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Abstract

In his Hebrew encyclopaedic compendium Midrash ha-Hokhmah, the thirteenth-century
Toledan scholar Judah ben Solomon ha-Cohen reports of a correspondence, held in
Arabic, that he had with an unnamed philosopher who belonged to the court of the Holy
Roman Emperor Frederick II in Italy. The present work investigates the different ways in
which this correspondence helped transmit knowledge between scholars from different
cultural and geographical settings. First, a critical edition, translation, and analysis are
rendered of the two problems discussed in the text, which concern the construction of
the five regular polyhedra and the calculation of oblique ascensions. The correspondence
is then placed within the framework of other accounts of scholars who reportedly
received imperial inquiries. It is shown that its subject matter was of interest to both the
court and the scholarly community, and can be linked to the work of Frederick’s
correspondents Leonardo Fibonacci in Italy and the school of Ibn Y@inus in Mosul, and to
the work of later scholars - Campanus of Novara and Muhyi al-Din al-Maghribi. The
unnamed philosopher, who is proved wrong in the correspondence, is in all likelihood
Theodore of Antioch. An analysis of the terminology used in the Hebrew translation of
the lost Arabic original shows that Judah created a unique mathematical and
astronomical vocabulary, which changed during his working life. It is influenced by that
of Jacob Anatoli, but Judah’s terminology is generally much closer to that of his
predecessor Ibn Ezra. It is then shown that the interreligious collaboration recorded in
the correspondence is typical for the appropriation of Greek learning in the Middle Ages,
but its placement within the framework of the Midrash ha-Hokhmah is influenced by

interreligious polemics. Here, it serves to prove the superiority of the Jewish religion.
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Chapter One

Introduction

The Midrash ha-Hokhmah (‘Exposition of Wisdom’)! by Judah ben Solomon ha-Cohen of
Toledo is the earliest extant Hebrew encyclopaedia of logic, philosophy, mathematics,
astronomy and astrology. Originally composed in Arabic in the 1230s, the work was
translated into Hebrew by the author himself around the year 1247. The Midrash ha-
Hokhmah contains summaries and abbreviations of the most important philosophical and
scientific works circulating at the time, covering Aristotelian logic, natural philosophy
and metaphysics, geometry, astronomy, cosmology and astrology. In addition, it contains

three treatises dedicated to traditional Jewish learning.

It is in the mathematical section of the compendium that Judah ha-Cohen reports of a
correspondence with the court of Frederick II (1194-1250), Holy Roman Emperor of the
Staufen dynasty, who was known for sending questions about a wide variety of subjects
to scholars residing in many different cultural contexts. At the age of eighteen, so Judah
alleges, he received a letter written in Arabic by the ‘philosopher to the emperor’ (his
identity remains unknown), who asked him several scientific questions. He answered the
philosopher, adding questions of his own, so initiating a correspondence that went on for
several years. Two of the questions that were posed to Judah are discussed in detail in the

Midrash ha-Hokhmah: one on Euclidean geometry, and one on astronomy. The discussions

! The tile of the work has been translated in various ways in different publications, as both the Hebrew
root d-r-sh (‘to examine, expound’) and the word hokhmah (‘wisdom, discipline, learning’) can have
several different meanings. Resianne Fontaine suggested that it might reflect the Arabic Talab al-hikmah,
which is the title of Saadya Gaon’s Commentary on Proverbs. She proposes the following translations: ‘The
exposition of science’; ‘The search for wisdom’; ‘Inquiry into science/wisdom’. See Fontaine, “The Early
Reception of Aristotle through Averroes in Medieval Jewish philosophy,” 212. Like the Arabic hikmah, the
Hebrew term hokhmah has to be understood in a much broader sense than the English notion of ‘science’.
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were passed on to Frederick, who was reportedly very pleased with Judah’s answers.
Judah finally travelled to Italy ten years later and resided at the emperor’s court, where
he translated the Midrash ha-Hokhmah from the Arabic original into the Hebrew language.
The discussions give us insight into one of the ways in which the transmission of
knowledge took place in the thirteenth century at this most crucial of geographical and

intellectual boundaries.

The Arabic original of the Midrash ha-Hokhmah is lost. The complete Hebrew version can
be found in two manuscripts,” but there are over forty manuscripts which contain
excerpts from the work.” Judah’s account of the correspondence with the emperor’s
philosopher can be found only in four of these: Cambridge, Cambridge University Library,
MS. Add. 1737; Oxford, Bodleian Library, MS. Mich. 400; Parma, Biblioteca Palatina, MS.
2769; Vatican City, Biblioteca Apostolica Vaticana, MS. Ebr. 338. The portions of the
Midrash ha-Hokhmah that were copied most often are a treatise on the hidden meaning of
the letters of the Hebrew alphabet and Judah’s Hebrew adaptation of Ptolemy’s
astrological work Tetrabiblos. The latter was published in 1886 by Jacob Shapiro.* An
analysis and Italian translation of this part of the Midrash were recently made by
Marienza Benedetto.’ The first treatise of the Midrash ha-Hokhmah, which is the
commentary on Genesis, Psalms and Proverbs, was edited by David Goldstein in 1981.°

Colette Sirat published several passages from the Midrash ha-Hokhmah that illustrate

2 Vatican City, Biblioteca Apostolica Vaticana, MS. Ebr. 338 and Oxford, Bodleian Library, MS. Mich. 551.
However, the latter manuscript misses a few quires in the middle of the work.

3 A list of 43 manuscripts can be found in Manekin, “Steinschneider on the Medieval Hebrew
Encyclopedias,” 475-479.

* Otot ha-shamayim. There are many mistakes in this printed version, which were already pointed out by
Steinschneider: Verzeichniss der hebrdischen Handschriften der Koniglichen Bibliothek zu Berlin, 2:125.

5 Benedetto, Un enciclopedista ebreo.

¢ Goldstein, “The Commentary of Judah ben Solomon Hakohen.”



Judah’s critique of Aristotle and his understanding of qabalah as superior oral tradition,’
as well as extracts from the second treatise on the letters of the Hebrew alphabet.® In
2001, she rendered the Hebrew text (with a French translation) of a passage that can be
found at the end of this treatise, in which Judah describes polemical questions on the
nature of the Jewish people that were posed to him by a presumably Christian
philosopher.’ Resianne Fontaine is currently preparing a critical edition and English
translation of the introduction and the natural philosophical portion of the Midrash ha-

Hokhmah.

The fact that Judah ha-Cohen corresponded with the emperor’s court has attracted
considerable attention in modern research. However, the contents and structure of the
correspondence have never been explored. The first scholar to do extensive research on
the Midrash ha-Hokhmah was Moritz Steinschneider. In 1893 he published his monumental
work Die hebraeischen Ubersetzungen des Mittelalters und die Juden als Dolmetscher: Ein Beitrag
zur Literaturgeschichte des Mittelalters meist nach handschriftlichen Quellen. The first
paragraph of the work deals with Hebrew encyclopaedias, first of which is the Midrash ha-
Hokhmah." The most exhaustive description of the author and the work can be found in
Steinschneider’s Berlin catalogue. There he gives a full account of the contents and
structure of the Midrash, cites beginnings and endings of chapters, identifies some of its
sources and compares the readings of different manuscripts." Steinschneider’s notes and

observations on the subject, published in various books and catalogues, became the basis

7 Sirat, “Juda b. Salomon ha-Cohen”; ead., “La Qabbale d’apres Juda B. Salomon ha-Cohen”; ead., “Les
traducteurs juifs a la cour des Rois de Sicile et de Naples.”

8 Sirat, “L’explication des lettres selon Juda b. Salomon ha-Cohen.”

? Sirat, “A la cour de Frédéric Il Hohenstaufen: une controverse philosophique entre Juda ha-Cohen et un
sage chrétien.” See also Fontaine, “Religious Polemics in a Philosophical Encyclopedia: Judah ha-Cohen on
‘The Chosen People.”

10 Steinschneider, Die hebraeischen Ubersetzungen des Mittelalters, 1-4.

1 Steinschneider, Verzeichniss der hebrdischen Handschriften der Kéniglichen Bibliothek zu Berlin, 2:121-126.



of all research that was done after him." Despite having such a prominent place in one of
Steinschneider’s major studies, the Midrash ha-Hokhmah received little attention in the

following decades.

It was only in the 1970s that further research on the Midrash ha-Hokhmah was carried out.
Shalom Rosenberg noted that the philosophical writings of Hillel of Verona and Moses of
Salerno were influenced by Judah ha-Cohen’s terminology.” In 1975 David Goldstein
demonstrated that both Immanuel ben Solomon of Rome and Rabbenu Bahya ben Asher
knew the Midrash ha-Hokhmah and utilised the work in their biblical commentaries.
Georges Vajda and G. Sermoneta also mentioned the Midrash ha-Hokhmah in their
articles.” The work of Colette Sirat was particularly important in making the work known
to a wider audience. Apart from collecting and arranging all the information on the
subject that can be gathered from Steinschneider’s notes, she also did some valuable
research on Judah’s philosophy and use of sources, the importance of the notion of
gabalah in his work, and his relationship with Christian scholars at the court of Frederick

IL.'

In the following years the work received increased scholarly attention. Mauro Zonta

identified additional sources for the structure and doctrines presented in the

12 See, for example, Steinschneider, Catalogus ... Lugduno-Batavae, 53-60; id., Die Mathematik bei den Juden, d
110-111; id., Die arabische Literatur der Juden, 162; id., Die hebreeischen Handschriften der K. Hof- und
Staatsbibliothek in Muenchen, 118; Blumenfeld, Otsar nehmad, 11:233-236.

13 Rosenberg, “Joseph Baruch Sermoneta (ed.), Moses ben Solomon, ‘Un glossario filosofico ebraico-italiano
del XIII secolo’ (1969).”

4 Goldstein, “The Citations of Judah ben Solomon ha-Cohen in the Commentary to Genesis of Rabbenu
Bahya ben Asher”; id., “The commentary of Immanuel ben Solomon of Rome on chapters I-X of Genesis.”
> Vajda, “La question disputée de I'essence et de l'existence vue par Juda Cohen, philosophe juif de
Provence”; Sermoneta, “Federico Il e il pensiero ebraico nell’Italia del suo tempo.”

16 Sirat, “Juda b. Salomon ha-Cohen”; ead., “La Qabbale d’aprés juda B. Salomon ha-Cohen”; ead.,
“L’explication des lettres selon Juda b. Salomon ha-Cohen.”; ead., A History of Jewish Philosophy in the Middle
Ages, 250-255.



philosophical part of the Midrash ha-Hokhmah.”” But the largest contribution towards
understanding the philosophical part of the encyclopaedia was made by Resianne
Fontaine. She investigated Judah'’s critical attitude towards Aristotle and the inclusion of
non-Aristotelian thinkers into his work, analysed Judah’s views on chosen topics in
natural philosophy in comparison with other Jewish thinkers, and examined Judah’s
Hebrew scientific terminology, which is heavily influenced by Arabic.”® In 2000, a
conference on medieval Hebrew encyclopaedias took place in Jerusalem. The papers of
this conference, which contained some discussion of the Midrash ha-Hokhmah, were
published in the volume The Medieval Hebrew Encyclopedias of Science and Philosophy
(Dordrecht, 2000). There, Resianne Fontaine discusses in detail Judah’s sources and use of
sources for the first part of the Midrash ha-Hokhmah, and investigates the question if the
anachronistic term ‘encyclopaedia’ can be applied to the work.”” Two articles in the
volume deal with the mathematical/astronomical section of the Midrash ha-Hokhmah, of
which the correspondence with the philosopher forms a part. Tony Lévy investigated the
structure, language and sources of Judah’s Hebrew rendering of Euclid’s Elements.”” Y. Tzvi
Langermann examined the contents and structure of the three sections of the Midrash ha-
Hokhmah that pertain to the science of the heavens: the parts on astronomy, on astrology,
and the treatise on the letters of the alphabet.” Following the conference, Judah’s

polemic discussion with a Christian philosopher on the status of the Jews was analysed

17 Zonta, La filosofia antica nel Medioevo ebraico, 200-204.

18 Fontaine, “Aristotle vs. Galen in the Zoological Part of R. Judah ben Salomon’s ‘Midrash ha-Hochmah’”;
ead., “The Inhabited Parts of the Earth according to Medieval Hebrew Texts”; ead., “Red and Yellow, Blue
and Green: The Colours of the Rainbow according to Medieval Hebrew and Arabic Scientific Texts”; ead.,
“The Facts of Life: The Nature of the Female Contribution to Generation according to Judah ha-Cohen’s
Midrash ha-Hokhma and Contemporary Texts”; ead., “Arabic Terms in Judah ben Solomon ha-Cohen’s
Midrash ha-Hokhmah.”

¥ Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmah’: Its Sources and Use of Sources.”

2 Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen.”

' Langermann, “Some remarks on Judah ben Solomon ha-Cohen.”



by both Colette Sirat and Resianne Fontaine.” The role of Jewish translators at the court
of Frederick IT and his successors was investigated by Mauro Zonta.” Marienza Benedetto
dedicated her doctoral thesis to Judah’s adaptation of Ptolemy’s Tetrabiblos.** But it is
mainly the work of Resianne Fontaine that has furthered our understanding of the
encyclopaedia. In preparation of an edition of the natural-philosophical part of the
Midrash ha-Hokhmah she investigated the presentation of Aristotle’s writings on different
topics in the work,” furthered our insight into Judah’s use and presentation of sources,*
identified works that cite Judah’s work,” explored the theme of the ‘three worlds’ that
plays a major role throughout the encyclopaedia,” and investigated the role that the
Midrash ha-Hokhmah fulfilled in being an encyclopaedic work.”” While the natural
philosophical part of the Midrash ha-Hokhmah has received a lot of scholarly attention, no
further research on its mathematical/astronomical part, which includes the

correspondence, has been conducted in recent years.

% Sirat, “A la cour de Frédéric 11 Hohenstaufen: une controverse philosophique entre Juda ha-Cohen et un
sage chrétien”; Fontaine, “Religious Polemics in a Philosophical Encyclopedia: Judah ha-Cohen on ‘The
Chosen People.”

3 Zonta, “Traduzioni filosofico-scientifiche ed enciclopedie ebraiche alla corte di Federico II e dei suoi
successori (secolo XIII).”

# Benedetto, Un enciclopedista ebreo.

» Fontaine, “The Early Reception of Aristotle through Averroes in Medieval Jewish philosophy: The Case of
the Midrash ha-Hokhmah”; ead., “Aristotle’s ‘De Anima’ in a Hebrew encyclopedia”; ead., “The First Survey
of the ‘Metaphysics’ in Hebrew.”

% Ead., “Abraham ibn Daud and the Midrash ha-Hokhmah: a Mini-Discovery.”

?’Ead., “An Unexpected Source of Meir Aldabi’s Shevile Emunah.”

B Ead., “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma.”

» Fontaine and Berger, “On Pre-modern Hebrew and Yiddish Encyclopedias.”



Judah ben Solomon ha-Cohen

What little information we have about Judah ben Solomon ha-Cohen,* stems mainly from
the Midrash ha-Hokhmah itself.** Judah was born and raised in Toledo, which had been
under Arab rule from the eighth to eleventh century. After the town had been conquered
by Alfonso VI in 1085, its population still consisted of a mix of Mozarabs, or ‘Arabised’
Christians, Muslims and Jews. Arabic remained the language of culture and religion for a
large part of the population. At the time Judah was born, around the year 1215, Toledo’s
Jewish community had become the most prominent in the Kingdom of Castile and one of
the most important in Spain. Around 12,000 Jews lived in the city; they would have
constituted about a third of the population.”” Documents from the period show that
Toledo was not only a centre of Jewish learning, but that Jews also held high positions at
the royal court and played an important role in a Christian translation movement that
had started in the twelfth century. Christian scholars from Latin Europe came to visit the
town in the search of Arabic philosophic writings. They translated these works into Latin,

often with the help of Jews.” Judah ha-Cohen was the descendant of one of the most

*® Judah ben Solomon ha-Cohen is in some publications also referred to as ‘Ibn Matqah’. Moritz
Steinschneider, for example, lists the author’s name as ‘Jehuda b. Salomo Kohen (1247) ex familia npnn,
Toletano’, stating that the appellation ibn Matkah was already used by Joseph ha-Yevani, a 14" century
scholar (Steinschneider, Catalogus ... Lugduno-Batavae, 54). However, the name ‘Ibn Matqah’ can be found in
only one of the over 40 surviving manuscripts that contain parts of the Midrash ha-Hokhmah; a 16% century
manuscript, which has the name in an annotation. The authenticity of that name is thus very doubtful. See
Fontaine, “Matkah, Judah ben Solomon Ha-Kohen”; Sirat, “Juda b. Salomon ha-Cohen,” 40.

31 Collette Sirat has gathered the available information in “Juda b. Salomon ha-Cohen,” 40-45. See also “La
Qabbale d’aprés Juda B. Salomon ha-Cohen”; ead., “Les traducteurs juifs a la cour des Rois de Sicile et de
Naples”; ead., A History of Jewish Philosophy in the Middle Ages, 250-255.

321t is estimated that about 37,000 people lived in Toledo at the end of the eleventh century. See Roth, “New
Light on the Jews of Mozarabic Toledo,” 196; Beinart, “Toledo,” 22.

3 0On Toledo as the centre of the translation movement, see Burnett, “The Coherence of the Arabic-Latin
Translation Programme in Toledo in the Twelfth Century.”
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prominent Jewish families at the time. In the astrological part of the Midrash ha-Hokhmah

he writes:*

If Saturn and Mercury are [in conjunction] with the Sun in the ascendant [...],
the new-born will be slow of speech, and of a slow tongue.” The author said:
This came true for me. And on the day that I was born, my teacher,”® my
mother’s father Rabbi Ziza ibn Shoshan,” had made this [astrological]
judgement about me.

By confirming the veracity of this astrological rule, Judah informs us that he apparently
had some kind of speech impediment, but also, and more importantly, that his maternal
grandfather was a certain Ziza ibn Shoshan. To a medieval reader the name Ibn Shoshan
would certainly be familiar, as the family, which can be traced back to the eleventh
century, was one of the most important and influential families in Toledo.” In the twelfth
century, members of the family had held positions in the local government and were
highly esteemed by the Christians. We do not have much information on judah’s
maternal grandfather, but a Ziza ben Abraham ibn Shoshan is mentioned in a Toledan
document of 1205, as intervening in the will of a certain Tusi, daughter of Solomon ben

R. Falcon.” More information is available on Judah’s relative Abu ‘Umar Joseph ibn

3 Vatican, MS. Ebr. 338, fol. 287v-288r: 10°am »29y1n 1510 77 MIWA IN NNIND YHYD DY 25101 YNIY DN)
JWIV TN RI1790N SN P 1D DY )T INTONY 0111 52 DRI N1 .HINNDN INN WY T29) 19 T2 N> NP9 DY
v, The text can also be found in the printed edition of the astronomical part of the Midrash ha-
Hokhmah: Otot ha-shamayim, 16. An Italian translation of the edition was rendered by Benedetto, Un
enciclopedista ebreo, 210. See also Gutwirth, “History, Language, and the Sciences in Medieval Spain,” 515.

% Cf. Ex. 4,10: And Moses said unto the LORD, O my Lord, I am not eloquent, neither heretofore, nor since thou hast
spoken unto thy servant: but I am slow of speech, and of a slow tongue.

¢ Throughout his encyclopaedia, Judah uses the Hebrew term yp1 in the same sense as the Arabic shaykh; it
can mean ‘old man’, but also ‘teacher’. See Langermann, “Some remarks on Judah ben Solomon ha-Cohen,”
374.

7 In the printed edition the grandfather’s name is given as ‘Zira’: yw1w ya X%y %ax »p1 (Otot ha-shamayim,
16). This appears to be an error, since all manuscripts we consulted give the grandfather’s name as N3
(‘ziza’). Furthermore, all of them read >nx »an (‘my mother’s father’) instead of >3 »ax (‘my father and
teacher’). Cf. Oxford, MS. Mich. 551, fol. 184r; Milan, Biblioteca Ambrosiana, MS. J 17 Inf,, fol. 93v; Prague,
Jewish Museum, MS. 264; Parma, Biblioteca Palatina, MS. 2769.

% On the importance of the family, see Roth, “New Light on the Jews of Mozarabic Toledo”; id., “Ibn Stisan
Family”; Avneri, “Ibn Shoshan.” A scholarly treatise by a later member of the family, David ben Solomon
ibn Shoshan (fl. late 15 cent.), is discussed by Y. Tzvi Langermann, “David Ibn Shoshan on Spirit and Soul.”
% Gutwirth, “‘Entendudos’: Translation and Representation in the Castile of Alfonso the Learned,” 393.
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Shoshan (1135-1205), who was almoxarife (treasurer) in the court of Alfonso VIII of Castile.
In 1203, he founded one of Toledo’s many synagogues. He carried the title ha-nasi (‘the
prince’) and was highly respected in the Jewish community. Abu ‘Umar Joseph ibn
Shoshan was also praised by the Hebrew poet and translator Judah al-Harizi (1165-1225),
the Provencal Talmudic scholar Abraham ben Nathan of Lunel (c. 1155-1215), and the
Talmudic commentator, thinker, and poet Meir ben Todros ha-Levi Abulafia (c. 1170-
1244). The latter also married one of Abu ‘Umar’s daughters. It is therefore no surprise
that Meir Abulafia became Judah’s teacher. In the zoological section of the Midrash ha-

Hokhmah Judah writes:

Some of the animals with blood have a gall-bladder, and some do not. Aristotle
forgot to mention another species that does not have a gall-bladder, namely the
dove, as is mentioned in the Jerusalem Talmud. Thus I heard from my teacher
and master Meir ha-Levi of blessed memory.”

Rabbi Meir Abulafia was in fact the most renowned Spanish rabbi in the first half of the
thirteenth century. His most extensive literary work was a commentary on the Talmud
called Sefer Prate Pratin (‘Book of Minute Details’), but he is best known for his role in the
Maimonidean controversy on the topic of resurrection of the dead. Although sincerely
admiring Moses Maimonides (1135-1204), Abulafia was the first European scholar to
publicly criticise him, in particular for the view of ‘the world to come’ that was displayed
in Maimonides’ Mishneh Torah, as he believed that Maimonides did not affirm the
resurrection of the body.* Judah ha-Cohen received a profound religious education from

his teacher. Maimonides appears to have been an inspiration for the study of philosophy:

I acknowledge that the Guide to Righteousness [Maimonides] planted in my
heart a burning desire to study the books of the philosophers, until I had

40 95930W 0D MIPN NXIM NN Y PRY N PR TIY IIND TODIN NOYWI NNPHNY PRI NI PHRTH NN NSPNRY v
57873 M97) RN 12 1NN 290 NYNY 19 v’ Oxford, MS. Mich. 551, fol 73r. The passage was first
discussed by Septimus, Hispano-Jewish Culture in Transition, 20.

1 On Meir Abulafia see ibid.
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achieved what little I have. I truly know that the intention of the Guide was
merely to cause those who erred after the words of Aristotle to return and to
hold fast to our holy Torah. One ought not suspect the lamp of the exile of Ariel
of the things of which some people of this generation suspected him.”

