facilitated by the “ heliocentric
bias ” of Ibn al-Šāṭir’s models, in which the Earth was the actual center of mean motion,
in contrast to Ptolemy and most Islamicate astronomers. We show that: 1) Ibn al-Šāṭir
sought to reproduce Ptolemy’s critical elongation at the trines (±120°), but changed the
Ptolemaic values at 0, ±90, and 180°; 2) in the Commentariolus, Copernicus does not
try to produce viable elongations for Mercury; and 3) by the time of writing De revo-
lutionibus, Copernicus is in full control of the Mercury model and is able to faithfully
reproduce Ptolemy’s elongations at all critical points. We also argue that claims regard-
ing “ natural ” solutions undermining transmission are belied by historical evidence.

Résumé. Le modèle complexe de Mercure dans le De revolutionibus de Copernic est
virtuellement identique, géométriquement, à celui d’Ibn al-Šāṭir (ca. 1305 – ca. 1375).
Cependant, le modèle, antérieur, du Commentariolus est différent et il fonctionne mal.
Certains en ont déduit que le jeune Copernic n’avait pas compris le modèle de son pré-
décesseur ; d’autres ont affirmé que l’œuvre de Copernic était totallement indépendante
d’Ibn al-Šāṭir. Nous soutenons que Copernic avait les modèles d’Ibn al-Šāṭir mais qu’il a
dû les modifier pour les rendre “ quasi-homocentriques ” dans le Commentariolus. Cette
modification et le passage d’une cosmologie géocentrique à une cosmologie héliocen-
trique étaient rendus aisés par le “ biais héliocentrique ” des modèles d’Ibn al-Šāṭir, pour
qui la Terre était le centre effectif du mouvement moyen, contrairement à Ptolémée et
à la plupart des astronomes islamiques. Nous montrons que : 1) Ibn al-Šāṭir a cherché
à reproduire les élongations critiques à ±120° de l’apogée, mais il a changé les valeurs
ptoléméennes à 0, ±90 et 180° ; 2) dans le Commentariolus, Copernic n’essaie pas de
reproduire des élongations viables pour Mercure ; et 3) au moment de la rédaction du De
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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Copernicus’ and al-Shatir’s models and the Tusi couple… The question should
be reconsidered 5 ”. A different tack is taken by Viktor Blåsjö, who insists that
similarities between models can be explained by there being “ natural ” solutions
that would lead Copernicus and Ibn al-Šāṭir to come to similar conclusions with-
out the necessity of assuming influence 6. (More on this later.)

On the other hand, Noel Swerdlow, throughout his career, has insisted that the
similarities between Copernicus’ models and those of his Islamic predecessors
“ is so close that independent invention by Copernicus is all but impossible 7 ”.
But for Mercury (as well as for Venus) this creates something of an unacknowl-
edged conundrum for Swerdlow. Since Ibn al-Šāṭir’s Mercury model and Coper-
nicus’ in De revolutionibus are virtually the same, one must then explain why
the Commentariolus model (from some 30 years earlier) is different, not to say
flawed, if, as Swerdlow has maintained, Copernicus did have Ibn al-Šāṭir’s one
and only Mercury model when composing the Commentariolus. Swerdlow has
provided a complex scenario, most recently repeated in an article, that culminates
with the Commentariolus model 8. But it has seemed odd to us that Copernicus
substituted a flawed model when, according to Swerdlow, he had a much better
one immediately at hand. We are also uncomfortable with the numerous ad hoc
assumptions Swerdlow needs to make in order for Copernicus to reach, over a
30-year period, essentially what he had all along. Thus part of the purpose of
this paper is to suggest an alternative account that we believe provides a more
straightforward explanation 9. Inasmuch as Swerdlow has already offered a cri-
tique of some of the central points in this paper, we will need to respond to his
criticisms 10.

5 A. Goddu, Copernicus and the Aristotelian tradition: Education, reading, and philosophy in
Copernicus’s path to heliocentrism (Leiden, 2010), p. 157.

6 V. Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, Journal for
the history of astronomy, 45/2 (2014): 183-95.

7 N. Swerdlow, “ Copernicus, Nicolaus (1473-1543) ”, in W. Applebaum (ed.), Encyclopedia
of the scientific revolution from Copernicus to Newton (New York, 2000), p. 165.

8 N. M. Swerdlow, “ The Derivation and first draft of Copernicus’s planetary theory: A transla-
tion of the Commentariolus with commentary ”, Proceedings of the American Philosophical
Society, 117/6 (1973): 423-512, esp. 471-8, 499-509. Swerdlow usefully summarizes his po-
sition in “ Copernicus’s derivation of the heliocentric theory from Regiomontanus’s eccentric
models of the second inequality of the superior and inferior planets ”, Journal for the history
of astronomy, 48/1 (2017): 33-61, esp. 33-44.

9 A preliminary attempt to deal with Copernicus’ Mercury models and their connection to that
of Ibn al-Šāṭir is in F. J. Ragep, “ Ibn al-Shāṭir and Copernicus: The Uppsala notes revisited ”,
Journal for the history of astronomy, 47/4 (2016): 395-415 at 400-6.

10 Swerdlow, “ Copernicus’s derivation of the heliocentric theory ”, p. 45-61.
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where the radius of the eccentric R is 6000 and 1000, and that is what Copernicus intends. 
This is actually fatal to Professor Ragep’s assumption that the upper numbers are already 
heliocentric and have nothing to do with the eccentric model, for the eccentricitas for 
Mercury, 2256 and 376, becomes not the distance between the mean sun and earth, the 
eccentricitas in the lower numbers, but the semidiameter of the “sphere of Mercury,” 
9;24, as we have just shown. Professor Ragep is aware that in transforming a geocentric 
epicyclic model to heliocentric, for a superior planet, the epicycle becomes the sphere of 
the earth (or of the sun if Tychonic), and for an inferior planet, the sphere of the planet. 
But he does not seem to grasp that when the geocentric eccentric model of the second 
inequality is transformed to heliocentric, for a superior planet, the eccentricity becomes 
the semidiameter of the sphere of the earth (or of the sun if Tychonic), and for an inferior 
planet, the eccentricity becomes the semidiameter of the sphere of the planet. And that is 
exactly the transformation of the eccentricity of Mercury from the upper numbers, which 
are not heliocentric, to the semidiameter of the sphere of Mercury in the lower numbers, 
which are heliocentric.

Professor Ragep concludes, “It is interesting that Copernicus chose not to provide an 
eccentricitas for Venus, perhaps because of the confusion regarding exactly what was the 
eccentricitas.” There was no confusion, at least not on Copernicus’s part. Why Copernicus 
left Venus out of the upper numbers I do not know, but he was certainly not confused, for 
as we have seen, the eccentricity e, the ratio e/R of the eccentricity to the radius of the 
eccentric in the geocentric eccentric model, and the ratio r′/e′ of the semidiameter of the 
sphere of Venus to the eccentricity of 25 parts in the heliocentric model follow from

e R e R r e= ° = = = ≈ = ′ ′sin 45;59 ,7191 7191 10 000 17 58 39 25 18 25/ / , ; , / / /

So for both Mercury and Venus, the “eccentricity” in the upper numbers, 7191 for Venus, 
which is not given, and 2256 and 376 for Mercury, are the eccentricity in the geocentric 
eccentric model and become the “semidiameter of the sphere,” 18 for Venus, 9;24 for 
Mercury, in the heliocentric model in the lower numbers, where the “eccentricity of 25 
parts” is the distance between the mean sun and the earth, and there is no inconsistency 
or error or confusion at all. The upper numbers are for the eccentricity in the eccentric 
model, and are not heliocentric, the lower numbers are for the semidiameter of the sphere 
of the planet, and are heliocentric, and that is that. I wish I did not have to quote Professor 
Ragep at length and go into such detail on the meaning of eccentricitas and the numbers, 
but it is important and is shown with certainty by computations.

Professor Ragep has trouble with numbers and computations throughout his paper. 
His table showing what he calls the derivation of parameters in Copernicus’s notes, 
which he says provides “evidence that Copernicus transformed Ibn ash-Shāṭir’s models 
without an eccentric intermediary,” is based for the most part on my derivations, although 
with the addition of errors, superfluous numbers never used by Copernicus, additional 
curious computations in his text and notes, computing mostly in decimal fractions, which 
Copernicus did not use, doubtless with a calculator – for what it is worth, I did all the 
computations, sexagesimally and in fractions as Copernicus gives the numbers, by hand 
before there were calculators – and leaving out the most important part, the maximum 
equations of the first and second inequalities from which the parameters were derived. 
He does not know that Copernicus used Regiomontanus’s sine table in the Tabulae 
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didn’t he make the simple transformation that he later did in De revolutionibus? This question 
becomes particularly acute when we realize that the Commentariolus models for Mercury and 
Venus are quite difficult to use for computations as a result of the peculiar arrangement of the 
orbs resulting from this transformation; in fact, the equation of center can no longer be 
calculated from the Earth, and the calculation of elongations becomes quite difficult (and 
perhaps even impossible as far as Copernicus and his contemporaries are concerned). On the 
other hand, as we have seen, it is indeed possible, with a bit of ingenuity, to transform Ibn 
al-Shāṭir’s models for the inner planets into those in the Commentariolus without resorting to 
the intermediation of Regiomontanus’s eccentric alternative. My argument is that when writing 
the Commentariolus, one of Copernicus’s priorities was to have models whose main deferents/
orbits were centered on the mean Sun even if this made the models less practical for calculation. 
This is not the case with the De rev models, where Copernicus introduced eccentric orbs for his 
planetary deferents. I will speculate below about the reasons for this insistence in the 
Commentariolus on “homocentric” deferents.

We have, however, seen that Professor Ragep’s transformation “with a bit of ingenuity” 
still requires the “intermediation of Regiomontanus’s eccentric alternative” to find the 
equation of centre and the equation of anomaly. If Professor Ragep knows another way of 
finding the equations, he does not show it. This is, after all, geometry, and it is the geome-
try, of the models with their equations, that must be explained. And if, as Professor Ragep 
believes, Copernicus adapted the heliocentric form of the models for Venus and Mercury 
directly from Ibn ash-Shāṭir, with figures no less as he believes, which is not certain, one 
must ask why he did not get it right in the first place, which would be obvious in the figures. 
Professor Ragep’s answer is that “when writing the Commentariolus one of Copernicus’s 
priorities was to have models whose main deferents/orbits were centred on the mean sun 
even if this made the models less practical for calculation.” Less practical? In fact, “even 
impossible” unless the lines from the eccentric model are drawn. What Professor Ragep’s 
explanation amounts to is that Copernicus would have first seen the correct adaptation, 
then deliberately changed it to an erroneous form, going through all the steps Professor 
Ragep describes, “to have models whose main deferents/orbits were centered on the mean 
sun even if this made the models less practical for calculation,” in fact, impossible, and 
then returned it to its correct form in De revolutionibus. This is more than I can believe, and 
I wonder whether the reader or even Professor Ragep can believe it either. And his 
“Concluding Remarks” on “homocentrism,” on which I will comment briefly since it is 
without geometry, “the reasons for this insistence in the Commentariolus on ‘homocentric’ 
deferents,” that Copernicus “was attempting to find some form of homocentric cosmology 
that resolved the problem of Ptolemy’s violations of uniform circular motions,” that 
“Copernicus was at the time of writing the Commentariolus a ‘quasi-homocentrist’ along 
the lines of Ibn ash-Shāṭir,” does nothing to help since there is no evidence that Copernicus 
ever approved or took seriously anything homocentric, quite the contrary, as mentioned 
earlier, his remarks on the subject in both the Commentariolus and De revolutionibus are 
dismissive, and the most obvious reason for his using Ibn ash-Shāṭir’s models for the plan-
ets has nothing to do with “homocentrism” or “quasi-homocentricity,” but is simply that 
that is what he had. And I doubt whether he had figures.

I believe this is enough, more than enough, on this entire subject, on which I had no 
intention of writing anything further. Near the end of his paper in a note, Professor Ragep 
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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THE MERCURY MODELS OF IBN AL-ŠĀṬIR AND COPERNICUS 41
conclude that Copernicus knew of his predecessor’s models in some form. But
in which form? Because Copernicus does not use Ibn al-Šāṭir’s parameters, and
in fact makes some ill-advised choices, we think it much more likely that he had
diagrams but not Ibn al-Šāṭir’s text. The case of the variable size of the circum-
ference of Mercury’s orbit is revealing. Looking at the “ schematic ” diagram in
Ibn al-Šāṭir’s Nihāyat al-su’l (figure T1 in the translation, appendix 2), one is
struck by how perfectly it depicts what Copernicus describes. In his diagram,
Ibn al-Šāṭir has shown both the “ apparent epicycle orb ” on which is the planet
and the “ true epicycle orb ”, which is the “ reference ” epicycle orb without the
effect of the Ṭūsī-couple. (See also figure 10 above.) Even though Ibn al-Šāṭir,
as we have seen, was aware of the importance of the nearest distances occurring
at the trines 71, he did not feel the need to indicate this on his diagram; his pur-
pose was to show the effect of the Ṭūsī-couple on the model, which causes the
epicycle to “ shrink ” at 0° and 180°, and “ expand ” at 90° and 270°. Bearing
this in mind, and with a view to Ibn al-Šāṭir’s diagram, let us quote Copernicus:

But this combination of circles, although adequate to the other planets, is not ad-
equate to Mercury because, when the Earth is in the views of the apsis mentioned
above [i.e, at 0° and 180°], the planet appears to move by traversing a far smaller
circumference, and on the other hand, when the Earth is at quadratures [to the apsis],
[i.e., at 90° and 270°], by traversing a far larger circumference than the proportion
of the circles just given permits. Since, however, no other anomaly in longitude is
seen to arise from this, it seems suitable that it take place on account of some kind of
approach [toward] and withdrawal from the center of the sphere on a straight line 72.

It would seem that Copernicus was following Ibn al-Šāṭir to a “ + ”.
Ibn al-Šāṭir’s diagram also helps explain another, heretofore puzzling aspect

of the Uppsala notes 73. In the upper part of the Uppsala notes for Mercury,
Copernicus writes 6 or 600 for r1 + r2. However, the “ ecce ” of 2256 (or 376)
in conjunction with the 115.1 (or 19) for the diversitas diametrj, the displace-
ment resulting from the Ṭūsī couple, implies r1 + r2 = 576 74. But Copernicus
uses 540 to derive the values in the lower part of U, i. e., r1 = 1; 41 1/4 and
r2 = 0; 33 3/4. Regarding this, Swerdlow says: “ I do not know why Copernicus
had these problems 75 ”. However, looking again at fig. T1, we can conjecture

71 See the above discussion of Ibn al-Šāṭir’s values for the maximum elongations, which are
remarkably close to Ptolemy’s near 120°.

72 Swerdlow, “ The Derivation and first draft ”, p. 503 (Swerdlow’s translation; italics are from
the current authors).

73 The following is taken from Ragep, “ Ibn al-Shāṭir and Copernicus ”.
74 Swerdlow, “ The Derivation and first draft ”, p. 507, where he derives 576(0). As he notes

(p. 508-9), Copernicus seems to have had considerable problems in converting from the upper
value in U for r1 + r2 to the values for the two epicycles in the lower part.

75 Swerdlow, “ The Derivation and first draft ”, p. 509.
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the first and second inequalities of the planets in the Alfonsine Tables and, from its use of 
the term “eccentricity” to describe what would normally be the radius of the epicycle in 
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didn’t he make the simple transformation that he later did in De revolutionibus? This question 
becomes particularly acute when we realize that the Commentariolus models for Mercury and 
Venus are quite difficult to use for computations as a result of the peculiar arrangement of the 
orbs resulting from this transformation; in fact, the equation of center can no longer be 
calculated from the Earth, and the calculation of elongations becomes quite difficult (and 
perhaps even impossible as far as Copernicus and his contemporaries are concerned). On the 
other hand, as we have seen, it is indeed possible, with a bit of ingenuity, to transform Ibn 
al-Shāṭir’s models for the inner planets into those in the Commentariolus without resorting to 
the intermediation of Regiomontanus’s eccentric alternative. My argument is that when writing 
the Commentariolus, one of Copernicus’s priorities was to have models whose main deferents/
orbits were centered on the mean Sun even if this made the models less practical for calculation. 
This is not the case with the De rev models, where Copernicus introduced eccentric orbs for his 
planetary deferents. I will speculate below about the reasons for this insistence in the 
Commentariolus on “homocentric” deferents.

We have, however, seen that Professor Ragep’s transformation “with a bit of ingenuity” 
still requires the “intermediation of Regiomontanus’s eccentric alternative” to find the 
equation of centre and the equation of anomaly. If Professor Ragep knows another way of 
finding the equations, he does not show it. This is, after all, geometry, and it is the geome-
try, of the models with their equations, that must be explained. And if, as Professor Ragep 
believes, Copernicus adapted the heliocentric form of the models for Venus and Mercury 
directly from Ibn ash-Shāṭir, with figures no less as he believes, which is not certain, one 
must ask why he did not get it right in the first place, which would be obvious in the figures. 
Professor Ragep’s answer is that “when writing the Commentariolus one of Copernicus’s 
priorities was to have models whose main deferents/orbits were centred on the mean sun 
even if this made the models less practical for calculation.” Less practical? In fact, “even 
impossible” unless the lines from the eccentric model are drawn. What Professor Ragep’s 
explanation amounts to is that Copernicus would have first seen the correct adaptation, 
then deliberately changed it to an erroneous form, going through all the steps Professor 
Ragep describes, “to have models whose main deferents/orbits were centered on the mean 
sun even if this made the models less practical for calculation,” in fact, impossible, and 
then returned it to its correct form in De revolutionibus. This is more than I can believe, and 
I wonder whether the reader or even Professor Ragep can believe it either. And his 
“Concluding Remarks” on “homocentrism,” on which I will comment briefly since it is 
without geometry, “the reasons for this insistence in the Commentariolus on ‘homocentric’ 
deferents,” that Copernicus “was attempting to find some form of homocentric cosmology 
that resolved the problem of Ptolemy’s violations of uniform circular motions,” that 
“Copernicus was at the time of writing the Commentariolus a ‘quasi-homocentrist’ along 
the lines of Ibn ash-Shāṭir,” does nothing to help since there is no evidence that Copernicus 
ever approved or took seriously anything homocentric, quite the contrary, as mentioned 
earlier, his remarks on the subject in both the Commentariolus and De revolutionibus are 
dismissive, and the most obvious reason for his using Ibn ash-Shāṭir’s models for the plan-
ets has nothing to do with “homocentrism” or “quasi-homocentricity,” but is simply that 
that is what he had. And I doubt whether he had figures.

