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For the Benefit of Cosmography:
Notes on the Contributions of
Pedro Nunes to astronomy

Bruno Almeida*

Abstract

This paper addresses the astronomical work of the Portuguese mathematician and cosmog-
rapher Pedro Nunes (1502-1578) by focusing on his printed texts. 1t is mainly argued
that this astronomical production was bighly motivated by practical needs of his profes-
sional activity as a cosmographer. 1 start with identifying bis main interests and contribu-
tions in order to show that his astronomical output can be divided into three main catego-
ries: translations of earlier texts, commentaries to those texts and original research. This
gave way to new vectors of transmission of his work, to fellow scholars and cosmographers
in similar professional situations. To exemplify this occurrence, 1 provide some details of
the transmission of his work and its influence in French cosmography.

Keywords: Pedro Nunes, astronomy, cosmography, transmission of knowledge, nantical
science, translation, commentary.

Résumé

Ce chapitre traite de ['eunvre astronomique du mathématicien et cosmographe portugais Pe-
dro Nunes (1502-1578) en s'attachant a ses textes imprimés. Nous débutons par
Lidentification de ses principaux intéréts et contributions afin de montrer que ses travanx
astronomiques peuvent élre divisés en trois catégories : traductions de textes anciens, com-
mentaires de ces textes et recherches originales. Nous démontrons que cette production as-
tronomique trouve sa motivation essentielle dans l'activité professionnelle de cosmographe de
Nunes. Cette production engendra de nonveanx cananx de transmission de son travail a
des savants et cosmographes occupant les mémes fonctions. Pour illustrer cet aspect, nous
détaillons la transmission de son euvre et son influence sur la cosmographie frangaise.

Mots-clés : Pedro Nunes, astronomie, cosmographie, transmission de connaissances,
sciences nantiques, traduction, commentaire.

* Interuniversity Center for the History of Science and Technology (CIUHCT),
University of Lisbon (Portugal).
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N 1577, the Vatican issued a missive with a project aiming to reform

the Julian calendar: Aloysius Lilius” Compendinm novae rationis restitnendi

Kalendarinm circulated among scholars all over Europe and reached
Portugal via diplomatic channels.! The Portuguese Chief Cosmographer
Pedro Nunes briefly examined the text while on his death bed but, unfor-
tunately, died in Coimbra, on the 11th of August 1578, without advancing
much on the subject.? On the 30th of August, Fr. Luis de Souto Maior an-
swered back to Lisbon saying that Nunes thought the text of the project
contained some errors and that, under those conditions, nothing could be
done to obtain a definitive solution to the problem of the calendar (Carval-
ho, 1952, p. x-xvi).

Due to this conjunction of facts, History does not list Nunes among
those who had a direct impact on the reform of the calendar. It is known
that, even retired from active duties, he was the main scientific authority of
the country and was recognized as one of the finest European scholars of
his generation. But it was only a coincidence that Nunes’ last known tech-
nical opinion was about the calendar since he was not a full-time astrono-
mer. Astronomy — which Nunes defined as: “the science that concerns with
the path of celestial bodies and with the universal composition of the heav-
ens, and not with the vain beliefs and almost rejected that issues judgments
upon life and fortune” (Nunes, 1542, p. 141) — was not his main occupation
but surely was of primary intellectual interest for him. Professionally, he
was a professor of mathematics at the university and was also Chief Cos-
mographer (that is, the head cosmographer of the state) a practice that
combined different scientific disciplines such as mathematics, astronomy
and geography with managing duties, advising on nautical questions and
teaching.

Most of the astronomical issues that interested Pedro Nunes were
motivated by his professional duties as navigational advisor and cosmog-
rapher of the kingdom. The historian Henrique Leitdo called attention to

1 The wortks about the reform of the calendar are numerous. See, for example
(Coyne, Hoskin & Pedersen, 1983).

2 Pedro Nunes was a Portuguese mathematician, cosmographer and University
professor. He was born in Alcacer do Sal, Portugal, in 1502. Not much is known
about his family and his early life. He studied at the University of Salamanca, ob-
taining a bachelor degree in medicine in 1523. He returned to Portugal in 1527 and
was appointed cosmographer in 1529. In 1544, he was appointed Professor of
Mathematics at Coimbra’s University. In 1547, was appointed Royal Cosmog-
rapher. He died in Coimbra in 1578.
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this mixed mathematical practice, underlining that Nunes was driven by
theoretical questions imposed by real problems (Leitao, 2013, p. 25) and
that the techniques used to solve them were associated with mathematical
astronomy. Also, it must be stressed that he was not an observational as-
tronomer and that “(...) his texts do not give any indications concerning
numerical work associated with astronomy (organizing tables, etc.) nor of
any interest in astrology or physical-philosophical speculation on the uni-
verse’s cosmological structure”.3

Nunes’ work on astronomical questions is found in his texts — five
printed volumes, a small epitome and one manuscript. The great quality and
relevance of these works made them very well known in Europe in the six-
teenth and seventeenth century.* As an example, one of the scholars that
most appreciated his work was the Jesuit Christopher Clavius (1538-1612),
one of the main actors of the reform of the Julian calendar.® Those texts
also provide very good information about his contact with earlier astrono-
mers’ works.® His books show a remarkable knowledge of the most impot-
tant and relevant texts within the Ptolemaic-Aristotelic framework, pro-
duced by Greek, Latin or Arabic authors. He mastered the introductory
texts, such as Sacrobosco’s Tractatus de sphaera and Peuerbach’s Theoricae, but
also the more demanding like Ptolemy’s A/nagest. To those must be added
other relevant texts by Alphonsus, the Wise, Erathostenes, Allacen, Tabit,

3 “De notar que os seus textos nio dao quaisquer indicacdes de ter feito trabalho
numérico associado a astronomia (preparacio de tabelas, etc.), nem de qualquer
interesse por astrologia ou por especulagdes fisico-filoséficas sobre a estrutura
cosmoldgica do mundo.” (Leitao, 2013, p. 24). Unless otherwise stated, all the
translations of the quotations are from the author with slight revisions of the edi-
torial team.