Judah'’s statement refers to Maimonides’ philosophical work, the Guide for the Perplexed.
Originally composed in Arabic, the work was first translated into Hebrew by Samuel ibn
Tibbon (c. 1165-1232) in 1204, shortly before Maimonides’ death. As soon as the Hebrew
version became available, it triggered discussions on the usefulness and dangers of the
study of Greek philosophy. Opponents claimed that the occupation with secular
disciplines would ultimately lead to heresy, while its supporters argued the opposite,
namely that it would corroborate faith. As we will see, Judah probably wrote the Arabic
version of his encyclopaedia in the late 1230s, a few years after the discussion about the
permissibility of the study of philosophy in general, and Maimonides’ Guide for the
Perplexed in particular, had reached a high point among Jewish scholars in Spain and
Southern France. In the Midrash ha-Hokhmah Judah delineates the usefulness but also the
limits of the study of philosophy - it can therefore be interpreted as Judah ha-Cohen’s

own contribution to the discussion.®

But what ‘little knowledge’ Judah had achieved of the secular sciences must also have
brought him a considerable reputation amongst non-Jewish scholars, since already at the
young age of eighteen he received a letter with several questions on scientific topics from

the court of Emperor Frederick II. Judah informs his readers that he answered these

2 Oxford, MS. Mich. 551, fol. 145r. The passage was first translated by Septimus, Hispano-Jewish Culture in
Transition, 98. See also Sirat, “Juda b. Salomon ha-Cohen,” 44; Fontaine, “Judah ben Solomon ha-Cohen’s
‘Midrash ha-Hokhmah’: Its Sources and Use of Sources,” 194.

# On the Maimonidean controversy see Septimus, Hispano-Jewish Culture in Transition, 75-103. The influence
of the controversy on the Midrash ha-Hokhmah has been discussed by R. Fontaine. See, for example, “Judah
ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmah’: Its Sources and Use of Sources,” 206; ead., “The Early
Reception of Aristotle through Averroes in Medieval Jewish philosophy: The Case of the Midrash ha-
Hokhmah,” 219.
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questions, adding some questions of his own, which initiated a correspondence between
them. The contents and circumstances of the exchange will be discussed in the following
section. Regarding Judah’s personal history, the following point is important: He notes
that ten years after the correspondence took place he travelled to ‘the Emperor’s lands’
and saw the emperor’s court, and that it was in Tuscany that he translated the Midrash
ha-Hokhmah into the Hebrew language, which he had composed in Arabic while in Spain.
Within the zoological section of his encyclopaedia Judah relates that in 1245, he visited

the emperor’s court in Lombardy:*

With its trunk the elephant brings food and water to its mouth. It can wrap it
around a tree and uproot it with it. Its design is suitable for this kind of work,
since it has great power and strength. I saw it in Lombardy at the Emperor’s
court in the year [5]005 [i.e. 1245].

Two years later, Judah ha-Cohen is translating the Midrash ha-Hokhmah into Hebrew:*

This is the perfect beauty of the Book of Astronomy of al-Bitriji,* who was very
discerning, and whose time was close, about 30 years before our time now,
which is the year 5007 [i.e. 1247].”

The biographical information that is provided by Judah thus makes it possible to calculate
an approximate date of birth; he travelled to Italy ten years after his first correspondence
with the philosopher, which he had at the age of eighteen. Therefore, he must have been

about 28 years of age when he left Toledo. As he informs us that he was at the emperor’s

# 0xford, MS. Mich. 551, fol. 69v: 1179772112 IW5T 129K Y IMN TIIT P TY NNWHRM YIRDN 3P 9297 DVIN
WIN MY 790N AN IRITIANTD PIR 1221 91T PN N 1D vow 2aY 590 1 nno). The passage is translated
by Sirat, “Les traducteurs juifs a la cour des Rois de Sicile et de Naples,” 176; ead., “Juda b. Salomon ha-
Cohen,” 42.

5 Oxford, MS. Mich. 551, fol 161v: N3 133935 277 MO NN N 7PNY YATVIAINS NNINN 9N 29V Y951 M
MV Y 115 DX M Yaw M NNV, See Sirat, “Juda b. Salomon ha-Cohen,” 42.

* The ‘Book of Astronomy’ is the Kitab fi al-hay ‘a by the Andalusian scholar Nir al-Din Abi Ishaq al-Bitrdji
(fl. 12th century). In English speaking sources, the work is usually referred to as On the Priciples of Astronomy.
For an introduction to the author and his work, see Mancha, “al-Bitraji.”

71t turns out that 1217 is the year in which Michael Scot rendered a Latin translation of the work, while
staying in Toledo. It is therefore possible that the date Judah gives in this passage is that of the translation,
not that of al-BitrGjT’s death. On the topic see Sirat, “Juda b. Salomon ha-Cohen,” 42; Samsd, “al-Bitraji al-
Ishbili, Aba Ishag,” 33.
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court in Lombardy in 1245, he must have been born in 1217 at the latest. If, of course, he
had arrived in Italy some time before 1245, his date of birth must be changed accordingly.

No mention of Judah can be found after the year 1247.

Judah ha-Cohen was thus an accomplished scholar stemming from a well-known,
influential family who left his native country and settled in Italy. There he encountered
different cultural settings, not only when visiting the imperial court - but also amongst
the Jewish community. While the Jews of Toledo had for centuries been confronted with
and also contributed to the philosophical and scientific accomplishments of Islamic
culture, the Jews in Northern Italy and Southern France had had no access to
philosophical writings rendered in Arabic. Only when Hebrew translations of
philosophical works reached the Jews in the Latin-speaking world, were they able to
study the so-called ‘foreign sciences’. It was mainly Maimonides’ Guide for the Perplexed
that sparked a keen interest in the study of Greek philosophy within those Jewish
communities. Confronted with philosophical concepts that were entirely new to them,
the Jewish communities of Southern France and Northern Italy were eager to study the
works Maimonides referred to in his writings, and to understand the philosophical and
scientific ideas that were underlying Maimonides’ thought. Judah ha-Cohen on his part
was very familiar with that philosophic tradition; he had even composed an
encyclopaedic work in Arabic. To the Jews he encountered in the Latin West, who were
eager to get access to Greek philosophy in the Arabic tradition, his work had the potential

to become a very useful source of information. Judah notes:
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Initially I had composed this book in the Arabic language, and when it so
happened that I went down to Tuscany, my friends urged me to translate it into
the holy tongue, and I did so according to my ability.”

His claim appears to be more than just a trope; the Jewish communities in Italy were eager
to get information on philosophic thought and asked Judah to make his own source of

information accessible to them.

The correspondence with the emperor’s philosopher

Judah’s account of the correspondence with the Emperor’s philosopher is found in the
second Part of the Midrash ha-Hokhmah. After his abridgement of Euclid’s Elements Judah

writes:*

The author said: In the time of my youth the sage, the Philosopher to the
Emperor, the Great King, Emperor Frederick (may his glory be exalted), sent me
questions — I was still in my own land in the midst of the exile of Jerusalem
which is in Spain. The first one was: How do we construct each of the five
[regular] solids around a given sphere, and how do we construct the given
sphere inside each of them and also around each one of them, [and provide each
case] with a proof? I responded — I was eighteen year years old at the time —
and this was what I said. Who could have told me when I answered [the
questions] in the country of my birth, in the community of the town of Toledo,
before my teacher and master, my father (may his rest be glorious - his soul
shall dwell at ease and his seed shall inherit the earth), that it would turn out
that I would go down to Tuscany. There I translated [the questions] from Arabic
into the Hebrew language, with this book that I composed when I was still there
[i.e. in Toledo]. Everything that the Merciful does is for the best. Blessed be God
every day.

Judah had thus received a set of questions from the court of Frederick II (1194-1250), one
of the most famous and controversial emperors of the Middle Ages. Frederick was highly

interested in the arts, philosophy and the natural sciences. He engaged in numerous

8 0xford, MS. Mich. 551, fol. 123v: »101 199 XIPDILY >NTI I2TN DIZIMW 2219y 'wHa 79901 MY YNI2N NONND
9127 %93 STPUY YNPN 'WH PO nynd »Man.
* See my edition, paragraphs 1-2.
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building projects, founded the University of Naples, commissioned translations of
scientific texts from Arabic into Latin, as well as inviting scientists to his court and
engaging in discussions with them. His unquenchable thirst for knowledge is legendary -
already in his own time he was known as stupor mundi, amazement of the world.
Particularly striking is the way he had lists of philosophic and scientific questions sent to

renowned scientists all over the world.*

Leonardo of Pisa, also known as Fibonacci, (ca. 1170-after 1240), who had studied Arabic
mathematics in North Africa and Syria, is just one example. He had been invited to the
court where he engaged in mathematical discussions with the emperor and his
philosophers.” Leonardo relates that the court official John of Palermo had prepared a
series of difficult mathematical questions for him. Having discussed them at the meeting,
Leonardo later presented some problems and their solutions in writing, in order to send
them to the emperor. A few of these questions he published in his works Flos and Liber
quadratorum. He even dedicated the latter work to the emperor. Furthermore, Leonardo
sent a letter with mathematical problems and their solutions to another court official
who was highly trained in Arabic mathematics, Theodore of Antioch (c.1195-1250). The
revised version of his major work, the Liber abaci, was dedicated to Frederick’s court
philosopher Michael Scot (c.1175-c.1235). This physician, alchemist and astrologer of
Scottish origin was certainly the first person Frederick would turn to with his questions.*
Before joining the court of the emperor, he had spent several years in Judah’s hometown

Toledo, where he had translated different scientific books from Arabic to Latin. In Italy

% On the scientific culture at the court of Frederick II, see Abulafia, Frederick II, 251-289; Stiirner, Friedrich
11, 2. Der Kaiser 1220-50:342-457; Haskins, Studies in the History of Mediaeval Science, 242-271; Sirat, “Les
traducteurs juifs a la cour des Rois de Sicile et de Naples.”

51 See Rashed, “Fibonacci et les mathématiques arabes.”

52 0n Michael Scot, see Haskins, op. cit., 272-298; Burnett, “Michael Scot and the Transmission of Scientific
Culture from Toledo to Bologna via the Court of Frederick Il Hohenstaufen.”
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Michael worked as Frederick’s court astrologer, continued translating and composed
scientific works of his own. In his Liber introductorius, an encyclopaedic work in three
major parts, Michael mentions numerous questions that were posed to him by the
emperor; he gives a list of some fifty queries. The topics range from hydrology and
volcanology to the whereabouts of the hereafter and God’s residence. Michael answers
most of them, not without praising the emperor for his great learning.® But both
Frederick and his court astronomer would also turn to one of Judah'’s co-religionists with
their questions. In his collection of homilies Malmad ha-Talmidim the Jewish scholar Jacob
Anatoli (c.1194-c.1256) reports of twenty-one exegetical questions that he discussed with

Michael Scot. At times, the emperor himself also joined these discussions.*

But Frederick did not restrict his search for knowledge to Europe. A list of questions on
philosophy, geometry and mathematics was sent to the Ayyubid sultan al-Kamil (1180-
1238) in Egypt, who forwarded them to his sages.” Another set of questions was sent to
one of Theodore of Antioch’s teachers, the mathematician Kamal al-Din ibn Yanus (d.
1242) in Mosul.’® But the most famous questions answered by Muslim scholars are
probably the “Sicilian questions” on Aristotelian philosophy that were sent to the North-
African philosopher Ibn Sab‘in (1217- c. 1270).”” Although the authenticity of some of

these reports has been questioned recently, and some of the questions actually stem from

53 The list has been edited by Grebner, “Der ‘Liber Nemroth’, die Fragen Friedrichs II. an Michael Scotus und
die Redaktionen des ‘Liber particularis.”

* The questions were published by Sirat, “Les traducteurs juifs a la cour des Rois de Sicile et de Naples.”

% See Gabrieli, Arab Historians of the Crusades, 270.

%¢ Hasse, “Mosul and Frederick Il Hohenstaufen: Notes on Atiraddin al-Abhari and Siragaddin al-Urmawi.”
7 An Arabic edition with German translation was made by Akasoy, Philosophie und Mystik in der spdten
Almohadenzeit.
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older works,*® the mass of different sources makes it clear that the emperor had a habit

of sending questions to scientists of Christian, Jewish and Muslim descent.

The ‘emperor’s philosopher’ who contacted Judah thus appears to have acted on
Frederick’s orders. Unfortunately, Judah does not mention his name, but the fact that he
refers to him as philosopher, or one who is called ‘philosopher’ throughout his account of the
correspondence, suggests that philosopher was actually an official title that this person
held. Furthermore, the correspondence was carried out in Arabic. Only a few scholars
that held official positions at Frederick’s court had the required knowledge of the topic
and of the Arabic language to conduct such a correspondence. These were Michael Scot,
and the two scholars that reportedly had discussed mathematical problems with

Leonardo of Pisa: John of Palermo, and Theodore of Antioch.

The question that was sent to Judah ha-Cohen relates to the construction of the five
regular polyhedra, which are the tetrahedron, cube, octahedron, dodecahedron and
icosahedron. The construction of these solids inscribed in spheres is described in detail
in book XIII of Euclid’s Elements. The apocryphal books XIV and XV of this work, which
were probably authored by Hypsicles and Isidore of Miletus, respectively, further discuss
the properties of these solids. Judah, however, is asked to solve problems that are not
discussed by Euclid: Instead of having the sphere circumscribe the solids, he is asked to
have the solids circumscribe a given sphere, and in addition to construct a sphere inside

and outside of given solids.

The importance of the regular polyhedra to ancient and medieval scholars alike lies in

the fact that they play a special role in the cosmology of the ancient Greek philosopher

%8 See ibid., 107-124; Grebner, “Der ‘Liber Nemroth’, die Fragen Friedrichs II. an Michael Scotus und die
Redaktionen des ‘Liber particularis.”
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Plato (c. 427-347 BC).” This is why the regular polyhedra are also referred to as platonic
solids. In his Timaeus Plato argues that the four elements (earth, water, air, fire) and the
world as a whole had geometrical structures that were defined by the five regular
polyhedra. Physical bodies were composed from polyhedral particles, which were
bounded by mathematical surfaces. He pictured transformations between elements as
the disassembly and rearrangement of these surfaces. Plato’s polyhedral theory was
rejected by Aristotle (384-322 BC), who discusses it in length in book I1I of his De caelo. As
the early Latin translations and commentaries on Plato’s Timaeus did not contain his
theory on regular polyhedra, scholars in Christian Europe had little knowledge of Plato’s
theory until Aristotle’s works on natural philosophy were translated into Latin. The first
Latin translation of Aristotle’s De caelo was made (from a 9™-century Arabic version) by
Gerard of Cremona (c. 1114-1187), who worked as an Arabic-Latin translator in Toledo.
Some fifty years later, a second source of information on Plato’s theory was made
available in Latin. The Andalusian scholar Ibn Rushd (1126-1198)® had written more than
thirty Arabic commentaries on Aristotle’s work. It was Frederick’s court astronomer
Michael Scot who translated the long commentary on De caelo into Latin, and with it
Aristotle’s and Ibn Rushd’s discussions of the polyhedral theory. It may well have been
this translation that triggered the philosopher’s interest in platonic solids. In any case,
the construction of regular polyhedra was not just a mathematical problem, as it played

an important role in cosmology.

Having answered the philosopher’s question on regular polyhedra, Judah writes:*

% An introduction to Plato’s theory and its reception in antiquity and the middle ages is given by Sanders,
“The Regular Polyhedra in Renaissance Science and Philosophy,” 10-77.

% For introductions on Ibn Rushd’s life and works, see Arnaldez, “Ibn Rushd”; Iskandar, “Ibn Rushd, Ab’l-
Walid Muhammad ibn Ahmad ibn Muhammad.”

¢! Edition, paragraph 31.
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This is how I managed to answer that ‘emperor’s philosopher’ when I was
eighteen years old. In addition,  myself asked other questions, and what we will
write now is one of them. It was to give a clear geometric proof for the tables of
ascensions for places in sphaera obliqua. The so-called ‘philosopher’ answered
me at that time in Arabic in the following words. I have translated it into the
Hebrew language.

The question that Judah asks the philosopher relates to astronomy. He refers to tables of
oblique ascension: they are tables by which one can calculate arcs of the celestial equator
that rise with arcs of the ecliptic depending on the position of the observer on the earth.®
Knowing which part of the celestial equator was rising at the same time as a certain part
of the ecliptic was important for timekeeping as well as astrology. Tables containing
these data had already been made in antiquity by the famous astronomer Ptolemy (2™
century C.E.). They had continuously been revised and improved by scientists in Islamic
countries, who introduced Indian and Iranian methods of calculation into Greek
astronomy. Many of these tables were distributed in astronomical handbooks, called zij
in Arabic. Zijes contained different kinds of data tables needed for the calculation of the
positions of the stars and the planets, but they also covered other topics such as
timekeeping and astrological computations. These compilations were quite popular in
the Arab world. Over 200 different zijes were produced between the eighth and the
tifteenth centuries. At the time of the correspondence, the 1230s, only a few zijes were

available in Latin, the most famous being the Toledan Tables.”

In his answer the philosopher uses spherical geometry in order to find the so-called
equation of daylight, or ascensional difference, which is the difference between the rising

time of a certain part of the ecliptic as seen from the terrestrial equator and its rising

2 A short introduction to medieval mathematical astronomy can be found in Van Brummelen, The
Mathematics of the Heavens and the Earth, 1-8. On ascensions see King, “al-Matali".” An introductory
discussion of tables of ascensions can be found in Evans, The History & Practice of Ancient Astronomy, 109-127.
% See Kennedy, “A Survey of Islamic Astronomical Tables.” The work has been updated by King and Samsé,
“Astronomical Handbooks and Tables from the Islamic World (750-1900): An Interim Report.”
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time as seen from any other locality in the northern hemisphere. Judah presents the

philosopher’s explanation and then writes:*

I then supplied him with several answers in relation to this text and to the
diagram he had made, constructed on the other page.” I answered him
regarding this matter: On error and on errors that are not appropriate for a
student who is called ‘philosopher’ like you: [...]

What follows is a mocking, even sarcastic, refutation of the philosopher. Judah’s critique
is based on one major point. Firstly, the philosopher had claimed that two particular
spherical triangles are similar, i.e. that they contain the same angles respectively. Then
he had claimed that those triangles have different sizes. In spherical geometry, however,
that is impossible. There is no such thing as similar triangles on one given sphere: if two
triangles on the same sphere contain the same angles, then the triangles are equal. In
other words, the philosopher had confused plane and spherical geometry. This explains
Judah’s sarcasm: his colleague had made such a fundamental mistake that he did not
deserve to be called ‘philosopher’. If he truly believed that the same rules applied to
spherical and plane triangles, Judah concludes, “he has to help us with this novelty that
has come about under the sun.” Of course, this request for help is ironic, for it is well-
known that there is nothing new under the sun (Eccl. 1:9). He ends his account of the

correspondence with the following words:*

The author said: When the things were reported before the Emperor, the King,
Emperor Frederick (may his glory be exalted), he was very pleased with the
answers that I had given to the one who is called ‘philosopher’ before him. In
addition, there was much debate between us about many things, and about
many questions and answers, but we cannot elaborate any further on these
matters in this book. Furthermore, about ten years later it so happened that I
went down to the emperor’s lands; I saw the quality of his actions and his affairs,
his philosophers, his scribes, his wise men, his judges, his officers, the food of his

¢ Edition, paragraph 43.
¢ Unfortunately, the philosopher’s diagram was not transmitted in the Midrash ha-Hokhmah.
% Edition, paragraphs 48-49.
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table and the seating of his servants.” Everything depends on the stars.® I pray
to God, may He be praised and exalted every day, that He may return me to my
father’s house and the country of my birth in peace and happiness. May thus
be His will, Amen. May God say so.

The Midrash ha-Hokhmah

Judah ha-Cohen states that his compendium is divided into two parts and three treatises.
The first part of the book is dedicated to the ‘world of generation and corruption’, or
‘physical sciences’. The second part of the work is dedicated to ‘the world of the spheres’
or ‘mathematical sciences’. Within that structure there is a lengthy introduction,
summaries or abridgements of fifteen Aristotelian treatises, one work of Euclid, two of
Ptolemy and the Arabic astronomical text of al-Bitrdji, in addition to three original
treatises on Jewish traditions, an account of a polemical discussion with a gentile scholar,
and the account of the correspondence with the imperial court on mathematical and

astronomical problems. The structure is as follows:®
INTRODUCTION

I.  PHYSICAL DISCIPLINES (‘the world of generation and corruption’)

LoGIC

1. Aristotle’s Categoriae
2. Aristotle’s De interpretatione

3. Aristotle’s Analytica priora

¢7 Cf. 1 Kings 10:15.

% The Hebrew term Judah uses here is 5w, which originally denotes ‘constellation’. In this context, it
applies to divine influence that is exerted upon humankind via the spheres of the stars.

¢ A table comparing the structure of the work with the classification of the sciences given in the
introduction can be found in Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmah’: Its Sources
and Use of Sources,” 209-210.
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10.

11.

12.

13.

14.

15.

16.

Aristotle’s Analytica posteriora

NATURAL PHILOSOPHY

Aristotle’s Physica

Aristotle’s De caelo

Aristotle’s De generatione et corruptione
Aristotle’s Meteorologica

Aristotle’s De partibus animalium
Aristotle’s De generatione animalium
Aristotle’s De anima

Aristotle’s De sensu et sensibilibus
Aristotle’s De memoria et reminiscentia
Aristotle’s De longitudine et brevitate vitae
Aristotle’s Metaphysica

A treatise in which verses from Genesis, Psalms and Proverbs are explained

II. MATHEMATICAL DISCIPLINES (‘the world of the spheres’)

17.

18.

19.

20.

21.

22.

23.

Euclid’s Elements (I-VI, X-XIII)

The account of the correspondence with the emperor’s philosopher

Ptolemy’s Almagest (I-1X)

al-BitrdijT’s On the Principles of Astronomy

Ptolemy’s Tetrabiblos

A treatise on the secret knowledge contained in the shapes and numerical values
of the letters of the Hebrew alphabet

An account of a polemic discussion with a gentile scholar about the status of the

Jews as ‘chosen people’
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24. A treatise explaining Talmudic aggadot according to secret knowledge

Judah’s encyclopaedia thus contains both summaries and adaptations of philosophical
and scientific works, and original treatises that relate to Jewish tradition. In addition,
there are two short accounts of discussions with non-Jewish scholars. For his
abridgements of Greek works, Judah does not seem to have used (Arabic translations of)
the original treatises, but rather adaptations and commentaries by Arabic-speaking
authors. In doing so, he availed himself of the latest scholarly products of the surrounding
non-Jewish society. Sirat, Fontaine and Zonta have shown that the sections on logic and
the natural sciences of the Midrash ha-Hokhmah mainly follow the structure and doctrines
of the middle commentaries on Aristotle by the Andalusian scholar Tbn Rushd (1126-
1198).” The Arabic version of the Midrash ha-Hokhmah was compiled only three decades
after the Ibn Rushd’s death, and its Hebrew translation was the earliest work that made
Ibn Rushd’s works available in a comprehensive way to a readership that did not know
Arabic.”! In addition to the middle commentaries, Ibn Rushd’s epitomes on Aristotle and

the encyclopaedic work Shifa’ by Ibn Sina (c. 980-1037)"* were also used by Judah.

Apart from these main sources, which Judah more often than not does not mention
explicitly, there are short quotations of other authorities scattered throughout the
work.” These include Aristotle’s predecessors Plato and Socrates, which are only briefly

referred to, Aristotle’s Greek commentators Alexander of Aphrodisias (fl. 2™ century CE)™

7 Sjrat, “Juda b. Salomon ha-Cohen,” 46; Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmah’:
Its Sources and Use of Sources,” 194-196; Zonta, La filosofia antica nel Medioevo ebraico, 200-204.

"t The topic is further discussed by Fontaine, “The Early Reception of Aristotle through Averroes in
Medieval Jewish philosophy: The Case of the Midrash ha-Hokhmah.”

720n Ibn Sina’s life and works, see, for example, Goichon, “Ibn Sina.”