I believe this is enough, more than enough, on this entire subject, on which I had no 
intention of writing anything further. Near the end of his paper in a note, Professor Ragep 
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earlier, his remarks on the subject in both the Commentariolus and De revolutionibus are 
dismissive, and the most obvious reason for his using Ibn ash-Shāṭir’s models for the plan-
ets has nothing to do with “homocentrism” or “quasi-homocentricity,” but is simply that 
that is what he had. And I doubt whether he had figures.

I believe this is enough, more than enough, on this entire subject, on which I had no 
intention of writing anything further. Near the end of his paper in a note, Professor Ragep 
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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THE MERCURY MODELS OF IBN AL-ŠĀṬIR AND COPERNICUS 7
As an aside before we begin: because this paper deals with a controversial

topic, and the ideas underlying it have generated a fair amount of criticism, we
thought we should provide a summary of what we are claiming as well as not
claiming.

1) We are not claiming that Ibn al-Šāṭir ever entertained, or even thought
about, a heliocentric cosmology. At least we have no evidence to support such a
contention. He has developed a quite coherent geocentric cosmological system,
which is what we assume he intended.

2) When we say Ibn al-Šāṭir’s models have a “ heliocentric bias ”, we mean
that Ibn al-Šāṭir has made the Earth the center of mean motion (α). This gives
his system a certain “ bias ” that makes the transformation from a geocentric
to heliocentric system much easier. For details, see Ragep, “ Ibn al-Šāṭir and
Copernicus ”.

3) Whether one believes that Copernicus appropriated Ibn al-Šāṭir’s models,
or reinvented them on their own, it is incontrovertible that one cannot get to
Copernicus’ models, either in the Commentariolus or De rev., without models
that are virtually identical to Ibn al-Šāṭir’s.

4) We claim that Copernicus in all likelihood did not develop his models on
his own; the similarities with those of Ibn al-Šāṭir are just too many to make a
plausible case for independent discovery. As we will show below, this is espe-
cially true for Mercury.

5) Our proposal for the transformation from Ibn al-Šāṭir’s geocentric models
to Copernicus’ heliocentric ones is, we claim, much simpler than any of the al-
ternatives. In particular, the proposal by Noel Swerdlow (discussed below) does
lead to simple heliocentric models, but these are not the actual, computationally
viable models we find in the Commentariolus or De rev.

6) We make no claims about why Copernicus decided to introduce heliocen-
tric models. In particular, we are not claiming that the “ heliocentric bias ” of
Ibn al-Šāṭir’s models was the reason behind Copernicus’ choice. What we are
claiming is that Ibn al-Šāṭir’s models were easier to transform into the helio-
centric models of the Commentariolus and De rev. than the other possibilities
available to Copernicus.

7) When we say that Ibn al-Šāṭir’s models and those in the Commentario-
lus are “ quasi-homocentric ”, we mean that they eschew eccentrics and depend
solely on concentric and epicyclic orbs. Though speculative, we think it is plau-
sible that both Ibn al-Šāṭir and Copernicus in the Commentariolus were trying to
find a system that had elements of homocentrism while at the same time being
more astronomically viable than a purer form of homocentric astronomy.
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moving the mean sun S  to the centre of the eccentric N, which always lies in the direc-
tion of the mean sun, nothing more.

Furthermore, the very same transformation of the epicycle of the second inequality to 
the sphere of the earth can be done with Ptolemy’s model, and other models with eccen-
tricities on the apsidal line, although Professor Ragep denies that. Note that in Figure 6, 
the equation of centre c3 of the first inequality, both as subtended by the epicycles and by 
the eccentricity on the apsidal line, is unaffected in the transformation. There is no reason 
to appeal specifically to Ibn ash-Shāṭir, for the two epicycles of the first inequality have 
nothing to do with the transformation. This is shown in Figure 7(a) for Ibn ash-Shāṭir’s 
model and Figure 7(b) for Copernicus’s model, in the same configuration, with CP and 
OS  parallel, just past opposition, when SOP  lie in a straight line, in which it can be 
seen that in both models, the two epicycles are in the very same place on the sphere and 
do not change at all, and neither does the equation of centre c3. And it is also clearly 
wrong to say that this transformation cannot be done with the bisected eccentricity on the 
apsidal line of Ptolemy’s model, as Professor Ragep believes, because, as shown in the 
same two figures, neither are these two eccentricities on the apsidal line, e of the centre 
M and 2e of the equant E, changed in any way if the epicycle is transformed into the 
sphere of the earth, and neither is the equation of centre c3 changed. (Although c3 differs 
slightly in Ptolemy’s model and Ibn ash-Shāṭir’s model, by at most about 0;3° for Mars, 
the transformation from geocentric to heliocentric in the figures makes no difference in 
c3.) So the fact that the earth is at the centre of the sphere in Ibn ash-Shāṭir’s model, 
Professor Ragep’s “quasi-homocentricity” and “heliocentric bias,” has no significance 
for the very transformation he shows since Ptolemy’s model would do just as well, for 
the transformation affects only the second inequality. The same would be true of the 
model in De revolutionibus in which the larger epicycle is replaced by an equal eccen-
tricity on the apsidal line, and all that Professor Ragep writes at such length about why it 
cannot be done with Ptolemy’s model, or any model with eccentricities on the apsidal 
line, about “centering on the Earth,” “quasi-homocentricity,” and “heliocentric bias,” as 
well as his objection to a “bifurcated” derivation, is beside the point, in fact simply 
wrong. Why then did Copernicus use Ibn ash-Shāṭir’s model with its two epicycles? The 
most obvious answer is that for his original planetary theory, it was what he had. So 
much for the superior planets.

Professor Ragep remarks, “The advantage of having Ibn ash-Shāṭir’s models in the 
transformation to a heliocentric system becomes even clearer when we examine the 
inner planets.” This is a most extraordinary thing to say considering the difficulty 
Copernicus had with the inferior planets. Now, the model for the inferior planets in the 
Commentariolus has serious problems that Copernicus corrected in De revolutionibus. 
In the model in De revolutionibus, the two epicycles of the first inequality that are 
within the epicycle of the second inequality in Ibn ash-Shāṭir’s model become a fixed 
and rotating eccentricity inside the planet’s sphere, from the mean sun to the centre of 
Venus’s and Mercury’s sphere, but in the Commentariolus, the two epicycles are placed 
on the planet’s sphere, and this makes it impossible to measure the equation of centre 
of the first inequality and the equation of the anomaly of the second inequality at the 
earth, as in Ptolemy’s model, Ibn ash-Shāṭir’s model, and the model in De revolutioni-
bus. Professor Ragep acknowledges this, although not that the difficulties of the model 
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7KHUH�LV�VRPHWKLQJ�YHU\�FXULRXV�DERXW�&R��
SHUQLFXV
V�GHVFULSWLRQ��7KH� SULQFLSDO�HIIHFW�RI�
3WROHP\
V�PRGHO� LV� WR� SURGXFH�WKH�JUHDWHVW�
HORQJDWLRQV�DW��(������IURP�DSRJHH�� 7KLV�LV�DOVR�
WUXH�RI�&RSHUQLFXV
V�PRGHO��DV�KH�GHPRQVWUDWHV�
LQ�'H�UHY��9������EXW�KH�VD\V�QRWKLQJ�DERXW�LW�KHUH��
,QVWHDG�KH�GHVFULEHV�D�WRWDOO\�ILFWLWLRXV�DSSDUHQW�
PRWLRQ�RI�0HUFXU\�WKDW�LV�UHDOO\�RQO\�D�GHVFULS��
WLRQ�RI�WKH�H[SDQGLQJ�DQG�FRQWUDFWLQJ�UDGLXV�RI�
LWV�RUELW�LQ� WKH�PRGHO�� 7KH� VWDWHPHQW�WKDW�
0HUFXU\��DSSHDUV��WR�PRYH�LQ�D�VPDOOHU�RUELW�
ZKHQ�WKH�HDUWK�LV�LQ�WKH�DSVLGDO�OLQH�DQG�LQ�D�
ODUJHU�RUELW�ZKHQ�WKH�HDUWK�LV�����IURP�WKH�DSVL��
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“[Swerdlow’s Mercury argument] 
elevates the discussion of the 
similarities to a whole new level.”
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,QWHUSUHWDWLRQ�RI�WKH�+RO\�4XUâDQ�by Abdullah Yusuf Ali, who reduced the 
4XU¾½QLF�FRQFHSW�RI�-LK½G�WR�VWULYLQJ�DJDLQVW�RQHĈV�LQQHU�HYLO�DQG�LPSRVHG�
LPDJHU\�RI�5RPDQWLF�SRHWV�RQWR�4XU¾½QLF�YRFDEXODU\��7KHVH�DUH�FOHDUO\�
LQDSSURSULDWH� FKRLFHV� IRU� WKH� (QJOLVK� WUDQVODWLRQV� RI� WKH�4XU¾½Q� WR� EH�
XVHG� LQ� D� ZRUN� ZKLFK� FODLPV� WR� EH� ĊEDVHG� XSRQ� WKH� LQWHUSUHWDWLRQV� E\�
FODVVLFDO�4XU¾½QLF�FRPPHQWDWRUV�RI�WKH�FRQWH[WXDOL]HG�RFFXUUHQFHV�RI�WKH�
ILQLWH� YRFDEXODU\� LWHPV�XVHG� LQ� WKH�4XU¾½QLF� WH[Wċ� �[YL���7KH�Dictionary 
KDV��KRZHYHU��PDQDJHG� WR� DYRLG� VRPH�RI� WKH�GRFWULQDO�SUREOHPV�ZKLFK�
WKH�FKRLFH�RI� WKH�DIRUHPHQWLRQHG�PRGHUQLVW� WUDQVODWLRQV�RI� WKH�4XU¾½Q�
ZRXOG�KDYH�EURXJKW� WR� LW��7KHUH� LV�� IRU� LQVWDQFH��QR�WUDFH�RI� WKH�/DKRUL�
$ÁPDGÂ�FUHHG�LQ�LWV�JORVV�RQ�3URSKHW�ÊV½�Ô��QR�PHQWLRQ�RI�KLV�DOOHJHG�
GHDWK�LQ�.DVKPLU�DQG�WKH�WUDQVIHUHQFH�RI�WKH�UROH�RI�WKH�PHVVLDK�WR�0LU]D�
*KXODP�$KPDG��,Q�VRPH�FDVHV��KRZHYHU�� WKH�UHOLDQFH�RQ�WKHVH� WUDQVOD-
WLRQV�EHFRPHV�DSSDUHQWĆIRU�LQVWDQFH��WKH�Dictionary WDNHV�WKH�PRUH�RE-
VFXUH�PHDQLQJ�RI�ibil��FORXGV��XVHG�E\�0XKDPPDG�$VDG�LQ�KLV�WUDQVODWLRQ�
RI�4��������DV�FRPSDUHG�WR�WKH�PRUH�JHQHUDOO\�KHOG�YLHZ�WKDW�WKH�4XU¾½Q�
refers to camels.

,W�WRRN�WKH�DXWKRUV�VHYHQ�\HDUV�WR�FRPSOHWH�WKLV�ZRUN��,Q�WKH�FRXUVH�RI�
WKHLU�SURMHFW�WKH\�KDG�WR�PDNH�FHUWDLQ�GLIILFXOW�GHFLVLRQV��VXFK�DV�ZKHWK-
HU�RU�QRW�WR�LQFOXGH�WKH�VR�FDOOHG�VFLHQWLILF�LQWHUSUHWDWLRQV�LQ�WKHLU�ZRUN��
6XFK�GHFLVLRQV�DQG�WKH�HGLWRULDO�SDUDPHWHUV�KDYH�EHHQ�LQGLFDWHG�LQ�WKH�
Ċ,QWURGXFWLRQċ��7KH�$UDELF�WH[W�XVHG�LQ�WKH�Dictionary LV�FOHDU�WKRXJK�QRW�
HOHJDQW��GXH�FRQVLGHUDWLRQ�KDV�EHHQ�JLYHQ�WR�SURSHUO\�WUDQVOLWHUDWH�ZRUGV��
DQG�WKH�ZRUN�KDV�UHFHLYHG�SURSHU�HGLWRULDO�FDUH��1RWZLWKVWDQGLQJ�WKH�UHV-
HUYDWLRQV�PHQWLRQHG�DERYH��$UDELF�(QJOLVK�'LFWLRQDU\�RI�4XUâDQLF�8VDJH is 
DQ� LPSRUWDQW� FRQWULEXWLRQ� WR�4XU¾½QLF� VFKRODUVKLS�DQG�ZLOO�SURYLGH�DQ�
LPSRUWDQW�UHVRXUFH�IRU�UHVHDUFKHUV�DQG�(QJOLVK�ODQJXDJH�VFKRODUV�
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George Saliba: Islamic Science and the Making of the European Renaissance
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:KHQ��ZKHUH��DQG�KRZ�GLG�WKH�,VODPLF�VFLHQWLILF�WUDGLWLRQ�EHJLQ"�:KHQ��
ZKHUH�DQG�KRZ�GLG�LW�UHDFK�LWV�]HQLWK"�:KDW�GLG�LW�DFFRPSOLVK"�$QG�ZKHQ�
GLG� LWV� GHFOLQH� EHJLQ"� 7KHVH� DUH� WKH� EDVLF� TXHVWLRQV� WKDW� KDYH� SX]]OHG�
KLVWRULDQV� RI� VFLHQFH� IRU� RYHU� D� TXDUWHU� FHQWXU\� DV� WKH\� UHFRQVLGHU� WKH�
ĊFODVVLFDO� QDUUDWLYHċ� IRUPXODWHG� E\� HDUOLHU� JUDQG� 2ULHQWDOLVWV� VXFK� DV�
*ROG]LKHU� DQG�KLV� VXFFHVVRUV��*HRUJH�6DOLEDĈV�QHZ�ERRN��ZKLFK�KH� FDOOV�
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7KHUH�LV�VRPHWKLQJ�YHU\�FXULRXV�DERXW�&R��
SHUQLFXV
V�GHVFULSWLRQ��7KH� SULQFLSDO�HIIHFW�RI�
3WROHP\
V�PRGHO� LV� WR� SURGXFH�WKH�JUHDWHVW�
HORQJDWLRQV�DW��(������IURP�DSRJHH�� 7KLV�LV�DOVR�
WUXH�RI�&RSHUQLFXV
V�PRGHO��DV�KH�GHPRQVWUDWHV�
LQ�'H�UHY��9������EXW�KH�VD\V�QRWKLQJ�DERXW�LW�KHUH��
,QVWHDG�KH�GHVFULEHV�D�WRWDOO\�ILFWLWLRXV�DSSDUHQW�
PRWLRQ�RI�0HUFXU\�WKDW�LV�UHDOO\�RQO\�D�GHVFULS��
WLRQ�RI�WKH�H[SDQGLQJ�DQG�FRQWUDFWLQJ�UDGLXV�RI�
LWV�RUELW�LQ� WKH�PRGHO�� 7KH� VWDWHPHQW�WKDW�
0HUFXU\��DSSHDUV��WR�PRYH�LQ�D�VPDOOHU�RUELW�
ZKHQ�WKH�HDUWK�LV�LQ�WKH�DSVLGDO�OLQH�DQG�LQ�D�
ODUJHU�RUELW�ZKHQ�WKH�HDUWK�LV�����IURP�WKH�DSVL��
GDO�OLQH�LV�XWWHU�QRQVHQVH�DV�D�GHVFULSWLRQ�RI�WKH�
DSSDUHQW�PRWLRQ�RI�0HUFXU\�� 1R� RQH�QRW�
3WROHP\��QRW�5HJLRPRQWDQXV��QRW�HYHQ�&RSHUQL��
FXV�LQ�'H� UHYROXWLRQLEXV�JLYHV�VXFK�D� GHVFULS��
WLRQ�RI�0HUFXU\
V�DSSDUHQW�PRWLRQ�EHFDXVH�WKLV�
LV�QRW�0HUFXU\
V�DSSDUHQW�PRWLRQ�� %XW�LW�LV�D�
GHVFULSWLRQ�RI�WKH�PRWLRQ�RI�0HUFXU\�LQ�WKH�
PRGHO�� &RSHUQLFXV�DSSDUHQWO\�GRHV�QRW�UHDOL]H�
WKDW�WKH�PRGHO�ZDV�GHVLJQHG��QRW�WR�JLYH�0HUFXU\�
D�ODUJHU�RUELW��UHDG�HSLF\FOH��ZKHQ�WKH�HDUWK��UHDG�
FHQWHU�RI�WKH�HSLF\FOH��LV���"�IURP�WKH�DSVLGDO�OLQH��
EXW�WR�SURGXFH�WKH�JUHDWHVW�HORQJDWLRQV�ZKHQ�WKH�
HDUWK��FHQWHU�RI�WKH�HSLF\FOH��LV� �������IURP�WKH�
DSKHOLRQ��DSRJHH���
7KLV�PLVXQGHUVWDQGLQJ�PXVW�PHDQ�WKDW�&R��

SHUQLFXV�GLG�QRW�NQRZ�WKH�UHODWLRQ�RI�WKH�PRGHO�
WR�0HUFXU\
V�DSSDUHQW�PRWLRQ�� 7KXV�LW�FRXOG�
KDUGO\�EH�KLV�RZQ�LQYHQWLRQ�IRU��LI�LW�ZHUH��KH�
ZRXOG�FHUWDLQO\�KDYH�GHVFULEHG�LWV�IXQGDPHQWDO�
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Swerdlow’s reply on his Mercury argument:

“You got me there. I should not have said that.”



2 S. NIKFAHM-KHUBRAVAN AND F. J. RAGEP

revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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THE MERCURY MODELS OF IBN AL-ŠĀṬIR AND COPERNICUS 27
models; rather, he does not think they are sufficient to explain Copernicus’ var-
ious models nor his transition to a heliocentric cosmos. He insists instead that
Copernicus was also dependent on Regiomontanus’ alternative eccentric models.
Blåsjö’s arguments about “ naturalness ” are generally lacking in historical evi-
dence, but he does point to an illuminating mistake in Swerdlow’s understanding
of the Mercury model that will figure in our own analysis. We deal with Blåsjö’s
other arguments regarding Mercury in appendix 1. As for Swerdlow’s criticisms
of Ragep’s claims in “ Ibn al-Shāṭir and Copernicus ”, which are central to this
paper as well, we take them up in the subsequent discussion.

There is an important caveat to our argument regarding Copernicus’ simple
transformation of Ibn al-Šāṭir’s Mercury model: this only works for De revolu-
tionibus. In the earlier Commentariolus, the Mercury model exhibits a number of
differences with the De rev. model, the most important being that the mean Sun
and the center of Mercury’s orb / orbit are coincident in the earlier work. Since
we believe, like Swerdlow, that Copernicus had Ibn al-Šāṭir’s Mercury model
when writing the Commentariolus, we need to show how one might get to the lat-
ter from the former. We begin with a geocentric transformation of Ibn al-Šāṭir’s
model (figure 12), using a simplified version that dispenses with the Ṭūsī-couple.
(Thus it is similar to, but not exactly the same as, the Venus model.) In order to
show the transformation more clearly, we again make α = 35°, κ ≈ 75°, both
motions starting at A.