4 On the general diffusion and impact of Nunes’ work in Europe, see (Leitdo,
2002); on the diffusion and transmission of Nunes’ nautical work in Europe, see
(Almeida, 2011).

5> As an example, Christopher Clavius (1538-1612) referred Nunes as “(...) acerrimo
vir ingenio, et nullo hac nostra aetate in Mathematicis inferior” (Clavius, 1611,
p. 123).

¢ Nowadays, all of Nunes’ books are available with extensive and valuable notes (in
Portuguese). Recently, a web page was developed (in English) to serve as an intro-
ductory to Nunes’ science and historiography. See http://pedronunes.fc.ul.pt. It
has, by no means, as much information as the extensive and erudite notes of the
modern editions but investigators not fluent in Portuguese can consult some stu-
dies, papers and find links to other interesting pages.
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to cite a few.” Furthermore, he was much influenced by the more recent
Germanic astronomical tradition represented by Regiomontanus, Johannes
Stoffler, and Johannes Werner, among others.

In my opinion, Nunes’ contributions to astronomy can be organized
in three main vectors: translation, commentaries, and original research. The
following lines will focus chronologically on Pedro Nunes’ main texts and
draw an overview of his astronomical work. 1 will also present a few con-
siderations on Nunes’ influence on astronomy and cosmography, paying
particular attention to French cosmographic literature of the sixteenth and
seventeenth centuries.

Tratado da sphera (1537)

Nunes was already thirty-five years old when he published his first
book (Nunes, 1537). It consisted of translations of Sacrobosco’s Tractatus de
sphaera, of Ptolemy’s book I of Geography and of the sun and moon chapters
of Peuetbach’s Teoricae novae planetarnm into Portuguese.® He also added two
original texts addressing navigation problems: the Tratado sobre certas dunidas
de nawegagao | Treatise on some doubts about navigation] and the Tratado em defensam
da carta de marear | Treatise in defence of the nantical charf).

With the exception of his Lzbro de Algebra (written in Castilian Span-
ish and published in 1567), this volume was the only one written in a ver-
nacular language.” In the dedicatory of the book to Prince Luis, Pedro
Nunes stated that his main purpose was to “reveal” the necessary principles
of cosmography in the Portuguese idiom. He specified: “science does not
have a language [that is, it can be understood using any vernacular one]”1?
(Nunes, 1537, p. 5).

Nunes’ first book presented him as a commentator of texts of sci-
ence. The original Tractatus de sphaera by Sacrobosco was an introductory

7 More on some of Nunes’ textual sources can be found in the catalogue of an ex-
hibition celebrating the five hundred years of his birthday in 2002 (Leitio & Mar-
tins, 2002).

8 As far as I know, the compilation of these texts in one volume is completely
original. Nevertheless, there were editions combining two of those titles. As an
example, a book comprising the Sphera and the Theoricae was edited in Venice, in
1482 (further editions in 1485, 1490, 1499, 1519). See (Nunes, 1537, p. 248-249).

9 Nonetheless, he would later favour publishing in Latin, which was still the pre-
ferred idiom to communicate and share scientific novelties among scholars.

10«3 sciencia ndo tem lingoagem: e que per qualquer que seja se pode dar a
entender”.
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textbook to the study of astronomy, well known all over Europe. It
brought out a large tradition of scholarly commentaries that motivated im-
portant scientific discussions.!! The same important commentary tradition
existed in Peuerbach’s Teoricae novae planetarum case (although at a lesser
scale due to the fact it was a more recent text). Nunes’ translation was lim-
ited to the sun and moon chapters and included brief commentaries about
the illustrations. It must be underlined that it was only the second commen-
tary in vernacular to be published in the sixteenth century, after Oronce
Fine’s La théorigue des cielz, monvemens et termes practiques des sept planétes (1528).

This Portuguese translation of the Sphere included twenty-six com-
mentaries. They were generally straightforward but there were some excep-
tions to be noticed. In particular, the Awnnotagio sobre as derradeiras palauras do
Capitulo dos Climas |Commentary on the chapter of climes]. In this note and for the
first time in the history of science, trigonometry and geometry were used to
explain the width of the dimate. This notion was introduced in classical an-
tiquity (as far as it is known by Aristotle) and it was used to divide the
Earth in parallels (usually seven). Two consecutive parallels had a difference
of thirty minutes in the length of the respective longest day of the year.

The Commentary enjoyed a large reputation thanks to Elie Vinet.!?
Starting in 1556, Vinet included a shorter version of Nunes’ notes in his
multiple editions of his Sphaera emendata.' This book had at least 32 edi-

1 These commentaries were personal notes, sometimes to clarify unproved pas-
sages of the original, sometimes to point out etrors or to propose improvements.
The amount of commentaties to the Sphere, that were the basis for an important
intellectual tradition, shows that this was an extensively studied text. Commenta-
tors included, among others, the names of Michael Scot, Robert Anglicus, Cesco
d’Ascoli, Elie Vinet and Christopher Clavius.