7 These sources are listed by Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmal’,” 194-196.
7 On Alexander, see Merlan, “Alexander of Aphrodisias.”
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and Themistius (317-c. 388 CE),” and medical authorities such as Galen and Hippocrates.
As regards Muslim scholars, Judah cites the philosopher Abi Nasr al-Farabi (c. 870-950)7
and the Andalusian polymath Ibn Bajja (c. 1085-1138)" in addition to Ibn Sina and Ibn
Rushd. The only Jewish thinkers Judah quotes are Abraham ibn Ezra (1089-1164)" and
Abraham ibn Daud (c. 1110-1180).” Furthermore, he mentions his teacher Meir Abulafia,
and Moses Maimonides. But although he acknowledges that it was the latter’s works that

led him to study philosophy, he does not cite any specific passages from his writings.

The fact that Judah gives his readers a state-of the-art outline of Aristotelian philosophy
does not mean that he was a fervent adherer of Aristotle. On the contrary, Judah is very
critical, sometimes even hostile, towards both Aristotle and his commentator Ibn Rushd.
Some of his doctrines, such as the eternity of the world, Judah rejects vehemently, and
throughout his summaries of Aristotle’s works he makes critical remarks, points out
contradictions, and cites sources that have counterarguments to Aristotle’s teachings.
Judah also disapproves of ibn Rushd’s uncritical attitude towards Aristotle, as the

commentator defends Aristotle’s opinions even if they have been proven wrong.®

The second part of the Midrash ha-Hokhmah also presents authoritative sources combined

with current learning of Judah’s time. Firstly, Judah tries to give his readers the basic

75 On Themistius, see Verbeke, “Themistius.”

7¢ An introduction to his life and work is given by Mahdi, “al-Farabi, AbQi Nasr Muhammad ibn Muhammad
ibn Tarkhan ibn Awzalagh.” On his philosophy, see Janos, “al-Farabi, philosophy.”

770n Ibn Bajja’s life and work, see Dunlop, “Ibn Badjdja”; Pines, “Ibn B3jja, AbQi Bakr Muhammad ibn Yahya
ibn al-sa’igh.”

78 An introduction to Ibn Ezra’s life and works with an extensive bibliography can be found in Simon and
Jospe, “Ibn Ezra, Abraham ben Meir.” On his life, see also Roth, “Abraham ibn Ezra - Highlights of his Life.”
On his scientific writings, see Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science.

7 On Ibn Daud, see Fontaine, “Ibn Daud, Abraham ben David Halevi”; Sirat, A History of Jewish Philosophy in
the Middle Ages, 141-155. Ibn Daud is also quoted in the margins of one copy of the Midrash ha-Hokhmah. See
Fontaine, “Abraham ibn Daud and the Midrash ha-Hokhmah: a Mini-Discovery.”

% Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-Hokhmah’: Its Sources and Use of Sources,” 204;
Sirat, “Juda b. Salomon ha-Cohen,” 52.
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understanding of geometry that is needed in order to comprehend spherical astronomy.
Thus the astronomical part of the encyclopaedia starts with an adaptation of Euclid’s
Elements, the standard work on geometry throughout the middle Ages. Judah includes in
his epitome only the books that are immediately relevant for the mastery of the Almagest:
books I-VI, which deal with surface geometry, and XI-XIII, which deal with spatial
geometry. Tony Lévy demonstrated that his adaptation is possibly based on the
mathematical part of Ibn Sina’s Shifa’, and a commentary on the Elements by the Persian
mathematician al-Nayrizi (9"-10" cent.),” but Judah may also have consulted other
sources that were dependant on the Hajjaj-tradition, which is the earliest (only partly)

preserved Arabic translation of the Elements.*

Having laid the mathematical foundations, Judah summarises the standard work on
spherical astronomy, Ptolemy’s Almagest. His rendering of the work contains numerous
critical comments, and citations of authoritative astronomers. Tzvi Langermann noted
that apart from the Greek authors Menelaus, Theodosius and Hipparchus, Judah
mentions the Egyptian polymath Ibn al-Haytham (c. 965-c. 1040),”* and the astronomers
Abii Ishaq al-Zarqali (d. 1100)* and Jabir ibn Aflah (fl. 12 cent.),” both of whom were
active in al-Andalus. In his treatise on the letters of the Hebrew alphabet he also cites al-

Zarqali’s patron and collaborator Said al-Andalusi (1029-1070).* The only Jewish

8 On al-Nayrizi, see Sabra, “al-Nayrizi, Abu’l-‘Abbas al-Fadl ibn Hatim.”

82 Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen,” 309-312. An overview
of the different known Arabic traditions is given by de Young, “The Arabic Textual Traditions of Euclid’s
Elements.”

8 On Ibn al-Haytham’s life and works, see Sabra, “Ibn al-Haytham, Abt * Ali al-Hasan ibn al-Hasan”; Vernet,
“Ibn Al-Haytham.” On works attributed to him, see also Sabra, “One Ibn al- Haytham or Two? An Exercise
in Reading the Bio- bibliographical Sources.”

8 On al-Zarqali, see Puig, “Zarqali: Abii Ishaq Ibrahim ibn Yahya al-Naqqash al-Tujibi al-Zarqali.”

% On Jabir ibn Aflah, see Calvo, “Jabir ibn Aflah: AbGi Muhammad Jabir ibn Aflah.” A short overview of the
most important theorems found in his work is given in Lorch, “Jabir ibn Aflah al-Ishbili, AbG Muhammad.”
% See Richter-Bernburg, “Sa‘ id al-Andalust: Abii 1-Qasim $3° id ibn abi l-Walid Ahmad ibn * Abd al-Rahman
ibn Muhammad ibn $a° id al-Taghlibi al-Qurtubi”; Martinez-Gros, “Sa‘ id al-Andalusi.”
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authority Judah mentions in the astronomical part of the encyclopaedia is the otherwise
unknown Toledan astronomer David ibn Nahmias.®” With his remarks that were often
very critical of Ptolemy, Judah followed the trend of Andalusian scholars to rebel against
Ptolemaic astronomy. Thus, his adaptation contains only the first nine books of the
Almagest, while books X-XIII, which deal with planetary astronomy, are left out. Instead
of presenting Ptolemy’s models for the motions of the naked eye planets, Judah
summarises a work that presents an alternative planetary theory: On the Principles of
Astronomy by Niir al-Din al-Bitriji, who was also an Andalusian scholar.” The astronomer
had encountered contradictions between the metaphysics of Aristotle and the
astronomical system of Ptolemy, and tried to combine the two into a new model. Two
areas were of particular concern: Ptolemy’s system of epicycles, which accounts for the
retrograde motion of the planets, and the theory that the centre of the planetary orbits
is not the centre of the earth, both contradict the principle that perfect motion is simple
and circular. Al-Bitriji introduced a planetary model in which the motions of the entire
cosmos are the result of one single force that is transmitted downward from the
outermost orb. Instead of using epicycles, he argued that planetary motion is caused by
the circular movement of the poles of the spheres to which the planets were attached.
Judah’s Hebrew adaptation of On the Principles of Astronomy is the earliest source from
which Jews who did not know Arabic could study the work. Having explained the
mathematical aspects of the motions of the celestial spheres, Judah goes on to explain

the practical implications of these motions for humankind. For this, he once again turns

% Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 373-379.
% An edition and English translation of the original Arabic text and Moses ibn Tibbon’s Hebrew translation
were made by B.R. Goldstein, On the Principles of Astronomy.

28



to Ptolemy; the last adaptation of an authoritative work that appears in his encyclopaedia

is his version of Ptolemy’s astrological work Tetrabiblos.

Judah’s summaries and adaptations of philosophical and scientific works thus combine
the works of the most authoritative Greek authors - Aristotle, Euclid and Ptolemy - with
the latest scholarship. State-of-the-art works that Judah cites were mainly authored by
Muslim authorities, such as Ibn Rushd, Ibn Bajja, al-Bitrdji, al-Zarqali and Jabir ibn Aflah,
but occasionally he also mentions Jewish thinkers, such as Abraham ibn Ezra, Abraham
ibn Daud and David ibn Nahmias. All of the authors in this list were active, for at least
parts of their lives, in Judah’s place of origin, the Iberian Peninsula. Coming to the lands
of Emperor Frederick II, Judah was confronted with a Jewish readership that did not read
Arabic, and that thus was not aware of the scientific developments that had taken place
in the Arabic-speaking world. By translating his encyclopaedia from the Arabic, Judah
made these sources, many for the first time, available in Hebrew. But we have already
seen that the Midrash ha-Hokhmah is by no means a simple, uncritical account of
Aristotelian philosophy. Moreover, Judah ha-Cohen never meant for the work to be just

that.

Judah'’s attitude towards Greco-Arabic science and philosophy and their relationship with
traditional Jewish learning comes to the fore in those parts of the Midrash ha-Hokhmah
that are original treatises by Judah ha-Cohen himself and not abridgements and
paraphrases of earlier authorities. He does not present his worldview in one coherent
system. Bits and pieces are scattered throughout his introduction, the exegetical treatise
at the end of the first part of the work, the introduction to the adaptation of Ptolemy’s
Tetrabiblos, the treatise on the hidden meaning of letters of the Hebrew alphabet, the
account of the encounter with the presumably Christian philosopher, and the treatise on

Talmudic aggadot. Two themes play an important role in these parts of the
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encyclopaedia: the system of the three worlds, that is, the sublunar world, the world of
the spheres, and the spiritual world, and the notion of gabalah, that is, secret divine
knowledge that God revealed to Moses and the Israelites on Mount Sinai, and which was

handed down from generation to generation.*

The worldview that is presented in the Midrash ha-Hokhmah is neo-platonic: The world of
the sphere and the world of generation and corruption emanated from the spiritual world
and are dependent on it. The spiritual world consists of pure light (which is different in
essence from the light of the sun), which emanates via the world of the spheres to the
sublunar world.” In his introduction Judah explains that the three different branches of
the learning refer to the three different worlds: physics concerns the sublunar world,
astronomy and astrology study the world of the spheres, and metaphysics the divine
world. Like the subjects they concern, these disciplines exist in hierarchical order, the
knowledge of the divine world being the highest and most important. However, while the
philosophers of the nations have acquired knowledge of the two lower worlds, true
knowledge of the divine spiritual world cannot be gained through the study of secular
learning, that is, Aristotle’s metaphysics; it can only be received and transmitted from
person to person, as gabalah. Without this knowledge, which was revealed to the Jews
alone, no true wisdom can be achieved.” While the study of the two lower worlds is the
task of the nations - that is, the gentiles - Israel was chosen for knowledge of the upper
world. This divine science comprises knowledge of the two lower worlds, but

understanding of the lower worlds alone does not lead to any knowledge of the spiritual

% The notion of qabalah is explained in Sirat, “La Qabbale d’aprés Juda B. Salomon ha-Cohen.” The role of
the three worlds is discussed by Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma.””
* Goldstein, “The Commentary of Judah ben Solomon Hakohen,” lines 7-20. The passages are discussed by
Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,”” 433-434.

°1 Sirat, “La Qabbale d’aprés Juda B. Salomon ha-Cohen,” 191-193.
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world. Thus, the knowledge of the upper world that was revealed by God originally also
comprised physical and mathematical knowledge, but this information was lost in the
course of time.”” To regain this knowledge, Jews have to study the philosophical and

scientific books of the nations.

The theme of universal knowledge that the Jews once held and that eventually was lost
can be found in the writings of many Jewish thinkers, especially from the Iberian
Peninsula.” For Judah, this idea is certainly more than just a trope, an apology for his
occupation with secular learning in the first place. This becomes clear in the first treatise.
In his commentary on verses from Genesis, Psalms and Proverbs Judah tries to reveal the
knowledge of secular learning that is hidden in the bible and in traditional Jewish
literature. He explains that by studying the ‘divine wisdom’, man can make his rational
soul ascend to the highest world. But in order to be able to do so, he needs to master
physics, so that he can let form prevail over matter, and thus subdue his evil inclination.”
After that it is necessary to study the mathematical disciplines.” To Judah, the study of
secular learning is thus not only permissible, but even necessary. But there is a limit to
the study of these disciplines, since too much occupation with them will lead to the denial
of god, while too little occupation with them will lead to an incorrect understanding of
the divine world.” There is also a limit to the knowledge of the divine wisdom that God

grants to those that are perfect regarding ethical and intellectual virtues. Gentiles are

2Ead., “Juda b. Salomon ha-Cohen,” 49.

% It can be found, for example, in the thought of Judah ha-Levi, Abraham Ibn Ezra, and Maimonides. See
Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 368; “Science and the Kuzari,” 507-508;
Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 104-106.

% Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,” 434-435.

% Goldstein, “The Commentary of Judah ben Solomon Hakohen,” line 545. On the connection between
mathematics and ‘divine science’ see also Sirat, “La Qabbale d’aprés Juda B. Salomon ha-Cohen,” 195.

% Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,”” 435.
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unworthy of this knowledge altogether.” He argues that the nations dominate the lower
world, while the spiritual world is Israel’s true realm. In fact, the lower world was only
created to give man the opportunity to act the correct way, and thus to become a citizen

of the divine world, which Judah identifies with the world to come.”

In short, Judah considers the study of secular learning as helpful, even necessary, for the
study of the divine wisdom, which was revealed by God and handed down from
generation to generation. But secular knowledge, if understood wrongly, can also be
harmful. It is only the divine wisdom which enables man to actualise his potentiality, to
elevate his rational soul to the divine world, the world to come. Judah does not give us an
indication of how the world to come is related to the coming of the Messiah. However, at
the very end of his treatise on the secret meaning of the letters of the Hebrew alphabet,
he presents a calculation, based mainly on astrological considerations, which predicts the
coming of the Messiah for the year 1260. This date is only thirteen years away from the
time when he translated the encyclopaedia from Arabic into Hebrew, the year 1247. Tzvi
Langermann therefore suggests that Judah may have compiled his entire encyclopaedia
in order to prepare his coreligionists for the impending redemption.” In addition, R.
Fontaine argues that not only the date of 1260, but also the importance of the theme of
three worlds in Judah’s writings, were influenced by a similar calculation that was very
popular amongst Christians in Judah’s time. The theologian and mystic Joachim of Fiore
(c. 1135-1202), for example, had divided history into three stages, the last of which was

the time of the Holy Spirit. This would be an era of spiritual enlightenment, in which

° Thus, although Judah holds al-Bitrdji in high esteem, he writes at the beginning of his Hebrew rendering
of On the Principles of Astronomy: “Know that a great secret was revealed to him, and if he had been Jewish,
he would have been worthy of the divine science.” Oxford, MS. Mich. 551, fol. 161v: 973 TID ¥ 152 %0 yN
PSR NIONS NN 7T HOITIN 7P TN

% Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,”” 436, 439.

% Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 389.
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mankind was to come in direct contact with God. He predicted the beginning of this time
for the year 1260.'° Thus, if Judah, too, had been influenced by Christian messianic belief
and expected the era of redemption, the beginning of the world to come, to be
immediately imminent, it is perfectly plausible that the main goal of his encyclopaedia
was to prepare his coreligionists for that time. In fact, the whole internal structure of the
Midrash ha-Hokhmah suggests that Judah is trying to lead his readers towards the treatise
about the hidden meaning of the Hebrew alphabet, which ends with one important

conclusion: the beginning of a new era in the year 1260.

Thus, although the Midrash ha-Hokhmah is one of the first comprehensive works that
made Aristotelian philosophy available in Hebrew, it was never meant to be a simple
reference work. That explains why Judah admonishes his readers not to copy only parts

of the work:

Every man who wishes to copy this book is not allowed to copy only one matter
and to leave the rest aside, but he must copy the book as it is, from the beginning
to the end, letter for letter, word for word, and he must quote the source as he
finds it written in the book.™

For Judah, the different parts of the book can only be understood correctly in the context
of the entire work - that is, it was intended as a coherent work that guides the reader
toward an understanding of divine knowledge, and which leads to a conclusion. But if
this is the case, it is not clear what purpose the account of the correspondence with the
emperor’s philosopher is supposed to fulfil within the compendium. As Langermann
already observed, there are two items that that appear to be out of place, as they do not
seem to fit into the overall structure of the work: the discussion with the Christian

philosopher on the status of the Jews and the account of the correspondence. He

10 Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,” 441-443.
1% Goldstein, “The Commentary of Judah ben Solomon Hakohen,” lines 1-4.
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therefore speculates that they may never have been meant to be integral parts of the
encyclopaedia, but rather served as ‘appendices’ to the work. This leads him to pose the

question: ‘is everything Judah ever wrote to be considered part of the Midrash ha-Hokhmah?™*

In other words, the fact that these two accounts of interactions with non-Jewish
philosophers appear to break the coherence of the work suggests that they originally
were not a part of the work. Furthermore, Judah does not mention them in his
introduction. On the other hand, the two items in question fit perfectly the aim that Judah

states he had in writing the encyclopaedia:

We already mentioned in the introduction of the book that the aim of this work
is to make known the extent of the usefulness of the works of the nations, so that
the Israelite not be ignorant of them, lest they grow haughty toward him with
their sciences. This work is there for him to know how to answer a heretic within
his own science and to return one who erred regarding their books to our holy
Torah.'

As we have seen, the philosophical, mathematical and astronomical portions of the
Midrash ha-Hokhmah certainly equipped its readers with the latest scientific knowledge so
that the Israelite not be ignorant of them, while the sections devoted to Jewish learning
guided these readers towards a higher knowledge that was to be found in the bible, and
thus returned them to the holy Torah. But the third aim that Judah mentions - preventing
the nations from priding themselves on their learning and looking down on the Jews - is
achieved through the two parts of the works that seem to be out of place: the
correspondence on geometry and astronomy, and the dispute on the place of the Jews in
this world. In both cases, Judah refutes unnamed non-Jewish philosophers. In the case of

the correspondence, he does so using solely secular learning; he thus refutes the

12 Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 387-388.

193 0xford, Bodleian Library, MS. Mich. 551, fol. 45v. The translation is based on that rendered by Septimus,
Hispano-Jewish Culture in Transition, 98. See also Fontaine, “Judah ben Solomon ha-Cohen’s ‘Midrash ha-
Hokhmah’: Its Sources and Use of Sources,” 202.
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philosopher within his own science. The question how the account of the correspondence
relates to the rest of the Midrash ha-Hokhmah remains therefore open: on the one hand, it
does not fit the structure of the compendium as a whole, on the other hand, it does fit

one of its proclaimed aims.

Reflections on the Correspondence

The correspondence between Judah ben Solomon ha-Cohen and the emperor’s
philosopher exemplifies two dimensions of knowledge transfer that occurred in
thirteenth-century Europe. On the one hand, an exchange of mathematical/astronomical
knowledge took place between an Andalusian Jew, the heir of an illustrious Jewish-
Muslim intellectual culture, and a Christian royal court in Latin Europe - a court that
hosted the most accomplished Christian mathematicians of the time. On the other hand,
about a decade after the original exchange had taken place, this correspondence was
published in Hebrew for a Jewish audience in Latin Europe - an audience that was eager
to study Arabic scientific and philosophical writings to which they had previously not
had access. The account of the correspondence that is found in the Midrash ha-Hokhmah

thus documents both an intercultural and an intracultural transmission of knowledge.

As regards the intercultural exchange with the emperor’s court, an analysis of the
mathematical and astronomical contents of the questions that were posed and the
methods used in their answers can give us insight into the quantity and quality of
mathematical knowledge that were present in two very different parts of Europe. In
addition, the topic of the philosopher’s question and its relationship with scientific
inquiries that Fredrick sent to other scholars may give us further insight into the
comparative availability of mathematical knowledge in different parts of Europe. Both

the philosopher’s and Judah’s motives for posing their questions merit attention. The
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correspondence appears to document an open exchange of ideas, but it also may have
had a polemical dimension. Was the philosopher’s question original, or had it already
been discussed previously? In other words, did the philosopher already know the answer
to the question when he posed it, and was he trying to test the reportedly learned youth
from Toledo? Similarly, Judah’s motive for asking the philosopher about oblique ascensions
needs to be analysed. The problem he requested the philosopher to solve was by no
means a difficult one: it had already been solved in Ptolemy’s Almagest and, using different
methods, by generations of Arab astronomers after him. Had Judah as a youth not yet
studied these works and was genuinely interested in a solution, or did he already know
how to solve the problem? Thus, was he simply testing the skills of his learned
correspondent? Furthermore, as the problem would have been easy to solve by a trained
mathematician, why did the philosopher get the answer so wrong? Was his mistake made
out of ignorance, or was the answer in turn another test? The answers to these questions
will hopefully also get us closer to uncovering the identity of Judah’s unnamed

correspondent.

With regard to the intracultural exchange documented in the correspondence Judah’s
motives again merit further attention. He reports that an entire list of queries was sent
to him, and that he sent several questions in return. Yet he published only two of the
questions that were discussed. The fact that he translated these questions into Hebrew
indicates his desire to educate his fellow Jews on these topics, but his choice of literary
genre suggests that his intentions lay beyond the mere transmission of scientific
contents. This hints at the possibility of a polemical nature to his account, in that it may
have been intended to show to other Jews the intellectual defeat which Judah had

managed to inflict on his gentile adversary.
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Furthermore, the relationship of Judah’s account of the correspondence with his
encyclopaedic compendium Midrash ha-Hokhmah will be given further consideration. Was
the correspondence, as Tzvi Langermann suggested, meant only as an appendix, or was
it an integral part of the work? In addition to the structure and content of the
encyclopaedia, Judah’s language may also provide clues in this respect. If the Hebrew
mathematical terminology of the correspondence differs greatly from that of the parts
that precede and follow it within the encyclopaedia, that may signify that they were
translated at different stages of Judah’s working life. But even if no differences can be
detected, Judah’s mathematical terminology can reveal the intracultural transfer of
knowledge that took place in thirteenth-century Italy. It was only in the 1230s that Arabic
works on mathematics and astronomy began to be translated into Hebrew. About a
hundred years later, all the standard works that Jews would study for the following
several centuries had been translated. Judah was thus part of a line of translators who
established a Hebrew mathematical language that would be in use until the beginning of
the 20" century. First in this line was another Jew who reports of contacts with Emperor
Frederick, Jacob Anatoli (c.1194-c.1256). A comparison of the mathematical vocabularies
of Judah and Jacob will be explored in order to reveal possible contacts between the two
scholars and to contrast Judah’s and Jacob’s different approaches in making

mathematical knowledge available to the Jews in the Latin world.

The correspondence of Judah ben Solomon ha-Cohen with the unidentified philosopher
of Emperor Frederick 11 is a prime example of a multifaceted interchange that took place
in Europe in the thirteenth century. Through it, letters travelled from one cultural setting
to another, disseminating ideas that both the Christian audience at the court and the
Jewish audience in Christian Europe were eager to explore. This doctoral thesis will

examine some of the mathematical as well as philosophical ideas that were of interest to

37



both Christians and Jews and what Judah ha-Cohen’s role in spreading these ideas
amongst them was. In doing so, it will explore the unique dynamics of one instance of
Jewish-Christian intellectual cooperation in advancing Greek works that had been

preserved in Arabic.
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Chapter Two

Judah ben Solomon ha-Cohen’s Correspondence with

the Emperor’s Philosopher: text and translation

The mathematical contents of the correspondence

In the correspondence two separate geometrical problems are being discussed, one

concerning Euclidean geometry, the other spherical astronomy.

The first question

The first question, which is posed by the emperor’s philosopher, consists of three

different problems. Judah describes it thus:

How do we construct each of the five [regular] solids around a given sphere, and
how do we construct the given sphere inside each of them and also around each
one of them, [and provide each case] with a proof?

The first problem is therefore to circumscribe the five platonic solids around a given
sphere. Judah solves it by using the constructions of the five regular polyhedra that is
found in Euclid’s Elements. He thus first constructs a regular polyhedron inscribed in a
given sphere, using Elements X111.13-17. With the help of lines drawn from the centre of
the sphere to the angles of the solid, he then constructs a second polyhedron that
encloses both the sphere and the original polyhedron. In modern terms, his method could
be described as uniform scaling of the original solid, with the centre of the sphere serving
as scaling centre. He then proves that the faces of the newly constructed solid all touch

the sphere.