The transformation consists of the following steps: 1) transpose the epicycle
so that its center C is now at F; 2) transpose the double epicycle FGC along line
FF′, which is parallel and equal to CP. Note that O and P are not moved, and they
retain the same relationship as before. However, P is no longer on the epicycle.

Using vectors, we can see that we have made the following transformation,
which has preserved both distance and direction between the Earth and the planet:
−→OF +

−→FG +
−→GC +

−→CP =
−−→
OC′ +

−−→
C′F′ +

−−→
F′G′ +

−→
G′P. Using the symbols for the

radii of the orbs from chart 2, we have −→r1 +−→r2 +−→r3 +−→r4 = −→r1 +−→r4 +−→r2 +−→r3 .
It is then simple to transform this adaptation of Ibn al-Šāṭir’s geocentric model

into the heliocentric model of the Commentariolus (figure 13). Copernicus rec-
ognized the need to add a Ṭūsī-couple to vary the size of the epicycle, which has
now become Mercury’s deferent orb around the Sun. It may not be coincidental
that Copernicus follows our reconstruction, first presenting the model without
the couple (as in figure 12) and then justifying and adding the couple. In the
Commentariolus model, as well as in Ibn al-Šāṭir’s and De rev.’s models, the
purpose of the couple is to vary the size of the epicycle or Mercury’s orbit; we
will have more to say about this below. However, unlike Ibn al-Šāṭir’s model as
well as the De rev. model, the Ṭūsī-couple produces this effect in the Commen-
tariolus by bringing the center of the orb F′, rather than the planet, away from
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Blåsjö’s arguments about “ naturalness ” are generally lacking in historical evi-
dence, but he does point to an illuminating mistake in Swerdlow’s understanding
of the Mercury model that will figure in our own analysis. We deal with Blåsjö’s
other arguments regarding Mercury in appendix 1. As for Swerdlow’s criticisms
of Ragep’s claims in “ Ibn al-Shāṭir and Copernicus ”, which are central to this
paper as well, we take them up in the subsequent discussion.

There is an important caveat to our argument regarding Copernicus’ simple
transformation of Ibn al-Šāṭir’s Mercury model: this only works for De revolu-
tionibus. In the earlier Commentariolus, the Mercury model exhibits a number of
differences with the De rev. model, the most important being that the mean Sun
and the center of Mercury’s orb / orbit are coincident in the earlier work. Since
we believe, like Swerdlow, that Copernicus had Ibn al-Šāṭir’s Mercury model
when writing the Commentariolus, we need to show how one might get to the lat-
ter from the former. We begin with a geocentric transformation of Ibn al-Šāṭir’s
model (figure 12), using a simplified version that dispenses with the Ṭūsī-couple.
(Thus it is similar to, but not exactly the same as, the Venus model.) In order to
show the transformation more clearly, we again make α = 35°, κ ≈ 75°, both
motions starting at A.

The transformation consists of the following steps: 1) transpose the epicycle
so that its center C is now at F; 2) transpose the double epicycle FGC along line
FF′, which is parallel and equal to CP. Note that O and P are not moved, and they
retain the same relationship as before. However, P is no longer on the epicycle.

Using vectors, we can see that we have made the following transformation,
which has preserved both distance and direction between the Earth and the planet:
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It is then simple to transform this adaptation of Ibn al-Šāṭir’s geocentric model

into the heliocentric model of the Commentariolus (figure 13). Copernicus rec-
ognized the need to add a Ṭūsī-couple to vary the size of the epicycle, which has
now become Mercury’s deferent orb around the Sun. It may not be coincidental
that Copernicus follows our reconstruction, first presenting the model without
the couple (as in figure 12) and then justifying and adding the couple. In the
Commentariolus model, as well as in Ibn al-Šāṭir’s and De rev.’s models, the
purpose of the couple is to vary the size of the epicycle or Mercury’s orbit; we
will have more to say about this below. However, unlike Ibn al-Šāṭir’s model as
well as the De rev. model, the Ṭūsī-couple produces this effect in the Commen-
tariolus by bringing the center of the orb F′, rather than the planet, away from
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Blåsjö’s arguments about “ naturalness ” are generally lacking in historical evi-
dence, but he does point to an illuminating mistake in Swerdlow’s understanding
of the Mercury model that will figure in our own analysis. We deal with Blåsjö’s
other arguments regarding Mercury in appendix 1. As for Swerdlow’s criticisms
of Ragep’s claims in “ Ibn al-Shāṭir and Copernicus ”, which are central to this
paper as well, we take them up in the subsequent discussion.

There is an important caveat to our argument regarding Copernicus’ simple
transformation of Ibn al-Šāṭir’s Mercury model: this only works for De revolu-
tionibus. In the earlier Commentariolus, the Mercury model exhibits a number of
differences with the De rev. model, the most important being that the mean Sun
and the center of Mercury’s orb / orbit are coincident in the earlier work. Since
we believe, like Swerdlow, that Copernicus had Ibn al-Šāṭir’s Mercury model
when writing the Commentariolus, we need to show how one might get to the lat-
ter from the former. We begin with a geocentric transformation of Ibn al-Šāṭir’s
model (figure 12), using a simplified version that dispenses with the Ṭūsī-couple.
(Thus it is similar to, but not exactly the same as, the Venus model.) In order to
show the transformation more clearly, we again make α = 35°, κ ≈ 75°, both
motions starting at A.

The transformation consists of the following steps: 1) transpose the epicycle
so that its center C is now at F; 2) transpose the double epicycle FGC along line
FF′, which is parallel and equal to CP. Note that O and P are not moved, and they
retain the same relationship as before. However, P is no longer on the epicycle.

Using vectors, we can see that we have made the following transformation,
which has preserved both distance and direction between the Earth and the planet:
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radii of the orbs from chart 2, we have −→r1 +−→r2 +−→r3 +−→r4 = −→r1 +−→r4 +−→r2 +−→r3 .
It is then simple to transform this adaptation of Ibn al-Šāṭir’s geocentric model

into the heliocentric model of the Commentariolus (figure 13). Copernicus rec-
ognized the need to add a Ṭūsī-couple to vary the size of the epicycle, which has
now become Mercury’s deferent orb around the Sun. It may not be coincidental
that Copernicus follows our reconstruction, first presenting the model without
the couple (as in figure 12) and then justifying and adding the couple. In the
Commentariolus model, as well as in Ibn al-Šāṭir’s and De rev.’s models, the
purpose of the couple is to vary the size of the epicycle or Mercury’s orbit; we
will have more to say about this below. However, unlike Ibn al-Šāṭir’s model as
well as the De rev. model, the Ṭūsī-couple produces this effect in the Commen-
tariolus by bringing the center of the orb F′, rather than the planet, away from
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tion from geocentric eccentric to heliocentric models, Venus and Mercury have
serious deficiencies that make them similar to but significantly different from
Ibn al-Šāṭir’s models 56; 7) by the time of writing De revolutionibus, Coperni-
cus modified the Commentariolus model so that it “ worked ” computationally,
ending up with a correct heliocentric version of Ibn al-Šāṭir’s model 57.

In essence, Swerdlow is asking us to believe that Copernicus had the “ correct ”
Mercury model all along, at least the one he eventually set forth in De rev., but de-
cided not to use it, instead taking this complicated, not to say convoluted, detour.
According to Swerdlow in his original study of the Commentariolus, Coperni-
cus did not fully understand Ibn al-Šāṭir’s Mercury model 58. But as Blåsjö has
recently shown, and as we will discuss below, Swerdlow based his assessment
on a misunderstanding of what Copernicus was saying regarding the behavior of
the Mercury model.

Furthermore, Swerdlow’s suggestion that somehow the problems with the
first anomaly spurred Copernicus to explore the second anomaly is doubtful.
Here is what he and Neugebauer say about this alleged problem:

Copernicus probably undertook an investigation of the second anomaly, and of the
eccentric model, because even with the Marāgha solution to the first anomaly, the
uniform motion of the planet on the epicycle must still be measured from the mean
apogee lying on a line directed to the equant (see fig. 5.53 for Venus). Thus, techni-
cally there is still a violation of uniform circular motion, or in physical terms, of the
uniform rotation of the epicyclic sphere 59.

But this is really a non-problem as Naṣīr al-Dīn al-Ṭūsī pointed out:
the [difficulty for the Moon] that was mentioned as arising on account of the anomaly
in alignment is not present [for Mercury] because the alignment [of its epicycle di-
ameter] is toward the point with respect to which the uniformity of motion occurs 60.

Even if somehow one thought this was a problem with Ptolemy’s model, it is

to account for the individual eccentricities, equants, etc. of Ptolemy’s models.
56 “ The models in the Commentariolus were not intended for practical application – at least not

with the crude and incomplete parameters supplied in the text – and at the time of its compo-
sition Copernicus was evidently not secure in constructing a model for Mercury. ” Swerdlow
and Neugebauer, Mathematical astronomy in Copernicus’s De revolutionibus, I, 410.

57 “ He finally did reach a correct model – correct in the sense of doing what was expected of
it – in De revolutionibus … it is properly equivalent to Ibn ash-Shāṭir’s model… ” Swerdlow
and Neugebauer, Mathematical astronomy in Copernicus’s De revolutionibus, I, 410.

58 “ … he copied it without fully understanding what it was really about. ” Swerdlow, “ The
Derivation and first draft ”, p. 504.

59 Swerdlow and Neugebauer, Mathematical astronomy in Copernicus’s De revolutionibus,
I, 56.

60 Ragep, Ṭūsī’s Memoir on astronomy, I, 172. Ṭūsī generalizes this to the other 4 vacillating
planets on I, 184.
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recently shown, and as we will discuss below, Swerdlow based his assessment
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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This misunderstanding must mean that Copernicus did not know the relation of the
model to Mercury’s apparent motion. Thus it could hardly be his own invention for,
if it were, he would certainly have described its fundamental purpose rather than
write the absurd statement that Mercury “ appears ” to move in a larger orbit when
the earth is 90° from the apsidal line. The only alternative, therefore, is that he copied
it without fully understanding what it was really about. Since it is Ibn ash-Shāṭir’s
model, this is further evidence, and perhaps the best evidence, that Copernicus was
in fact copying without full understanding from some other source, and this source
would be an as yet unknown transmission to the west of Ibn ash-Shāṭir’s planetary
theory 68.

While we concur that this is Ibn al-Šāṭir’s Mercury model, which, as stated
above, leads to unacknowledged problems with Swerdlow’s analysis, we do not
agree that Copernicus did not understand the model. Part of Swerdlow’s argu-
ment is that “ Copernicus apparently does not realize that the model was de-
signed, not to give Mercury a larger orbit (read epicycle) when the earth (read
center of the epicycle) is 90° from the apsidal line, but to produce the greatest
elongations when the earth (center of the epicycle) is ±120° from the aphelion
(apogee) 69 ”. But as Blåsjö has pointed out, there is a plausible way to read what
Copernicus is saying that shows he was aware that the simple double-epicycle
model (see our figure 12) would not work for Mercury without an adjustment,
i. e., the introduction of the Ṭūsī-couple device. Nevertheless, it is curious that
Copernicus only refers to the situation with reference to the apsis and quadratures
and not at ±120° as in the Almagest and also in De revolutionibus. Blåsjö thinks
that it was not necessary for Copernicus to mention the maximum elongations at
the trines “ since his intended readership would of course be very familiar with
Ptolemaic theory and realize at once that this corollary carries over directly in-
sofar as the two theories are equivalent 70 ”. But as we will argue in appendix 1,
it is highly unlikely that Copernicus’ “ intended readership ”, or anyone else for
that matter, would have seen the greatest elongations at the trines as somehow
a “ corollary ” to the effect of the Ṭūsī-couple. Blåsjö also wishes us to believe
that by showing that Swerdlow misunderstood what Copernicus was saying, this
somehow disproves Swerdlow’s conclusion that Copernicus was copying Ibn al-
Šāṭir’s model. Although this is an unwarranted leap on Blåsjö’s part, his analysis
does provide a key to showing an even stronger connection between Ibn al-Šāṭir
and Copernicus.

Indeed, given the overwhelming evidence of the similarities, and in several
cases the virtual identity, of Copernicus’ and Ibn al-Šāṭir’s models, we are led to

68 Swerdlow, “ The Derivation and first draft ”, p. 504.
69 Ibid.
70 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
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Of course I never said any such thing.



Ptolemy’s Venus:
epicycle + equant

Copernicus’s
Commentariolus Venus:

epicycle + epicycle
≈

http://people.sc.fsu.edu/~dduke/venus.html


Ptolemy’s Mercury:
epicycle + equant
+ variable radius

Copernicus’s
Commentariolus Mercury:

epicycle + epicycle
+ variable radius (Tusi)

≈

http://people.sc.fsu.edu/~dduke/mercury.html


Tusi couple: rectilinear motion 
generated by uniform circular 
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model
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Ptolemy’s Mercury:
epicycle + equant
+ variable radius

Copernicus’s
Commentariolus Mercury:

epicycle + epicycle
+ variable radius (Tusi)

≈
“natural”

http://people.sc.fsu.edu/~dduke/mercury.html
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
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les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
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1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).
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(Berkeley, 2011), p. 531, n. 136.

4  :�  195�9�3 ������
 ���	
�����������	��!0�5�421�98�582�0#��/70�5132�.85"2��5 #���2��

THE MERCURY MODELS OF IBN AL-ŠĀṬIR AND COPERNICUS 43
models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
Acknowledgements. We are indebted to Robert Morrison for his insightful comments
on earlier drafts of this paper. Sally Ragep has read and revised multiple versions (far
too many to recall), and we are grateful for her incisive critiques and unmatched edi-
torial skills. We wish to thank an anonymous reviewer, who gave this paper a careful
read and made a number of helpful suggestions. All remaining shortcomings are the
responsibility of the authors.

APPENDIX 1
THE ISSUE OF EQUIVALENCE AND “ NATURAL ” SOLUTIONS

V. Blåsjö has claimed that “ the technical similarities [between Copernicus’
models and those of his Islamic predecessors] … are all natural consequences
of natural principles, making independent discovery perfectly plausible 83 ”. As
mentioned previously, the notion of “ natural ” solutions is problematic; there is
no “ natural ” solution to the equant problem (or to any of the other difficulties
related to Ptolemaic astronomy) as evidenced by the myriad solutions that were
put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And

79 Quṭb al-Dīn al-Šīrāzī, Fa‘alta fa-lā talum, Majlis-i šūrā ms. 3944, f. 7b. For an analysis
of some of these models, see Amir-Mohammad Gamini, “ Quṭb al-Dīn al-Shīrāzī and the
development of non-Ptolemaic planetary modeling in the 13th century ”, Arabic sciences and
philosophy, 27/2 (2017): 165-203.

80 G. Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy: The work of Shams
al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
than taking the radius of the “ true epicycle orb ”, i. e., 2256 (or 376), he adopted
the “ apparent epicycle orb ” at α = 0° as his reference epicycle, since it is
the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
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the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
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from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
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oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury
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models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
Acknowledgements. We are indebted to Robert Morrison for his insightful comments
on earlier drafts of this paper. Sally Ragep has read and revised multiple versions (far
too many to recall), and we are grateful for her incisive critiques and unmatched edi-
torial skills. We wish to thank an anonymous reviewer, who gave this paper a careful
read and made a number of helpful suggestions. All remaining shortcomings are the
responsibility of the authors.

APPENDIX 1
THE ISSUE OF EQUIVALENCE AND “ NATURAL ” SOLUTIONS

V. Blåsjö has claimed that “ the technical similarities [between Copernicus’
models and those of his Islamic predecessors] … are all natural consequences
of natural principles, making independent discovery perfectly plausible 83 ”. As
mentioned previously, the notion of “ natural ” solutions is problematic; there is
no “ natural ” solution to the equant problem (or to any of the other difficulties
related to Ptolemaic astronomy) as evidenced by the myriad solutions that were
put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And

79 Quṭb al-Dīn al-Šīrāzī, Fa‘alta fa-lā talum, Majlis-i šūrā ms. 3944, f. 7b. For an analysis
of some of these models, see Amir-Mohammad Gamini, “ Quṭb al-Dīn al-Shīrāzī and the
development of non-Ptolemaic planetary modeling in the 13th century ”, Arabic sciences and
philosophy, 27/2 (2017): 165-203.

80 G. Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy: The work of Shams
al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)
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“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
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related to Ptolemaic astronomy) as evidenced by the myriad solutions that were
put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And
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al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
than taking the radius of the “ true epicycle orb ”, i. e., 2256 (or 376), he adopted
the “ apparent epicycle orb ” at α = 0° as his reference epicycle, since it is
the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
Acknowledgements. We are indebted to Robert Morrison for his insightful comments
on earlier drafts of this paper. Sally Ragep has read and revised multiple versions (far
too many to recall), and we are grateful for her incisive critiques and unmatched edi-
torial skills. We wish to thank an anonymous reviewer, who gave this paper a careful
read and made a number of helpful suggestions. All remaining shortcomings are the
responsibility of the authors.

APPENDIX 1
THE ISSUE OF EQUIVALENCE AND “ NATURAL ” SOLUTIONS

V. Blåsjö has claimed that “ the technical similarities [between Copernicus’
models and those of his Islamic predecessors] … are all natural consequences
of natural principles, making independent discovery perfectly plausible 83 ”. As
mentioned previously, the notion of “ natural ” solutions is problematic; there is
no “ natural ” solution to the equant problem (or to any of the other difficulties
related to Ptolemaic astronomy) as evidenced by the myriad solutions that were
put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And

79 Quṭb al-Dīn al-Šīrāzī, Fa‘alta fa-lā talum, Majlis-i šūrā ms. 3944, f. 7b. For an analysis
of some of these models, see Amir-Mohammad Gamini, “ Quṭb al-Dīn al-Shīrāzī and the
development of non-Ptolemaic planetary modeling in the 13th century ”, Arabic sciences and
philosophy, 27/2 (2017): 165-203.