12 Vinet was an admirer of Nunes” work. It is possible that they knew each other
from the time when Vinet was teaching at the Colégio das Artes, in Coimbra, be-
tween 1547 and 1549. Besides the Tratado da Sphera, he knew and possessed other
books by the Portuguese cosmographer, such as De crepusculis, and he also made a
reference to the De erratis Orontii Finaei in his own Definitiones Elementi quincti et sexti
(1575). Vinet had a very important role in the transmission of Nunes’ work to
some intellectual groups in Bordeaux linked to the College de Guyenne. For exam-
ple, it is possible that the famous Jacques Pelletier became aware of Nunes’ work
through Vinet, when he was in Bordeaux. The other interesting link of Nunes’
Tratado da sphera to France is that a copy reached the country through the ambassa-
dor Jean Nicot, who planned to translate it (Nunes, 1537, p. 562-563).

13 Nunes’ text was sometimes highlighted in the frontispiece as, for example, in the
following edition: Vinet (1559) Sphaera loannis De Sacro Bosco Emendata. Eliae 1V ineti
Santonis Scholia in eandem Sphaeram, ab ipso authore restituta [...] et Petri Nonii Salaciencis
Demonstrationem eorum, quae in extremo capite de Climatibus Sacroboscius scribit de inaequali
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tions until 1620, which made the .Annotatio Nunes’ most printed text. This
fact was meaningful enough to motivate Bernardino Baldi (1553-1617) to
include Nunes among the most famous mathematicians and astronomers
writing commentaries on Sacrobosco’s Tractatus de Sphaera.*

Considering the two original treatises from 1537, the first one was
motivated by two questions related to astronomical routines of navigation,
attributed to the nobleman Martim Afonso de Sousa (ca. 1490-c.a. 1571).15
The answers to Martim Afonso de Sousa’s questions introduced solutions
to several navigational problems, specifically based on astronomical data
and methods. Contrary to the common art of navigation (based in simple
rules and processes) his suggestions implied many innovative tools, con-
cepts and procedures resulting from a meticulous use of mathematics, as-
tronomy and geography.

As a cosmographer Nunes was engaged in managing several techni-
cal aspects of navigation. Among other things, cosmographers were in
charge of organizing the training of seamen. In his Treatises he supported
the idea that seamen should improve their technical abilities in order to face
different challenges in their practice.!® He suggested general directives to
the training of seamen, based on the knowledge of their professional envi-
ronment using tools from mathematics, geography, astronomy, and even
meteorology. Later, these ideas influenced the practice of many cosmog-

Climatum latitudine, eodem Vineto Interprete. (Lutatiae, Gulielmum Cauellat). In a recent
paper, Matteo Valleriani focused on the early modern tradition of commentaties on
Sacrobosco’s Tractatus de sphaera. In particular, he analyzed the diffusion of Nunes’
demonstration and how it was published in other places and by different printers
(Valleriani, 2017).

14 (Baldi, 1998, p. 167). Baldi’s text circulated in manuscript versions until 1707,
when it was published in Urbino. Unfortunately, that edition was truncated and
had errors. I use the modern edition of the original manuscript, published in 1998.
15Tt is my opinion that Martim Afonso de Sousa (c. 1490-1571), and even more
D. Joao de Castro (1500-1548), represented Nunes’ ideal of the “modern naviga-
tor”, that is a new professional prepared with enough critical spirit and scientific
knowledge to observe natural phenomena, interpret them and act in the best inter-
est for their journey. They should also have the ability to communicate with the
cosmographer, bringing relevant information from their voyages and, if possible,
doubts like Sousa’s.

16 The author mentioned the Tractatus de sphaera, book T of Geagraphy and the sun
and moon chapters of the Teoricae novae planetarum as “the basic knowledge that an-
yone interested in understanding something about cosmography should have”. The
translation is mine from the original “(...) sam aquelles principios que deue ter
qualquer pessoa que em Cosmographia deseja saber alguma coisa” (Nunes, 1537,

p.5).
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raphers around Europe. For example, the Antwerpian cosmographer Mi-
chel Coignet, writing in 1581, showed awareness of the differences between
a “practically” oriented and a “scientifically” oriented seamanship, making
good use of the “(...) pratiques [maritimes] susdites de plusieurs autres
reigles fort ingenieuses et instruments prins de l'art de I’Astronomie et
Cosmographie (...)”17 (Coignet, 1581, p. 5).

Among other suggestions, Nunes advised the use of lunar eclipses to
solve longitude problems and he systematized the use of 23°30’ for the in-
clination of the ecliptic (a value taken from Regiomontanus), substituting
the common value of 23°33”.18 He also proposed ways to simplify the cus-
tomary rules to find latitude by using the position of the Sun at noon.! As
he was also concerned with the determination of latitude by the position of
the Sun, he suggested improvements in the use of the tables of declination
of the Sun, calling special attention to its correct use.?’

Nunes introduced improvements to the standard estimation of lati-
tude at noon. He made new suggestions concerning the calculation of lati-
tude at any given time of the day and about the determination of time
aboard ships, when the Sun’s position was previously known (Nunes, 1537,
p. 147). Furthermore, in order to obtain time on board, besides knowing
Sun’s height, declination and azimuth, he suggested the pilot should also
consider the latitude of the observer.?! This procedure is linked to the
problem of the “miraculous” sundial of Acaz, a phenomenon in which, un-
der certain conditions, the Sun’s shadow would present a retrograde path.
In fact, this is a very difficult phenomenon to observe aboard and, in the
opinion of the historian Henrique Leitdo, it made Nunes a pioneer in using

17 Suggested translation: “(...) the above-mentioned practices and several other
ingenious rules and instruments taken from the art of Astronomy and Cosmogra-
phy”.