The second problem is to inscribe the given sphere inside each of the platonic solids. The

question is strangely worded; one would expect the problem to be to inscribe a sphere in
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a given platonic solid. A given sphere can only be inscribed in a platonic solid, if the solid
has exactly the right dimensions for the given sphere to fit inside. Instead of exploring
the exact ratio between solid and sphere that is needed to achieve this, Judah simply
makes an identical copy of the platonic solid that he has just constructed in answer to the
first question, knowing that Euclid’s given sphere will fit inside. He then finds the centre
of the solid, proves that it is also the centre of the sphere to be inscribed in it, and
constructs the sphere. He does not need to prove that this sphere does in fact touch the

polyhedron, as he already did this in answer to the first question.

The third problem is to circumscribe the given sphere around each of the platonic solids.
Again, this is only possible if the solids have the correct dimensions in regard to the given
sphere. However, this problem is already solved in Elements XI11.13-17. Instead of simply
referring to Euclid, Judah makes an exact copy of the polyhedron constructed in the
Elements, but without the circumscribing sphere. He then finds the centre of the

polyhedron, and constructs the circumscribing sphere around it.

The second question
The second question discussed in the correspondence concerns spherical astronomy.
This time it is Judah ha-Cohen who asks the question and the emperor’s philosopher who

answers it. Judah describes the question as:

[T]o give a clear geometric proof for the tables of ascensions for places in
sphaera obliqua.

1 See T.L. Heath, The Thirteen Books of Euclid’s Elements, 3:467-503.
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In his answer, the philosopher tries to show how to calculate the ascensional difference,

that is, the difference between the right and the oblique ascension of a given arc of the

ecliptic, while also demonstrating why this difference has to be subtracted from the right

ascension when the given arc of the ecliptic lies north of the celestial equator, and to be

added to the right ascension when the arc of the ecliptic lies south of the equator.

In order to do so, he constructs a diagram in which the oblique ascensions for both a

northern arc and a southern arc of the ecliptic are shown. Unfortunately, none of the

four manuscripts that contain the text contain said diagram. However, based on the

philosopher’s text and Judah'’s critique of it, it is possible to make the following modern

reconstruction (here also with modern mathematical notation):

horizon

Figure 1

pole

meridian

~

90°-8 N
6*
A* ecliptic U ‘
9,
equator d*
q*

90°-¢

In figure 1, the large circle is the horizon, and A and A* are two arcs of the ecliptic. If A is

rising on the horizon, then arc a of the celestial equator is its right ascension, that is, its
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rising time as it would be seen by an observer who is standing on the terrestrial equator.
But if the observer is north of the terrestrial equator (at a place with latitude ¢), then arc
d, the ascensional difference, has to be added to the right ascension (a) in order to find
the oblique ascension (a+d) of arc A. If 1*is rising on the horizon, then its right ascension
(o) is larger than its oblique ascension (a*-d*). Thus, the ascensional difference (d*) has
to be subtracted from the right ascension. Arc § is the declination (i.e. the vertical
distance to the celestial equator) of the point of the ecliptic that is on the horizon, and ¥

is its rising amplitude (i.e. its horizontal distance to the celestial equator).

The philosopher tries to find a formula to calculate the ascensional difference (d and d*),
both for the case that the rising arc of the ecliptic () is situated to the south of the
equator (d), and for the case that this arc (1*) is situated to the north of it (d*). But by
wrongly applying the concept of ‘similar triangles’ to spherical geometry, the he arrives

at two incorrect formulas.

He (erroneously) claims that the two spherical triangles marked by thick lines on the left
hand side are similar (a concept that does not apply to spherical triangles). Thus, he
(wrongly) argues that the two angles marked in these triangles are equal. He needs to
establish that these angles are equal in order to be able to use theorem I11.2 of Menelaus’

Sphaerica:*

In the notion that arc a lies opposite angle A in triangle ABC: If ABC and A’B’C’ are two

spherical triangles and if A=A’ and C=C’, or C is supplementary to C’, then

2 This modern notation is taken from Kline, Mathematical Thought from Ancient to Modern Times, 1:121. In the
original Greek, Menelaus used chords instead of sines. Due to the influence of Indian astronomy, medieval
Arab astronomers shifted from using the chord function to the use of the sine function (see the entry Sine,
cosine, sinus totus in Chapter Four). The philosopher apparently used a medieval Arabic adaptation of the
theorem.
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sinc sinc’

sina sind’

Applying the theorem, he arrives at the (incorrect) formula:

sind sin 90°
sind  sin(90° — @)

He then rearranges it thus:

sin é - sin 90°

cos ¢

sind =

Similarly, he (erroneously) claims that the two spherical triangles marked on the right
hand side are similar, and that therefore the two marked angles in them are equal.

Applying Sphaerica I11.2, he arrives at the formula:

sinyg  sin(90° — &)

sind* sin @
Which he rearranges thus:
_ siny - sin g
sind* = —————
cosd

It turns out that even if the actual diagram the philosopher was using should differ from

our reconstruction, his results, which are found in the text, are nonetheless wrong. This
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becomes clear when we compare them with the correct formula for calculating the

ascensional difference:®
sind =tané -tan¢
Or, if we substitute the tangent:

sind sing

sind = .
cosd cos @

In his answer to the text, Judah spots the philosopher’s mistake. By proving that the
spherical triangles are not equal, he establishes that the marked angles cannot be equal,

therefore Sphaerica 111.2 cannot be applied and the philosopher’s formulae are wrong.

*King, “al-Matali‘.”
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Manuscripts

The following manuscripts were used for the edition:

P Parma, Biblioteca Palatina, MS. 2769 (IMHM F 13618), fols. 136v-140r. This is a
paper manuscript that was written in the fourteenth century in Oriental semi-cursive
script. The whole manuscript consists of 214 folios. It contains an incomplete copy of the
Midrash ha-Hokhmah (from the section on De partibus animalium to almost the end of the

Tetrabiblos). It begins with quire number 9, which suggests that it used to be a complete

copy.

\Y% Vatican City, Biblioteca Apostolica Vaticana, MS. Ebr. 338 (IMHM F 377), fols. 206v-
210v. This is a paper manuscript that was written in the fifteenth century in Sephardic
semi-cursive script. The whole manuscript consists of 323 folios. It contains a complete
copy of the Midrash ha-Hokhmah. In the second half of the codex (including ff. 206v-210v)

corrosive ink has leaked through the pages.

o Oxford, Bodleian Library, MS. Mich. 400 (IMHM F 19291), fols. 35r-38v. This is a
paper manuscript that was written in the mid-fifteenth century in Byzantine-Sephardic
semi-cursive script. The manuscript consists of Judah ha-Cohen’s rendering of Euclid’s
Elements and his account of the correspondence. It was bound together with other
manuscript parts (different codicological units, written on different kinds of paper and

in different hands), which contain eleven mathematical and astronomical treatises.

C Cambridge, Cambridge University Library, MS. Add. 1737 (IMHM F 17492), fols.
220v-224r. This is a vellum and paper manuscript (outer and inner folios of quires are
vellum) that was written in the fifteenth century in Byzantine semi-cursive script. The

whole manuscript consists of 252 folios. It contains an incomplete copy of the Midrash ha-
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Hokhmah (from the middle of the introduction to the middle of the sixth chapter of the

Almagest).

Editorial principles

Because of the difficult mathematical content of the text, each of the four manuscripts
contains many scribal errors, especially regarding the names of points in the diagrams
that are being discussed. The text presented here is therefore a composite text made from
the four different versions found in the four manuscripts. It is based on MS. P, which is
the earliest copy of the text which also contains the fewest scribal errors. Whenever the
four manuscripts do not all agree on one reading of the text, the preferred reading was
the one deemed to be more mathematically accurate. In some cases, when the readings
given by all manuscripts appear to be copyists’ errors and are in logical contradiction to
other parts of the text, a new reading that is consistent with the text was offered between

square brackets [].

The Hebrew apparatus is intended to record, in an abbreviated manner, all the readings
in the Hebrew manuscripts consulted that differ from the text printed here. Differences
in orthography (scriptio plene versus defectiva, word endings in -in versus -im) were only
recorded when a variant may result in a different reading. Letters in geometrical figures
were transliterated in analogy to the system proposed for Arabic diagrams by Edward
Kennedy.* I have added punctuation to the Hebrew text, and, to facilitate references, have

divided it into paragraphs.

*Kennedy, “Transcription of Arabic Letters in Geometric Figures.”
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The translation is meant to help readers understand the text with as much fidelity to the
Hebrew original as possible. Explanatory comments as regards Hebrew expressions,
variants and the mathematical theorems applied in the text can be found in the footnotes

to the translation.

Although all four manuscripts contain diagrams in Judah ha-Cohen’s version of Euclid’s
Elements, none of them contain the diagrams that are being discussed in the
correspondence. As none of the manuscripts contain empty spaces that would suggest
that these diagrams were meant to be copied at a later stage, it appears that they were
all copied from texts that did not contain the diagrams either. However, it was possible
to make (modern) reconstructions of these diagrams, which are presented in the English

translation for ease of reading,.

Sigla

- word or expression is missing in the manuscript
+ word or expression is added after incipit

iter.  expression is repeated

O(ac.) before correction (in the same hand)

O(pc.) after correction (in the same hand)
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Judah ben Solomon ha-Cohen’s Correspondence

with the Emperor’s Philosopher

English translation
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[1] The author said: In the time of my youth the sage, the Philosopher to the Emperor,
the Great King, Emperor Frederick (may his glory be exalted), sent me questions — I was
still in my own land in the midst of the exile of Jerusalem which is in Spain.! The first one
was: How do we construct each of the five [regular] solids around a given sphere, and how
do we construct the given sphere inside each of them and also around each one of them,

[and provide each case] with a proof?

[2] I responded — I was eighteen year years old at the time — and this was what I said.
Who could have told me when I answered them [i.e. the questions] in the country of my
birth, in the community of the town of Toledo, before my teacher and master, my father
(may his rest be glorious - his soul shall dwell at ease and his seed shall inherit the earth),” that
it would turn out that I would go down to Tuscany. There I translated them from Arabic
into the Hebrew language, with this book that I composed when I was still there.

Everything that the Merciful does is for the best.’ Blessed be God every day.

[3] This is the text of the answer:
[1. Construction of the circumscribed solid]

How do we construct each of the five figures around the given sphere? First, we construct
each of the five figures inside the sphere, in the way that Euclid mentioned.’ Then we join
the centre of the sphere and the angles of the figure with straight lines, and we produce

these lines indefinitely.

'Cf. Obad. 1:20.

’The Hebrew axmna is an acronym of Psalm 25:13.

Berakhot 60b. In the introduction to his Hebrew rendering of Ptolemy’s Tetrabiblos, Judah sees this phrase
as referring to the astrological ‘judgements of the stars’ which carry out God’s will on earth. See Otot ha-
shamayim, 2a.

*See Elements XIII. 13-17.
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[4] Then we join the centre of the sphere with the centre of one of the faces of the figures.
How? In [the case of] the tetrahedron, octahedron and icosahedron we draw the line to
the centre of one of the triangles that are contained in the sphere, and likewise [we do]
with the centre of the quadrangle of the figure of the cube, and likewise with the centre

of one pentagon of the dodecahedron.

[5] Know that the centre of the face is the centre of the circle that is circumscribed about
it. It is obvious that the centre of the face is the point in which the equal lines meet that

are drawn from the angles of the face in the [same] plane.

[6] We join the centre of the face with the centre of the sphere. It is obvious that this
joining line stands on the face at right angles, as we will show afterwards, with the help
of the Almighty, blessed be He. We produce the line up to the surface of the sphere, and

erect on its end a perpendicular outside of the sphere, which touches it.

[7] First, we show that the angle that is enclosed by the two lines that were drawn from
the centre of the sphere (the one that goes to the angle of the figure, and the other that
goes to the centre of one of the faces of the figure), is smaller than a right angle. If this is
the case, then this line that we have drawn tangentially will necessarily meet the line
joining the centre of the sphere and the angle of the figure.” Thus they meet outside of

the sphere.

[8] From the other lines joining the centre of the sphere and the angles of the figure we

cut off lines equal to this line, and we join the ends of the lines with straight lines. We say

*Judah does not mention that this is only the case if the two lines lie in the same plane. See also paragraph
[11] below.
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that herewith we have completed the construction of the figures that we wanted around
the given sphere.

[9] We give an example with letters:

First, let a tetrahedron be constructed within the sphere, in the way that Euclid showed.®

Figure 2: Modern reconstruction.

Let the centre of the sphere be N, and the angles of the figure H, T, K, L, and the centres
of the triangles D, E, Z, S.” We join the lines HN, NT, NK, NL, and produce them indefinitely.

We join ND and produce it until it meets the surface of the sphere in M.

¢ Elements XI111.13: To construct a pyramid, to comprehend it in a given sphere; and to prove that the square on the
diameter of the sphere is one and a half times the square on the side of the pyramid. All my citations of Euclid’s
Elements follow the translation by David E. Joyce, “Euclid’s Elements.”

Judah uses the letter S to for two different points: here it is the centre of a triangle. However, the point is
not used in the construction that follows. In paragraph [12] S is defined as an angle of the tetrahedron
constructed around the sphere.
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[10] First, we show that angle NDH is a right angle. How? If in the great circle® we draw a
line which is the diameter of the circle circumscribed about triangle HTK, and from its
centre to this line we draw line ND, [then] it cuts it into two halves on point D, which is
the centre of the triangle. Therefore it intersects it at right angles, thus angle NDH is a

right angle, and that is what we wanted.’

Figure 3: Modern reconstruction.

[11] Since this has been shown, we draw a line from point M - let it be perpendicular to

MDN." As it has been shown that angle NDH is a right angle, therefore angle [DNH] will be

$Judah is referring to the great circle in plane NDH (see figure 2).

°Elements 111.3: If a straight line passing through the center of a circle bisects a straight line not passing through the
center, then it also cuts it at right angles; and if it cuts it at right angles, then it also bisects it.

“From the following, it is clear that this perpendicular line must lie within plane NDH. As Judah does not
mention this fact, it is possible that he used a two-dimensional diagram, similar to figure 3 above, in which
the perpendicular to NDM is necessarily also parallel to line DH.
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less than a right angle." Therefore the two lines [the perpendicular to] NM," [and line]

NH will necessarily meet.” We produce them until they meet in point 0.

Figure 4: Modern reconstruction.

[12] Then we cut off from the lines NT, N[K], NL, which were produced indefinitely, lines

equal to line NHO; these are NTC, NKF, NLS. Then we join the lines OC, OF, 0S, CF, FS, CS.

YElements 1.17: In any triangle the sum of any two angles is less than two right angles.

2Although all manuscripts read ‘the two lines NM, NH', it is clear that Judah refers to the perpendicular to
NM. See also paragraph [7]: “If this is the case, then this line that we have drawn tangentially will necessarily
meet the line joining the centre of the sphere and the angle of the figure.”

BFor his proof, Judah makes use of Elements I postulate 5: That, if a straight line falling on two straight lines
makes the interior angles on the same side less than two right angles, the two straight lines, if produced indefinitely,
meet on that side on which are the angles less than the two right angles. The postulate is only applicable if all lines
lie in the same plane, a fact that Judah fails to mention. (Cf. paragraph [7].)
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[13] We show that these [six] are all equal. How? Since angles HNT, HNK, HNL, TNK, [KNL],
LNT are equal and lines NO, NC, NF, NS are equal, therefore lines OC, OF, 0S, CF, FS, SC are

equal. Therefore the four triangles are equal.™

[14] Then we show that each of the faces of this figure that was constructed outside of

the sphere is parallel to each of the faces of the one constructed inside the sphere.

[15] First, we give an example; we say that the plane of triangle OCF is parallel to the plane
of triangle HTK."” How? Since in triangle NOC a line was drawn from one of its sides to the
other, namely HT, which cuts them in the same ratio (since the ratio OH to HN is like the
ratio CT to TN), therefore HT is parallel to 0C.** Likewise we show that line HK is parallel
to OF. And [according to] figure 15 of book XI of the Elements by Euclid,” triangle [HKT] is

parallel to triangle OCF, and that is what we wanted.

[16] Furthermore, we show that the three remaining triangles touch this sphere.” This is
shown if we show that the lines that were drawn between the centres of the triangles and
the centre of the sphere are all equal to line MDN. How? If we cut the lines of the [three]

triangles into two halves, and we join the point of section with the centre of the sphere,

“Elements 1.4: If two triangles have two sides equal to two sides respectively, and have the angles contained by the
equal straight lines equal, then they also have the base equal to the base, the triangle equals the triangle, and the
remaining angles equal the remaining angles respectively, namely those opposite the equal sides.

' In the following, Judah first proves that face OCF, which was constructed with the help of point M on the
sphere’s surface, is parallel to face HTK of the inner tetrahedron. As the remaining three faces of the outer
tetrahedron were constructed in a different way, he then proves that they, too, are parallel to the
remaining faces of the inner tetrahedron.

1Elements V1.2: If a straight line is drawn parallel to one of the sides of a triangle, then it cuts the sides of the triangle
proportionally; and, if the sides of the triangle are cut proportionally, then the line joining the points of section is
parallel to the remaining side of the triangle.

YElements X1.15: If two straight lines meeting one another are parallel to two straight lines meeting one another not
in the same plane, then the planes through them are parallel.

18 1t is obvious that face OCF touches the sphere, since it was constructed with the help of point M on the
sphere’s surface. Judah now proves that the remaining outer faces also touch the sphere.
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the lines that were drawn from the centre of the sphere to the halves of the lines will be
equal. How? If we cut the two lines CF, FS into two halves on the two points [U, W], we say

that they are equal.

[17] And the proof is: Since line CF is equal to line SF, and line FU to line FW, and line FN,
which goes from the angle of the figure to the centre of the sphere, is common, and angle
NFU is equal to angle NFW (since triangle CNF is equal to triangle SNF), therefore base NU

is like NW," and that is what we wanted.

[18] Similarly we show that triangle [ONW] equals triangle ONU. Practise it, and you will
find that QN equals MN; but MN goes from the centre of the sphere to its circumference.
And line QN [also] starts at the centre of the sphere - therefore it reaches its

circumference. Therefore triangle [OFS] touches the sphere.

[19] Likewise it is shown for the rest of the triangles - and similarly also for the four
[other] figures, if we make examples for them like we made examples for this one - that

each of its faces touches the sphere.

[20] Likewise it is shown that each face of the outer figure is parallel to its equivalent
from the inner figure, which was constructed inside the sphere.”” How? Since the face
touches the sphere, the line that was drawn between the centre of the sphere and the

point of contact (which is the centre of the face) is perpendicular to the face, as is shown

Elements 1.4 (see notes to paragraph [13] above).

2 In paragraph [15] Judah proved only that faces OCF and HTK are parallel. As OCF was constructed in a way
that differs from the construction of the other three outer faces, he now proves that they, too, are parallel
to the inner faces.
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in the first book of Theodosius.” Therefore it makes right angles with the lines that meet
it.” [And if angle] OQN is a right angle, it is shown that triangle OFS is parallel to triangle
[HKL].” Likewise it is shown for the rest of the triangles and for the rest of the faces of

the five figures.

[2. Construction of the given sphere inscribed inside the solids]

[21] How do we construct the given sphere inside one of the five figures? As we will
explain. We construct a solid [that is] equal to the afore-mentioned solid figure,* as we
will explain, with the help of the Almighty, blessed be He. Then we erect on the centres
of its faces perpendiculars inside the figure. We produce them until they meet in one
point. Then we produce one of these lines, until the whole line is doubled. We say that

this line is the diameter of the sphere.

[22] But the construction of a solid equal to a[nother] solid that is shown in Euclid’s book,
[applies] only [to] the parallelepiped.” But the construction of the rest of the solid figures
is [done] as we will explain. We draw a line equal to one of the lines of the figure. Then

we construct on its end a solid angle equal to the angle of the figure, and we draw lines

ASphaerica 1.4. See Autolykos: Rotierende Kugel und Aufgang und Untergang der Gestirne. Theodosios von Tripolis:
Sphaerik, 82: If a sphere touches a plane which does not cut the sphere, then the line joining the centre of the sphere with
the point of contact is perpendicular to the plane.

2Elements X1 definition 3: A straight line is at right angles to a plane when it makes right angles with all the straight
lines which meet it and are in the plane. Judah forgets to mention that by saying ‘the lines that meet it” he
refers to the lines in the plane of one face.

B According to the proof in paragraph [10], HZN is a right angle. That faces OFS and [HKL] are parallel,
follows from Elements X1.14: Planes to which the same straight line is at right angles are parallel. And HZN is also a
right angle.

#1.e. we copy the circumscribed solid that was constructed in answer to the first question - this way it is
guaranteed that the given sphere will ‘fit” into the solid.

1t appears that Judah is referring to Elements X1.27: To describe a parallelepipedal solid similar and similarly
situated to a given parallelepipedal solid on a given straight line. However, these solids are similar, not equal.
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equal to the lines that confine that angle. Then we construct also on the ends of the drawn

lines solid angles equal to them. Thus we continue until the figure is completed.

[23] When the figure is constructed, we draw from the centres of [its] faces lines that are
perpendicular to them. Let them be drawn inside the figure. We extend them rectilinearly
until they meet. It is obvious that they all meet in one point inside the figure, and this

point is the centre of the sphere.*

[24] First, we show that these perpendiculars are parallel to those perpendiculars that are

in the first figure, which was drawn from the centre of the sphere to its circumference.”

Figure 5: Modern reconstruction.

And the example is the tetrahedron: Let triangle ABG of this figure that we have
constructed now be equal to triangle ABG of the first one, and triangle BGD to triangle BGD
of the other. We cut BG into two halves on X, and we join the centre of triangle BGD, which

is H, with point X.

% In the following, Judah proves that the perpendiculars inside the polyhedron that he has just constructed
do indeed meet, and that their meeting point is the centre of the sphere to be inscribed in it. He does that
by proving that these perpendiculars are equal to the lines that lead from the centre of the sphere to the
faces of the polyhedra in his first construction.

e, the solid constructed in answer to the first question: the circumscribed solid that was constructed
with the help of a line coming from the centre of the sphere.
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[25] It is obvious that - as this second figure is equal to the first one, and its surfaces to its
surfaces - that the two lines ZX,” HX of this figure are equal to the two lines ZX, HX of the
other figure, and each one is also equal to the other, and angle ZXH of this figure is like
angle ZXH of the other. Therefore base ZH of the one is like base ZH of the other. And the
two angles XZH, XHZ that are above the base in this figure are equal to the two angles
XZH, XHZ that are above the base of the triangle in the other figure, each one to its

equivalent.

[26] Let the point in which the perpendiculars meet inside the figure be point N. As angle
NZX of this figure is like angle NZX of the other figure (as each of them is a right angle),”
we subtract from it the two equal angles XZH, XHZ. There remains that the two angles
NZH, NHZ are equal, and each one of them is equal to its equivalent in the triangle similar
to it in the other figure. Use it correctly and you will find that the triangle is equal to the

triangle.

[27] Therefore each of the two sides NZ, NH of the one figure is equal to its equivalent of
the other figure. These are the lines that were drawn from the meeting point of the
perpendiculars inside the figure to the surface of the sphere. And in that other figure
they also go from the centre of the sphere to its surface. Therefore the centre of the

sphere in this second figure is point N.

[28] We produce ZN rectilinearly until it is doubled, that is ZNQ, and we carry a semicircle
around it until it returns to its [original] position. This is the given sphere, and that is

what we wanted.