80 G. Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy: The work of Shams
al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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So making up models is easy. 
Why would Copernicus copy anyone then?
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.
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1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
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put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And
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al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
than taking the radius of the “ true epicycle orb ”, i. e., 2256 (or 376), he adopted
the “ apparent epicycle orb ” at α = 0° as his reference epicycle, since it is
the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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models 79, and Khafrī presents four in his supercommentary on Ṭūsī’s Taḏkira 80.
We should also not forget Biṭrūjī’s neo-Aristotelian model as well as other ho-
mocentric models inspired by him 81, and, of course, Copernicus might have well
begun thinking about Mercury when he first encountered Peurbach, as Michela
Malpangotto has suggested 82. There was and is nothing “ natural ” about any
of these models. If anything, they show a remarkable range of human ingenu-
ity. Copernicus did not come up with Ibn al-Šāṭir’s models because they were
“ natural ”. But that he chose them was part of his remarkable genius.
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APPENDIX 1
THE ISSUE OF EQUIVALENCE AND “ NATURAL ” SOLUTIONS

V. Blåsjö has claimed that “ the technical similarities [between Copernicus’
models and those of his Islamic predecessors] … are all natural consequences
of natural principles, making independent discovery perfectly plausible 83 ”. As
mentioned previously, the notion of “ natural ” solutions is problematic; there is
no “ natural ” solution to the equant problem (or to any of the other difficulties
related to Ptolemaic astronomy) as evidenced by the myriad solutions that were
put forth. Indeed, Ibn al-Šāṭir’s solution is highly individualistic and is quite
different from those of both his predecessors (such as Quṭb al-Dīn al-Šīrāzī) and
successors (such as ‘Alī Qushjī) 84. His Mercury model in particular is quite
distinct, as we have endeavored to show, and its virtual identity with the De rev.
model is not something that can be dismissed as a “ natural ” outcome. And

79 Quṭb al-Dīn al-Šīrāzī, Fa‘alta fa-lā talum, Majlis-i šūrā ms. 3944, f. 7b. For an analysis
of some of these models, see Amir-Mohammad Gamini, “ Quṭb al-Dīn al-Shīrāzī and the
development of non-Ptolemaic planetary modeling in the 13th century ”, Arabic sciences and
philosophy, 27/2 (2017): 165-203.

80 G. Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy: The work of Shams
al-Dīn al-Khafrī ”, Journal for the history of astronomy, 25/1 (1994): 15-38.

81 B. R. Goldstein (ed. and transl.), Al-Biṭrūjī: On the principles of astronomy, 2 vol. (New
Haven, CT, 1971), I, 140-2, II, 375-85.

82 Malpangotto, “ L’univers auquel s’est confronté Copernic ”.
83 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 183.
84 On this point, see Saliba, “ A sixteenth-century Arabic critique of Ptolemaic astronomy ”.
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SUHFHVVLRQ��&RSHUQLFXV�PDNHV�XVH�RI�WKH��7ILVL�
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The letters are not even the same.

Copernicus’s F needs to be a Z.



Desperate attempts to defend an absurd thesis:



Lettering argument still repeated uncritically today in 
scholarly publications, such as:

Ragep, F. J.. Copernicus and his Islamic 
Predecessors: Some Historical Remarks. 
History of Science 45 (2007), 65–81.

Saliba, George. Islamic Science and the 
Making of the European Renaissance. 
MIT Press, 2007.



Copernicus’s lettering 
is alphabetical 

(following the order 
of the proof),

i.e., the most natural 
lettering possible.



Copernicus, the ৫ūsī Couple and East-West Exchange in the Fifteenth Century 39

Figure 10: Four European versions of the ৫ūsī couple.

dot above it. #e Arabic ‘faa’ corresponding to ‘F’ consists of a similar, slightly 
longer stroke that is horizontal, not vertical. Its right end is surmounted by a 
small closed loop, which in turn has a dot over it. For ‘zaay’ to be mistaken for 
‘faa’ the orientation of the stroke would have to rotate clockwise, while the stroke 
is lengthened, and the reader would have to ignore the lack of the initial loop on 
‘faah’. Or perhaps there was some imperfection in the paper, or the letter, that 
suggested a loop – an inkblot for example. But all this is conjectural. Saliba o$ers 
a possible explanation, but other letters in the Arabic alphabet that could be mis-
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V�GLVWDQFH�
UHVXOWLQJ�IURP�3WROHP\
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WULYHG�VRPH�\HDUV�DJR�WR�XQFRYHU�D� FDVH�WKDW�
VHHPV�LQGLVSXWDEOH��
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���6HH�DERYH��SS�����������DQG�ILJ�����

PD\�KDYH�EHHQ�UH�LQYHQWHG�E\�&RSHUQLFXV�ZKR��
RQ�D� ODWHU�RFFDVLRQ��LQ�KLV�WKHRU\�RI�0HUFXU\�
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Why the same position of epicycle 
(top left) and direction of rotation 

(counterclockwise; “perhaps influenced 
by the convention of reading Arabic 

script from right to left”)?

Nonsense, since this is the standard 
Ptolemaic convention.
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cannot be evidence of Arabic influence upon Copernicus. As for the reciprocation device in 
particular, Copernicus alludes definitively to Proclus’ commentary on Euclid in his De 
revolutionibus V-25. This fact is, of course, well known and often mentioned in passing. But 
enough attention has not been paid to it, as our detailed investigation will show in section 3.

To begin with, let us look at two diagrams used respectively by Ṭūsī in his Tadhkira, 
II-11 (Fig. 1) and Copernicus in his De Revolutionibus, III-4 (Fig. 2) for their 
mathematical proofs.2

As is apparent, those diagrams have similarities and differences. According to 
Swerdlow, however, Copernicus’s diagram “is nearly identical to Ṭūsī’s own illustration.”3 
Scholars seem to be separated into two groups nowadays: to use Blåsjö’s polemical words 
stimulated by Ragep,4 “transmission believers” who are affirmative of the Arabic 
influence on Copernicus vs. “transmission sceptics” who are not.

From my point of view, however, we should put more careful and due attention to 
Copernicus’s explicit allusion to Proclus. Before getting down to the work, it is absolutely 
necessary to see beforehand what components of their diagrams are indispensable to 
produce linear harmonic motion respectively for their mathematical proofs. In Ṭūsī (Fig. 
1), they are both a moving point G on a large circle AGB and a point E moving on a 
small circle GED. In Copernicus (Fig. 2), however, they are points F and H moving 

2 Figures 1 and 2 are respectively in Ragep, F. Jamil: Naṣīr al-Dīn al-Ṭūsī’s Memoir on Astronomy, 2 
vols., New York: Springer-Verlag, 1993, p. 198 [Fig. T12] and Copernicus, De revolutionibus, Nürnberg, 1543 
(editio princeps), fol.67v. (See also his diagram in autograph, reproduced in our Plate).

3 Swerdlow and Neugebauer, op. cit., (n.1), p. 46.
4 Ragep, F. Jamil, “From Tūn to Toruń: The Twists and Turns of the Ṭūsī-couple,” in Before Copernicus: 

The Cultures and Contexts of Scientific Learning in the Fifteenth Century, eds. by R. Feldhay and F. J. Ragep, 
Montreal: McGill-Queen’s University Press, 2017, pp. 161‒197, esp. 184ff. Blåsjö, Viktor, “A rebuttal of recent 
arguments for Maragha influence on Copernicus,” Studia Historiae Scientiarum 17 (2018): 479‒497; Also idem 
“A Critique of the Arguments for Maragha Influence on Copernicus,” Journal for the History of Astronomy 45 
(2014): 183‒195.

Fig. 1.　Ṭūsī Fig. 2.　Copernicus
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The Origin of the Reciprocation Device in Copernicus:  
Proclus In and Ṭūsī Out

Ken’ichi TAKAHASHI*

Abstract

It has long been argued whether or not Copernicus’s astronomical theory was formed 
under the Arabic influence. In this context, one of the focal points has been a problem 
of whether or not Copernicus knew the device often called as the Ṭūsī-couple, and if 
so, when, where and how? We will limit ourselves just to this reciprocation device, and 
try to scrutinize Copernicus’s own remarks and relevant arguments with the help of his 
disciple, Rheticus, in order to shed new light on this matter. Accordingly it is 
absolutely necessary to think again carefully Copernicus’s exceptionally explicit 
allusion to Proclus’s commentary on Euclid. Careful attention to the texts, both of 
Proclus and of Copernicus, will lead us to a new look at the moot question. Our 
conclusion is that the reciprocation device is well understandable in terms of the 
influence of Proclus’ commentary tradition upon Copernicus which was probably 
prompted by Paduan Averroist astronomers, but not in terms of the influence of 
Marāgha School of astronomy.

Keywords: Copernicus, Ṭūsī-couple, Proclus’ Commentary, Fracastoro, Amico, Homocentric 
spheres

1.　Introduction: Reciprocation Devices in Ṭūsī and Copernicus

It is widely admitted among scholars that Copernicus’s planetary models exhibit 
some striking similarities to those of medieval Arabic astronomers. This has induced 
some historians of science to the interpretation that he must have been influenced by 
them. In this regard, the late N. M. Swerdlow’s remark has still been the backbone of 
their research guide. After enumerating such astronomical theories as of the inequality of 
the precession, the variation of the obliquity of the ecliptic, lunar motion, planetary 
longitude and latitude and so forth, Swerdlow writes1 that “Copernicus makes it clear that 
he was addressing the same physical problems of Ptolemy’s models as his [Arabic] 
predecessors. It is obvious that with regard to these problems, his solutions were the 
same.” And then he proposes the central point of his research program as follows: “The 
question therefore is not whether, but when, where, and in what form he learned of 
Marāgha theory.” But, pace Swerdlow, the existence of the same solutions is not, and 

* Professor Emeritus at Kyushu University, Japan. Email: 1kentaka@gmail.com
1 Citations below are in Swerdlow, N. M. and Neugebauer, O., Mathematical Astronomy in Copernicus’s 

De Revolutionibus (Studies in the History of Mathematics and Physical Sciences 10). New York: Springer-
Verlag, 1984, p. 47.

HISTORIA SCIENTIARUM Vol. 33‒1 (2023)

1
Th

e 
O

rig
in

 o
f t

he
 R

ec
ip

ro
ca

tio
n 

D
ev

ic
e 

in
 C

op
er

ni
cu

s

Th
e 

O
ri

gi
n 

of
 th

e 
R

ec
ip

ro
ca

tio
n 

D
ev

ic
e 

in
 C

op
er

ni
cu

s:
  

Pr
oc

lu
s I

n 
an

d 
Ṭ
ūs
ī O

ut

K
en
’ic

hi
 T

AK
AH

AS
HI

*

A
bs

tr
ac

t

It 
ha

s 
lo

ng
 b

ee
n 

ar
gu

ed
 w

he
th

er
 o

r n
ot

 C
op

er
ni

cu
s ’s

 a
str

on
om

ic
al

 th
eo

ry
 w

as
 fo

rm
ed

 
un

de
r t

he
 A

ra
bi

c 
in

flu
en

ce
. I

n 
th

is
 c

on
te

xt
, o

ne
 o

f t
he

 fo
ca

l p
oi

nt
s 

ha
s 

be
en

 a
 p

ro
bl

em
 

of
 w

he
th

er
 o

r n
ot

 C
op

er
ni

cu
s 

kn
ew

 th
e 

de
vi

ce
 o

fte
n 

ca
lle

d 
as

 th
e 

Ṭū
sī

-c
ou

pl
e,

 a
nd

 if
 

so
, w

he
n,

 w
he

re
 a

nd
 h

ow
? 

W
e 

w
ill

 li
m

it 
ou

rs
el

ve
s j

us
t t

o 
th

is
 re

ci
pr

oc
at

io
n 

de
vi

ce
, a

nd
 

try
 to

 sc
ru

tin
iz

e 
Co

pe
rn

ic
us
’s 

ow
n 

re
m

ar
ks

 a
nd

 re
le

va
nt

 a
rg

um
en

ts 
w

ith
 th

e 
he

lp
 o

f h
is 

di
sc

ip
le

, 
R

he
tic

us
, 

in
 o

rd
er

 t
o 

sh
ed

 n
ew

 l
ig

ht
 o

n 
th

is
 m

at
te

r. 
A

cc
or

di
ng

ly
 i

t 
is

 
ab

so
lu

te
ly

 n
ec

es
sa

ry
 t

o 
th

in
k 

ag
ai

n 
ca

re
fu

lly
 C

op
er

ni
cu

s ’s
 e

xc
ep

tio
na

lly
 e

xp
lic

it 
al

lu
sio

n 
to

 P
ro

cl
us
’s 

co
m

m
en

ta
ry

 o
n 

Eu
cl

id
. 

C
ar

ef
ul

 a
tte

nt
io

n 
to

 t
he

 t
ex

ts
, 

bo
th

 o
f 

Pr
oc

lu
s 

an
d 

of
 C

op
er

ni
cu

s, 
w

ill
 l

ea
d 

us
 t

o 
a 

ne
w

 l
oo

k 
at

 t
he

 m
oo

t 
qu

es
tio

n.
 O

ur
 

co
nc

lu
sio

n 
is 

th
at

 t
he

 r
ec

ip
ro

ca
tio

n 
de

vi
ce

 i
s 

w
el

l 
un

de
rs

ta
nd

ab
le

 i
n 

te
rm

s 
of

 t
he

 
in

flu
en

ce
 o

f 
Pr

oc
lu

s ’ 
co

m
m

en
ta

ry
 t

ra
di

tio
n 

up
on

 C
op

er
ni

cu
s 

w
hi

ch
 w

as
 p

ro
ba

bl
y 

pr
om

pt
ed

 b
y 

Pa
du

an
 A

ve
rr

oi
st

 a
st

ro
no

m
er

s, 
bu

t 
no

t 
in

 t
er

m
s 

of
 t

he
 i

nfl
ue

nc
e 

of
 

M
ar

āg
ha

 S
ch

oo
l o

f a
st

ro
no

m
y.

K
ey

wo
rd

s: 
Co

pe
rn

ic
us

, Ṭ
ūs

ī-c
ou

pl
e, 

Pr
oc

lu
s ’ C

om
m

en
ta

ry
, F

ra
ca

sto
ro

, A
m

ic
o,

 H
om

oc
en

tri
c 

sp
he

re
s

1.
　

In
tr

od
uc

tio
n:

 R
ec

ip
ro

ca
tio

n 
D

ev
ic

es
 in

 Ṭ
ūs
ī a

nd
 C

op
er

ni
cu

s

It 
is 

w
id

el
y 

ad
m

itt
ed

 a
m

on
g 

sc
ho

la
rs

 t
ha

t 
Co

pe
rn

ic
us
’s 

pl
an

et
ar

y 
m

od
el

s 
ex

hi
bi

t 
so

m
e 

st
rik

in
g 

si
m

ila
rit

ie
s 

to
 t

ho
se

 o
f 

m
ed

ie
va

l 
A

ra
bi

c 
as

tro
no

m
er

s. 
Th

is
 h

as
 i

nd
uc

ed
 

so
m

e 
hi

st
or

ia
ns

 o
f 

sc
ie

nc
e 

to
 t

he
 i

nt
er

pr
et

at
io

n 
th

at
 h

e 
m

us
t 

ha
ve

 b
ee

n 
in

flu
en

ce
d 

by
 

th
em

. I
n 

th
is

 r
eg

ar
d,

 t
he

 l
at

e 
N

. M
. S

w
er

dl
ow
’s 

re
m

ar
k 

ha
s 

sti
ll 

be
en

 th
e 

ba
ck

bo
ne

 o
f 

th
ei

r r
es

ea
rc

h 
gu

id
e.

 A
fte

r e
nu

m
er

at
in

g 
su

ch
 a

st
ro

no
m

ic
al

 th
eo

rie
s 

as
 o

f t
he

 in
eq

ua
lit

y 
of

 
th

e 
pr

ec
es

si
on

, 
th

e 
va

ria
tio

n 
of

 t
he

 o
bl

iq
ui

ty
 o

f 
th

e 
ec

lip
tic

, 
lu

na
r 

m
ot

io
n,

 p
la

ne
ta

ry
 

lo
ng

itu
de

 a
nd

 la
tit

ud
e 

an
d 

so
 fo

rth
, S

w
er

dl
ow

 w
rit

es
1  th

at
 “C

op
er

ni
cu

s m
ak

es
 it

 c
le

ar
 th

at
 

he
 w

as
 a

dd
re

ss
in

g 
th

e 
sa

m
e 

ph
ys

ic
al

 p
ro

bl
em

s 
of

 P
to

le
m

y ’s
 m

od
el

s 
as

 h
is 

[A
ra

bi
c]

 
pr

ed
ec

es
so

rs
. 

It 
is

 o
bv

io
us

 t
ha

t 
w

ith
 r

eg
ar

d 
to

 t
he

se
 p

ro
bl

em
s, 

hi
s 

so
lu

tio
ns

 w
er

e 
th

e 
sa

m
e.
” A

nd
 th

en
 h

e 
pr

op
os

es
 th

e 
ce

nt
ra

l p
oi

nt
 o

f h
is 

re
se

ar
ch

 p
ro

gr
am

 a
s 

fo
llo

w
s: 
“T

he
 

qu
es

tio
n 

th
er

ef
or

e 
is

 n
ot

 w
he

th
er

, 
bu

t 
w

he
n,

 w
he

re
, 

an
d 

in
 w

ha
t 

fo
rm

 h
e 

le
ar

ne
d 

of
 

M
ar

āg
ha

 t
he

or
y.
” 

B
ut

, p
ac

e 
Sw

er
dl

ow
, t

he
 e

xi
st

en
ce

 o
f 

th
e 

sa
m

e 
so

lu
tio

ns
 i

s 
no

t, 
an

d 

*  
Pr

of
es

so
r E

m
er

itu
s a

t K
yu

sh
u 

U
ni

ve
rs

ity
, J

ap
an

. E
m

ai
l: 

1k
en

ta
ka

@
gm

ai
l.c

om
1  C

ita
tio

ns
 b

el
ow

 a
re

 in
 S

w
er

dl
ow

, N
. M

. a
nd

 N
eu

ge
ba

ue
r, 

O
., 

M
at

he
m

at
ic

al
 A

st
ro

no
m

y 
in

 C
op

er
ni

cu
s ’s

 
D

e 
Re

vo
lu

tio
ni

bu
s 

(S
tu

di
es

 i
n 

th
e 

H
is

to
ry

 o
f 

M
at

he
m

at
ic

s 
an

d 
Ph

ys
ic

al
 S

ci
en

ce
s 

10
). 

N
ew

 Y
or

k:
 S

pr
in

ge
r-

Ve
rla

g,
 1

98
4,

 p
. 4

7.

H
IS

TO
R

IA
 S

C
IE

N
TI

A
R

U
M

 V
ol

. 3
3‒

1 
(2

02
3)

2 Ken’ichi Takahashi

cannot be evidence of Arabic influence upon Copernicus. As for the reciprocation device in 
particular, Copernicus alludes definitively to Proclus’ commentary on Euclid in his De 
revolutionibus V-25. This fact is, of course, well known and often mentioned in passing. But 
enough attention has not been paid to it, as our detailed investigation will show in section 3.

To begin with, let us look at two diagrams used respectively by Ṭūsī in his Tadhkira, 
II-11 (Fig. 1) and Copernicus in his De Revolutionibus, III-4 (Fig. 2) for their 
mathematical proofs.2

As is apparent, those diagrams have similarities and differences. According to 
Swerdlow, however, Copernicus’s diagram “is nearly identical to Ṭūsī’s own illustration.”3 
Scholars seem to be separated into two groups nowadays: to use Blåsjö’s polemical words 
stimulated by Ragep,4 “transmission believers” who are affirmative of the Arabic 
influence on Copernicus vs. “transmission sceptics” who are not.