18 (Regiomontanus, 1490). The choice of Regiomontanus’ value for the inclination
of the ecliptic guarantied scientific excellence but provided also a “round” number
easier to compute (Nunes, 1537, p. 142).

19 One of the best studies about this can be found in (Albuquerque, 1988).

20 That is, the Sun’s declination varies slowly during the day, so the navigator
should correct the tabulated values in the case he was observing the Sun from a

distance of more than six hours away from the place where the tables were com-
puted (Nunes, 1537, p. 142).

21 This happens because the spherical triangle has two solutions. For a mathemati-
cal explanation, see (Smart, 1931, p. 10).



44 BRUNO ALMEIDA

mathematical tools to demonstrate a phenomenon that had possibly never
been observed before.??

Furthermore, he proposed new instruments to help seamen to de-
termine their position when the Sun was visible. He designed a simple aux-
iliary instrument called /Zdmina de sombras (shadow instrument) that should be
used together with a globe to mark their results. Afterward, he developed a
second method using the same apparatus. Finally, he proposed graphic
schemes to obtain Sun’s declination more precisely.??

Nunes also wrote briefly about the use of the pole star to obtain the
latitude and made some comments to a crucial parameter used by seamen:
the distance between that star and the pole. Relying on Werner’s calcula-
tions, the Portuguese cosmographer recommended that the value of the
distance should be changed to 4°9” (or 10°).2* Seamen and other cosmog-
raphers used the value of 3°30° (in fact more accurate) and considered
Nunes’ suggestion as an error since it did not coincide with the values they
observed. This may point out that, at the time, Nunes had made no previ-
ous observation of the star and just trusted a highly regarded scholat’s au-
thority.

De crepusculis (1542)

The motivation for Nunes’ next book De crepusculis (Nunes, 1542)
was another enquiry, this time by an eminent pupil. In the initial dedicatory
lines to King Jodo 111, the cosmographer specified that the idea of writing
about twilights — defined by him as the “(...) dubious middle light between
day and night” (Knobloch, 2003, p. 118) — came from D. Henrique, the
King’s brother and also a future king.?> The problem of twilights in differ-

22 (Nunes, 1537, p. 156-157). Nunes proved this phenomenon for the region be-
tween tropics. The city of Jerusalem is outside this zone, therefore Nunes
“avoided” dealing with non-miraculous solutions. Later Clavius extended the ma-
thematical solution to all latitudes. It is not known whether Nunes was also in-
formed of this question by seamen like Aloisio Cadamosto that observed it in Su-
matra, as described by Christopher Wren (Elmes, 1852, p. 103).

23 In theory, these solutions were easy to use, despite needing sine tables and some
basic notions of trigonometry. See more in the notes added to volumes I and IV of
the Obras. Luis de Albuquerque (1988) has made several comments about this.

24 Werner calculated this value in 1500, based on a rate of precession of 49000
years and on the Aphonsine Tables. (Werner, 1514).

25 For more information about this book, besides the notes in (Nunes, 1542), see
also (Vilar, 2000).
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ent places of the Earth had been addressed before by astronomers of Latin
and Arabic traditions such as Sacrobosco, Ibn MucAdh and Stoffler, among
others but Nunes believed that none of his predecessors obtained a defini-
tive solution to the problem.?¢

The distinctive aspect of this work was that the Portuguese cosmog-
rapher addressed the problem from a mathematical point of view:

[twilights’] durations can be easily obtained by arithmetical operations based
on geometrical demonstrations on arcs and spherical angles, however, as-
tronomers determine them on astrolabe’s limbs (...) because in this way they
achieve their objective easily. (Nunes, 1542, p. 147)

He organized his arguments in a “Euclidean” way, in the sense that
the demonstrations were ordered in theorems and propositions put in a
logical sequence. He also chose to write in Latin, which helped promoting
his work to a wider international audience.

The book is divided in two parts. In the first one, the author listed
general theorems and propositions. These were used in the second part to
deal with aspects concerning the decreasing or increasing of the twilight
during the year. The volume had extra bibliographic interest since Nunes
also published for the first time the Liber de causis crepusculornm by Ibn Mu-
<Adh, which again emphasized his attention to early texts.?” De crepusculis is
a remarkable work for several other reasons: besides some interesting as-
tronomical results, it dealt with the problems of optics applied to astron-
omy and suggested instrument improvements, such as the famous
“nonius”.

Many historians praised this short text and considered it as the great-
est example of Nunes’ style of dealing with practical problems using
mathematical tools. Contemporary men of science (Clavius and Tycho
Brahe among others) also acclaimed the book. Christoph Clavius was the
first renowned mathematician to cite Nunes’ book and one of its principal
advocates. His commentaries suggest that he used the text in his classes.
However, he considered the book was in some way difficult to read and for
that reason he made some adjustments and simplifications. In fact, Nunes’
approach to the subject was not straightforward, since at the time, many

26 Furthermore, he was not comfortable with some of the technical aspects of

these approaches: for example, the hypothesis of the equality of twilights for every
day of the year and for all latitudes.

27 Until recently the earlier Latin text was wrongly attributed to Allacen, because of
the reference to Gerardo of Cremona. However, historian A. 1. Sabra showed that
it should be credited to Ibn MucAdh (Sabra, 1967).
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trigonometric functions were not yet available — for example, he used sines
and cosines but not tangents. In 1815, Jean-Baptiste Delambre made the
first critical comments on De crepusculis, which were later included in his His-
toire de I’ Astronomie (Delambre, 1819).28

In detail, Nunes considered that the twilights began or ended when
the Sun was 18° under the horizon. The time to cover this distance de-
pended on the observer’s latitude and on the time of the year (position of
the Sun on the Ecliptic). From a technical point of view, Nunes’ process
was based on the difference between the right ascension of the sun and of
another star, whose distance regarding the meridian was previously deter-
mined. Among other things, he proved that on any given day, morning and
evening twilights had equal durations. Equal length twilights occurred at
equal latitudes; at the equator, the maximum twilight occurred at solstices
and the minimum at the equinoxes.