%Judah has not defined point Z. From the context it is clear that this point must be the centre of another
face of the tetrahedron.
»This was proven in paragraph [10].
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[3. Construction of a sphere circumscribed about the solids]

[29] But in order to construct the given sphere around each of those five figures, we
construct each figure equal to that which Euclid constructed, that is to say that the sphere
would be enclosing the figure.” Then we draw the perpendiculars from the centres of its
surfaces, until they all meet inside the sphere in one point. Then we join the angles of the
tigure and this point with straight lines. It is obvious that the centre of the sphere is this

point.

[30] We also produce one of those lines that [go] from the angle of the figure to the
meeting point, until the whole line is doubled, as this line is the diameter of the sphere,
and we carry a semicircle around it. Herewith the construction of the sphere around each

of the five figures is complete, and that is what we wanted. Praise to the blessed God.

[31] This is how I managed to answer that ‘emperor’s philosopher’ when I was eighteen
years old. In addition, I myself asked other questions, and what we will write now is one
of them. It was to give a clear geometric proof for the tables of ascensions for places in
sphaera obliqua. The so-called ‘philosopher’ answered me at that time in Arabic in the

following words. I have translated it into the Hebrew language.

[32] Ptolemy already showed the differences of the ascensions in sphaera recta and
prepared appropriate tables for them according to his proofs. And it is known that [the
arc] of the equator that rises with each northern arc [of the ecliptic] in the inhabited part

of the world is smaller than [the arc of the equator] that rises in sphaera recta. 1 am not

0 In answer to the second question, the polyhedron circumscribed about the sphere (the first construction)
was copied. In answer to the third question, Euclid’s original solid (which is meant to be inscribed in the
given sphere) is copied.
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saying any arbitrary arc, but any given part from the beginning of Aries to 29° of Virgo
ascending in the northern horizons,” and in reverse, [the arc] of the equator that rises

with it is smaller than [the arc of the equator] that rises with it in the autumnal horizon.*

[33] The example is that at a place whose latitude is 40°* the ascensions of the end of the
zodiacal sign of Gemini are 68°34’, and in sphaera recta [90°],* and the ascensions of 29° of
the zodiacal sign of Virgo are 178°, and in sphaera recta 179°. The magnitude of the deficit
here equals the magnitude of the excess for the parts that [extend] from the beginning

of the zodiacal sign of Libra to the end of the zodiacal sign of Pisces.

[34] We say this, and I am not forgetting that the sum of the ascensions for every two arcs
whose distance is equal from one known solstice point in sphaera obliqua equals the sum
of the ascensions for these arcs in sphaera recta.”® I am also not forgetting that half of the
ecliptic circle rises with half of the circle of the equator. But why are the ascensions in
sphaera obliqua for each arc of the northern half of the ecliptic circle less than the

ascensions in sphaera recta?

[35] This is because the distance of the circle of the equator to the zenith* in the northern
horizons is [as much] larger than the distance of the northern parts [of the ecliptic to the

zenith], as [the parts of the equator] are closer to the zenith than the southern parts [of

31 1e., the ecliptic is north of the celestial equator.

32 1e., the ecliptic is south of the celestial equator.

% The data given here for the oblique ascensions of 30° of Gemini and 29° of Virgo could help identify the
astronomical tables the author was using, and thus help reconstruct the transmission history of
astronomical knowledge in Europe. However, within the framework of this dissertation it was not possible
to determine where these data originate.

*The right ascension of 30° of Gemini is per definition 90°, that is why the values found in the different
manuscripts (60° or 80°) were replaced with the correct value.

Ptolemy, Almagest, 1.7, (H 119): [...] if two arcs of the ecliptic are equal and are equidistant from the same solstice,
the sum of the two arcs of the equator which rise with them is equal to the sum of the rising-times [of the same two arcs
of the ecliptic] at sphaera recta. (Translation by Toomer, Ptolemy’s Almagest, 91-92.)

36Cf. Almagest ii.1 (Ptolemy’s Almagest, 75.)

74



the ecliptic]. From this it necessarily follows that if we know the magnitude of the excess

and the deficit, we know the ascensional differences in sphaera obliqua.

[36] We will show with this diagram that this difference is known.

horizon

ecliptic

meridian

Figure 5: Modern reconstruction of the philosopher’s diagram.

Let ABGD be the circle of the horizon, and AHG the meridian, and BHM the equator on
pole T, and EKD the ecliptic. Let point [E] be the part of the ecliptic that is on the horizon,
and let it be the southern part. We want to know how much can be added to the

ascensions of this part in sphaera recta, until the ascensions are at this place.
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[37] Therefore we draw from the pole to this part [of the ecliptic] arc TWE. Thus the two
triangles MWE, [MHA] will be [similar],”” since angle M is common and the two angles W,

H are right angles. There remains that angle E is equal to angle A.*®

[38] Therefore the ratio of Sine* MW to Sine [WE] is like the ratio of Sine MH to Sine HA.*
But MH is known, since it is a quarter circle. And [WE] is known, since it is the declination
of point E of the ecliptic to the equator. [HA] is known, since it is the complement of the

latitude of the town. And MW is unknown.*

[39] Therefore these four quantities relate to each other [the following way]: the ratio of
the first (unknown) to the second (known) is like the ratio of the third (known) to the
fourth (known). We multiply the sine of the declination by the sinus totus** and we divide
it by the cosine of the latitude. We get as a result that the difference WM is known.” We
add it to the known arc [WK], which is the ascension of point E on the equator. The result

is the ascensions of point E in the town.

[40] But if the part [of the ecliptic] is northern, [let] point D [be] on the horizon. We draw
arc [TD] from the pole to the equator. It meets it at Z. And the two triangles DBZ, DTG will
be similar, since their two angles D, which are vertically opposed, are equal, and the two

angles [G], Z are right angles. There remains that the two angles [B], T are equal.

7As Judah cites this part of the text verbatim in his response below (paragraph [44]), it is clear that the
word ‘similar’ was left out due to a scribal error. The comparison of both texts also made it possible to
correct the scribal errors regarding the names of points which are erroneous in all manuscripts.

%*The philosopher tries to find the ascensional difference (arc MW) by use of prop. I11.2 of Menelaus’
Sphaerics. This theorem would only apply if angles E and A were equal. He tries to prove this by claiming
that the two spherical triangles MWE and MHA are similar.

% The sine function in medieval Arabic and Hebrew writings differs from the modern function in that it is
usually not calculated from a unit circle (with the radius R=1), but with a base circle with the radius R=60.
On the relationship between the two, see Kennedy, “A Survey of Islamic Astronomical Tables,” 139.

% In a modern notation: Sin MW / Sin WE = Sin MH / Sin HA.

1 MH =90° WE=9 HA =90°- ¢ MW=d.

2 That is, the Sine of 90°.

#Sin d = (Sin & x Sin 90°) / Cos .
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[41] Therefore the ratio of Sine DB to Sine ZB is like the ratio of Sine DT to Sine TG. But DB
is known, since it is the rising amplitude. ZB is unknown, since it is the difference between
the right ascensions and the ascensions in the town. TD is known, since it is the

complement of the declination. TG is the latitude of the town, which is known.*

[42] We multiply the sine of the rising amplitude by the sine of the latitude of the town
and divide it by the cosine of the declination. We get as a result that the sine of the
difference is known.*® Thus its arc, which is BZ, is known. We subtract it from the known
arc ZK, which is the ascension of point [D] on the equator. There remains that [BK] is
known, which is the ascension of point D in the town, and that is what we wanted.

Thus far the words of that philosopher.

[43] I then supplied him with several answers in relation to this text and to the diagram

he had made, constructed on the other page.* I answered him regarding this matter:

On error and on errors” that are not appropriate for a student who is called ‘philosopher’

like you:

[44] Firstly, you said: “The two triangles MWE, MHA will be similar, as angle [M] is common
and the two angles [W], H are right angles. There remains that angle E is equal to angle
A.” - May the philosopher please say when it was shown that, if two angles of a triangle

which consists of arcs are equal to two angles of another triangle, that the remaining

#Sin DB / Sin ZB =Sin DT / Sin TG. DB=¢ ZB=d TD=90°-% TG = @.

% Sin d = (Sin ¢ x Sin ¢) / Cos 8.

* Unfortunately, the philosopher’s diagram was not transmitted in the Midrash ha-Hokhmah.

7 The phrase poxvn 5y NON Yy is a play on the prayer ‘Al Het (‘For the Sin’) that is said on the Day of
Atonement. Each verse of the confession opens with the words non by - ‘For the sin’. Then follows the plea
‘For all these, God of pardon, pardon us, forgive us, atone for us’. The verses that follow each start with the
words ©xvn 5 - ‘And for the sins’. Apparently Judah considers his opponent’s mistake to be a great sin
for which he should ask for forgiveness.
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angle of the one is equal to the remaining angle of the other - as this has been shown only

for triangles that consist of straight lines.

[45] Furthermore, you claimed that the one triangle is larger than the other, as is the case
in the diagram. That is useless and impossible according to what you claimed about the
equality of the angles of the other triangle: Since if the angles of the one triangle are equal
to the angles of the other, each one to its counterpart, then the two triangles will

necessarily be equal, as is shown in proposition 17 of the [first] book of Menelaus.*®

[46] Therefore, if we put the conditional syllogism this way:

‘If the angles of triangle MWE are equal to the angles of triangle MHA, each one to its
counterpart, then triangle MWE will necessarily be equal to triangle MHA.
And, we deny the consequent, namely:

‘Triangle MWE is not equal to triangle MHA.’

We get as result the denial of the antecedent, namely:

‘The angles of triangle MWE are not equal to the angles of triangle MHA.

[47] Therefore angle E is not equal to angle A.* Therefore the ratio of Sine MW to Sine WE
is not like the ratio of Sine MH to Sine HA - since it would [only] be so if angle E were equal
to angle A, on the condition that the sum of the two arcs MA, ME together were less than

half a circle, as is shown in the third book of Menelaus.*® Therefore it is obvious that this

“That is, Menelaus, Sphaerics, prop. 1.17. A German translation of the text was rendered by Max Krause, Die
Sphdrik von Menelaos aus Alexandrien in der Verbesserung von Abii Nasr Mansir ibn ‘Ali ibn ‘Irdaq, prop.
L.17.

“The remaining two angles of the triangles are equal respectively. But as the triangles are not equal, angle
E cannot be equal to angle A.

*0Sphaerics, prop. 1I1.2. An English translation of this proposition is rendered, for example, by Kline,
Mathematical Thought from Ancient to Modern Times, 1:121: “The second theorem of Book I1I, in the notion that
arc a lies opposite angle A in triangle ABC, states that if ABC and A’B’C’ are two spherical triangles and if

’n

A=A’ and C=C’, or C is supplementary to C’, thensinc / sina=sinc’ /sina’.
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proof is only possible for triangles of straight lines, not of arcs. But if in the philosopher’s
eyes logic dictates that both are equal, he has to help us with this novelty that has come
about under the sun.”

Thus far.

[48] The author said: When the things were reported before the Emperor, the King,
Emperor Frederick (may his glory be exalted), he was very pleased with the answers that
I had given to the one who is called ‘philosopher’ before him. In addition, there was much
debate between us about many things, and about many questions and answers, but we

cannot elaborate any further on these matters in this book.

[49] Furthermore, about ten years later it so happened that I went down to the emperor’s
lands; I saw the quality of his actions and his affairs, his philosophers, his scribes, his wise
men, his judges, his officers, the food of his table and the seating of his servants.”
Everything depends on the stars.” I pray to God, may He be praised and exalted every
day, that He may return me to my father’s house and the country of my birth in peace

and happiness. May thus be His will, Amen. May God say so.

1This plea for help is, of course, ironical. Judah plays with the verse Eccl. 1:9: What has been will be again,
what has been done will be done again; there is nothing new under the sun.

52 Cf. 1 Kings 10:15.

> The Hebrew term Judah uses here is 5w, which originally denotes ‘constellation’. In this context, it
applies to divine influence that is exerted upon humankind via the spheres of the stars. Judah repeats the
phrase ‘9311 »9n 951" in the introduction to his Hebrew version of the Tetrabiblos ( n 9312 »5n Y51 ox
DTN YW IM2an Y91, Otot ha-shamayim, 2a.) The idiomatic expression was used by many medieval authors,
such as Abraham ibn Ezra (Commentary on Job 28:1) and the author of the Zohar (Numbers 134a).
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Chapter Three

Mathematics in an intercultural exchange

Frederick 11 (1194-1250) was one of the most famous and controversial emperors of the
Middle Ages. He was highly interested in the arts, philosophy and the natural sciences,
engaged in numerous building projects, founded the University of Naples, commissioned
translations of scientific texts from Arabic into Latin, invited scientists to his court and
engaged in discussions with them. His unquenchable thirst for knowledge is legendary -
already in his own time he was known as stupor mundi, amazement of the world.
Particularly striking is the way he had lists of philosophic and scientific questions sent to
renowned scientists all over the world.! Thus, when Judah ha-Cohen relates that it was
this famous emperor who sent him mathematical questions when he was only eighteen
years old, he forms part of a series of famous scholars who claim to have engaged in
discussions with Frederick. While three of these scholars, Michael Scot, Jacob Anatoli, and
Leonardo Pisano, resided in Italy and claim to have met the emperor in person, five
scholars are reported to have been given letters containing the emperor’s questions: the
Sufi Ibn Sab‘in, the jurist Shihab al-Din al-Qarafi, the polymath Kamal al-Din ibn Yiinus,
and the mathematicians and astronomers ‘Alam al-Din Qaysar and Athir al-Din al-Abharf.
The authors of these accounts come from many different cultural settings, and not all of
them had historical accuracy as a goal when rendering their reports. Thus, when dealing
with this material, one has to keep in mind what the authors’ intentions were, how well

informed their reports are, and if these reports are historically verified. In this chapter,

10n the scientific culture at the court of Frederick II, see Abulafia, Frederick II, 251-289; Stiirner, Friedrich II,
2. Der Kaiser 1220-50:342-457; Haskins, Studies in the History of Mediaeval Science, 242-271; Sirat, “Les
traducteurs juifs a la cour des Rois de Sicile et de Naples.”
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we will examine each single report of questions being asked by the emperor and try to
analyse its historicity - separately, and in the context of other accounts and historical
circumstances. As a second step, we will do the same with Judah ha-Cohen’s

correspondence and try to place it within the different extant accounts of questions.

Questions in Frederick’s immediate environment

Michael Scot

The first account of questions being asked by Frederick personally comes from the
emperor’s famous court astrologer Michael Scot (d. 1235). Little is known about Michael’s
origins. He was probably born in Scotland and received a thorough education before he
travelled south to Spain and Italy.” His name is first mentioned in 1215, when he
accompanied Rodrigo, the archbishop of Toledo, to the Fourth Lateran Council in Rome.’
While staying in Toledo he rendered numerous Latin translations of Arabic works, such
as al-Bitrdji’s On the Principles of Astronomy,* Aristotle’s De animalibus, and Ibn Rushd’s Long
Commentary on Aristotle’s De caelo et mundo.’ In 1220 at the latest, Michael left Toledo for
Italy, where he joined the court of Frederick IL.° It seems to have been the practice of
astrology that gained him the emperor’s trust. Michael reports that he used his

astrological skills to predict the right times for attacks on rebelling cities, but he also

2 0n Scot, see Haskins, Studies in the History of Mediaeval Science, 272-298; Stiirner, Friedrich II, 2. Der Kaiser
1220-50:400-422; Burnett, “Michael Scot and the Transmission of Scientific Culture from Toledo to Bologna
via the Court of Frederick II Hohenstaufen”; Ackermann, “Habent sua fata libelli - Michael Scot and the
Transmission of Knowledge Between the Courts of Europe”; Grebner, “Der ‘Liber Nemroth’, die Fragen
Friedrichs II. an Michael Scotus und die Redaktionen des ‘Liber particularis.”

3 Burnett, op. cit., 102. The council lasted from 1215 to 1217.

*In the Midrash ha-Hokhmah, Judah ha-Cohen relates that al-Bitraji lived 30 years before the year 1247. This
is, in fact, the year in which the Latin translation, not the original work, was rendered. He may therefore
have known Michael’s Latin translation.

5 On his role as a translator, see Burnett, op. cit.

¢t is not clear exactly when he joined Frederick’s service. The fact that he received honourable mentions
in several papal letters, and abruptly ceases to be mentioned in papal documents after 1227, the year in
which Frederick was excommunicated, implies that at that point at the latest Michael Scot was associated
with the emperor.

81



advised the emperor on more personal matters, such as the right times to have a blood-
letting. In Frederick’s employment Michael also continued his translation work from the
Arabic, and composed original writings, such as tractates on alchemy, and a commentary
on John de Sacrobosco’s astronomical work De spera. Apparently at the emperor’s bidding,
he also completed his major work Liber introductorius, an encyclopaedic work in three
parts, which was designed to introduce novices to the art of astrology. In the second part
of this work, the liber particularis, he gives a list of 55 queries’ that were posed to him by

the emperor:

When Frederick, emperor of Rome and always enlarger of the empire, had long
meditated according to the order which he had established concerning the
various things which are and appear to be on the earth, above, within and
beneath it, on a certain occasion he privately summoned me, Michael Scot,
faithful to him among all astrologers, and secretly put to me at his pleasure a
series of questions concerning the foundations of the earth and the marvels
within it, as follows: “My dearest master, we have often and in diverse ways
listened to questions and solutions from one and another concerning the
heavenly bodies, that is the sun, moon, and fixed stars, the elements, the soul of
the world, peoples pagan and Christian, and other creatures above and on the
earth, such as plants and metals; yet we have heard nothing respecting those
secrets which pertain to the delight of the spirit and the wisdom thereof, such
as paradise, purgatory, hell, and the foundations and marvels of the earth.
Wherefore we pray you, by your love of knowledge and the reverence you bear
our crown, explain to us the foundations of the earth [...]”

The questions that follow concern seven broader topics: the positioning of the earth, the
heavens, god and angels, hell and hereafter, relations in size, sweet and salt water, and
phenomena concerning wind, fire and smoke. Michael answers many of the questions,

not without praising the emperor for his great learning.

’There are, in fact, two versions of the work: first, a short version was composed, which was later redacted
into along one. The short version contains 49, the long one 55 questions. See Grebner, “Der ‘Liber Nemroth’,
die Fragen Friedrichs II. an Michael Scotus und die Redaktionen des ‘Liber particularis.”

® Translation by Haskins, “Science at the Court of the Emperor Frederick II,” 689. Haskins published the
Latin original in Studies in the History of Mediaeval Science, 292.
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At first sight Michael’s account appears to be very reliable; the Liber introductorius was
composed for Frederick, during his lifetime, and may therefore have been read by the
emperor himself. Michael Scot would not have fabricated a story of questions being asked
by his sovereign in the knowledge that this same sovereign would read his work and thus
expose the account as a lie. However, there is no evidence to suggest that Frederick
actually read the work, or intended to read it. Michael may have included the set of
questions into his book in order to demonstrate his own importance, being the person
the emperor would turn to with all questions on difficult scientific and philosophical
matters. The nature of the questions on the other hand may also demonstrate the
learnedness of the emperor himself, who personally engaged in the study of philosophy

and metaphysics.

Furthermore, it turns out that not all of the questions listed in the work were original to
the emperor. Nineteen of them were taken over, most of them verbatim, from an
illustrated astrological-astronomical compendium by the name Liber Nemroth.” Author
and origin of the work are unknown, but it can be traced back to the 8" century. The
questions reproduced in the liber particularis can all be found in a chapter entitled de
fundamento terre (‘on the foundation of the earth’) of the Liber Nemroth. Whereas in the
original it is the student Ioanton who is asking his teacher Nemroth these questions, in
Michael’s version the enquirer is the emperor - which would make Michael Scot the

learned teacher.

But this does not necessarily mean that Michael’s account is wrong; as Frederick himself

was interested in arts and sciences, the emperor may have come upon these questions

° Grebner, “Der ‘Liber Nemroth’, die Fragen Friedrichs II. an Michael Scotus und die Redaktionen des ‘Liber
particularis.”

33



during his studies and copied them from the source. Perhaps he posed them to his court
astrologer in order to compare his answers to those given in the Liber Nemroth. The
questions could thus have functioned as a test of Michael’s skills as a philosopher.
Frederick may also have instructed another scholar at his court to find suitable questions
to test his court philosopher, instead of reading the Liber Nemroth himself. The presence
of other learned men besides Michael at the imperial court does in fact support the theory
that Michael’s account is genuine. While the emperor himself may not have had the time
to read the work dedicated to him, there was a chance that someone in his environment
would, and would thus spot a possible lie about questions being asked by the emperor.
The risk of detection thus appears to be too high for Michael to include a blatant lie in his

work.

Thus, despite the fact that some questions Michael reports of are not original, his account
may still be truthful. This opens the possibility that the same might be the case with

other questions allegedly posed by the emperor.

Jacob Anatoli

Not a list of questions being posed, but personal discussions with the emperor are
reported by the Jewish scholar Jacob ben Abba Mari Anatoli (c.1194-c.1256)."° The son-in-
law of the famous translator Samuel ibn Tibbon was originally from Provence, but he left
his home and established himself at the court of Emperor Frederick IT in Naples in 1230/1.
There, he translated several scientific works from Arabic into Hebrew. In his original
composition, the collection of homilies Malmad ha-talmidim (‘the goad for students’)," he

reports of numerous discussions on exegetical questions that he had with the great

10n Anatoli, see Lévy, “The Establishment of the Mathematical Bookshelf,” 440-441.
! Published by the Mekize Nirdamim in 1866: Anatoli, Malmad ha-talmidim.
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Christian scholar named Michael, with whom I was associated for a period,”” who is none other
than Michael Scot. Throughout his work, he recounts twenty-one interpretations of
biblical verses that he attributes to the astrologer. On two occasions also the emperor
would join their discussions. Thus, Anatoli relates one instance in which the three men
discussed Maimonides’ Guide for the Perplexed, disagreeing on a certain interpretation of a
passage in the second book: Our master Emperor Frederick explained why the sage took the word

snow to signify prime matter. [...] The sage with whom I was associated held a different view [...]. **

Anatoli’s account appears to be genuine. His translations of scientific works show that he
spent several years in Naples, that he had access to Latin sources and that he was in the
emperor’s employ, although it is not certain what kind of work he performed for
Frederick. Furthermore, that Maimonides’ work was indeed discussed at the imperial
court is also documented by Michael Scot: between the first and the second redaction of
his compendium Liber introductorius, Michael added a passage to the work in which he

explicitly cites Maimonides."

Leonardo Fibonacci

An account of mathematical questions being discussed in Frederick’s presence is given

by Leonardo Pisano, known as Fibonacci." Born (c. 1170) in the city of Pisa, he had moved

12 Sirat, “Les traducteurs juifs a la cour des Rois de Sicile et de Naples,” 171.

B 1bid., 172.

4 Grebner, “Der Transfer mathematischen Wissens aus dem Orient und der Hof Friedrichs II. Der
Asymptotentraktat und sein personelles wie epistemisches Umfeld,” 222; Hasselhoff, Dicit Rabbi Moyses, 37-
40.