From my point of view, however, we should put more careful and due attention to 
Copernicus’s explicit allusion to Proclus. Before getting down to the work, it is absolutely 
necessary to see beforehand what components of their diagrams are indispensable to 
produce linear harmonic motion respectively for their mathematical proofs. In Ṭūsī (Fig. 
1), they are both a moving point G on a large circle AGB and a point E moving on a 
small circle GED. In Copernicus (Fig. 2), however, they are points F and H moving 

2 Figures 1 and 2 are respectively in Ragep, F. Jamil: Naṣīr al-Dīn al-Ṭūsī’s Memoir on Astronomy, 2 
vols., New York: Springer-Verlag, 1993, p. 198 [Fig. T12] and Copernicus, De revolutionibus, Nürnberg, 1543 
(editio princeps), fol.67v. (See also his diagram in autograph, reproduced in our Plate).

3 Swerdlow and Neugebauer, op. cit., (n.1), p. 46.
4 Ragep, F. Jamil, “From Tūn to Toruń: The Twists and Turns of the Ṭūsī-couple,” in Before Copernicus: 

The Cultures and Contexts of Scientific Learning in the Fifteenth Century, eds. by R. Feldhay and F. J. Ragep, 
Montreal: McGill-Queen’s University Press, 2017, pp. 161‒197, esp. 184ff. Blåsjö, Viktor, “A rebuttal of recent 
arguments for Maragha influence on Copernicus,” Studia Historiae Scientiarum 17 (2018): 479‒497; Also idem 
“A Critique of the Arguments for Maragha Influence on Copernicus,” Journal for the History of Astronomy 45 
(2014): 183‒195.

Fig. 1.　Ṭūsī Fig. 2.　Copernicus

3The Origin of the Reciprocation Device in Copernicus

respectively on small equal circles CFE and GHD, with no use of a large circle AGB. 
However, many historians seem to let their arguments get started just from a mere 
comparison of two diagrams, which, I am afraid, has unnoticeably narrowed their 
argument spheres and driven to wrong directions. In other words, as shown in the next 
section, it seems to me that superficial resemblance has enticed many scholars into 
interpreting Copernicus’s diagram in the light of Ṭūsī’s.5 We are still put under 
Swerdlow’s spell. Strange enough, however, no historians of science have made the most 
of the valuable source material. To get out of the spell, it is beneficial first to pay attention 
to Rheticus’s Narratio Prima for our better understanding of the device, since Rheticus 
was the sole disciple of Copernicus so that we can surely assume that his understanding 
of the device was truly faithful to Copernicus’s.

2.　Rheticus’s Explanation of Copernican Reciprocation Device  
in His Narratio Prima

With the approval of Copernicus to publicize his new astronomical theory to the 
scholarly world as soon as possible, Narratio Prima was written down in haste and 
published in Danzig (1540). So it consisted only of narrative Latin text with no diagrams. 
Chapter 12 on libration, however, is exceptional in that it contains detailed explanation of 
the reciprocation device, expecting readers to envisage the diagram. This is probably 
because Rheticus thought that the device was one of the most important theoretical tools 
to observe the astronomical axiom, or in his words “ἀξίωμα, . . . quod nempe omnes motus 
corporum coelestium aut circulares sunt, aut ex circularibus componantur” (chap. 13; cf. 
De rev. I-4). Let us read the first three passages, with our comments and reconstructed 
diagram added [Fig. 3].6

　　[1] Let there be a straight line AB of finite length [linea recta determinata AB], 
for example 24 minutes, divided at C into two equal parts. Then with the point of the 

5 Among many historians of astronomy, to cite a few, Neugebauer and Veselovsky proposed mathematical 
reconstructions of Copernicus’s device which are strongly tempted by Ṭūsī’s diagram in their use of a large 
circle. Cf. Neugebauer, Otto, A History of Ancient Mathematical Astronomy. 3 parts. New York: Springer 
Verlag, 1975, Fig. 137b (p.1431); Veselovsky, I. N., “Copernicus and Naṣīr aI-Dīn al-Ṭūsī,” Journal for the 
History of Astronomy 4(1973): 128–130, Fig. 1 (p.128). Other minor problems, for example, the lettering of 
the diagrams, will be touched upon in the next section.

6 For the Latin text, I consulted Georgii Joachimi Rhetici Narratio prima, édition critique, traduction 
française et commentaire par Henri Hugonnard-Roche et Jean-Pierre Verdet, avec la collaboration de 
Michel-Pierre Lerner et Alain Segonds (Studia Copernicana XX), Wrocław: Ossolineum, 1982, and editio 
princeps of Narratio prima, Danzig, 1540. English translation is, with important changes, from Rosen’s Three 
Copernican Treatises: The Commentariolus of Copernicus; The Letter Against Werner; The Narratio Prima 
of Rheticus, Columbia University Press, 1939, pp. 153–154. Rosen’s translation is badly flawed in that it 
changed lettering of Rheticus’s text according to Copernicus’s diagram. And I have changed small letters for 
points in the original text into capital letters.

20 Ken’ichi Takahashi

Copernicus.37

To sum up, our reconstructed diagram of the device (Fig. 5) tells us where lies the 
essential difference between Ṭūsī (Fig. 1) and Copernicus (Fig. 2): It is the difference of 
the function of large circle AGB; Copernican circle is employed, on the one hand, to 
show the amplitude of oscillation, which really is a convenient and easier way to show it, 
considering the lack of it in both Fracastoro and Amico, and on the other, to calculate the 
prostaphaereses geometrically; In contrast, Ṭūsīan large circle is employed to evade the 
physical illegitimacy of intersection of material two small equal spheres by introducing a 
large sphere which encompasses a smaller one. In our understanding, this is the reason 
why point G in Copernicus’s diagram has no function in his proof. We should recall that 
in Copernicus’s mathematical proof a moving point is F, not G (Fig. 2) whereas in Ṭūsī it 
is G, not Z (Fig. 1). Nota bene again that a small circle, the radius of which is ZD with 
center D, is not drawn in Fig. 1.

Here we would like to emphasize that it is misleading to distinguish various versions 
of reciprocation device on an equal footing. If we want to distinguish them, a line of 
demarcation must first be put on the boundary between mathematics and physics (or 
natural philosophy). Reciprocation device is originally a mathematical theorem, which 
would be applicable to various astronomical situations. This demarcation can be seen also 
in Ṭūsī’s diagram which employs black lines for mathematical representation and red 
lines for physical one.38 Thus Ragep’s further detailed distinction of the device might be 
necessary for modern mathematicians or readers,39 but maybe offers, we are afraid, little 
help for our understanding of Copernicus’s works.

Moreover, we would like to make a short comment regarding mathematical proof of 
the device given in the De revolutionibus III-4. The proof was given just for plane 
surface, not for spherical surface. But the device was applied for the latter case, so that 
there might be someone who may find mathematical insufficiency. In fact, Amico frankly 
confesses in cap. IX of his book his own inability of the proof for spheres as follows40:

37 If our conjecture about the origin of the Copernican reciprocation device is right, the original device is 
closely related to the solar movement. Therefore, during the period between Thābit ibn Qurra (863‒901) and 
Copernicus (1473‒1543), anyone, who has keen interest in astronomy with natural philosophical bent and has 
access to Proclus’s commentary on the Elements, could have thought of a reciprocation device. For instance, 
even after the publication of De revolutionibus (1543), Cardano believed that the device with two equal small 
circles was discovered by Ferrari (1522‒1565) [hoc inventum fuit Ludouici Ferrarii]. See Opus novum de 
proportionibus, 1570, prop.173, which is cited in French translation of De revolutionibus by Michel-Pierre 
Lerner et als, Les Belles Lettres, 2015, vol.III, p. 258. And it is suggestive that the next proposition (prop.174) 
deals with solar movement.

38 For example, Ragep, op. cit., (n. 2), Fig. T13 (p.204). In Ragep’s edition, broken lines and solid lines are 
employed respectively for the mathematical and the physical. The so called Ṭūsī-couple is drawn in broken 
lines.

39 See Ragep, F. Jamil, op. cit., (n.4), Table 7.1 (p.162). I dare not to touch here, and with no need of, his 
proposal of ‘Eudoxan couple,’ ibid, pp. 176ff. 

40 Amico’s Latin text of the 1536 edition is as follows: Quum autem mihi non liceat hoc in solidis orbibus 
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Galeano intermediary



One of the key figures in Morrison’s research is a Jewish scholar called 
Moses Galeano, who also wrote under the Arabic and Turkish name Mūsā 
Jālīnūs. “He was an extraordinary person, crucial because he truly straddled 
both worlds,” said Morrison. “He identified as a Jew but you wouldn’t always 
know it. He was extremely well informed and was familiar with the Ottoman 
court as well as elites in Venice. He brought some really high-level 
Islamic astronomy to Venice and Padua, but he also translated a Latin 
astronomy text into Arabic for a high-ranking Ottoman judge and wrote a text 
in Ottoman Turkish that reported on Latin medical texts.”



“Galeano knew all the astronomy borrowed 
by Copernicus, who used the methods and 
ideas of Tusi, Urdi, Shatir and Qushji.”



As far as I can tell from actual scholarly articles:

• Galeano once mentioned Ibn al-Shatir passingly in a single sentence, 
while himself advocating an approach completely at odds with that entire tradition.

• Galeano was opposed to epicycles (on which all the astronomy allegedly “borrowed by 
Copernicus” is based) on philosophical grounds. He wrote briefly on this in a vein of 
qualitative cosmology, in what appears to be his only work on astronomy.
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This essay studies Moses Galeano, a Jewish scholar with ties to Crete and the Ottoman
Sultan’s court, who traveled to the Veneto around 1500. After describing Galeano’s
intellectual milieu, it focuses, first, on circumstantial evidence that he transmitted infor-
mation central to the rise of Renaissance astronomy. Galeano knew of theories that
strongly resemble portions of astronomy texts written by Giovanni Battista Amico and
Girolamo Fracastoro at Padua a few decades later. He also knew about theories pioneered
by the Damascene Ibn al-Sha!t"ir (d. 1375) that strongly resemble portions of Copernicus’s
work. Next, the article turns to concrete evidence showing that Galeano was part of a
network of Jewish scholars who did have contact with Christian scholars in Europe. The
essay concludes that, while it is impossible to prove that Galeano had direct contact with
Copernicus, he most likely had contact with some European astronomer(s) in the Veneto.
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Galeano’s astrolabe is “non-functional” (51); “the operation 
[of it] boggles the mind, and we can be certain that it was 
never carried out” (74). It “put aesthetic considerations … 
before common sense” (74). “At least two of the pointers, 
including the one for the only bright star selected, are 
incorrectly positioned” (56). “The only bright star … is 
featured with the wrong longitude …, not 1° or 2° off, but 
30°” (74). “The maker … most certainly was not … well-
versed in star-lore” (74) and used not the best available star 
list but “some other very corrupt earlier source” (75).
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From Tǌn to ToruĔ:  
The Twists and Turns of the ܑǌsƯ-Couple

F. Jamil Ragep

In discussions of the possible connections between Nicholas 
Copernicus and his Islamic predecessors, the ৫ǌsƯ-couple has often been 
invoked by both supporters and detractors of the actuality of this trans-
mission. But, as I have stated in an earlier article, the ৫ǌsƯ-couple, as well 
as other mathematical devices invented by Islamic astronomers to deal 
with irregular celestial motions in Ptolemaic astronomy, may be of sec-
ondary importance when considering the overall signi1cance of Islamic 
astronomy and natural philosophy in the bringing forth of Copernican 
heliocentrism.1 Nevertheless, the development and use of NaৢƯr al-DƯn 
al-৫ǌsƯ’s (597–672/1201–74) astronomical devices does provide us with 
important evidence regarding the transmission of astronomical models 
and with lessons about intercultural scienti1c transmission. So in this 
chapter, I attempt to summarize what we know about that transmission, 
beginning with the 1rst diffusion from Azerbaijan in Iran to Byzantium 
and continuing to the sixteenth century. Although there are still many 
gaps in our knowledge, I maintain, based on the evidence, that intercul-
tural transmission is more compelling as an explanation than an as-
sumption of independent and parallel discovery.

T h e  M u l t i p l e  V e r s i o n s  o f  t h e  ৫ǌ s Ư - C o u p l e

It will be helpful if we 1rst analyze what exactly is meant by the “৫ǌsƯ-
couple.” The 1rst thing to notice is that the term “৫ǌsƯ-couple” does not 
refer to a single device or model but actually encompasses several differ-
ent mathematical devices that were used for different purposes (see ta-
ble 7.1). Because this understanding is not always upheld in the modern 
literature, there has been considerable divergence, often leading to 
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suit and stay on the straight line by means of the additional motion 
of the planet.

What conclusions can we reach? On the one hand, Oresme is evident-
ly aware of what we may call NaৢƯr al-DƯn’s physicalized ৫ǌsƯ-couple as 
presented in the Tadhkira. But Oresme makes no claim to have invented 
this model on his own; and given his apparent lack of understanding of 
the necessity of having the epicycle move at twice the speed of the defer-
ent, it would be implausible in the extreme to assume that he reinvented 
this model. On the other hand, the three-sphere version that Oresme 
presents, as a deferent-epicycle-planet construction, is not to be found 
explicitly in ৫ǌsƯ or other Islamic sources of which I am aware; thus it 
seems likely that Oresme or an intermediary had adapted the model for 
this philosophical discourse. Finally, we should note that there is an echo 
of the use of the ৫ǌsƯ-couple for the quies media debate that we #rst en-
countered with ShƯrƗzƯ. Oresme states, “By the imagination, it is possible 
that rectilinear motion be eternal, with the exception that in the point of 
re$ection the movable would not be said to be moved nor at rest.”43

7.11 Oresme’s physicalized rectilinear version of the ৫ǌsƯ-couple.
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= Tusi couple?

No. Oresme is merely making the trivial 
qualitative point that a second circular motion can 
in principle somehow or other cancel the 
sideways component of a primary circular motion.



7

From Tǌn to ToruĔ:  
The Twists and Turns of the ܑǌsƯ-Couple

F. Jamil Ragep

In discussions of the possible connections between Nicholas 
Copernicus and his Islamic predecessors, the ৫ǌsƯ-couple has often been 
invoked by both supporters and detractors of the actuality of this trans-
mission. But, as I have stated in an earlier article, the ৫ǌsƯ-couple, as well 
as other mathematical devices invented by Islamic astronomers to deal 
with irregular celestial motions in Ptolemaic astronomy, may be of sec-
ondary importance when considering the overall signi1cance of Islamic 
astronomy and natural philosophy in the bringing forth of Copernican 
heliocentrism.1 Nevertheless, the development and use of NaৢƯr al-DƯn 
al-৫ǌsƯ’s (597–672/1201–74) astronomical devices does provide us with 
important evidence regarding the transmission of astronomical models 
and with lessons about intercultural scienti1c transmission. So in this 
chapter, I attempt to summarize what we know about that transmission, 
beginning with the 1rst diffusion from Azerbaijan in Iran to Byzantium 
and continuing to the sixteenth century. Although there are still many 
gaps in our knowledge, I maintain, based on the evidence, that intercul-
tural transmission is more compelling as an explanation than an as-
sumption of independent and parallel discovery.

T h e  M u l t i p l e  V e r s i o n s  o f  t h e  ৫ǌ s Ư - C o u p l e

It will be helpful if we 1rst analyze what exactly is meant by the “৫ǌsƯ-
couple.” The 1rst thing to notice is that the term “৫ǌsƯ-couple” does not 
refer to a single device or model but actually encompasses several differ-
ent mathematical devices that were used for different purposes (see ta-
ble 7.1). Because this understanding is not always upheld in the modern 
literature, there has been considerable divergence, often leading to 
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suit and stay on the straight line by means of the additional motion 
of the planet.

What conclusions can we reach? On the one hand, Oresme is evident-
ly aware of what we may call NaৢƯr al-DƯn’s physicalized ৫ǌsƯ-couple as 
presented in the Tadhkira. But Oresme makes no claim to have invented 
this model on his own; and given his apparent lack of understanding of 
the necessity of having the epicycle move at twice the speed of the defer-
ent, it would be implausible in the extreme to assume that he reinvented 
this model. On the other hand, the three-sphere version that Oresme 
presents, as a deferent-epicycle-planet construction, is not to be found 
explicitly in ৫ǌsƯ or other Islamic sources of which I am aware; thus it 
seems likely that Oresme or an intermediary had adapted the model for 
this philosophical discourse. Finally, we should note that there is an echo 
of the use of the ৫ǌsƯ-couple for the quies media debate that we #rst en-
countered with ShƯrƗzƯ. Oresme states, “By the imagination, it is possible 
that rectilinear motion be eternal, with the exception that in the point of 
re$ection the movable would not be said to be moved nor at rest.”43

7.11 Oresme’s physicalized rectilinear version of the ৫ǌsƯ-couple.
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The Twists and Turns of the ܑǌsƯ-Couple

F. Jamil Ragep

In discussions of the possible connections between Nicholas 
Copernicus and his Islamic predecessors, the ৫ǌsƯ-couple has often been 
invoked by both supporters and detractors of the actuality of this trans-
mission. But, as I have stated in an earlier article, the ৫ǌsƯ-couple, as well 
as other mathematical devices invented by Islamic astronomers to deal 
with irregular celestial motions in Ptolemaic astronomy, may be of sec-
ondary importance when considering the overall signi1cance of Islamic 
astronomy and natural philosophy in the bringing forth of Copernican 
heliocentrism.1 Nevertheless, the development and use of NaৢƯr al-DƯn 
al-৫ǌsƯ’s (597–672/1201–74) astronomical devices does provide us with 
important evidence regarding the transmission of astronomical models 
and with lessons about intercultural scienti1c transmission. So in this 
chapter, I attempt to summarize what we know about that transmission, 
beginning with the 1rst diffusion from Azerbaijan in Iran to Byzantium 
and continuing to the sixteenth century. Although there are still many 
gaps in our knowledge, I maintain, based on the evidence, that intercul-
tural transmission is more compelling as an explanation than an as-
sumption of independent and parallel discovery.

T h e  M u l t i p l e  V e r s i o n s  o f  t h e  ৫ǌ s Ư - C o u p l e

It will be helpful if we 1rst analyze what exactly is meant by the “৫ǌsƯ-
couple.” The 1rst thing to notice is that the term “৫ǌsƯ-couple” does not 
refer to a single device or model but actually encompasses several differ-
ent mathematical devices that were used for different purposes (see ta-
ble 7.1). Because this understanding is not always upheld in the modern 
literature, there has been considerable divergence, often leading to 
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suit and stay on the straight line by means of the additional motion 
of the planet.