Though very theoretical, the book revealed some connections with
the authot’s cosmographical practice. One example is the discussion about
what is probably his most popular contribution to science: the “nonius”.
This ingenious solution was designed to improve the precision when meas-
uring of astronomical angles with circular scale instruments used by sea-
men, like an astrolabe or a quadrant.?” The “nonius” was praised by authors
as William Barlow, Andrés Garcia de Céspedes, Tycho Brahe and Robert
Dudley. Later, the “nonius” underwent several improvements, the best
known being proposed by Pierre Vernier (1584-1638), in 1631 and consist-
ing in reducing the system to two linear scales, one fixed and the other
movable.

One last detail about this small volume is the presence of a short list
of books at the end. It includes works that Nunes intended to publish and,
among them, two are directly related to astronomy: De ortu et occasu signorum
[The rising and setting of the signs| and De astrolabio opus demonstrantinum
[Demonstration of the astrolabe|. 1n fact, it is not known whether he managed to
write these texts or not but the intention shows further about his intellec-
tual interest and preoccupation to work on astronomical matters. Interest-
ingly enough, the book he wrote next was not announced in that list.

28 Knobloch underlined that Delambre considered it “(...) long-winded, lengthy,
diffuse” (Knobloch, 2003, p. 117).

29 About instruments of navigation, see (Albuquerque, 1988b).



FOR THE BENEFIT OF COSMOGRAPHY 47

De erratis Orontii Finaei (1546)

A few years later, in 1546, Nunes published a book entitled De erratis
Orontii Finaei (Nunes, 1540). Its purpose was to show some erroneous pro-
cedures and demonstrations by the renowned Oronce Fine (1494-1555),
professor at the College de France, in Patis (Ross, 1971). Fine had pre-
sented solutions for the famous classical problems of duplication of the
cube, trisection of an angle and quadrature of the circle and published it
tirst in Protomathesis (1532) and later in a compilation of works (1544). Other
subjects also caught Nunes’ attention like, for instance, Fine’s assumptions
on gnomonic and on the problem of determination of longitude.

Nunes’ book is much more than an array of criticism to a fellow
scholar.! He presented a new point of view to sensible topics and an un-
usual domain of the most powerful mathematical tools of his time. The im-
portant historian of science Maxwell Clagett stated:

The acutest and learned of the critics was the Portuguese mathematician
Pedro Nunes. In his De erratis Orontii Finaei (Coimbra, 1546), Nunes not on-
ly corrected the errors of the French mathematician but revealed himself as
the most penetrating student of Archimedes’ technique of approximations

yet to write in Latin. (Clagett, 1978, p. 1246)32

Though the text is mostly focused on mathematics, it is possible to
find some passages related to astronomical subjects and applications to
cosmography on chapters XV, XVI, XVIII and XIX. In Chapter XV — How
Oronce made a great mistake on the investigation of the longitudes of the places, due to

30 The French scholar expressed thoughts about the determination of longitude in
several texts, mainly in his De inuenienda longitudinis locorum differentia, aliter quam per
Lunares eclipses, etiam dato quonis tempore, Liber admodum singularis (included in those
collected works printed in 1544). Fine wrote about sundials in De solaribus horologiis
et quadrantibus, a text included in his Protomathesis.

31 (Leitao, 2009). Nunes was not the only scholar to point out inaccuracies in
Fine’s works: among the most “severe” was Jean Borrel (in 1554). Others, like Tar-
taglia (in 1560) and Adrianus Romanus (in 1597), also made some important re-
marks.

32 Nunes was very well informed about the work of Archimedes. Though in pre-
vious works he had only made some brief references to works by the Syracusan, he
revealed in De eratis a greater knowledge of the Archimedean texts, surely moti-
vated by the recent publishing of his works with commentaries by Eutocius of As-
calon. He gave special attention to De mensura cireuli, included in the edition Archi-
medis Syracusani Philosophi ac Geometrae excellentissimi Opera, from 1544.
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the ignorance of basic rudiments of Astronomy,>® Nunes showed the etrors of
Fine’s proposition to determine the longitude of a place based on the ob-
servation of Moon’s position. In fact, Fine’s solution was a bit different
from the one known as “Lunar distances method”, previously proposed by
Werner in his notes to Ptolemy’s Geography (Werner, 1514). Fine based his
own method on the meridian passage of the Moon rather than on the mea-
surement of distances between the Moon and another celestial body. In
detail, Nunes noticed that Fine was incorrect in his considerations about
the lag of the Moon and about lunar parallax.

Chapter XVI was dedicated to several errors found in Fine’s text Pla-
nisphaerium geographicum, quo longitudinis atque latitudinis differentiae, tum directae
locorum deprebenduntur elongationes, included in Quadratura circuli. In this text,
Nunes used several techniques of positional astronomy to explain a particu-
lar case of determination of the longitude and latitude of a place.