1> Leonardo’s writings were published by Boncompagni, Scritti di Leonardo Pisano. The contents are being
discussed by Cantor, Vorlesungen iiber Geschichte der Mathematik, 2:3-52. On Leonardo’s relation to Arabic
mathematics and his contribution to Western mathematics see Rashed, “Fibonacci et les mathématiques
arabes”; id., “Fibonacci et le prolongement latin des mathématiques arabes.” An English translation of both
articles can be found in Rashed, Classical Mathematics from al-Khwarizmi to Descartes, 411-444,

35



to North Africa to be instructed in Arabic-Indian calculation on the behest of his father,
who was an officer at the customhouse in Bugia (Béjia) for the Pisan merchants. He
continued his studies on business trips to Egypt, Syria, Greece, Sicily and Provence. As a
result, he composed his major work Liber abaci, which deals with Arabic and Indian
numerals and calculation, in 1202. The revised version of the work, which was completed
in 1228, Leonardo dedicated to Michael Scot. A second major work, the Practica geometrie,
was written in 1220 and dedicated to a certain master Dominick.” A few years later,
possibly in 1226, he composed the Liber quadratorum (‘book of Squares’), a book on
Diophantine equations which he dedicated to the emperor himself. In the introduction
to the work he recounts how he was introduced to the court by master Dominick and got

involved in a discussion with the emperor’s philosopher John of Palermo:

After being brought to Pisa by Master Dominick to the feet of your celestial
majesty, most glorious prince, Lord F[rederick],  met Master John of Palermo;
he proposed to me a question that had occurred to him, pertaining no less to
geometry than to arithmetic: find a square number from which, when five is
added or subtracted, always arises a square number. Beyond this question, the
solution of which I have already found, I saw, upon reflection, that this solution
itself and many others have origin in the squares and the numbers which fall
between the squares. When I heard recently from a report from Pisa and
another from the Imperial Court that your sublime majesty deigned to read the
book I composed on numbers, and that it pleased you to listen to several
subtleties touching on geometry and numbers, I recalled the question proposed
to me at your court by your philosopher. I took upon myself the subject matter
and began to compose in your honor this work which I wish to call The Book of
Squares.”

16 An English translation with an introduction that focusses on Leonardo’s learning was made by Hughes,
Fibonacci’s De Practica Geometrie.

7 The book is dated 1225 in the introduction, but Frederick had visited Pisa for the first time in 1226. The
discrepancy may be due to fact that Leonardo used the Pisan calendar. See Muccillo, “FIBONACCI,
Leonardo.”

18 Translation by L.E. Sigler: Fibonacci, The Book of Squares, 3. In a modern mathematical notation, the
problem posed is: x*+5=y,?, x*-5=y,%
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As stated in the introduction, Leonardo discusses the question posed by the philosopher,
along with similar problems. Appended to the work is also a mathematical question that

was posed to him by another court official, Theodore of Antioch:

The question proposed to me by Master Theodore, Philosopher to the Emperor
I wish to find three numbers which added together with the square of the first
number make a square number. Moreover, this square, if added to the square
of the second number, yields thence a square number. To this square, if the
square of the third number is added, a square number similarly results.”

Another account of the audience in Pisa can be found in the treatise Flos (‘flower’), which
deals with different questions on algebra, arithmetic and geometry. Here, Leonardo
reports that in the emperor’s presence, John of Palermo had engaged him in a long
discussion on various mathematical problems. The answers to some of these, along with
other questions that had reached him from the emperor’s court, he put down in writing
and sent them directly to Frederick. At the end of the work, there is a letter addressed to

Theodore of Antioch, discussing three additional mathematical problems.

Leonardo’s account, too, appears to be very reliable, as he recounts problems that were
raised while the emperor was present, and whose answers he worked out for Frederick
to read. In both the Liber quadratorum and the Flos he addresses the emperor personally,
and he even gives us the name of a messenger that was employed to bring some of the
answers to the emperor: In a similar way I shall also solve one of the two questions that I sent to
Your Majesty through your footboy Robertinus.® Furthermore, while we have little

information on master Dominick who introduced Leonardo to the emperor (and none at

1bid., 107. In modern notation the problem reads: x + x* + y + z=r% r? + y* = s%
sP+zt =t
% My translation. The Latin text can be found in Scritti di Leonardo Pisano, 11:236.
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all on the footboy Robertinus), it is well-documented that both John of Palermo, who
discussed these problems with Leonardo, and Theodore of Antioch, to whom Leonardo

addressed two letters, had official positions at the imperial court.

John of Palermo’s name is first mentioned in 1221, when he wrote an official document
for the emperor.” Nineteen years later, in February 1240, John is listed as one of two
envoys whom Frederick sent on a mission to Tunis. He may have been of ill health at the
time, as his companion was instructed to choose another envoy in case illness prevented
John from going. The last official mention of John is made two months later, in April 1240,
when Frederick urgently requested John’s presence before him at Orta for unspecified
services, and put barque at his disposal. John was not only well-versed in mathematics,
but also in the Arabic language. This becomes evident from his Latin translation of an
anonymous Arabic work on the hyperbola and its asymptote, entitled De duabus lineis
semper approximantibus sibi invicem et numquam concurrentibus (‘On two lines always

approaching each other but never meeting’).”

We have more information regarding Theodore of Antioch,” who fulfilled several

functions at the imperial court; he was active as an astrologer, a translator of scientific

21 0n John of Palermo, see Clagett, Archimedes in the Middle Ages, 1980, 4:33-34.

22 The Arabic original of the treatise is lost. The Latin translation was edited by Clagett, Archimedes in the
Middle Ages, 1980, 4:33-61. See also Freudenthal, “Maimonides’ ‘Guide of the Perplexed’ and the
Transmission of the Mathematical Tract ‘On Two Asymptotic Lines’ in the Arabic, Latin and Hebrew
Medieval Traditions.

% 0n Theodore of Antioch, see Burnett, “Master Theodore, Frederick II’s Philosopher”; Kedar and Kohlberg,
“The Intercultural Career of Theodore of Antioch.” See also Burnett, “Antioch as a Link between Arabic and
Latin Culture in the Twelfth and Thirteenth Centuries.”
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works and imperial documents, but also acted as the emperor’s physician.* He is first
mentioned in Latin sources in the autumn of 1238, when he engages in a discussion with
Dominican friars during the siege of Brescia. A year later he is said to have cast a
horoscope for the Emperor while staying in Parma. In the register of Frederick II’s acts
from 1239-40, which is the only one extant, Theodore is mentioned several times:* In
December 1239 Frederick puts a boat in Pisa at his disposal, as he is returning from a
journey.” Two months later he is sent a blank sheet with the emperor’s seal and ordered
to draft a letter in Arabic to the king of Tunis, giving the credentials of two messengers
being dispatched to the ruler. As stated above, one of these envoys was John of Palermo.”
Theodore must have died before November 1250, as at that time Frederick gives a
vineyard in Messina, which ‘Master Theodore our philosopher held so long as he lived’,

to the son of his stable master.?

As a writer, Theodore composed both translations from the Arabic and original works.
He translated the Prologue to Ibn Rushd’s Great Commentary on Aristotle’s Physics at the
bidding of some scholars in Padua (perhaps in 1239).” At the emperor’s bequest, he
translated an Arabic work on falconry, the Moamin, into Latin, which Frederick himself

revised in 1240-1.° He may also have translated a second book on falconry, the Ghatrif.”*

% This is confirmed by Petrus Hispanus (1210/20-1277), who was later to become Pope John XXI, who
mentions that one of his masters had been Theodore, ‘the Emperor’s physician’. Kedar and Kohlberg, op.
cit., 168.

% 1bid., 169.

% Ibid.

7 The instructions, with an English translation, can be found in Burnett, “Master Theodore, Frederick II's
Philosopher,” 257.

% Burnett, op. cit., 226.

» Kedar and Kohlberg, op. cit., 168.

%0 On this translation, see, for example Akasoy, “Zu den arabischen Vorlagen des Moamin.”

31 Abeele, La fauconnerie au Moyen Age, 29.
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Being also a trained physician, Theodore also dedicated a letter on regimen (Epistola

Theodori philosophi ad imperatorem Fridericum) to Frederick.”

Leonardo Fibonacci thus discussed mathematical problems with Frederick and two of his
scholars who were both trusted, proficient in the mathematical sciences and also in the
Arabic language. This last point becomes important if we take a look at the questions that
Leonardo was asked to answer; the question mentioned at the beginning of the Liber
quadratorum reads in a modern mathematical notation: x*+5=y? x*-5=z’. It turns out that
this problem appears verbatim in several much earlier Arabic treatises on Diophantine
equations. In his Kitab al-badi  fi al-hisab (Magnificent book on calculation), for example, the
mathematician and engineer Abt Bakr al-Karaji (c. 953-c. 1029) formulates the problem
this way: If one says a square and if one adds to it five units, one has a square, and if one subtracts
five units, one has a square.” A second question asked by John of Palermo is transmitted in
the booklet Flos. Here, Leonardo is asked to solve an equation, which in a modern notation
reads: X’ + 2x* + 10x = 20.>* Again, the very same equation appears in a much earlier Arabic
work, the Treatise of Algebra by al-Khayyam (1048-1131).* None of the Arabic sources that
the questions originate from have ever been translated into Latin, and as Leonardo’s
methods for solving the problems differ considerably from those of his predecessors, he
himself does not seem to have had a direct access to any of these sources. It appears that
it was the emperor, or rather his philosophers, who had found the questions in Arabic
works and posed them to the Pisan mathematician. How they could have come in contact

with these writings we will discuss at a later stage. What is important at this point is the

32 The letter, with an English translation, was published by Burnett, “Master Theodore, Frederick II's
Philosopher,” 267-274.

33 Rashed, Classical Mathematics from al-Khwarizmi to Descartes, 420.

3 The Latin text can be found in Scritti di Leonardo Pisano, 11: 228.

% Rashed, op. cit., 427.
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fact that like in the case of Michael Scot, at least some of the questions posed were taken
verbatim from earlier works. As to the reasons why the court philosophers may ask
questions that had already been treated by previous mathematicians, different scenarios
are conceivable. They may have encountered the questions in their studies without
having access to the solutions. The questions may therefore have been asked out of
genuine curiosity. On the other hand, Theodore of Antioch and John of Palermo may
already have known the answers to the given problems. The questions would have served
to test Fibonacci’s mathematical skills. In any case, Fibonacci himself appears to have
been unaware of the fact that the problems had already been solved by previous

mathematicians.

In conclusion, the three accounts about Frederick engaging in scientific debate by
Michael Scot, Jacob Anatoli and Leonardo Fibonacci give us valuable information on
Frederick and his method of formulating questions: Philosophical and scientific works by
Christian, Jewish and Muslim authors were studied at the imperial court. Frederick was
personally interested in theological, philosophical and mathematical problems, and
proficient enough in the subjects he studied to discuss these problems with experts, or at
least to follow their discussions. Furthermore, at least some of the questions being posed
to scholars by the emperor, or his philosophers, were not original but stemmed from
earlier works on the topic; in the case of Michael Scot from a Latin source, in the case of
Leonardo Fibonacci from Arabic sources. The emperor’s interest may thus have been to
advance scholarship by finding new solutions to known problems. But the questions may

also have served as a test of the recipients’ skills and learnedness.
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Questions sent to Muslim scholars

The reports discussed above were rendered by people in Frederick’s immediate
environment. They appear to be reliable, as these scholars’ involvement with the
imperial court is testified by many different sources, and the risk of detection in case of
a lie, which may have led to them losing the emperor’s favour, would have been high. But
scholars who did not belong to Frederick’s entourage and who lived in distant places did
not have to fear immediate consequences in case they were proven to have fabricated
stories about answering the emperor’s questions. In addition, most of the accounts of
Frederick’s queries reaching places outside of Italy were not written by the recipients
themselves, the only exception being Judah ha-Cohen’s account of the correspondence
and the Sicilian Questions by Tbn Sab‘in. Yet, the historicity of Ibn Sab‘in’s account has
recently been called into question. In the following, we will therefore list all extant
reports of the emperor’s questions reaching scholars outside of Italy, which (except for
Judah ha-Cohen) all happen to be Muslim scholars, and try to judge in how far they can

be considered to be historical.

Ibn Sab‘in

As mentioned above, the most famous set of questions that were reportedly sent out by
Frederick II are the Sicilian Questions (al-Masa il al-Sigilliyya) that were answered by the
philosopher and Sufi ‘Abd al-Haqq ibn Sab‘in of Murcia (c.1217-c.1270).*® Born near
Murcia in the Ricote valley, Ibn Sab‘in left his hometown during a period of political
turmoil in 1238, settling first in Granada, then in the African port town Ceuta. There he

wrote his two philosophical works: the Sicilian Questions (written between 1238 and 1242)

% On Ibn Sab‘in see Akasoy, Philosophie und Mystik in der spdten Almohadenzeit, 3-35. The book also contains
an edition and German translation of the Sicilian Questions. See also Akasoy, “Ibn Sab‘in’s Sicilian Questions.”
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and the Budd al- ‘arif (‘Knowledge of the Gnostic’). The Sicilian Questions survive in only one
manuscript, kept in the Bodleian Library.” In the prologue to the text, the author (or
perhaps one of his students) gives an account of what prompted Ibn Sab‘in to compose

the work:

The Shaykh [...] Qutb al-Din [...] ibn Sab ‘in [...] replied to the questions of the
King of the Romans, the Emperor, the ruler of Sicily. He had (initially) sent a
copy of the questions to the East, to Eqypt, to Syria, to Iraq, to Asia Minor and
to Yemen. But when the responses of the Muslim sages had come back, they had
not satisfied him. Then he asked if there were appropriate scholars in Tunisia.
He was told that this was not the case. He inquired about Morocco and al-
Andalus and was told that there was a man known as Ibn Sab ‘in. So he turned
to the Caliph al-Rashid from the dynasty of ‘Abd al-Mu 'min with his questions.
The Ruler of the Faithful wrote to his governor in Ceuta, namely Ibn Khalds, to
see to the mentioned man so that he would reply to the questions. The King of
the Romans had sent a ship with his envoy and a lot of riches. Ibn Khalas had
the Imam Qutb al-Din come and gave him the questions at the behest of the
caliph. Qutb al-Din laughed [...] and promised to answer the questions. Ibn
Khalas gave him the precious gifts that the envoy of the king of the Romans had
brought. [But] Qutb al-Din rejected them and did not accept them, saying: ‘(I
answer the questions] in the hope of God’s reward in the hereafter and for the
triumph of the Muslim community’ [...] Qutb al-Din answered [the questions],
and when the answer reached the king, it satisfied him. He sent a great gift,
which, however, was sent back to him like the first one. Thereupon the Christian
recognized his own inadequacy. God lets Islam triumph, granting it victory over
the Christian community due to ultimate demonstrative proofs. Thanks be to
God, the Lord of all the world.*

The four questions that Frederick allegedly asked are only transmitted in Ibn Sab‘in’s
answers,. The first one relates to Aristotle’s belief in the eternity of the world, the second
one regards the nature of the Divine Science, the third one relates to the nature and
number of categories, and in the fourth and final question Ibn Sab‘in is asked to give
proofs for the immortality of the soul. Ibn Sab‘in answers these queries, beginning with

a harsh critique of the wording and methodology of the emperor’s questions.

%7 Oxford, Bodleian Library, MS. Hunt. 534.
38 Akasoy, Philosophie und Mystik in der spéten Almohadenzeit, 340 (Arabic), 411-412 (German translation).
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Anna Akasoy was the first scholar to doubt the historicity of this account:* At the time
that Ibn Sab‘in allegedly answered the questions, around 1240, he was only in his early
twenties and certainly not such a renowned scholar that his fame had reached the
Emperor’s court. It is hardly conceivable that Frederick could not find a single Muslim
philosopher besides Ibn Sab‘in to answer the questions to his satisfaction. In addition, it
is unlikely that the Almohad caliph would have asked Ibn Sab‘in of all people to answer
the questions, as his family had links with Ibn Hiid, the man who had started a revolt
against the Almohad court. Furthermore, it was the governor of Ceuta, Ibn Khalas, who
in 1242 banished the Sufi from the city. But also the text of the answers itself raises doubts
about the historicity of Ibn Sab‘in’s account. Firstly, it is difficult to imagine that Ibn
Sab ‘in would have sent a ruler, albeit a foreign one, such a harsh critique of his wording
and methodology. More importantly, more than anything else the Sicilian Questions
appear to be a handbook on philosophy written for students: rather than dealing with
specific queries that might have interested a foreign ruler, the treatise discusses very
general introductory questions about philosophy in the form of questions and answers -

a popular genre in Arabic literature.

As to the reasons Ibn Sab‘in may have forged a connection with the imperial court,
Akasoy argues that living in a port town that attracted traders from all over the
Mediterranean, Ibn Sab‘in may have been well aware of the fact that Frederick was
interested in Aristotelian philosophy. By claiming that the emperor consulted Ibn Sab‘in
on these matters, the Sufi may have tried to increase his own authority. The connection

with Frederick may also have made the work more attractive to potential readers. In

¥ 1bid., 107-124; ead., “Ibn Sab‘in’s Sicilian Questions,” 121-123.
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addition, the claim may also have served as a justification to deal with Aristotelian ideas
in a climate hostile to philosophy. It is therefore possible, if not likely, that Ibn Sab‘in’s
claim of having composed the Sicilian Questions on behalf of the emperor is fictitious. But
if this is the case, we have to analyse also the other accounts of Frederick’s questions
being sent to Muslim scholars regarding the points in question: Do the author’s texts and

external circumstances indicate that their accounts are reliable?

Shihab al-Din al-Qarafi

Another North-African scholar who reports of natural-philosophical questions being
posed by the emperor is the Egyptian jurist and legal theoretician Shihab al-Din al-Qarafi
(1228-1285)." Al-Qarafl is best known for his legal writings, which spread throughout the
Muslim world, but he also composed a work on natural philosophy, or more precisely, on
optical phenomena, with the title Kitab al-istibsar fi-ma tudrikuhu al-absar (‘Reflection on
what is perceived by sight’). It is in this work that he introduces several optical questions

that were supposedly asked by Frederick. In the introduction to the work he writes:

Thus [God] keeps the Muslim people from the error of inferiority, when they are
asked strange questions, so that the enemies of pure faith do not imagine, due
to a lack of response, that they take the first rank regarding perfection and
ability [...] Once, at the time of al-Malik al-Kamil, the emperor, king of the
Franks in Sicily wrote seven very difficult, extremely tricky questions to test the
Muslims; he was a clever man of great knowledge, acumen and understanding.
I heard they answered some of them; if all, I do not know. That they could
answer the questions and confirm the accuracy of the answers is because back
then there were many people who had good understanding and scholars of the
[Muslim] nation who were in agreement.*

Al-Qarafi discusses three of the emperor’s questions in his treatise. The first one concerns

straight objects that are partly immersed in water: Why do they appear to be bent?* The

0 On al-Qarafi, see Jackson, “Shihab Al-Din Al-Karafi.”
“t Wiedemann and Meyerhof, “Uber ein optisches Werk des Ahmad al-Qarafi,” 123 (Arabic), 8 (German).
2 1bid., 28-29. The Arabic text is on p. 107.

95



second one concerns a star, Canopus, which at its rising appears to be bigger than at its
culmination; as it rises in the south, which is dry, the reason for its bigger appearance
cannot be moisture, with which the same phenomenon is explained regarding the sun.”
The third question regards the eyes themselves: why does someone suffering from
cataracts see black filaments and flashes of light and gnats outside his eye, even when

there is nothing there?*

The question whether al-Qarafi renders a true account of three questions that were asked
by the emperor is difficult to answer. The circumstances reported in the introduction
seem to be much more plausible than those reported by Ibn Sab‘in; the emperor did
indeed have a good relationship with the Ayytibid Sultan al-Malik al-Kamil, who reigned
between 1218 and 1238. This is attested, for example, by the historian Ibn Wasil (1207-

1298), who in 1261 was sent to the court of Frederick’s son Manfred as an ambassador:*

The Emperor was a sincere and affectionate friend of al-Malik al-Kamil, and
they kept up a correspondence until al-Kamil died—God have mercy on him! —
and his son al-Malik al- ‘Adil Saif ad-Din Abu Bakr succeeded him. With him too
the Emperor was on sincerely dffectionate terms and maintained a
correspondence. When al- ‘Adil died in his turn and his brother al-Malik as-
Salih Najm ad-Din Ayyub succeeded him, relations were unchanged: al-Malik
as-Salih sent to the Emperor the learned shaikh Siraj ad-Din Urmawti, now qadi
of Asia Minor, and he spent some time as the Emperor’s honoured guest and
wrote a book on logic for him. The Emperor loaded him with honours. After this,
still in high favour, he returned to al-Malik as-Salih.*

But al-Qarafi’s introduction gives us little verifiable information apart from the fact that
Frederick corresponded with al-Malik al-Kamil. The author states himself that his

information on the questions is not first hand - he was not the recipient of the questions,

#Ibid., 37. The Arabic text is on p. 99.

#Ibid., 43. The Arabic text is on p. 93.

* English translation by Gabrieli, Arab Historians of the Crusades, 277. On his time at the imperial court he
reports: It is the author, Jamal ad-Din ibn Wasil, who speaks: I saw these parts when I was sent as ambassador of the
Sultan al-Malik az-Zahir Rukn ad-Din Baibars, of blessed memory, to the Emperor's son, Manfred by name. (Ibid., 268.)
* Ibid., 276. Al-Malik as-Salih ruled between 1240 and 1249.
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and he is unsure whether all of them were answered. In addition, the aim of the
introduction is clearly not to give a historical account. Rather, al-Qarafi’s motives for
mentioning the foreign emperor appear to be both apologetic and polemical: One is not
only allowed to, but one has the duty to engage in the study of secular sciences in order
to be able to defend the honour of the Muslim nation against foreigners. What foreigner
could be more suitable to demonstrate the importance of the questions discussed in al-

Qarafi’s work than the famous Roman emperor?

The questions reported by al-Qarafi could certainly have been asked by the emperor;
Frederick was interested in natural philosophy, and he laid special emphasis on precise
observation in his own scientific work, the book on falconry De arte venandi cum avibus.
He may thus have observed the phenomena described in the questions and wondered
how they came about. But in this regard, the second of the three questions turns out to
be problematic; the star Canopus, second-brightest star in the night sky, cannot be seen
at all from any place north of Catania, and even in Southern Sicily it would not have risen
on the horizon by more than 1°. Thus, a Sicilian observer would certainly not have
noticed a difference in the star’s magnitude between its rising and its culmination, for
even when passing the meridian the star would hardly have risen at all. Furthermore, if
it were to be sighted from Southern Sicily, it would appear to rise in the Mediterranean
Sea, not the dry desert land that is referred to in the question. Both facts suggest that the
question did not originate at the imperial court, but that it was authored by someone

living further to the south than the emperor. But as we have seen in the case of Michael

7 This was first pointed out by Schramm, “Frederick Il of Hohenstaufen and Arabic Science,” 305. However,
Schramm’s translation of the question itself appears to be inaccurate.
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Scot and Leonardo Fibonacci, by the fact alone that the query is not original, we cannot

exclude the possibility that stemmed from the imperial court.

All in all, al-QarafT’s claim that three questions listed in his work were asked by the
emperor, can neither be verified nor disproved. His work, written in the style of question
and answer with an apologetic introduction, reminds us a lot of Ibn Sab‘in’s Sicilian
Questions. The phenomena discussed could certainly have been studied by the emperor,
but al-Qarafi simply does not give us enough verifiable information on the historical

circumstances to decide either way.