What conclusions can we reach? On the one hand, Oresme is evident-
ly aware of what we may call NaৢƯr al-DƯn’s physicalized ৫ǌsƯ-couple as 
presented in the Tadhkira. But Oresme makes no claim to have invented 
this model on his own; and given his apparent lack of understanding of 
the necessity of having the epicycle move at twice the speed of the defer-
ent, it would be implausible in the extreme to assume that he reinvented 
this model. On the other hand, the three-sphere version that Oresme 
presents, as a deferent-epicycle-planet construction, is not to be found 
explicitly in ৫ǌsƯ or other Islamic sources of which I am aware; thus it 
seems likely that Oresme or an intermediary had adapted the model for 
this philosophical discourse. Finally, we should note that there is an echo 
of the use of the ৫ǌsƯ-couple for the quies media debate that we #rst en-
countered with ShƯrƗzƯ. Oresme states, “By the imagination, it is possible 
that rectilinear motion be eternal, with the exception that in the point of 
re$ection the movable would not be said to be moved nor at rest.”43

7.11 Oresme’s physicalized rectilinear version of the ৫ǌsƯ-couple.
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F. Jamil Ragep

In discussions of the possible connections between Nicholas 
Copernicus and his Islamic predecessors, the ৫ǌsƯ-couple has often been 
invoked by both supporters and detractors of the actuality of this trans-
mission. But, as I have stated in an earlier article, the ৫ǌsƯ-couple, as well 
as other mathematical devices invented by Islamic astronomers to deal 
with irregular celestial motions in Ptolemaic astronomy, may be of sec-
ondary importance when considering the overall signi1cance of Islamic 
astronomy and natural philosophy in the bringing forth of Copernican 
heliocentrism.1 Nevertheless, the development and use of NaৢƯr al-DƯn 
al-৫ǌsƯ’s (597–672/1201–74) astronomical devices does provide us with 
important evidence regarding the transmission of astronomical models 
and with lessons about intercultural scienti1c transmission. So in this 
chapter, I attempt to summarize what we know about that transmission, 
beginning with the 1rst diffusion from Azerbaijan in Iran to Byzantium 
and continuing to the sixteenth century. Although there are still many 
gaps in our knowledge, I maintain, based on the evidence, that intercul-
tural transmission is more compelling as an explanation than an as-
sumption of independent and parallel discovery.

T h e  M u l t i p l e  V e r s i o n s  o f  t h e  ৫ǌ s Ư - C o u p l e

It will be helpful if we 1rst analyze what exactly is meant by the “৫ǌsƯ-
couple.” The 1rst thing to notice is that the term “৫ǌsƯ-couple” does not 
refer to a single device or model but actually encompasses several differ-
ent mathematical devices that were used for different purposes (see ta-
ble 7.1). Because this understanding is not always upheld in the modern 
literature, there has been considerable divergence, often leading to 
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double-columned pages, devotes precisely one short, off-handed endnote 
to the “Maragha school” (531n136). ৫ǌsƯ and the ৫ǌsƯ-couple are com-
pletely absent; Jews and Byzantines fare little better.

107 Di Bono, “Copernicus, Amico, Fracastoro,” 149: “In conclusion, we note 
that this same question of transmission may be reduced in signi*cance, in 
that from a mathematical point of view – as Neugebauer has already noted 
– it is the internal logic of the methods used that leads the Arabs and 
Copernicus to such similar results.”

108 Ibid., 153–4n77.
109 F.J. Ragep, “Islamic Reactions.”
110 These criticisms include, but certainly are not limited to, the equant. F.J. 

Ragep, Na܈Ưr al-DƯn al-ܑǌsƯ’s Memoir, vol. 1, 48–51.
111 This is not to say that the equant as an issue was unknown in the Latin 

West; but perhaps with the limited exception of Henry of Hesse, one 
does not *nd the sustained criticism of Ptolemy’s irregularities that is 
comparable to Ibn al-Haytham’s Al-Shukǌk ҵalƗ Baܒlamyǌs (Doubts about 
Ptolemy). This criticism is of course different from criticisms of Ptolemy 
based upon an Aristotelian-Averroist insistence on a homocentric cos-
mology. The lack of sustained criticism is surprisingly still the case even 
in the generation before Copernicus; as Dobrzycki and Kremer put it, 
“We know of no extant text by Peurbach or Regiomontanus in which the 
Ptolemaic models are criticized explicitly on the grounds that they vio-
late uniform, circular motion.” Dobrzycki and Kremer, “Peurbach and 
MarƗgha,” 211n27.

112 Celenza, chapter 1, this volume, emphasizes the very different kind of ref-
erencing practice that was followed in the premodern world, where the 
need to document the source of one’s ideas or scienti*c models was less 
strongly felt. However, it would be quite unusual for someone who in-
vented as signi*cant a device as the ৫ǌsƯ-couple not to claim it as his own. 
Bisaha, chapter 2, this volume, provides another reason that early modern 
European thinkers may have hesitated to credit postclassical Islamic schol-
ars with innovative ideas.

113 In “Ibn al-ShƗ৬ir and Copernicus: The Uppsala Notes Revisited,” I specu-
late that Copernicus’s incorrect adaptation of Ibn al-ShƗ৬ir’s models in the 
Commentariolus may indicate some in,uence of an Aristotelian-Averroist 
insistence on a single centre – in this case, the Sun.

114 F.J. Ragep, Na܈Ưr al-DƯn al-ܑǌsƯ’s Memoir, vol. 1, 208–13.
115 Barker, “Albert of Brudzewo’s Little Commentary,” 137–9, comes to a similar 

conclusion.
116 This is to repeat a point that I make more generally in F.J. Ragep, 

“Copernicus.”
117 Dobrzycki and Kremer, “Peurbach and MarƗgha,” 211.
118 See note 68 above.
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How many mathematical treatises 
have you read where, in the middle 
of the mathematical exposition, the 
author chimes in and says “by the 
way, I came up with this myself, you 
know”? 
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From Tǌn to ToruĔ:  
The Twists and Turns of the ܑǌsƯ-Couple

F. Jamil Ragep

In discussions of the possible connections between Nicholas 
Copernicus and his Islamic predecessors, the ৫ǌsƯ-couple has often been 
invoked by both supporters and detractors of the actuality of this trans-
mission. But, as I have stated in an earlier article, the ৫ǌsƯ-couple, as well 
as other mathematical devices invented by Islamic astronomers to deal 
with irregular celestial motions in Ptolemaic astronomy, may be of sec-
ondary importance when considering the overall signi1cance of Islamic 
astronomy and natural philosophy in the bringing forth of Copernican 
heliocentrism.1 Nevertheless, the development and use of NaৢƯr al-DƯn 
al-৫ǌsƯ’s (597–672/1201–74) astronomical devices does provide us with 
important evidence regarding the transmission of astronomical models 
and with lessons about intercultural scienti1c transmission. So in this 
chapter, I attempt to summarize what we know about that transmission, 
beginning with the 1rst diffusion from Azerbaijan in Iran to Byzantium 
and continuing to the sixteenth century. Although there are still many 
gaps in our knowledge, I maintain, based on the evidence, that intercul-
tural transmission is more compelling as an explanation than an as-
sumption of independent and parallel discovery.

T h e  M u l t i p l e  V e r s i o n s  o f  t h e  ৫ǌ s Ư - C o u p l e

It will be helpful if we 1rst analyze what exactly is meant by the “৫ǌsƯ-
couple.” The 1rst thing to notice is that the term “৫ǌsƯ-couple” does not 
refer to a single device or model but actually encompasses several differ-
ent mathematical devices that were used for different purposes (see ta-
ble 7.1). Because this understanding is not always upheld in the modern 
literature, there has been considerable divergence, often leading to 
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and cultural exchanges between various late-Islamic regimes and 
European realms.100 European travellers did go to various regions of 
the Islamic world before the modern period, and there are certainly ex-
amples of Islamicate travellers in Europe.101 But more to the point, it is 
also clear that Islamic scienti%c theories and objects did travel to 
Europe, as we have seen, through contacts such as those between Spain 
and ƮlkhƗnid Iran, through Jewish intermediaries, and through 
Byzantine scholars and émigrés.

The above-mentioned research by Langermann and Morrison, as well 
as by øhsan Fazlıo÷lu and other historians of the Ottoman period, points 
to something often overlooked, namely the important role of the Otto-
man courts of Mehmed II, who was the conqueror of Constantinople, 
and of his son and successor BƗyazƯd II in promoting scienti%c and phil-
osophical study, which included providing patronage for Christian and 
Jewish, as well as Muslim, scholars. Many of these Christian and Jewish 
scholars travelled readily between the Ottoman and Christian realms.102 
And it should not be forgotten that, at the time, the Ottomans were a 
European power, with vast domains in eastern and central Europe, and 
had been such since the fourteenth century.

But there may have been more direct contact. Here, one needs to 
confront the myth of a linguistically impoverished Europe; even schol-
ars sympathetic to transmission such as Swerdlow and Neugebauer feel 
compelled to remark that “[a] direct transmission of the Arabic [texts 
containing the non-Ptolemaic models used by Copernicus] is of course 
extremely unlikely.”103 But why “of course”? Some Europeans did know 
Arabic (how else could the twelfth-century translation movement have 
taken place?), and there is research showing that knowledge of Arabic 
was not unknown during the Renaissance.104 At this point in our knowl-
edge, we can only speculate that European astronomers either learned 
Arabic or worked with translators who did know enough to explain the 
non-Ptolemaic models of ৫ǌsƯ, Ibn al-ShƗ৬ir, and others. But it seems to 
me equally speculative to assume they did not. After all, Arabic is not 
all that esoteric – it is closely related to Hebrew, which was certainly 
studied by numerous European Christian scholars – and there were 
dictionaries and grammars available. And perhaps most importantly, 
why would someone seek to start from scratch when it was certainly 
known in the %fteenth and sixteenth centuries that Islamic astronomers 
still had much to teach their European counterparts?105 But more gen-
erally from a historiographical point of view, it seems odd that so many 
European historians of the medieval and early modern periods have 
written histories that make their subjects seem isolated, devoid of curios-
ity, and impervious to outside in)uences.106
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Let’s look at the evidence cited for 
this “certainty”:

270 Notes to pages 191–4

 93 George Saliba has done some interesting work on Islamic scienti&c manu-
scripts in Europe, but his examples are after 1500. Saliba, “Arabic Science,” 
154, 159. He points to an early copy of the Tadhkira (Vatican MS ar. 319), 
which was brought to Rome in 1623 as part of the Palatine collection, one 
of the spoils of the Thirty Years’ War that was offered by Maximilian I of 
Bavaria to Pope Gregory XV. Ibid., 159–62. But it was certainly in central 
Europe by the mid-sixteenth century, where it was used and perhaps anno-
tated by Jakob Christmann (1554–1613), professor of Hebrew and Arabic 
at the University of Heidelberg. Levi Della Vida, Ricerche Sulla Formazione, 
329ff., esp. 332. See also Swerdlow, “Recovery of the Exact Sciences.”

 94 An example would be the treatise by ޏAlƯ QushjƯ discussed in the next 
paragraph. Other possibilities include manuscripts held by the Biblioteca 
Medicea Laurenziana in Florence, such as a copy of Qu৬b al-DƯn al-
ShƯrƗzƯ’s NihƗyat al-idrƗk (MS Orientali 110) and two copies of his Al-Tuۊfa 
al-shƗhiyya fƯ al-hayҴa (MS Orientali 116c; and MS Orientali 215). In addi-
tion to ৫ǌsƯ’s models, ShƯrƗzƯ in these two works deals with models of 
Muގayyad al-DƯn al-ޏUrঌƯ as well as his own contributions to planetary 
theory. Unfortunately, we do not know at present when these manuscripts 
&rst appeared in Italy.

 95 F.J. Ragep, “ޏAlƯ QushjƯ and Regiomontanus.” The diagrams found in the 
1496 Venice printing of Regiomontanus’s Epitome and in the manuscripts 
of QushjƯ’s treatise are quite similar.

 96 Independent rediscovery now seems even less likely, given that Regio-
montanus not only does not claim ownership of the proposition but also 
incorrectly attributes it to Ptolemy. See Shank, chapter 4, this volume.

 97 Bisaha, chapter 2, this volume, discusses Bessarion’s attitudes and his rela-
tionship to European humanist scholars.

 98 This point is emphasized in Sabra, “Situating Arabic Science.”
 99 For an elaboration, see F.J. Ragep, “Review of The Beginnings.” A more 

global approach is taken by Van Brummelen, Mathematics of the Heavens.
100 See, for example, Dursteler, Venetians in Constantinople. Bisaha, chapter 2, 

this volume, also discusses some of the complex issues involving cross- 
cultural transmission during this period.

101 Leo Africanus comes to mind.
102 Such travel has been noted in the case of Moses ben Judah Galeano.
103 Swerdlow and Neugebauer, Mathematical Astronomy, part 1, 48, emphasis 

added.
104 See, for example, Dannenfeldt, “Renaissance Humanists”; and Saliba, 

“Arabic Science.”
105 This was even the case in the early seventeenth century. Feingold, 

“Decline and Fall.”
106 Although things are changing, it is disheartening to note that Robert 

Westman in his recent book The Copernican Question, a tome of 681 
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“Arabic [astronomy] was usually adjudged either as derivative of the Greeks or, at best, the 
fruit of sheer drudgery.” (445)

“how greate the losse of time was to study much the Eastern languages,” since “there was no 
treasure of things to be come at” (449)

Francis Bacon: “The sciences which we possess come for the most part from the Greeks. ... 
Neither the Arabians nor the schoolmen need be mentioned; who in the intermediate time 
rather crushed the sciences with a multitude of treatises, than increased their weight” 
(443-444)

Joseph Glanvill: “These Successors of the Greeks did not advance their Learning beyond the 
imperfect Stature in which it was delievered to them.” (454)

William Wotton: “[The Arabs] translated the Grecian Learning into their own Language [but] 
had very little of their own, which was not taken from those Fountains. … There is little to be 
found amongst them, which any Body might not have understood as well as they, if he had 
carefully studied the Writings of their Grecian Masters. … There are vast Quantities of their 
Astronomical Observations [but not] any Thing in them, which those Arabian Astronomers did 
not, or might have not learnt from Ptolemee’s Almagest, if we set aside their Observations 
which their Grecian Masters taught them to make.” (455)

All of this is quoted from the one article Ragep himself singled out as support for 
his claim that it would have made little sense for people like Copernicus to think for 
themselves since they had so much to learn from the much wiser Arabic sources. 
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12. George Saliba, “Greek astronomy and the medieval Arabic tradition”, American scientist, xc (2002), 
360–7, p. 367.

13. Saliba, op. cit. (ref. 11), 205.
14. Saliba, op. cit. (ref. 11), 196.
15. See Victor Roberts, “The solar and lunar theory of Ibn ash-Shatir: A pre-Copernican Copernican 

model”, Isis, xlviii (1957), 428–32, p. 431, and Swerdlow and Neugebauer, op. cit. (ref. 1), 544, 
and, for the Commentariolus, Swerdlow, op. cit. (ref. 4), 454–61.

16. Swerdlow, op. cit. (ref. 4), 461.
17. Swerdlow and Neugebauer, op. cit. (ref. 1), 63. See this work as well as Swerdlow, op. cit. (ref. 4), 

and Otto Neugebauer, “On the planetary theory of Copernicus”, Vistas in astronomy, x (1968), 
89–103, for demonstrations of the equivalences and near-equivalences of the various models.

18. Swerdlow, op. cit. (ref. 4), 504.
19. Saliba, op. cit. (ref. 11), 207.
20. Swerdlow, op. cit. (ref. 4), 503.
21. Swerdlow, op. cit. (ref. 4), 504. Italics in the original.
22. For these computations we have implemented Copernicus’s Mercury model (Swerdlow, 

op.  c i t .  ( re f .  4 ) ,  499–500,  503)  in  complex  polar  form by  the  formula

  
where α is the angular distance of the Earth from Mercury’s apsis, and t is a time variable counted 
in days. This gives the position of Mercury as a complex number in a coordinate system where 
the Earth moves on a circle of radius 25 centred at the origin, and the apsis line of Mercury is 
the positive real axis. The products of multiple complex exponentials in the latter terms capture 
the fact that epicycles rotate along with the major circles they are attached to, in addition to their 
own rotation. The cosine term is the radius correction; discarding it gives the uncorrected model. 
Figure 6 plots the orbit for a fixed α and all possible values of t.

23. Almagest, IX.8–9. Cf. Swerdlow, op. cit. (ref. 4), 505–9, Swerdlow and Neugebauer, op. cit. (ref. 1), 
422, Willy Hartner, “Ptolemy, Azarquiel, Ibn al-Shatir, and Copernicus on Mercury: A study of 
parameters”, Archives internationales d’histoire des sciences, xxiv (1974), 5–25.

24. Swerdlow, op. cit. (ref. 4), 504. Italics in the original.

Tusi radius correction =

where α is the Earth’s 
angle with Mercury’s apsis.