In Chapter XVIII, Nunes made minor comments on some of Fine’s
ideas about gnomonics and dials in his De solaribus horologiis et quadrantibus
libri 1111, included in Protomathesis. Among other subjects, Nunes com-
mented on the construction of a nocturnal clock. In chapter XIX Nunes
kept on correcting the Frenchman about his propositions for the construc-
tion of sundials. It is interesting to notice that this last chapter led Clavius
to praise Nunes among the “scriptores horologiorum” and Elie Vinet to
write:

Quand a la Theorique et demonstration, mon auis n’a esté d’i toucher:
pource que le liure en eust esté beaucoup plus grand est obscur: mais s’il i a
quelqu’un, qui doute de la doctrine ici baillée, qu’il aille lire et bien eplucher
le liure q’'un mien ami Pero Nunez Cosmographe du Roi de Portugal Jehan
le Tiers, publia et fit imprimer a Coimbre Vniversité de Portugal, I'an
M.D.XLVI: et il trouuera 14, qui le contentera. (Vinet, 1583, Conclusion)

Again, one can notice the direct and indirect connections with
Nunes’ cosmographic practice. Generally speaking, the study of gnomonics
was fundamental to understand and devise a vast array of instruments. In
the same way, the determination of longitude was vital to managing all the
geographical information of the empire and was also necessary for naviga-
tion, tasks which were supervised by the Chief Cosmographer.

33 The original title in Latin is: Orontinm nehementer errasse in inuestigatione longitudinis
locorum, ob ignorantiam primorum rudimentorum astrogiae.
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Petri Nonii Salaciensis Opera (1566)

The Petri Nonii Salaciensis Opera (Nunes, 1560) is a large volume com-
piling the most important achievements of Nunes’ scientific activities. It is
divided in two main parts: a short one consisting in the Latin version of his
original treatises from 1537 and a larger one, in two books, named Rules and
instruments to find out the appearances of both maritime and celestial things.>* The
book also included the Latin version of his notes on Peuerbach’s theories
of the planets.3>

The publication of the Opera triggered a big impulse within the re-
cent scientific field of theoretical navigation which influenced many Euro-
pean cosmographers. One of these people was Michel Coignet, mentioned
earlier, who was inspired by the idea that a modern practice of navigation
should include not only simple rules but also more sophisticated astro-
nomical procedures. Nunes’ influence can be seen in some instruments
proposed by Coignet, such as the nautical hemisphere, which included a
shadow apparatus in a graduated semi circle. Coignet advised the use of
that instrument to determine the latitude at any time of the day, based in a
procedure developed by the Portuguese cosmographer.

The association between strictly theoretical principles and practical
solutions for everyday navigation problems is evident throughout the book.
The knowledge of the position of the sun to determine latitude was very
important to navigation and Nunes had addressed it before, in a less formal
way, in 1537. Thirty years later, the cosmographer had developed his ideas
and presented various comments and thoughts about Sun’s theory and its
parameters, such as the duration of the tropic year, precession rate and
ecliptic obliquity. Related to this topic, in chapter 4, Of Sun’s declination, he
confirmed 23°30” as the optimal angle of the inclination of the ecliptic. In-
terestingly this value became widely accepted among cosmographers and
mathematical practitioners such as Edward Wright (1561-1615) who stated
that he used that value “agreeing with that excellent arts-man Germanies
Euclide Regiomontanus, whom Petrus Nonius (compatred by Ramus to Ar-
chimedes) and Clarius [sic| (a great Mathematician though a lesuite) chose
rather to follow, than either of the other [Copérnico and Tycho Brahe] (...)”
(Wright, 1599, fl. Aa 1).

34 From latin: De regulis et instrumentis, ad narias rerum tam maritimarum quam et coeletinm
apparentias deprehendendas, ex Mathematicis disciplinis.

35 The modern edition of Nunes (1566) was divided in two volumes. The naviga-
tion books (De arte atque ratione nanigandi) were published in volume 1V (2008) and
the notes to Peuetbach's text (In Theoricas Planetarum Georgii Purbachii Annotationes)
were published in volume V (2011): see the bibliography.
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Nunes maintained his commentaries regarding the use of solar tables
and the necessity of corrections and adaptations. He also mentioned that
the values of the Sun’s declination in the tables were approximations that
did not consider the trepidation of the eighth sphere.?® This is a good
example of a very specific topic that did not matter to seamen in a direct
way, but could be useful to cosmographers and astronomers when calculat-
ing tables for nautical use. This also shows how very complex scientific
knowledge could reach the relevant practitioners, a process mediated by the
cosmographers.

It was also in Chapter 4 (and repeated in Chapter 11) that the author
made a brief reference to Copernicus and his De revolutionibus orbimm
caelestinm (1543). Nunes was one of the first European scholars to address
this pivotal work, showing that he was well informed about contemporary
astronomy. Contrary to other readers of Copernicus, Nunes did not worry
much about the physical and philosophical implications of the Polish’s
cosmographical and astronomical theories. In fact, his comment on the de-
termination of the movement of fixed celestial bodies is focused on Coper-
nicus’ mathematical inexactness in some passages of his book (Nunes,
1560, p. 329).

In Opera there are but few references to astronomical observations.
Nevertheless, it is possible to find two of them in Chapter 4. In the first
one, the author vaguely mentioned some “regular” observations of the
skies. The second one is more specific and revealed the use of the astrolabe
on a specific date and place: the 14th of September 1555, in Coimbra, Por-
tugal.’” In that observation he measured the distance of the Sun to the ze-
nith, which was a simple procedure. In my opinion, these scarce occur-
rences support the idea that Nunes’ astronomical reputation was not based
on his observational skills.