Kamal al-Din ibn Yanus

While the two reports discussed above concern natural-philosophical questions, all other
accounts of queries being despatched into the Arab world by Frederick concern questions
that were answered by skilled mathematicians, who were all connected to the school of
a famous scholar in Mosul, Kamal al-Din ibn Ytnus (1156-1242). The polymath Ibn Yinus
was one of the most respected and sought-after scholars of thirteenth-century Islam.
Based in Mosul, he was a famous theologian, but was also an expert in the mathematical
sciences and astronomy, Greek philosophy, and medicine.”® Of his works, only the
mathematical ones have come down to us. The famous author of biographies Ibn
Khallikan (1211-1282), whose father had been a personal friend of Ibn Ytinus, reports that
he was knowledgeable in all branches of science and philosophy, and that his theological
knowledge included not only Muslim, but also Christian and Jewish scriptures, so that

Jews and Christians regularly came to listen to his biblical exegesis.”” The polymath

8 On Ibn Yanus, see, for example, Hasse, “Mosul and Frederick II Hohenstaufen: Notes on Atiraddin al-
Abhari and Siragaddin al-Urmawi.”
* Ibn Khallikan’s Biographical Dictionary, 3:468.
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reportedly received letters on mathematical and astronomical problems from Baghdad
and Damascus. He answered them promptly, surpassing the senders’ skills and
expectations by far.” It is the physician and historian Ibn Abi Usaybi‘ah (1203-1270) who

recounts an occasion on which Ibn Yiinus was visited by the emperor’s emissary:**

It is said that Kamal al-Din ibn Yianus knew magic. An example of this was
related to me by the Judge Najm al-Din ibn al-Kuraydi who said, ‘The Judge Jalal
al-Din al-Baghdadi, the student of Kamal al-Din ibn Yunus, used to live near
ibn Yunus in the school. Once, an emissary came to the merciful king Badr al-
Din Lu lu’ the governor of Mosul, from the Emperor the king of the Franks, who
was a master in the sciences. The emissary had with him certain questions
about astrology and the like and sought the answers from Kamal al-Din ibn
Yiinus. The governor of Mosul sent a message to Kamal al-Din informing him of
this and saying that he should wear beautiful clothes and prepare a splendid
salon for the emissary knowing that Ibn Yiinus used to wear rough clothes
without affectation and had no knowledge of the things of the world. Ibn Yinus
said, ‘Yes.”

Jalal al-Din relates saying, ‘I was with him when he had been told that the
emissary of the Franks had arrived and was close to the school. Ibn Yanus sent
some students to meet the emissary and when he arrived we looked and saw
that the room was adorned with the most beautiful and finest Byzantine carpets
with a group of slaves and servants in fine clothes. The emissary entered and
the Shaykh Kamal al-Din greeted him and wrote the answers to all the
questions. When the emissary had gone all that we had seen before vanished so
I said to the Shaykh, ‘Master, how wonderful were the splendours and the
servants we saw a short time ago!’ He smiled and said, ‘Baghdadi, that is
sciencel’

The focus of this account is not the meeting with the emissary and the questions being

asked but the great authority and skill of Ibn Yiinus, which appear to be legendary; the

°1bid., 3:470-471; Suter, “Beitrdge zu den Beziehungen Kaiser Friedrichs I1. zu zeitgendssischen Gelehrten,”
5.D. Raynaud surmises that the question sent from Damascus was sent by the next scholar in our list, ‘Alam
al-Din Qaysar, and pertained to the problem posed to him by the emperor. While this is certainly possible,
the source mentions neither Qaysar’s name, nor the fact that the problem was posed by Frederick. See
Raynaud, “Le tracé continu des sections coniques a la Renaissance,” 341-343.

5! Translated by Alasdair Watson, in ALHOM (A Literary History of Medicine, the ‘Uyiin al-anba’ fi tabagat al-
atibba’ of Ibn Abi Usaybi ‘ah), forthcoming. See also Suter, op. cit., 6. Raynaud, op. cit., 341.
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polymath was so sought-after that even the king of the Franks sent an envoy to him. As
the visitor’s high rank made it necessary to quickly produce a suitable meeting place, the
polymath created the illusion of a place filled with all kinds of riches, which disappeared
as soon as the guest had left. While the report in itself might have been embellished by
either Tbn Yinus’ student or the historian, it is quite conceivable that Frederick’s
emissary met the polymath and asked him scientific questions on behalf of the emperor,
as many different sources report of contacts between the imperial court and Ibn Yanus’

school in Mosul.

Thus, one of Ibn Ytinus’ students was Siraj al-Din Urmawi (1198-1283), author of the book
on logic Matali ‘al-anwar (‘The Rising of Lights’).”” His name was already mentioned above,
in the historian Ibn Wasil’s description of the good relations between the court of
Hohenstaufen and the Ayyubid sultans. In the last part of his account he mentions that
Siraj al-Din Urmawi was sent to the emperor’s court and wrote a book on logic for him.
As said above, Ibn Wasil is a reliable witness, as he had spent some time at the imperial
court himself. Furthermore, he even dedicated a treatise on logic to Frederick’s son
Manfred, the Risala al-anbririyya (‘the imperial treatise’), thus he would certainly have

been aware of previous works on logic written at the imperial court.

Also a second student of Ibn Yiinus’ has already been mentioned in this chapter:
Frederick’s court philosopher Theodore of Antioch. While the Latin sources do not give

us any information about his upbringing, it is an Arabic source that sheds light on

52 The Matali ‘ al-anwdr consisted in fact of two parts of which only the first one, dealing with logic, has come
down to us. The lemmata of the second part, which dealt with metaphysics and natural philosophy, were
only transmitted in a commentary. See Hasse, “Mosul and Frederick Il Hohenstaufen: Notes on Atiraddin
al-Abhari and Siragaddin al-Urmawi,” 152. That al-Urmawi was a student of Ibn Yiinus we know from the
historian al-Subki: He studied in Mosul under Kamaladdin ibn Yiinus. He was born in the year 594 <i.e. 1198 A.D.>
and died in the year 682 <i.e. 1283 A.D.> in Konya. Translation by Hasse, op. cit., 149.
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Theodore’s life before his sojourn in Italy and on the circumstances of his death. The
Syriac Bishop and writer Gregory Barhebraeus (Abu al-Faraj ibn al-‘Ibri; 1225/6-1286),
renders a biography of Theodore in his Mukhtasar ta rikh al-duwal (‘Short history of the
dynasties’).”® According to Barhebraeus, the hagim (i.e. ‘philosopher’) Thadhiri of Antioch
was a Jacobite Christian, who, having studied Latin, Syriac and some philosophy in
Antioch, moved to Mosul in order to study under the famous polymath Kamal al-Din ibn
Yuinus. There, he studied the works of al-Farabi and Ibn Sina, along with Euclid’s Elements
and the Almagest. He moved back to Antioch for a short while, but returned to Kamal al-
Din ibn Yainus to deepen his knowledge. Afterwards he studied medicine in Baghdad. He
served the Sultan ‘Ala’ al-Din of Konya in Asia Minor, who ruled from 1219-37,% then he
travelled to the sultan’s enemies in Armenia and served Constantine of Lampron (d.
1261), the father of king Hayton (ruled 1226-1270). From there, he joined an envoy of
Emperor Frederick and travelled to his court. The Emperor held him in high esteem and
even assigned him a parcel of land. But at some point, Theodore wanted to return home,
which the emperor did not allow. In the emperor’s absence, Theodore boarded a ship
travelling to Acre. When an unfavourable wind brought the ship to the port that the
emperor was stationed in, Theodore committed suicide by poison out of shame. Whether
or not the report of Theodore’s suicide is true, Barhebraeus’s account appears to be
reliable for the most part; being a Jacobite Christian himself who lived in Antioch in 1244,

he may even have had first-hand information on Theodore.

5 Burnett, “Master Theodore, Frederick II’s Philosopher,” 264-265 (Arabic), 228-229 (English). An English
translation can also be found in Kedar and Kohlberg, “The Intercultural Career of Theodore of Antioch,”
175-176. A German translation was rendered by Suter, “Beitridge zu den Beziehungen Kaiser Friedrichs II.
zu zeitgendssischen Gelehrten,” 8-9.

** Burnett, op. cit., 232.
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Frederick’s connections with Kamal al-Din ibn Y@inus thus consisted not only of letters
and ideas being exchanged, but of actual people travelling from Mosul to Italy. In this
light, the story about Frederick’s emissary visiting the sage in Mosul becomes much more
credible. Further evidence of strong connections between the Mosul school and the
imperial court is given by accounts about two of Ibn Yiinus’ students receiving enquiries

from the emperor, ‘Alam al-Din Qaysar and Athir al-Din al-Abharf.

‘Alam al-Din Qaysar

It is once again the historian Ibn Wasil who reports that one of Frederick’s questions was
answered by Ibn Ytnus’ student ‘Alam al-Din Qaysar (1178-1251).”® The mathematician
and astronomer ‘Alam al-Din Qaysar, known as Ta‘asif, was born in Upper Egypt. He
studied mathematics in Egypt and Syria before he travelled to Ibn Yiinus. After one year
in Mosul he returned to Syria, teaching in Hama, and he also built observational towers
and astronomical instruments for its Ayyubid ruler. The question that Ibn Wasil reports
of was posed during Frederick’s crusade in 1228-1229, while the emperor negotiated a

truce and free access to Jerusalem with the Ayytibid Sultan al-Malik al-Kamil:**

The amir Fakhr al-Din ibn al-Shaykh conducted the negotiations for [al-Malik
al-Kamil], and many conversations and discussions took place between them,
during which the Emperor sent to al-Malik al-Kamil queries on difficult
philosophic, geometric and mathematical points, to test the men of learning at
his court. The Sultan passed the mathematical questions on to Shaykh ‘Alam
al-Din Qaysar, a master of that art, and the rest to a group of scholars, who
answered them all. Then al-Malik al-Kamil and the Emperor swore to observe
the terms of the agreement and made a truce for a fixed term.

Ibn Wasil’s account once again appears to be reliable, for not only had the historian spent

time at the imperial court, but he also knew the mathematician ‘Alam al-Din Qaysar

% On Qaysar, see Sabra, “Simplicius’s Proof of Euclid’s Parallels Postulate,” 8.
5¢ Gabrieli, Arab Historians of the Crusades, 270. A very similar account is given by the Egyptian historian al-
Maqrizi (1364-1442). See Raynaud, “Le tracé continu des sections coniques a la Renaissance,” 341.
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personally; he had assisted him in the construction of the observatory and astronomical
instruments in Syria. But if his report on ‘Alam al-Din is trustworthy, there is no reason
to doubt the rest of his account: not only mathematical questions, but also philosophical
ones were asked, which were answered by different scholars. This query may, in fact, be
the same one that Shihab al-Din al-Qarafi speaks of in his optical work: we recall that
seven extremely difficult questions were supposedly sent to al-Malik al-Kamil, some of
which were answered by excellent scholars. Still, this does not make al-Qarafi’s account
in itself more reliable; he may have known Ibn Wasil’s report and used it as a source for
his own introduction. Thus, his statement that some of the questions were answered, but
he does not know if all of them were, would reflect the fact that he only knew what Ibn

Wasil wrote in his account: the mathematical questions were answered by ‘Alam al-Din

Qaysar.

Athir al-Din al-Abhari

The second pupil of Ibn Yiinus who is reported to have answered a question posed by
Frederick was the famous mathematician, astronomer and philosopher Athir al-Din al-
Abhari (d. between 1263 and 1265).”” He wrote, amongst others, the mathematical and
astronomical works al-Ustuqussat fi al-handasa (‘Elements of geometry’)*®, Talkhis al-Majisti
(‘Epitome of the Almagest’), Ghayat al-idrak fi dirayat al-aflak (‘The utmost understanding in
knowledge of the spheres’), and at least one zij (astronomical handbook). His
philosophical compendium Hidayat al-hikma (‘Guidance in philosophy’), which covered

logic, natural philosophy and metaphysics, became very well known, and was

57 On his life and works see Eichner, “al-Abhari, Athir al-Din.”
%8 Sabra, “Thabit B. Qurra on Euclid’s Parallels Postulate,” 14.
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commented upon by numerous Muslim scholars.”® One of al-Abhari’s pupils, the
cosmographer and geographer al-Qazwini (c. 1203- 1283), relates another instance of

Frederick’s mathematical questions reaching Mosul:*

Among the wonderful things I heard about him [Ibn Ytinus] was that at the time
of al-Malik al-Kamil the Franks sent problems whose solution they required to
Syria, among them were medical, philosophical and mathematical ones; the
medical and philosophical ones the scholars of Syria solved themselves, for the
mathematical ones they were no match. But al-Malik al-Kamil demanded that
they all be solved, thus he sent them to Mosul to Mufaddal b. ‘Omar al-Abhari,
our teacher. He had no equal in the geometrical sciences, but the solution was
too difficult for him; he showed the problem to Shaykh Ibn Yiinus, who thought
about it and solved it.

The problem is this: Let there be a given arc. Draw its cord and extend it beyond
the arc, and construct on the extended cord a square whose area is equal to that
of the part of the arc. The figure is the following:

L1 27N

Al-Mufaddal found the proof for it, made a treatise of it and sent it to Syria to
al-Malik al-Kamil. When I came to Syria, I found the most excellent scholars in
amazement at the treatise; they also praised the discovery of the proof, because
it was a rare product of the time.

Similarly to the report about ‘Alam al-Din Qaysar, the account above was given by a
witness who knew the places and scholars in question personally, in this case by a pupil
of al-AbharT’s. Al-Qazwini had resided in Damascus around 1233, and moved to Mosul
before the year 1240. If we believe him that he saw al-Abharfi’s treatise in Syria, this
would have taken place within this period. This assumption is supported by the fact that
al-Malik al-Kamil ruled in Egypt from 1218 until his death in 1238, but it was only during

the last year of his life that he extended his rule over Damascus. As al-Qazwini explicitly

*® Hasse, “Mosul and Frederick II Hohenstaufen: Notes on Atiraddin al-Abhari and Siragaddin al-Urmawi,”
150.

% The Original Arabic can be found in Zakarija ben Muhammed ben Mahmud el-Cazwini’s Kosmographie, 2:310.
A German translation was rendered by Suter, “Beitrdge zu den Beziehungen Kaiser Friedrichs II. zu
zeitgendssischen Gelehrten,” 3. See also Hasse, op. cit., 147-148.

¢! Raynaud, “Le tracé continu des sections coniques a la Renaissance,” 342.
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mentions that all of Frederick’s questions were sent to Syria and returned to al-Malik al-
Kamil, the query must have been sent around that year. Furthermore, the sultan did not
send the questions directly to Ibn Yainus but to his pupil al-Abhari; this implies that the
latter must already have been a well-established scholar at the time, while Ibn Yiinus may
have been considered too old or too respected to be asked directly.®* This, too, would
suggest that the enquiry was made in the year 1238, and that al-Qazwini’s account is

reliable.

In addition, al-QazwinT’s report is the only one in which the content of a mathematical
question supposedly asked by the emperor is given. It appears that the sage was asked to
achieve no less than the squaring of a circle segment, which, as we know today, is not
possible for all segments by means of only a compass and a ruler. No such treatise by al-
Abhari has come down to us. However, D. Raynaud has pointed out that there is a treatise
by al-Abhari whose very first diagram looks almost identical to that recorded by al-
QazwinL.®® According to the first few lines, it was composed by the Imam Athir al-Din [...] al-
Abhari in the course of his study with Shaykh Kamal al-Din ibn Ytinus on the Treatise on the Perfect
Compass.** As al-Qazwini was not a mathematician and he reportedly saw the treatise he
is describing before he met al-Abhari in Mosul, he may thus have been slightly mistaken
when recounting the problem. But before looking into this treatise in some more detail,
we can already conclude that al-Qazwini’s report appears to be the most reliable one
among those found in Arabic sources, as both the historical circumstances and the

mathematical content being related can be verified.

% Hasse, “Mosul and Frederick Il Hohenstaufen: Notes on Atiraddin al-Abhari and Siragaddin al-Urmawi,”
147-148.

% Raynaud, “Le tracé continu des sections coniques a la Renaissance,” 344.

¢ Rashed, Geometry and Dioptrics in Classical Islam, 828.
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In conclusion, it has become obvious that among the Arabic reports about Frederick
sending out questions, the ones regarding Ibn Yiinus and his pupils are the most reliable
ones. While some of these accounts show signs of literary embellishment, there are
several dependable sources that report of mathematical questions being answered by Ibn
Yiinus and his pupils ‘Alam al-Din Qaysar and Athir al-Din al-Abhari, and of Ibn Yiinus’
pupils Siraj al-Din Urmawi and Theodore of Antioch travelling to the emperor’s court in
Italy. In contrast, the report about optical questions by Shihab al-Din al-Qarafi contains
only third-hand information which cannot be verified, while there is some doubt about
the veracity of the report found in Ibn Sab‘in’s Sicilian Questions on natural philosophy
and metaphysics. Considering that the reports talk of mathematical and astronomical
questions being answered by Ibn Yiinus and his pupils, and that also Fibonacci’s account
of mathematical problems being posed by the emperor and his philosophers (among
which is even one of Ibn Ylnus’ students) is trustworthy, it is thus clear that it is in
particular the reports on mathematical questions that can be considered to be historical.
Furthermore, Theodore of Antioch’s connection with both Mosul and the emperor’s court
gives a possible explanation for the fact that Leonardo Fibonacci was asked questions that
could be found in Arabic sources only; having studied mathematics and astronomy under
Ibn Yinus, he could have brought these sources with him. In fact, Theodore’s master in
Mosul did compose a treatise on Diophantine equations, one of the topics covered by the

questions posed to Fibonacci: the Risala fi bayan annahu la yumkin an yijad ‘adadan

106



murabba ‘an fardan majmi ‘huma murabba * (‘treatise on the proof that there cannot be two

squares of odd numbers whose sum is a square’).*®

In addition, it is also the content of the one mathematical question being discussed in the
Arabic sources that shows a connection between the school in Mosul and the imperial
court. As stated above, al-Qazwini’s account contains a diagram that strongly resembles
that of an actual treatise that al-Abhari composed under the supervision of his master. It
is entitled On the Compass of Conic Sections (Fi birkar al-quti )*® and describes how to
construct compasses with which not only circles can be drawn, but also ellipses,
parabolas and hyperbolas - curves that result from cutting a cone in different ways.
Although we know of no Arabic or Latin version of the work present at the imperial court,
it is the described instrument itself that links the Frederick’s court with the school of
Mosul; the exact compass described by al-Abhari suddenly appears about 200 years later
in the works of Renaissance scholars and artists such as Lorenzo della Volpaia, Leonardo
Da Vinci and Michelangelo Buonnarroti. D. Raynaud has shown that there is a possible
line of transmission that goes straight back to the court of Frederick II and the school of
Ibn Yainus in Mosul.”” But if al-Abhari’s On the Compass of Conic Sections is the treatise that
was sent to Frederick, it does not appear to be the answer to a specific mathematical
problem that was posed by the emperor but rather to his wish to learn more about the
construction of a specific instrument unknown in the Latin West, as well as the

mathematics behind it.

% Rashed, Classical Mathematics from al-Khwarizmi to Descartes, 419.

% The treatise was edited and translated into English by Rashed, Geometry and Dioptrics in Classical Islam, 828-
847.

¢ Raynaud, “Le tracé continu des sections coniques a la Renaissance.”
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That Frederick may have been interested in the construction and use of a Compass of Conic
Sections is supported by his interest in the properties of hyperbolae; as mentioned above,
his philosopher John of Palermo translated an anonymous Arabic treatise on the
relationship between a hyperbola and its asymptote, which are constructed through a
conic section, into Latin: De duabus lineis semper approximantibus sibi invicem et numquam
concurrentibus.® John’s translation (and a commentary on it that was probably made at
the university of Paris shortly after the translation was finished) is the only medieval
Latin treatise referring to conic sections extant in the Latin West that was not written in
an optical context.”” As to the reasons why the emperor may have been interested
hyperbolae and an instrument for their representation, there is also a plausible
explanation: the first sentence of the Arabic treatise on the hyperbola and its asymptote
that was translated into Latin by John of Palermo is quoted by Maimonides in his Guide
for the Perplexed.”” He uses the example of asymptotic lines to illustrate that there are
things that are known to be true, but which the mind cannot imagine.”” As we have seen,
that the Guide was studied at the imperial court, even by Frederick himself, is attested by

the Jewish scholar Jacob Anatoli.

% The treatise was edited and translated into English by Clagett, Archimedes in the Middle Ages, 1980, 4:33-
61.

® Ibid., 4:34.

® The mathematical theorems used in the Arabic treatise go back to the treatise on conic sections by
Apollonius of Perga (c. 262-c. 190 BCE). However, Maimonides does not appear to quote an Arabic version
of Apollonius’ Conics, but the Arabic original of De duabus lineis. See Freudenthal, “Maimonides’ ‘Guide of
the Perplexed’ and the Transmission of the Mathematical Tract ‘On Two Asymptotic Lines’ in the Arabic,
Latin and Hebrew Medieval Traditions,” 114-5. See also Grebner, “Der Transfer mathematischen Wissens
aus dem Orient und der Hof Friedrichs II. Der Asymptotentraktat und sein personelles wie epistemisches
Umfeld,” 222.

' The impossibility of imagining two lines getting closer to each other but never meeting, the hyperbola
and its asymptote, was already used as an epistemological argument by Gemenius (1% century BCE). The
same argument was also used by mathematicians writing in Arabic in tenth and eleventh centuries. See
Freudenthal, op. cit., 116-120.
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Judah ha-Cohen’s account

Having discussed the sources that mention Frederick’s questions to scholars in and
outside of Italy, it is now possible to determine the place of Judah ha-Cohen’s account of
the correspondence with the emperor’s philosopher within this framework. On the one
hand, Judah’s question deals with mathematics, a subject that was demonstrably of
interest to the imperial court. We know that the emperor engaged in mathematical
discussions between 1226 (Fibonacci) and 1238 (al-Abhari). While it is not clear when
exactly the correspondence supposedly took place, Judah’s account makes it clear that it
must have been during this period. On the other hand, Judah’s account has a lot in
common with that of the Sufi Ibn Sab‘in, which may have been purely fictitious. Both
Judah and Ibn Sab‘in grew up in the Iberian Peninsula; the former under Christian rule
in Toledo, the latter under Muslim rule in Murcia. In fact, the two scholars are the only
Andalusian ones among those who claim to have received the emperor’s queries. Both
relate that they received the emperor’s questions at a very young age; Judah at eighteen,
Ibn Sab‘in at twenty-three. Both addressed the alleged authors of the questions rather
condescendingly; Ibn Sab‘in admonishes his addressee to word his questions more

carefully, while Judah even ridicules the philosopher’s mathematical skills.

Furthermore, Akasoy already pointed out that Ibn Sab‘in’s writings show parallels to
those of Jewish Andalusian scholars.” These parallels can also be found regarding Judah'’s
Midrash ha-Hokhmah. Both Judah and Ibn Sab‘in were on the one hand well versed in
Aristotelian philosophy, but on the other hand also very critical of it. They used similar

sources in their philosophical writings, such as Alexander of Aphrodisias, Galen,

72 Akasoy, Philosophie und Mystik in der spdten Almohadenzeit, 73-84.
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Themistius, al-Farabi, Ibn Bajja, Ibn Sina and Aristotle’s commentator Ibn Rushd. Of the
latter, both were exceptionally critical, although heavily relying on his commentaries on
Aristotle’s writings as a source.” Judah describes Ibn Rushd as defending Aristotle, even
when he is obviously wrong, as if his soul were attached to Aristotle’s.”* Thus, he writes in the

natural philosophical part of his Midrash ha-Hokhmah:"”

Aristotle brings theoretical arguments without reflection, and Ibn Rushd
declares Aristotle’s opinion to be true, as is his custom regarding all those who
doubt him, even regarding those who bring arguments that are true to the sight
of the eye [ ...] as if Aristotle were an angel of God that must not be criticised.

We find a very similar criticism of Ibn Rushd in Ibn Sab‘in’s Budd al- ‘arif:

This man was absolutely crazy about Aristotle. He worshipped him and followed
him almost blindly in his views of sense perception and first intelligibilia. Had
he heard that according to the Wise [i.e. Aristotle] one can stand and sit at the
same time, he would have repeated this with full conviction [...] Ibn Rushd is
absolutely incapable, his knowledge is small, he has stupid ideas, and he is
unintelligent. Yet he is a good man, who does not interfere (in things which do
not concern him), he is just and aware of his limited capacities. Then again, he
did not rely on his own endeavour since he followed Aristotle blindly.”