α = 0°

α = 90°
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7KHUH�LV�VRPHWKLQJ�YHU\�FXULRXV�DERXW�&R��
SHUQLFXV
V�GHVFULSWLRQ��7KH� SULQFLSDO�HIIHFW�RI�
3WROHP\
V�PRGHO� LV� WR� SURGXFH�WKH�JUHDWHVW�
HORQJDWLRQV�DW��(������IURP�DSRJHH�� 7KLV�LV�DOVR�
WUXH�RI�&RSHUQLFXV
V�PRGHO��DV�KH�GHPRQVWUDWHV�
LQ�'H�UHY��9������EXW�KH�VD\V�QRWKLQJ�DERXW�LW�KHUH��
,QVWHDG�KH�GHVFULEHV�D�WRWDOO\�ILFWLWLRXV�DSSDUHQW�
PRWLRQ�RI�0HUFXU\�WKDW�LV�UHDOO\�RQO\�D�GHVFULS��
WLRQ�RI�WKH�H[SDQGLQJ�DQG�FRQWUDFWLQJ�UDGLXV�RI�
LWV�RUELW�LQ� WKH�PRGHO�� 7KH� VWDWHPHQW�WKDW�
0HUFXU\��DSSHDUV��WR�PRYH�LQ�D�VPDOOHU�RUELW�
ZKHQ�WKH�HDUWK�LV�LQ�WKH�DSVLGDO�OLQH�DQG�LQ�D�
ODUJHU�RUELW�ZKHQ�WKH�HDUWK�LV�����IURP�WKH�DSVL��
GDO�OLQH�LV�XWWHU�QRQVHQVH�DV�D�GHVFULSWLRQ�RI�WKH�
DSSDUHQW�PRWLRQ�RI�0HUFXU\�� 1R� RQH�QRW�
3WROHP\��QRW�5HJLRPRQWDQXV��QRW�HYHQ�&RSHUQL��
FXV�LQ�'H� UHYROXWLRQLEXV�JLYHV�VXFK�D� GHVFULS��
WLRQ�RI�0HUFXU\
V�DSSDUHQW�PRWLRQ�EHFDXVH�WKLV�
LV�QRW�0HUFXU\
V�DSSDUHQW�PRWLRQ�� %XW�LW�LV�D�
GHVFULSWLRQ�RI�WKH�PRWLRQ�RI�0HUFXU\�LQ�WKH�
PRGHO�� &RSHUQLFXV�DSSDUHQWO\�GRHV�QRW�UHDOL]H�
WKDW�WKH�PRGHO�ZDV�GHVLJQHG��QRW�WR�JLYH�0HUFXU\�
D�ODUJHU�RUELW��UHDG�HSLF\FOH��ZKHQ�WKH�HDUWK��UHDG�
FHQWHU�RI�WKH�HSLF\FOH��LV���"�IURP�WKH�DSVLGDO�OLQH��
EXW�WR�SURGXFH�WKH�JUHDWHVW�HORQJDWLRQV�ZKHQ�WKH�
HDUWK��FHQWHU�RI�WKH�HSLF\FOH��LV� �������IURP�WKH�
DSKHOLRQ��DSRJHH���
7KLV�PLVXQGHUVWDQGLQJ�PXVW�PHDQ�WKDW�&R��

SHUQLFXV�GLG�QRW�NQRZ�WKH�UHODWLRQ�RI�WKH�PRGHO�
WR�0HUFXU\
V�DSSDUHQW�PRWLRQ�� 7KXV�LW�FRXOG�
KDUGO\�EH�KLV�RZQ�LQYHQWLRQ�IRU��LI�LW�ZHUH��KH�
ZRXOG�FHUWDLQO\�KDYH�GHVFULEHG�LWV�IXQGDPHQWDO�
SXUSRVH�UDWKHU�WKDQ�ZULWH�WKH�DEVXUG�VWDWHPHQW�
WKDW�0HUFXU\��DSSHDUV��WR�PRYH�LQ�D�ODUJHU�RUELW�
ZKHQ�WKH�HDUWK�LV�����IURP�WKH�DSVLGDO�OLQH�� 7KH�

RQO\�DOWHUQDWLYH��WKHUHIRUH��LV�WKDW�KH�FRSLHG�LW�
ZLWKRXW�IXOO\�XQGHUVWDQGLQJ�ZKDW�LW�ZDV�UHDOO\�
DERXW�� 6LQFH�LW�LV�,EQ�DVK�6KDWLU
V�PRGHO��WKLV�
LV�IXUWKHU�HYLGHQFH��DQG�SHUKDSV�WKH�EHVW�HYL��
GHQFH��WKDW�&RSHUQLFXV�ZDV�LQ�IDFW�FRS\LQJ�ZLWK��
RXW�IXOO�XQGHUVWDQGLQJ�IURP�VRPH�RWKHU�VRXUFH��
DQG�WKLV�VRXUFH�ZRXOG�EH�DQ�DV� \HW�XQNQRZQ�
WUDQVPLVVLRQ�WR� WKH�ZHVW�RI�,EQ� DVK�6KDWLU
V�
SODQHWDU\�WKHRU\��
:KHQ�KH�ZURWH�'H� UHYROXWLRQLEXV�&RSHUQLFXV�

GLG�GHVFULEH�WKH�HIIHFW�RI�WKH�PRGHO�SURSHUO\��
,QGHHG�WKH�ILUVW�WKLQJ�KH�VD\V�DERXW�0HUFXU\��
LQ�9������LV�WKDW�LW�KDV�LWV�OHDVW�HORQJDWLRQV�LQ�
/LEUD��EXW�LWV�JUHDWHVW�HORQJDWLRQV�LQ�*HPLQL�DQG�
$TXDULXV�UDWKHU�WKDQ�LQ�$ULHV�� +RZHYHU��WKH�
DEVHQFH�RI�DQ\�VXFK�GHVFULSWLRQ�RI�0HUFXU\
V�
PRWLRQ�LQ�WKH�&RPPHQWDULROXV��DQG�WKH�VXEVWLWX��
WLRQ�RI�WKH�HUURQHRXV�GHVFULSWLRQ�RI�LWV�DSSDUHQW�
PRWLRQ��FHUWDLQO\�PDNHV�LW�DSSHDU�WKDW�&RSHUQL��
FXV�GLG�QRW�\HW�NQRZ�WKDW�WKH�PRGHO�LV�HTXLYDOHQW�
WR�3WROHP\
V�LQ�LWV�HIIHFW�RQ�WKH�ORFDWLRQ�RI�WKH�
JUHDWHVW�HORQJDWLRQV��6LQFH�WKH�PD[LPXP�HORQ��
JDWLRQV�LQ�$TXDULXV�DQG�*HPLQL��L(������IURP�WKH�
OHDVW�HORQJDWLRQV�LQ�/LEUD��DUH�WKH�UHDO�SXUSRVH�RI�
WKH�YDULDWLRQ�RI�WKH�UDGLXV�RI�0HUFXU\
V�RUELW��LW�
LV�PRVW�XQOLNHO\�WKDW�&RSHUQLFXV�ZRXOG�IDLO�WR�
PHQWLRQ�WKLV�XQOHVV�KH�ZDV�XQDZDUH�RI�LW��
7KH�GHYLFH�IRU�YDU\LQJ�WKH�UDGLXV�RI�0HUFXU\
V�

RUELW�LV�QRW�WKH�VDPH�DV�WKH�OLEUDWLRQ�PHFKDQLVP�
XVHG�IRU�WKH�ODWLWXGHV�� 7KH�GHVFULSWLRQ�RI�WKH�
PRWLRQV�RI�DQ�LQQHU�DQG�DQ�RXWHU�VPDOO�VSKHUH�
RQO\�PDNHV�VHQVH�DV�D�GHVFULSWLRQ�RI�WKH�RWKHU�
PHWKRG�IRU�JHQHUDWLQJ�D�UHFWLOLQHDU�PRWLRQ�IURP�
WZR� FLUFXODU�PRWLRQV�XVHG� E\� WKH�0DUDJKD�
DVWURQRPHUV��7KLV�LV��WR�GHVFULEH�LW�LQ�WKH�SODQH��
D�FLUFOH�UROOLQJ�RQ�WKH�LQWHUQDO�FLUFXPIHUHQFH�RI�D�
FLUFOH�RI�WZLFH�LWV�UDGLXV�� &RSHUQLFXV��DV�XVXDO��
HQYLVLRQV�WKLV�DV�WKH�PRWLRQ�RI�VSKHUHV��VR�WKH�
WZR�FLUFOHV�DUH�WKH�JUHDW�FLUFOHV�LQ�WKH�SODQHV�
SHUSHQGLFXODU�WR�WKH�D[HV�RI�WKH�VSKHUHV�� 7KH�
GHYLFH�LV�VKRZQ�LQ�ILJXUH����DQG�LQVHW�LQ�ILJXUHV�
���DQG����� 7KH�FHQWHU�RI�0HUFXU\
V�RUELW�LV����
DQG�WKH�EURNHQ�OLQH�6+� LV�WKH�VPDOOHVW�UDGLXV�RI�
WKH�RUELW�� 3RLQW�'�� O\LQJ�RQ�DQ�D[LV�DWWDFKHG�
WR�WKH�LQQHU�VXUIDFH�RI�0HUFXU\
V�VSKHUH�DW� D�
GLVWDQFH�IURP�6�HTXDO�WR�WKH�PHDQ�UDGLXV�RI�WKH�
RUELW��LV�WKH�FHQWHU�RI�D�VSKHUH�RI�UDGLXV��S�ZKLFK�
UHYROYHV�LQ�WKH�GLUHFWLRQ�VKRZQ�WKURXJK��D�ZKHUH�
D� LV�WKH�GLVWDQFH�RI�WKH�HDUWK�IURP�0HUFXU\
V�
DSVLGDO� OLQH�� ,QWHUQDOO\�WDQJHQW�WR�WKH�RXWHU�
VSKHUH�LV�WKH�LQQHU�VSKHUH�ZLWK�FHQWHU�(�O\LQJ�RQ�
DQ� D[LV�SDUDOOHO�WR�WKH�D[LV�WKURXJK�'�� 7KH�
LQQHU�VSKHUH�LV�RI�UDGLXV�S��DQG�UHYROYHV�LQ�WKH�
RSSRVLWH�GLUHFWLRQ�WKURXJK��D�� 3RLQW�)�� WKH�
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apsis

Best cases 
(max and min) 
for defining 
the period of 
the function 
-cos(2α).

α = 0°

α = 90°

α = 120°

α = -120°

Important 
cases in 
terms of the 
reasoning 
that led to 
the model.



Why didn’t Copernicus mention the α = 120° case?

• His model is already completely defined in the 
mathematically cleanest way (α = 0°, 90°).

• The Commentariolus is minimalistic. It doesn’t try to 
teach astronomy or explain the heuristic process behind 
how the models were found.

• Ptolemy too defines his model in terms of the α = 0°, 90° 
cases.

• Behaviour at α = 120° is a corollary in Ptolemy, and hence 
is so also in Cop. insofar as the models correspond. 
Nikfahm-Khubravan & Ragep attack only this. Pointless, 
since the previous three points are enough on their own.



Nikfahm-Khubravan & Ragep concede concerning my 
argument even for the forth point that:

44 S. NIKFAHM-KHUBRAVAN AND F. J. RAGEP

Copernicus himself over his lifetime came up with different models for Mercury
(four according to Swerdlow); which of these is supposed to count as “ natural ”?

Part of the problem with Blåsjö’s approach is that he is far too willing to dis-
miss differences between models as irrelevant, especially physical differences,
as long as there is what he takes to be mathematical equivalence. But Blåsjö’s
reductionism leads to a number of untoward conclusions, not least because his
notion of mathematical equivalence is itself problematic. To explore this a bit
further, let us turn to his claims regarding the nearest distance issue for Mer-
cury. As we have seen, Swerdlow takes Copernicus’ silence on the matter in the
Commentariolus to mean that he did not fully understand his own model. In re-
sponse, Blåsjö uses his notion of “ equivalence ” to assert that “ There is no need
for Copernicus to mention this since his intended readership would of course be
very familiar with Ptolemaic theory and realize at once that this corollary car-
ries over directly insofar as the two theories [that of Ptolemy and Copernicus] are
equivalent 85 ”. Setting aside the dubious notion of an “ intended readership ” in
1510 that would be experts on one of the most difficult problems of Ptolemaic
astronomy, it is clear from our above discussion of maximum elongation and
the equation of center that it is simply wrong to claim that the Commentariolus
model is equivalent to those of Ptolemy, Ibn al-Šāṭir, and De rev., if one means
by “ equivalent ” that they can produce equivalent results. One might be able
to somehow adjust the parameters in the Commentariolus to reach results that
would be closer to those of the other models, but Copernicus clearly did not do
this. Nor is it at all likely that he tested the Commentariolus model to see if it
was equivalent. The fact that the value for the equation of center is so far off is
a clear indication of this (chart 5 above).

In short, the fact that the Mercury model in the Commentariolus was not
only impractical but also exceedingly difficult to test undermines Blåsjö’s claim
that finding the maximum elongations at 0, ±90, and 180° “ eliminates the need
for Copernicus to address the issue ” of maximal elongation at ±120°, since
somehow this latter is a corollary of the former. Furthermore, this requires us to
believe that Copernicus understood this property of Ptolemy’s model, something
that is certainly not self-evident inasmuch as there is some doubt that Copernicus
even had a copy of the Almagest when he wrote the Commentariolus 86.

Let us turn to the question of whether Blåsjö might nevertheless be correct
in asserting that the maximal elongations at ±120° are somehow “ a corollary ”
that are only derived after the model has been determined by observations for
the 0°, ±90°, 180° cases that Ptolemy brings forth. Mathematically speaking,

85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
86 Swerdlow, “ The Derivation and first draft ”, p. 426.
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there is some truth to this: since the shape of the curve described by C in figure 6
above is an oval, rather close to an ellipse 87, it would naturally follow that once
one has the major and minor axes the other positions fall into place. But this
bit of anachronistic reasoning has little bearing on the way in which Ptolemy
most likely proceeded; for even after fixing his parameters using observations
at 0°, ±90°, 180°, he still had to confirm that the model actually predicted the
observations for ±120°. That it does is hardly a “ corollary ”; indeed, Swerdlow
has convincingly argued that it was neither mathematical necessity nor observa-
tional precision that results in the model being in accord with the observations
at ±120°. Rather, the model itself most likely was constructed to account for
observations that seemed to show (erroneously as it turned out) that elongations
at±120° were greater than those at 180°. Swerdlow is then led to conclude “ that
some, perhaps most [of the observations], were [then altered] ” to take into ac-
count the theoretical model with its two perigees 88. It is unlikely that anyone
before Swerdlow (other than Ptolemy himself) understood this, at least not in
the analytical detail that Swerdlow brings to the task. So the original motivation
for Ptolemy’s model, and alleged curve-fitting, does not in itself count against
Blåsjö’s speculation about why Copernicus does not feel the need to explain that
his model in the Commentariolus accounts for Ptolemy’s reported elongations
at the trines. It is at least conceivable that he had analyzed the model in the
Almagest and understood that fixing the parameters for 0°, ±90°, 180° would
achieve his desired result. But this is doubtful for several reasons. For one,
almost everyone before Copernicus who had any understanding of the model
did remark on the two perigees and understood that this was fundamental to the
model 89. That Copernicus does not do so is thus odd. Furthermore, for us to

87 W. Hartner, “ The Mercury horoscope of Marcantonio Michel of Venice: A study in the his-
tory of Renaissance astrology and astronomy ”, Vistas in astronomy, 1 (1955): 84-138 at
109-22, reprinted in W. Hartner, Oriens-Occidens, I, 440-95 at 465-78.

88 Swerdlow, “ Ptolemy’s theory of the inferior planets ”, p. 51-4 (quotation is on p. 54). This
brief summary can hardly do justice to Swerdlow’s incisive and compelling explanation of
Ptolemy’s Mercury model and its origins. Although hardly conclusive, it is noteworthy that
Ptolemy presents the observations establishing the need for two perigees (IX.8) before de-
riving the distances between the centers and the radius of the small circle (IX.9). Once he
has the parameters, he then “ proves ” that the model will produce the needed two perigees, a
result that Swerdlow remarks may seem like “ luck ” but is much more likely a consequence
of “ adjusting ” the observations and model in advance [G. J. Toomer (transl.), Ptolemy’s Al-
magest (London, 1984), p. 453-60].

89 This is quite explicit, for example, in Ṭūsī’s Taḏkira (Ragep, Ṭūsī’s Memoir on astronomy,
I, 168-9 and 176-7 [fig. T9]), a work well known to Ibn al-Šāṭir. Because Ibn al-Šāṭir is so
familiar with his predecessors (including Ṭūsī), he evidently does not feel the need to discuss
the two perigees in his chapter on Mercury (see appendices 2-3); however, he does indicate
that he is aware of Ptolemy’s Mercury model having the perigees at points other than 180°
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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there is some truth to this: since the shape of the curve described by C in figure 6
above is an oval, rather close to an ellipse 87, it would naturally follow that once
one has the major and minor axes the other positions fall into place. But this
bit of anachronistic reasoning has little bearing on the way in which Ptolemy
most likely proceeded; for even after fixing his parameters using observations
at 0°, ±90°, 180°, he still had to confirm that the model actually predicted the
observations for ±120°. That it does is hardly a “ corollary ”; indeed, Swerdlow
has convincingly argued that it was neither mathematical necessity nor observa-
tional precision that results in the model being in accord with the observations
at ±120°. Rather, the model itself most likely was constructed to account for
observations that seemed to show (erroneously as it turned out) that elongations
at±120° were greater than those at 180°. Swerdlow is then led to conclude “ that
some, perhaps most [of the observations], were [then altered] ” to take into ac-
count the theoretical model with its two perigees 88. It is unlikely that anyone
before Swerdlow (other than Ptolemy himself) understood this, at least not in
the analytical detail that Swerdlow brings to the task. So the original motivation
for Ptolemy’s model, and alleged curve-fitting, does not in itself count against
Blåsjö’s speculation about why Copernicus does not feel the need to explain that
his model in the Commentariolus accounts for Ptolemy’s reported elongations
at the trines. It is at least conceivable that he had analyzed the model in the
Almagest and understood that fixing the parameters for 0°, ±90°, 180° would
achieve his desired result. But this is doubtful for several reasons. For one,
almost everyone before Copernicus who had any understanding of the model
did remark on the two perigees and understood that this was fundamental to the
model 89. That Copernicus does not do so is thus odd. Furthermore, for us to

87 W. Hartner, “ The Mercury horoscope of Marcantonio Michel of Venice: A study in the his-
tory of Renaissance astrology and astronomy ”, Vistas in astronomy, 1 (1955): 84-138 at
109-22, reprinted in W. Hartner, Oriens-Occidens, I, 440-95 at 465-78.

88 Swerdlow, “ Ptolemy’s theory of the inferior planets ”, p. 51-4 (quotation is on p. 54). This
brief summary can hardly do justice to Swerdlow’s incisive and compelling explanation of
Ptolemy’s Mercury model and its origins. Although hardly conclusive, it is noteworthy that
Ptolemy presents the observations establishing the need for two perigees (IX.8) before de-
riving the distances between the centers and the radius of the small circle (IX.9). Once he
has the parameters, he then “ proves ” that the model will produce the needed two perigees, a
result that Swerdlow remarks may seem like “ luck ” but is much more likely a consequence
of “ adjusting ” the observations and model in advance [G. J. Toomer (transl.), Ptolemy’s Al-
magest (London, 1984), p. 453-60].

89 This is quite explicit, for example, in Ṭūsī’s Taḏkira (Ragep, Ṭūsī’s Memoir on astronomy,
I, 168-9 and 176-7 [fig. T9]), a work well known to Ibn al-Šāṭir. Because Ibn al-Šāṭir is so
familiar with his predecessors (including Ṭūsī), he evidently does not feel the need to discuss
the two perigees in his chapter on Mercury (see appendices 2-3); however, he does indicate
that he is aware of Ptolemy’s Mercury model having the perigees at points other than 180°
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Behaviour at α = 120° is a corollary in Ptolemy, and hence is 
so also in Cop. insofar as the models correspond.

 
Nikfahm-Khubravan & Ragep object:

         the models are not strictly speaking “equivalent.”