Afterwards, in Chapter 5, Nunes proposed three procedures to ob-
tain the inclination of the ecliptic, an essential value for a cosmographer.
The first one was actually a graphical process that could be drawn on the
back of a plane astrolabe or other plane instruments. The second process
was based on Vitruvio’s analema. The thitd one, often known as
“quadrante de declina¢io”, was the instrument previously described in the
final pages of his Tratado em defensam da carta de marear Nunes, 1537, p. 180-
182).

36 The trepidation designates a hypothetical variation in the rate of the precession
of the equinoxes.
37 In what concerns ephemeris, the Sun entered Libra on this date.
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Chapter 6 is also very important. It addresses subjects related to the
measuring of astronomical observable distances such as parallax, atmos-
phere refraction, light beams, but also the height of atmosphere vapours.
More importantly, the author focused on the instruments most commonly
used in navigation: the astrolabe, the cross-staff and the quadrant. He re-
flected upon the limits and problems of those instruments and proposed
some alternatives. As an example, he conceived a nautical ring destined to
measure Sun’s height. This instrument excluded the moving parts of the
astrolabe and had the advantage of doubling the precision of the readings.®
Again, the attention paid to instruments shows his concern with practical
applications of theoretical ideas for the benefit of cosmography and naviga-
tion. The nautical ring is a perfect example of Nunes’ modus operandi as
Royal Cosmographer: in this case, he applied a simple geometric principle
to an instrument to ease a common procedure in navigation. The ring was
mentioned by later cosmographers such as the important George Fournier,
who paid attention to it in his Hydrographie. The fourth chapter of Book X,
was dedicated to the Awnean gradué, however with no mention to the name
of its Portuguese creator. Nevertheless, Fournier praised the instrument,
stating: “Cet Anneau est preferable a ’Astrolabe” (Fournier, 1643, p. 372).
The famous Claude Deschales also made references to the ring in the
Proposition XXIII — De /’Annean astronomique in his L art de naviger (1677):

Nous appelons Anneau Astronomique une circoference de cercle, faite en
forme d’un Anneau. Il doit estre suspendu librement, de méme fagon que
PAstrolabe. (...) L’Anneau Astronomique ne peut servir que pour le Soleil,
mais il a cette commodité, qu’on n’a besoing que d’une observation; sans
estre obligé de baisser, ou de hausser la regle: et de plus, ses degrez sont
plus grands que dans I’Astrolabe. (Deschales, 1677, p. 57)%

Concerning the quadrant, Nunes suggested practical improvements
such as substituting the thread for a metallic rule which would allow a bet-
ter use under unstable conditions like the ones experienced at high seas
(Nunes, 15606, p. 360). Deschales was one of the authors agreeing with that

38 Nunes’ argument was based on the idea that, because there was a lever effect,
the astrolabe was not balanced. Later, it was proven that it had no influence on the
instrument.

3 “We call Astronomical Ring a circumference with the form of a ring. It should
be hung freely, in the same manner as the astrolabe. (...) The Astronomical Ring
can only be used for the Sun, but it is convenient, for one needs only one observa-
tion, without having to lower or to raise the rule; and, moreover, its degrees are
larger than the Astrolabe’s”.
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idea: “(...) au lieu d’un filet, mettez une regle qui puisse rouler autour du
centre du quart de cercle, la chargeant de trois ou quatre livres de plomb
par le bas pour empescher qu’elle ne branle”#" (Deschales, 1677, p. 73).
Another problem addressed in the Opera was related to the scales of the
instruments so Nunes recalled one of his best-known solutions — the
“nonius” — previously published in De crepusculis. Finally, he commented on
the cross-staff, defending that the instrument should only be used aboard
to find distances between celestial bodies separated by distances lesser than
a quarter of a circle.#!

In my opinion, the whole chapter dedicated to instruments is a good
example of Nunes’ concern about applicability and improvement of proce-
dures aboard ships. Even if his writing style was very theoretical and hard
to be understood by common seamen, it has been stressed that this appar-
ent problem of communication could be counterbalanced by the interven-
tion of other cosmographers that could interpret the theoretical informa-
tion, adapt it and finally transmit it to seamen.

In Chapter 7 — about the distance of the polar star to the pole —
Nunes commented again on the value for this distance and its variation ac-
cording to the latitude of the observer. Here he maintained his compromise
with Wernet’s proposal of 4°9’ for the distance of the stat to the pole in-
stead of the value of 3° 30’ common among seamen.*? Nevertheless, he
proposed the measuring of the distance from the pole star to the North
Pole at its highest or lowest passage, in order to avoid seamen’s interpola-
tions and mistakes (Nunes, 1566, p. 383-384). He noticed that measuring
the pole star out of its meridian passage, did not give constant values at all
latitudes (Nunes, 1566, p. 384). This observation — that echoed in the work

40 “Instead of a string, put a ruler that can roll around the center of the quarter
circle, loading it with three or four pounds of lead from the bottom to prevent it
from moving”.

41 Nunes’ opinion did not go unnoticed. For instance, Simén de Tovar analyzed his
suggestions and prepared a “defense” of the instrument in a book published in
1595 (Tovar, 1595).

42 In my oppinion, in 1566 he was not so categorical. His writings showed some
hesitation on Werner’s results, probably because of the pressure that some negative
commentaries and the observations of other astronomers put on him. He stated
that “if the movement of fixed stars, as obtained by Werner using Alphonsine Ta-
bles, is true this distance (...) it is almost of 4° and 9°(..)”, completing “(...)
However, if we accept Albatenius opinion the distance is a bit less (...)” (Nunes,
1566, p. 375). Unfortunately for Nunes, Werner’s calculus was wrong but I call
attention to the passage “if it is true” that, in my opinion, does not show an abso-
lute compromise towards the value of his most considered German peer.
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of later cosmographers such as Andrés Garcia de Céspedes in his Regimiento
de Navegacion (1606) — led to the conclusion that the errors were in the order
of a minute of a degree which, at the time, was almost indifferent for navi-
gation purposes. Fournier, in Chapter XXIV — Sgavoir si c'est a tort gue Nonius
reprend ['usage dn Nocturlabe, commented on Nunes’ demonstration of the
variation of the distance of the pole star to the pole, defending that these
values were small and were not that important in practical terms.

One of Nunes’ most relevant suggestions was about the methods to
obtain latitude when the Sun was not on the meridian of the observer (that
is, when out of mid-day). Again, this procedure was important to obtain
latitude at sea at any time and intended to increase the set of techniques
available to seamen. In Chapter 10 he analysed a preceding proposition by
Peter Apian (1495-1552) and in Chapter 11, analysed another by Jakob
Ziegler (c. 1470-1549) (Apian, 1524; Ziegler, 1531). He commented on the
use of Ziegler’s apparatus (similar to an armillary sphere, meant to solve
several astronomical problems) and concluded on the inapplicability of the
method, as he had done with Apiano’s. Among others, these comments
called Deschales’ attention, as can be seen in his L'ar# de naviger. In Book VI
— De lestime corrigé par la latitude, he made several references to the condi-
tions of application of the regiments of the Sun and pole star and gave
some points as to the determination of the latitude at any time of the day.
Chapter 11 also contained references to the problem of the sundial of Acaz.

In chapter 18, Nunes went back to subjects related to gnomonics
and, assuming the role of cosmographer, he complained about the scarce
usage of sundials by seamen. Like he had done in 1537, he recommended
the use of an interesting “shadow” instrument to obtain Sun’s azimuths.
Then, he commented on the conditions under which sun beams were paral-
lel — an important topic in optics and catoptrics — and, among other things,
he noticed that the altitude of celestial bodies should be corrected by con-
sidering their geometric center (which was in fact important for the Sun
and the Moon).

The second part of the Opera consisted in thirty-six annotations to
Peuerbach’s Theoricae nonae planetarum. When compared with the notes of
1537, this fresh approach to the text, was much more erudite and selective.
It did not intend to comment the complete text but only what he thought
needed a better explanation or clarification. The notes cleared and cor-
rected some aspects of Peuerbach’s text but also some parts of texts by his
commentators such as Schreckenfuchs, Capuano and Reinhold to cite a
few. Nunes’ commentaries were always printed together with the first part
dedicated to navigation (three editions in 1566, 1573, 1592). It is commonly
admitted by scholars and historians that these notes are some of the most
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erudite ever published (for example, Pierre Gassendi included the text
among the most important Theoricae commentaries) (Gassendi, 1658, vol. v,
p.- 521) and some extant copies are even bound together with Copernicus’
De revolutionibus.®3

Pedro Nunes’ followed the original sequence of Peuerbach’s text:
theories for the Sun, Moon, outer planets, inner planets, “passion” of the
planets and the movement of the eighth sphere. Due to its highly technical
level, this text was not connected with practical cosmographic duties. Nev-
ertheless, the subjects covered would be of interest to advanced cosmog-
raphers that used the original Theoricae nouae planetarum as an auxiliary text-
book. Outside Portugal, Nunes’ text was familiar to Spanish cosmographers
such as Cedillo Dias and Garcia de Céspedes and also to astronomers out-
side the peninsula such as Michael Maestlin (Keplet’s professor) and Gio-
vanni Antonio Magini to cite a few. The text entered Jesuit teaching net-
work through Cristopher Clavius; Giovanni Battista Riccioli esteemed it;
and it was cited by Claude Deschales in his famous Cursus seu mundus mathe-
maticus (1674). Later, Jean-Baptiste Delambre made important and thorough
references to it in his Histoire de I’Astronomie du Moyen Age (1819), stating :
“(...) 1l est encore de tous les commentateurs de Purbach, celui qui était le
plus géométre et le plus soigneux; il est aussi le plus instructif” (Delambre,
1819, p. 280).

When addressing the Sun’s theory, Nunes considered the determina-
tion of the parameters of the orbit. He also improved the values of the ec-
centricity of the orbit and position of the apogee, a work that was praised
later by Clavius, Riccioli and Deschales. His second annotation dealt with
the relations between the mean movement and the true movement of the
Sun and tried to find its equality conditions. Nunes also presented for the
first time a demonstration about the important Moon theory that stated the
equation of the center of the moon had a maximum (his notes 1 to 8). This
was a meaningful contribution since it solved a maximum value problem
without the use of differential calculus.* The last notes are also very inter-
esting and dedicated to the movement of the eighth sphere, comparing
Alphonsine’s predictions with Thabit’s. Delambre and Riccioli remembered
Nunes for these contributions as one important commentator of Thabit’s
text.

To conclude, this paper aimed to show Pedro Nunes’ foremost out-
put in astronomy, namely his work on translations of eatrlier texts, commen-

43 See (Gingerich, 2002).
4 The Portuguese historian Francisco Gomes Teixeira called it “a masterpiece of
ingenious work and art” (Teixeira, 1934, p. 146).
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taries to those texts and original research. Although many aspects were not
explored and developed here, plenty was shown about the facets of that
work and about how astronomy was integrated in his activity as a cosmog-
rapher. At the same time, another goal was to show that, contrarily to many
previous mathematicians and astronomers who worked frequently on high-
ly technical issues originating in classical problems, most of the subjects
that attracted Nunes were rooted in his contact with the difficulties of sea-
men and artisans.
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