True but irrelevant. The models are effectively equivalent for 
the purposes of the α = 120° case. Whether they are 
completely equivalent in every respect is not relevant for this 
argument.
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les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
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D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
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Another aim of this paper is to deal with Blåsjö’s claims regarding what he
calls the “ equivalence ” of the Mercury models in the Almagest and the Com-
mentariolus, as well as his insistence that there is a “ natural ” route that goes
from Ptolemy to the more correct models in De revolutionibus that undermines
transmission. To do this, we need to provide detailed discussions of the Mercury
models of Ptolemy, in addition to those of Ibn al-Šāṭir and Copernicus. The for-
mer has been discussed competently and in detail by a number of historians 11,
but it will be useful to summarize a few salient points for our analysis. For
Copernicus, we have Swerdlow’s translation and study of the Commentariolus
as well as Swerdlow and Neugebauer’s lengthy study of De revolutionibus 12,
both being indispensable for this paper. As for Ibn al-Šāṭir’s model, there are
good presentations by E. S. Kennedy and Victor Roberts 13, as well as by Willy
Hartner 14; however, their work did not delve deeply enough for the kind of com-
parisons that will allow us to see how Copernicus appropriated the work of his
predecessors. Another problem is that up until recently, there have been no pub-
lished editions or translations of Ibn al-Šāṭir’s Nihāyat al-su’l where he presents
his Mercury model 15. So in appendices 2 and 3, we provide a translation and
critical edition of chapter 21 of part 1 of his work that deal with Mercury, based
on ten manuscripts.

11 See, for example, O. Pedersen, A survey of the Almagest, reprint of the 1974 orig. ed. with
annotation and new commentary by A. Jones (New York, 2011), p. 309-28; O. Neugebauer,
A history of ancient mathematical astronomy, 3 parts (Berlin / New York, 1975), I, 158-69;
and esp. N. Swerdlow, “ Ptolemy’s theory of the inferior planets ”, Journal for the history of
astronomy, 20/1 (1989): 29-60 at 43-59.

12 Swerdlow, “ The Derivation and first draft ”, p. 499-509; N. M. Swerdlow and O. Neugebauer,
Mathematical astronomy in Copernicus’s De revolutionibus, 2 parts (New York, 1984), I,
403-43.

13 Kennedy and Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, p. 231-2.
14 W. Hartner, “ Ptolemy, Azarquiel, Ibn al-Shāṭir, and Copernicus on Mercury: A study of

parameters ”, Archives internationales d’histoire des sciences, 24/4 (1974): 5-25, reprinted
in W. Hartner, Oriens-Occidens: Ausgewählte Schriften zur Wissenschafts- und Kul-
turgeschichte: Festschrift zum 60. Geburtstag, ed. Y. Maeyama, 2 vol. (Hildesheim: Olms,
1968-1984), vol. II p. 292-312.

15 G. Saliba does give an English translation of the Saturn chapter in his “ Arabic astronomy and
Copernicus ”, Zeitschrift für Geschichte der Arabisch-Islamischen Wissenschaften, 1 (1984):
73-87 at 81-2, reprinted in G. Saliba, A history of Arabic astronomy: Planetary theories
during the golden age of Islam (New York, 1994), p. 291-305 at 299-300. E. Penchèvre has
recently published an edition and French translation of part 1, ch. 25 of Nihāyat al-su’l, which
deals with the latitude theory for Venus and Mercury (“ Vénus selon Ibn al-Šāṭir ”, Arabic
sciences and philosophy, 26/2 (2016): 185-214 at 202-14). Penchèvre has also put online an
edition, French translation, and commentary of the Nihāyat al-su’l at arXiv.org (https://
arxiv.org/abs/1709.04965: “ La Nihāya al-sūl fī taṣḥīḥ al-’uṣūl d’Ibn al-Šāṭir: Édition,
traduction et commentaire ”; accessed 27 February 2018).
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
than taking the radius of the “ true epicycle orb ”, i. e., 2256 (or 376), he adopted
the “ apparent epicycle orb ” at α = 0° as his reference epicycle, since it is
the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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that Copernicus reasoned (incorrectly) as follows: the largest size of the epicy-
cle (“ apparent epicycle orb ”) is 2256 + 115.1 = 2371.1 at 90°. Its smallest
size (“ apparent epicycle orb ”) is 2256 − 115.1 = 2140.9 at 0°. But rather
than taking the radius of the “ true epicycle orb ”, i. e., 2256 (or 376), he adopted
the “ apparent epicycle orb ” at α = 0° as his reference epicycle, since it is
the starting point. If we take the maximum equation to occur at 90°, then the
Ptolemaic eccentricity of 6 (or 600) should be measured there with the epicy-
cle being 2371.1. But at α = 0°, the ratio of the two “ apparent ” epicycles is
2140.9/2371.1 ≈ 0.9. So the sum of the eccentricities (r1 + r2) should be pro-
portionally lowered, at least according to this reasoning, i. e., 0.9×600 = 540 76.
Along with Copernicus’ description of a varying planetary “ circumference ”
(epicycle in Ibn al-Šāṭir’s model) and the explanation for 540 arising from the
diagram, we would argue that Copernicus had at his disposal something like
fig. A1 / T1. This is the sense in which we can say that Copernicus had Ibn al-
Šāṭir’s Mercury model when composing the Commentariolus and later De rev.

7. CONCLUSION

The remarkable similarity between Ibn al-Šāṭir’s Mercury model and that in
De rev. should long ago have settled the question of whether Copernicus was
dependent on his Islamic predecessor. Although Swerdlow has championed a
connection between Islamic astronomy and Copernicus, his interjection of a Re-
giomontanus detour has, we believe, considerably muddied the waters and inhib-
ited the simple conclusion that Copernicus built his system almost exclusively on
the foundation of Ibn al-Šāṭir’s models. Blåsjö’s arguments for Copernicus’ inde-
pendence from Islamic influence, based on the elusive concept of “ naturalness ”,
would have very different models be classified as equivalent (see appendix 1).
As argued elsewhere, Ibn al-Šāṭir’s models are fundamentally different not only
from those of Ptolemy but also from his “ Marāgha ” predecessors 77. Because of
the “ heliocentric bias ” brought about by a rejection of eccentrics and by making
the Earth the actual center of motion, Ibn al-Šāṭir’s models considerably facili-
tated Copernicus’ transition from an Earth-centered to a Sun-centered cosmol-
ogy. There was a wide array of non-Ptolemaic Mercury models that were devel-
oped after Naṣīr al-Dīn al-Ṭūsī admitted that this complex model had defeated
him 78: Quṭb al-Dīn al-Šīrāzī claims to have invented nine different Mercury

76 This also works, of course, if one uses 376 and 19 instead of 2256 and 115.1.
77 Ragep, “ Ibn al-Shāṭir and Copernicus ”, p. 396-7, 408.
78 Ragep, Ṭūsī’s Memoir on astronomy, I, 208.
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Copernicus himself over his lifetime came up with different models for Mercury
(four according to Swerdlow); which of these is supposed to count as “ natural ”?

Part of the problem with Blåsjö’s approach is that he is far too willing to dis-
miss differences between models as irrelevant, especially physical differences,
as long as there is what he takes to be mathematical equivalence. But Blåsjö’s
reductionism leads to a number of untoward conclusions, not least because his
notion of mathematical equivalence is itself problematic. To explore this a bit
further, let us turn to his claims regarding the nearest distance issue for Mer-
cury. As we have seen, Swerdlow takes Copernicus’ silence on the matter in the
Commentariolus to mean that he did not fully understand his own model. In re-
sponse, Blåsjö uses his notion of “ equivalence ” to assert that “ There is no need
for Copernicus to mention this since his intended readership would of course be
very familiar with Ptolemaic theory and realize at once that this corollary car-
ries over directly insofar as the two theories [that of Ptolemy and Copernicus] are
equivalent 85 ”. Setting aside the dubious notion of an “ intended readership ” in
1510 that would be experts on one of the most difficult problems of Ptolemaic
astronomy, it is clear from our above discussion of maximum elongation and
the equation of center that it is simply wrong to claim that the Commentariolus
model is equivalent to those of Ptolemy, Ibn al-Šāṭir, and De rev., if one means
by “ equivalent ” that they can produce equivalent results. One might be able
to somehow adjust the parameters in the Commentariolus to reach results that
would be closer to those of the other models, but Copernicus clearly did not do
this. Nor is it at all likely that he tested the Commentariolus model to see if it
was equivalent. The fact that the value for the equation of center is so far off is
a clear indication of this (chart 5 above).

In short, the fact that the Mercury model in the Commentariolus was not
only impractical but also exceedingly difficult to test undermines Blåsjö’s claim
that finding the maximum elongations at 0, ±90, and 180° “ eliminates the need
for Copernicus to address the issue ” of maximal elongation at ±120°, since
somehow this latter is a corollary of the former. Furthermore, this requires us to
believe that Copernicus understood this property of Ptolemy’s model, something
that is certainly not self-evident inasmuch as there is some doubt that Copernicus
even had a copy of the Almagest when he wrote the Commentariolus 86.

Let us turn to the question of whether Blåsjö might nevertheless be correct
in asserting that the maximal elongations at ±120° are somehow “ a corollary ”
that are only derived after the model has been determined by observations for
the 0°, ±90°, 180° cases that Ptolemy brings forth. Mathematically speaking,

85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
86 Swerdlow, “ The Derivation and first draft ”, p. 426.
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revolutionibus, Copernic contrôle pleinement le modèle de Mercure et il est capable de
reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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model is equivalent to those of Ptolemy, Ibn al-Šāṭir, and De rev., if one means
by “ equivalent ” that they can produce equivalent results. One might be able
to somehow adjust the parameters in the Commentariolus to reach results that
would be closer to those of the other models, but Copernicus clearly did not do
this. Nor is it at all likely that he tested the Commentariolus model to see if it
was equivalent. The fact that the value for the equation of center is so far off is
a clear indication of this (chart 5 above).

In short, the fact that the Mercury model in the Commentariolus was not
only impractical but also exceedingly difficult to test undermines Blåsjö’s claim
that finding the maximum elongations at 0, ±90, and 180° “ eliminates the need
for Copernicus to address the issue ” of maximal elongation at ±120°, since
somehow this latter is a corollary of the former. Furthermore, this requires us to
believe that Copernicus understood this property of Ptolemy’s model, something
that is certainly not self-evident inasmuch as there is some doubt that Copernicus
even had a copy of the Almagest when he wrote the Commentariolus 86.

Let us turn to the question of whether Blåsjö might nevertheless be correct
in asserting that the maximal elongations at ±120° are somehow “ a corollary ”
that are only derived after the model has been determined by observations for
the 0°, ±90°, 180° cases that Ptolemy brings forth. Mathematically speaking,

85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
86 Swerdlow, “ The Derivation and first draft ”, p. 426.
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85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
86 Swerdlow, “ The Derivation and first draft ”, p. 426.
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reproduire les élongations de Ptolémée aux points critiques. Nous soutenons aussi que
les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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Copernicus himself over his lifetime came up with different models for Mercury
(four according to Swerdlow); which of these is supposed to count as “ natural ”?

Part of the problem with Blåsjö’s approach is that he is far too willing to dis-
miss differences between models as irrelevant, especially physical differences,
as long as there is what he takes to be mathematical equivalence. But Blåsjö’s
reductionism leads to a number of untoward conclusions, not least because his
notion of mathematical equivalence is itself problematic. To explore this a bit
further, let us turn to his claims regarding the nearest distance issue for Mer-
cury. As we have seen, Swerdlow takes Copernicus’ silence on the matter in the
Commentariolus to mean that he did not fully understand his own model. In re-
sponse, Blåsjö uses his notion of “ equivalence ” to assert that “ There is no need
for Copernicus to mention this since his intended readership would of course be
very familiar with Ptolemaic theory and realize at once that this corollary car-
ries over directly insofar as the two theories [that of Ptolemy and Copernicus] are
equivalent 85 ”. Setting aside the dubious notion of an “ intended readership ” in
1510 that would be experts on one of the most difficult problems of Ptolemaic
astronomy, it is clear from our above discussion of maximum elongation and
the equation of center that it is simply wrong to claim that the Commentariolus
model is equivalent to those of Ptolemy, Ibn al-Šāṭir, and De rev., if one means
by “ equivalent ” that they can produce equivalent results. One might be able
to somehow adjust the parameters in the Commentariolus to reach results that
would be closer to those of the other models, but Copernicus clearly did not do
this. Nor is it at all likely that he tested the Commentariolus model to see if it
was equivalent. The fact that the value for the equation of center is so far off is
a clear indication of this (chart 5 above).

In short, the fact that the Mercury model in the Commentariolus was not
only impractical but also exceedingly difficult to test undermines Blåsjö’s claim
that finding the maximum elongations at 0, ±90, and 180° “ eliminates the need
for Copernicus to address the issue ” of maximal elongation at ±120°, since
somehow this latter is a corollary of the former. Furthermore, this requires us to
believe that Copernicus understood this property of Ptolemy’s model, something
that is certainly not self-evident inasmuch as there is some doubt that Copernicus
even had a copy of the Almagest when he wrote the Commentariolus 86.

Let us turn to the question of whether Blåsjö might nevertheless be correct
in asserting that the maximal elongations at ±120° are somehow “ a corollary ”
that are only derived after the model has been determined by observations for
the 0°, ±90°, 180° cases that Ptolemy brings forth. Mathematically speaking,

85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
86 Swerdlow, “ The Derivation and first draft ”, p. 426.
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85 Blåsjö, “ A critique of the arguments for Maragha influence on Copernicus ”, p. 193.
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les arguments concernant des solutions “ naturelles ” qui excluent la transmission sont
niés par l’évidence historique.

1. INTRODUCTION

We begin with a remarkable but little-remarked fact: Copernicus’ most com-
plex planetary model in De revolutionibus, that for Mercury, is for all intents and
purposes virtually identical, geometrically, to Ibn al-Šāṭir’s (ca. 1305 – ca. 1375).
But even more significant, it is simple to transform Ibn al-Šāṭir’s geocentric
model into Copernicus’ final, heliocentric model. (See figures 1 and 2; a fuller
analysis will be given below.)

One would have expected this virtual equivalence to be something that would
have elicited considerable interest and provoked numerous explanations among
scholars, especially since it was stated clearly by E. S. Kennedy and Victor
Roberts in their seminal paper on Ibn al-Šāṭir’s planetary theory, published in
Isis in 1959 1. Curiously, this has received scant attention in much of the re-
cent writings on Copernicus or else has been dismissed. Michel-Pierre Lerner
and Alain-Philippe Segonds, in their notes on the Mercury model in De revo-
lutionibus, do not mention Ibn al-Šāṭir or his model 2, nor does Michela Mal-
pangotto in her article on Peurbach’s Mercury model that is audaciously entitled
“ L’Univers auquel s’est confronté Copernic ” 3. Robert Westman, in his massive
tome on Copernicus, mentions Ibn al-Šāṭir only once, and that in a minor foot-
note related to the lunar model 4. André Goddu even denies the similarity of the
models, opining that “ Experts have exaggerated the supposed identity between

1 E. S. Kennedy and V. Roberts, “ The Planetary theory of Ibn al-Shāṭir ”, Isis, 50/3 (1959):
227-35 at 232-3, reprinted E. S. Kennedy, “ Colleagues and former students ”, in D. A. King
and M. H. Kennedy (ed.), Studies in the Islamic exact sciences (Beirut, 1983), p. 55-63 at
60-1.

2 Nicolas Copernic, De revolutionibus orbium coelestium (Des révolutions des orbes célestes),
3 vol., transl. M.-P. Lerner and A.-P. Segonds with the collaboration of C. Luna, I. Pantin, and
D. Savoie (Paris, 2015), vol. III, p. 394-409. Elsewhere they at least mention the similarity of
the lunar models of Ibn al-Šāṭir and Copernicus but immediately cast doubt on its significance
(III, 307; see also I, 311, 354, n. 1, 553-4).

3 M. Malpangotto, “ L’Univers auquel s’est confronté Copernic: La sphère de Mercure dans
les Theoricae novae planetarum de Georg Peurbach ”, Historia mathematica, 40/3 (2013):
262-308.

4 R. S. Westman, The Copernican question: Prognostication, skepticism, and celestial order
(Berkeley, 2011), p. 531, n. 136.
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accept that Copernicus could consider the perigees at ±120° a corollary, one
would need to show that he had sufficient understanding of Ptolemy’s model so
that his own could replicate its parameters and output. But as we have seen,
this is far from the case, at least at the time of the composition of the Com-
mentariolus. Thus to believe Blåsjö’s main contention, one needs to assume
that Copernicus when writing the Commentariolus: a) would not mention the
most prominent aspect of Mercury’s model because this was a “ corollary ” to
Ptolemy’s “ equivalent ” model; and also assume, b) that Copernicus would put
forth a model that did not produce equivalent results. Needless to say, we find
this untenable. On the other hand, by the time he composed De revolutionibus,
Copernicus not only does not ignore the perigees at ±120°, he in fact adjusts the
parameters of the model to account for them (something obviously not done in
the Commentariolus) and achieves a result fairly close to Ptolemy’s 90. But this
was done many years later and has no bearing on Blåsjö’s contention, which is
focused on the earlier Commentariolus.

APPENDIX 2 (TRANSLATION)
IBN AL-ŠĀṬIR’S NIHĀYAT AL-SU’L, BOOK I, CHAPTER 21

On the configuration of the orbs of Mercury
according to our procedure in conformity with observation

We conceive of an orb in the plane of the zodiacal orb and on its two poles and
its center; it is called the parecliptic. We conceive of a second orb whose plane
is inclined from the plane of the parecliptic one-half plus one-quarter degree at
the apogee in the southern direction. This inclination is not fixed; according to
[another] opinion, which is more correct, it is inclined 1/6 degree and is of fixed
inclination 91. The plane of the inclined [orb] intersects the plane of the pareclip-
tic at two facing points, one of which is called the head and the other the tail. We
conceive of a third orb whose center is on the equator of the inclined [orb], its
radius being 4 parts, 5 minutes using parts by which the radius of the inclined is
60 parts; it is called the deferent. We conceive of a fourth orb whose center is on
the deferent equator, its radius being 1/2 plus 1/3 of a degree [sic] 92; it is called

in his introductory remarks in Nihāyat al-su’l, which deal with difficulties of the Ptolemaic
models (Oxford, Bodleian, Marsh ms. 139, f. 3b and Penchèvre, “ La Nihāya al-sūl ”, p. 40-1).

90 See above and Swerdlow and Neugebauer, Mathematical astronomy in Copernicus’s De rev-
olutionibus, I, 422-4.

91 Both opinions, as it turns out, are due to Ptolemy: the variable inclination of the inclined orb
is presented in the Almagest; a fixed inclination of 1/6 degree is in the Planetary hypotheses.
See Neugebauer, A history of ancient mathematical astronomy, II, 909.

92 Later the value that is used is 55 minutes.
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parenthetical and inconsequential remark

nearly

of several plausible reasons, all 
stated explicitly by Blåsjö in 
his article, the forth and least 
important of which is that