While it is improbable that Judah knew Ibn Sab ‘in’s writings, the similarity of their views
makes it clear that both Judah ha-Cohen and Ibn Sab‘in grew up in a similar intellectual
milieu - as Andalusian scholars they studied similar sources and came to similar
conclusions regarding these sources. Is it therefore possible that it was this milieu, the
literary tradition and intellectual history of the Iberian Peninsula, which prompted Judah
to describe a fictitious correspondence with a famous foreign ruler, similar to Ibn Sab‘in’s

account? Association with the emperor would certainly also have increased Judah ha-

7 Regarding Judah’s sources, see Sirat, “Juda b. Salomon ha-Cohen,” 46; Fontaine, “Judah ben Solomon ha-
Cohen’s ‘Midrash ha-Hokhmah’”, 194-196; Zonta, La filosofia antica nel Medioevo ebraico, 200-204. Ibn Sab‘in’s
sources are analysed by A. Akasoy, “Ibn Sab‘in’s Sicilian Questions,” 128-135; ead., Philosophie und Mystik in
der spdten Almohadenzeit, 177-331.

74 Sirat, “Juda b. Salomon ha-Cohen,” 52.

7 Ibid.

7¢ Translation by Akasoy, “Ibn Sab‘in’s Sicilian Questions,” 134-135.
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Cohen’s authority, his being young and being able to refute his opponent even more so.
But the parallels between Judah ha-Cohen and Ibn Sab‘in’s writings might also serve to
substantiate the historicity of the Sicilian Questions; as both scholars apparently belonged
to comparable intellectual circles, the imperial queries may have reached both young
men through established scholars. In Ibn Sab‘in’s case, the introductory nature of the
questions may have prompted more established scholars to give the young man a chance
to prove his skills. In in Judah'’s case, the transmitted question required mathematical

skills at expert level, which Judah clearly possessed.

Be that as it may, there are also obvious differences between Judah'’s case and that of Ibn
Sab‘in. It is quite conceivable that even as an eighteen-year-old youth Judah himself
might have received a letter from the imperial court; while he would not have been a
famous scholar at the time, his mother’s family, the Ibn Shoshan family, was one of the
most influential Jewish families of Toledo. His teacher Meir Abulafia being a famous
Jewish scholar and his grandfather being an astrologer, Judah appears to be a worthy
recipient of the emperor’s queries. Furthermore, Frederick had a direct connection to
Toledo via his court astrologer, Michael Scot. Michael had worked in the town as a
translator and even reverted to the services of Jews for this task. But more importantly,
both the subject-matter and the nature of the question that Judah discusses differ
immensely from the questions treated by Ibn Sab‘in: Judah’s query is not a general
introductory question but a very advanced one, and his answer to it does certainly not

read like a student handbook.

Moreover, the subject of the question is mathematics. All accounts of mathematical
questions being sent out by the emperor that we saw so far turned out to be quite reliable.

Scholars belonging to the imperial court were interested in mathematics, studied Arabic
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mathematical writings and posed questions that they found in these writings to scholars
in Europe. Within this framework, one of the emperor’s questions may have reached
Judah ben Solomon ha-Cohen in Toledo. But if this is the case, there should be sources for
questions posed to Judah, or at least some explanation as to why the question may have

been important to the court.

It turns out that different mathematical works were available at the court which could
have triggered the question. In order to examine these possibilities, we should first take

a look at what Judah’s question entailed.

The question reported by Judah consists of three parts: 1. How to construct the five
regular polyhedra around a given sphere? 2. How to construct the given sphere inside
each of the regular polyhedra? 3. How to construct the given sphere around the five

regular polyhedra?

The answer to the third part of the question is already given in book XIII of Euclid’s
Elements; in propositions 13-18 it is shown how to construct the regular polyhedra and to
comprehend them in a given sphere. To the thirteen original books later the so-called
books XIV (a treatise by Hypsicles, 2" century BCE) and XV (partly stemming from Isidore
of Miletus, 6™ century CE) were added, which discuss the relationships between the
regular solids. In the twelfth and thirteenth centuries several Latin translations and
reworkings of the Elements were rendered, mostly made from different Arabic

translations of the work, but also a translation of a Greek version of the text was made.”

77 An overview of the different translations can be found in Busard, Campanus of Novara and Euclid’s Elements,
1-40.
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Both Arabo-Latin and Greek-Latin versions were known and used in Frederick’s cultural
environment.” It is therefore conceivable that the emperor’s philosopher studied books
XIII-XV of the Elements and came upon a question that so far had not been treated in any
of these books: How to construct the solids around a sphere, or how to construct a sphere
inside the solids. But having studied the Elements, he would certainly have been aware of
the fact that the third of his questions had already been solved by Euclid. Once again, it
appears that at least one of the problems posed to Judah was not simply asked out of
general curiosity, but in order to be able to compare Judah’s answer to that which was

already known. This question thus would have served to test Judah'’s skills.

In this context it has to be stressed that, similar to the questions reported by Ibn Sab ‘in,
to a modern scholar the question that Judah received would appear to be strangely
worded: Instead of asking how to construct a sphere, Judah’s correspondent asks how to
construct a given sphere inside and around each solid. This can only be achieved if the
platonic solids have the correct dimensions in relation to the given sphere to start with;
it is impossible to construct a given sphere inside and around any regular body. But
although Judah does not shy away from criticising his opponent harshly in the second
part of the correspondence, he does not mention the strange wording of the
philosopher’s question, which would have been a great opportunity for criticism. On the
contrary, in his answer he goes to great lengths to construct the solids in a way that the

given sphere will ‘fit’ inside or around each of them.

The wording of the question hints at another source that the enquirer may have studied.

In the twelfth century Gerard of Cremona had rendered the treatise Verba filiorum Moysi

78 The translation from the Greek had actually been made in Sicily in the late 12 century. Leonardo
Fibonacci used it along with translations from the Arabic in his work. (Ibid., 30.)
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filii Sekir, which is a Latin translation of an Arabic treatise on the measurement of areas
and volumes of certain plain and solid figures by three brothers, called the Banti Musa
(10" century). The corollary to the very first proposition of the work states that in the case
of every [regular] body containing a sphere, the multiplication of the radius of the sphere by one
third the surface area of the body containing the sphere is the volume of the body.” The text thus
mentions the platonic solids containing spheres, but neither the proposition nor its
corollary state how to construct this sphere inside the regular body. The Verba filiorum
was used by Leonardo Fibonacci in his De practica geometrie. In the sixth chapter of the
work, Fibonacci deals with the dimensions of different bodies, such as parallelepipeds,
pyramids, spheres, columns and cones, and their relations to each other. In the third part

of the chapter, he examines the ratios of nested solids:®

Given that a column is inscribed in a cube of the same height and a sphere
within the column, let a double cone be inscribed so that the common base is in
the center of the column and the two vertices touch its basal centers. [...]
Moreover, in the double cone inscribe a solid octahedron [...] I will therefore
explain the ratios of all these bodies to one another.

In the following, he calculates the ratios of these solids, and also the volumes of a
dodecahedron and an icosahedron inscribed in a given sphere. In part, these calculations
pertain to the problem that is posed to Judah: In the passage above Fibonacci describes a
sphere inscribed in a given cube, but he does not explain how to construct this sphere
inside the cube in the first place. Furthermore, as the ratio of the cube to the sphere is
known, it is easy to calculate the ratio of a circumscribed cube to a given sphere, but that
would not solve the problem of how to construct this cube. The question that Judah was

asked arises from applying these considerations not only to the cube, but to all regular

7 Clagett, Archimedes in the Middle Ages, 1964, 1:249.
% Translation by Hughes, Fibonacci’s De Practica Geometrie, 330.
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polyhedra. The fact that the enquirer demanded that a ‘given sphere’ be constructed,
might thus be explained by the fact that he had the ratios between a given sphere and
the platonic solids in mind when posing the question: What is the ratio of a given sphere
to a platonic solid circumscribed about it, what is its ratio to an inscribed solid, and how
does one construct these nested bodies? As Fibonacci was well acquainted with the
emperor and his mathematicians, it may have been the Practica geometrie that gave rise
to the question sent to Judah. But if this is the case, it seems very odd that this question
was sent to an eighteen-year-old youth in Spain instead of the author of the work in
question. Even if it was not Fibonacci’s work that prompted the question it seems peculiar
that he, being a very capable mathematician, would not have been asked before the

enquirer turned to foreign lands for help.

A problem extremely similar to the second question described by Judah, namely how to
construct a sphere (not a given sphere) inside each of the regular polyhedra, is treated
within 20 years of Judah'’s report by two different mathematicians in their reworkings of

Euclid’s Elements: Campanus of Novara and Muhyi al-Din al-Maghribi.

Campanus of Novara (d. Viterbo 1296) is the author of the Latin version of Euclid’s
Elements that would become the most popular one in the late Middle Ages. His rendition
of the work became the editio princeps in 1482, and it was reprinted at least thirteen times
in the fifteenth and sixteenth centuries. Little is known about Campanus’ life, but he

appears to have composed his version of the Elements between 1255 and 1261.*" His

81 On Campanus’ life, see Toomer, “Campanus of Novara.” A critical edition of his version of the Elements
was rendered by Busard, Campanus of Novara and Euclid’s Elements.
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adaptation of book XV of the work contains some propositions that cannot be found in

the Latin translations of his predecessors. The very last proposition (XV.13) reads:*

Having constructed each of the regular solids, to inscribe a sphere in it.

From the thirteenth book it is clear that each of these five solids can be inscribed
in a sphere. Now it will therefore become apparent that in reverse, a sphere can
be inscribed in each of them. For from the centre of the circumscribing sphere
to all the bases of each of them go perpendiculars, which necessarily fall into
the centres of the circles that circumscribe those bases. And since all of the
circles that circumscribe them are equal, these perpendiculars will be
equal.” Thus if, according to the size of one of them [ie. the
perpendiculars], you describe a circle on the centre of the circumscribing
sphere, and you carry its semicircle around until it returns to the place from
where it started to move, you prove clearly from corollary 15 of the third [book]*
that the sphere which is described by the motion of this semicircle touches all
the bases of the given solid in the meeting points with the perpendiculars. For
the sphere cannot touch more of the bases of the solid than the semicircle
touches which is carried around it, if it is moved. Hence it is evident that we
inscribed a sphere in the given solid, just as was proposed.

Campanus thus solves the same problem that Judah is asked to solve, the only difference
being that Judah first has to determine the right dimensions for the polyhedra in order
to fit a given sphere into them. After Judah has constructed the polyhedra in the right
size, he constructs the sphere in the same way as Campanus: both drop perpendiculars to
the centres of the solid’s faces, and get the diameter of the circumscribed sphere by
doubling one of the perpendiculars. Because Judah assumes that the centre of the
circumscribing sphere is unknown, he drops the perpendiculars into the centre of the
sphere, while Campanus drops them from the centre of the sphere. Their proofs,

however, differ considerably. Unlike Judah, Campanus makes use of theorem 1.6 of

82 The Latin original can be found in Busard, op. cit., 529-530.

8 Theorem 1.6 of Theodosius’ Sphaerica.

% Elements II1.16, corollary: From this it is manifest that the straight line drawn at right angles to the
diameter of a circle from its end touches the circle.
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% While Judah mentions the work in his refutation of the

Theodosius’ Sphaerica.
philosopher, he does not use it in his proof. However, the same theorem is used, albeit in

a different way, by the second author we mentioned before, Muhyi al-Din al-Maghribi.

About Muhyi al-Din al-MaghribT’s life even less is known than about Campanus. His was
active around 1260-1265, first in Syria and later in Maragha.** Among his mathematical
works is a reworking of Euclid’s Elements, of which only extracts have ever been
published.” 1t is in book XIV of the work that Muhyi al-Din relates propositions XIII.13-
17 of the original Euclid, i.e. the construction of the regular polyhedra inside a given
sphere. After each construction, he also demonstrates how to construct a sphere inside
each individual platonic solid. Thus, propositions XIV.2, XIV.4, XIV.6, XIV.8, XIV.10, and
XIV.12 describe the construction of a sphere within a pyramid, a cube, an octahedron, an
icosahedron and a dodecahedron, respectively.® As a premise to book XIV, Muhyi al-Din
explains Theodosius 1.6, which he uses in each of the constructions. Like Judah, he first
finds the centre of the inscribed sphere in each proposition, but unlike both Judah and
Campanus, he does that by connecting opposite angles of the solid in all cases but the

tetrahedron.

Both Campanus’ and Muhyl al-Din al-Maghribi’s reworkings of the Elements were
rendered about fifteen years after Judah made his Hebrew translation of the

correspondence, and the original exchange must have happened at least ten years before

% See Czwalina, Autolykos: Rotierende Kugel und Aufgang und Untergang der Gestirne. Theodosios von Tripolis:
Sphaerik; Theodosius, Sphaerica.

% Tekeli, “Muhyi '1-Din al-Maghribi.”

8 Book XV was edited and translated by Hogendijk, “An Arabic text on the comparison of the five regular
polyhedra.” Interestingly, Muhyi al-Din’s source text was also used in a Hebrew text on the regular
polyhedra. See Langermann, “Hebrew Texts on the Regular Polyhedra.” Al-Maghribi’s proof of the parallel
postulate was edited and translated by Sabra, “Simplicius’s Proof of Euclid’s Parallels Postulate,” 15-17, 21-
24.

8 Oxford, Bodleian Library, MS. Bodl. Or. 448, fols. 148r-153v.
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that. They can therefore not be considered to be sources for the question. Neither can
Judah’s answer be seen as a direct source for the two other scholars, as all three use
different methods to solve the problem. But the fact that within twenty-five years three
different scholars discuss a problem which, as far as we can tell, has never before been
treated in mathematical writings makes it clear that there must have been some event in
the mid-thirteenth century that triggered this sudden interest in circumscribed spheres.
It is very likely that the court of Frederick II played some role in spreading this interest:
Campanus of Novara was active in Italy, Frederick’s land, shortly after the emperor’s
death. MuhyT al-Din al-Maghribi does not seem to have had direct links with the emperor,
but he studied under yet another of Ibn Yainus’ pupils, the Persian polymath Nasir al-Din
al-Tasi. Judah ha-Cohen, finally, reports that the problem was posed by the emperor’s
philosopher. Thus, the question may have originated at the imperial court through the
study of writings on geometry, and it may have been transmitted to the Arab world

through Frederick’s connections with Muslim mathematicians.

On the other hand, the question may have stemmed from an Arabic source that was
transmitted to the court via the school of Ibn Ytinus. It turns out that a potential source
can be found among the writings of Ibn Ytinus himself. The theoretical foundations for
constructing the circumscribed solids without making use of the inscribed solids had
already been laid in the tenth century by the Persian mathematician and astronomer Abt
al-Wafa’ al-Biizjani (940-998) in the treatise Kitab fi ma yahtaju al-sani‘ min al-a ‘mal al-
handasiyya (‘Book on those Geometric Constructions which are Necessary for

Craftsmen’).® In the eleventh chapter of the work he describes different methods to

% The work was described by Woepcke, “Analyse et extrait d’un recueil de constructions géométriques par
Abo(il Wafi.” A list of subsequent studies and editions is given in Raynaud, “Abu al-Wafa’ Latinus? A Study
of Method,” 35-36. For the current work, we relied on the 1979 edition by S.A. “Ali.
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divide the surface of a sphere into four, six, twenty, and twelve equal parts.” From there
it would have been easy to construct the five regular polyhedra inside and outside of the
sphere. Ibn Ylnus in turn wrote a commentary on the treatise, called Sharh al-a ‘mal al-
handasiyya li-Aba al-Wafa’ (‘Commentary on the Geometric Constructions by Aba al-

Wafa’’).”! In this work, he also discusses Abti al-Wafa’’s constructions of polyhedra.”

Regarding the portions of Abl al-Wafa’’s treatise that deal with two-dimensional
geometry, Dominique Raynaud has demonstrated that many of the constructions were
echoed by Renaissance scholars in the Latin West. However, none of the Western scholars
that dealt with the exact same problems as Abu al-Wafa’” appear to have had a direct

access to (Latin translations of) his work, nor to Ibn Yiinus’ commentary on it.

Regarding the construction of polyhedra that Judah describes in the correspondence the
situation is similar: the problem could be solved using Abl al-Wafa’’s treatise, but Judah
does not appear to have known it. But via the school of Ibn Ytnus and the court of
Frederick II, AbQi al-Wafa’’s and Judah ha-Cohen’s works are in fact connected. As we have
seen, Frederick and his philosophers appear to have had a habit of asking scholars
questions that they had encountered in earlier sources. The philosopher may therefore
have known either Abi al-Wafa’’s treatise or Ibn Yiinus’ commentary on it, and his
question to Judah may have been a direct reaction to it. Whatever the case, the fact that

the problem of constructing a sphere inside the regular polyhedra is later treated both in

% Abt al-Wafa’ al-Blzjani, Ma yahtdju ilayhi al-sani ‘ min ‘ilm al-handasah, 160-169.

°! The treatise is preserved in one manuscript: Mashhad, Astan Quds Central Library, MS. 5357. The
manuscript and its contents (only regarding two-dimensional constructions) are described in Raynaud,
“Abu al-Wafa’ Latinus? A Study of Method.”

”Ibid., 25.
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Italy and in the Arab world strongly suggests that Judah is correct in stating that it is

connected with the court of Frederick.

But if the contents of the correspondence lead us to believe that Judah’s account is
truthful, who was his correspondent, ‘the emperor’s philosopher’? He must have fulfilled
three criteria: As letters were exchanged in the Arabic language, the philosopher must
have known Arabic. Secondly, he had sufficient knowledge of mathematics and
astronomy to compose the question on regular polyhedra, and to answer, albeit
incorrectly, Judah’s question on oblique ascensions. Thirdly, Judah’s correspondent must
have held some kind of official position at the imperial court. We have already discussed
the three men in the emperor’s employ that fulfilled these criteria: Michael Scot, John of

Palermo, and Theodore of Antioch.

It is conceivable that Michael Scot, who had spent an important part of his working life
as a translator in Judah ha-Cohen’s hometown, established the contact with the learned
descendant of a prolific Toledan Jewish family. During his time as a translator he had
certainly met Jewish scholars; his Latin translation of al-Bitriiji’s work, for example, he
had rendered with the help of a Jew called ‘Abuteus levita’. But regarding his translations
from the Arabic, recent scholarship suggests that he may have received more than just a
little help from his Toledan collaborators, since in his original work Liber de signis (part of
the Liber introductorius) he displays very little knowledge of the Arabic language.”
Considering his apparently quite limited language skills, it is very doubtful that he would
have been able to draft an official letter in Arabic, let alone one containing a sophisticated

mathematical question.

% Ackermann, Sternstunden am Kaiserhof.
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Furthermore, the dating of the correspondence presents a problem; Michael died before
the year 1236. We find Judah at the emperor’s court in Lombardy in the year 1245, and he
states that the correspondence took place about ten years before he visited the emperor’s
lands. We do not know when Judah left Spain and travelled to Italy. If Judah’s visit to the

court in 1245 was his very first one, Michael Scot died in the year of the correspondence.

In addition, Judah speaks of his opponent as ‘that (emperor’s) philosopher’, but he also
refers to him as ‘the so-called ‘philosopher”, or even ‘the one who is called ‘philosopher’
before him [i.e. the emperor]”. When speaking to his opponent directly, he addresses him
as ‘a student who is called ‘philosopher’ like you’, bids him ‘[m]ay the philosopher please
say..., and argues ‘if in the philosopher’s eyes logic dictates ... In doing so, Judah makes
it clear that his addressee carried the official title ‘philosopher’, but that his treatise on
the oblique ascensions causes Judah to doubt whether he actually deserves this title.
While Michael Scot held the position of ‘astrologer’ at Frederick’s court, he was never
called ‘philosopher’ before him; in imperial documents he appears as magister, astrologus, or

astrologus domini Frederici Rome imperatoris, never as philosophus.*

The second mathematician at the court, John of Palermo, is not called ‘emperor’s
philosopher’ in official documents, but he is addressed as such in the writings of Leonardo
Fibonacci. Unfortunately, our information about him is very limited; his questions to
Leonardo show that he was versed in algebra and arithmetic, but this does not mean that
he was also an expert in Euclidian geometry and astronomy. John may thus have been
the scholar who made such a big mistake that Judah doubts that he should be called

‘philosopher’, but the argument is ex silentio.

% Burnett, “Master Theodore, Frederick II’s Philosopher,” 248.
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There was, however, a learned scholar at the emperor’s court, who did officially carry the
title ‘philosopher’: Theodore of Antioch, who is called Theodorus philosophus (et) fidelis
noster, or philosophus noster in all imperial documents.” As we have seen, he had studied
both mathematics and astronomy under Ibn Yainus. If it was in fact the study of Ibn
Yiinus’ commentary on Abi al-Wafa’ that triggered the question on platonic solids, it is
very conceivable that it was Theodore who posed the question to Judah. In any case, he
might have been the one who brought knowledge about the treatise, or about the
problems being discussed in it, to the imperial court. But having studied in Mosul, he
must have been an expert in mathematics and astronomy. It seems unlikely that he would
not have been able to answer Judah’s question on oblique ascensions correctly. There are,
however, several Latin sources that describe Theodore’s intellectual shortcomings in

other areas of expertise.

Thus, the jurist and writer Rolandino of Padua (1200-1276) reports that when Frederick
left Padua in May 1239 to punish some enemies, Theodore cast a horoscope for him,
predicting a favourable time to start the journey. He stood on the city tower holding an
astrolabe, but as the sky was obscured by clouds, he erred regarding what time of night
it was, and thus regarding the ascendant, giving the emperor directions to leave the city

at an inauspicious moment, which led to the emperor’s defeat.*

The Dominican Etienne de Salagnac (d. 1291) reports that in the autumn of 1238, while
Frederick was besieging Brescia, Theodore baffled the Dominican friars of the city with

philosophical arguments, to which they did not know how to reply. When Roland of

% Ibid.
% Burnett, “Master Theodore, Frederick II's Philosopher,” 256-257. See also Kedar and Kohlberg, “The
Intercultural Career of Theodore of Antioch,” 171.
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Cremona, Dominican professor of theology in Paris, heard of their defeat, he rushed to
the emperor’s camp, found Theodore, and challenged him to a philosophical debate. In
this debate he utterly defeated Theodore and restored his order’s honour. From that day

on, Etienne concludes, that philosopher held him in great honour.”

When Judah described the philosopher’s defeat in his correspondence, he may thus have
been inspired by similar stories about Theodore of Antioch that were circulating in Italy.
It should also be noted that in the second Latin account, Theodor is called ‘that
philosopher’ (philosophus ille), an expression which is very similar to Judah’s expression
No»an 1N, which he uses twice in the correspondence. It is therefore also conceivable
that Judah was indeed referring to Theodore of Antioch when describing his exchange
with ‘the Philosopher to the Emperor’. This opens the possibility that at least the answer
to the second question discussed in Judah’s account may be fictitious. In order to
demonstrate his own importance and intellectual superiority, Judah may have simply
invented the answer and ascribed it to the famous Emperor’s Philosopher, drawing on

similar stories about Theodore’s great skills and great failures that circulated at the time.

However, Judah does not simply state that he defeated the philosopher, he also provides
his readers with the contents of the exchange. An examination of these contents makes
it clear that Judah discusses an actual attempt at a geometric proof. It seems unlikely that
he would take upon himself to make a geometric construction, which requires expert
astronomical knowledge, and then to apply wrong methods of calculation, just in order

to demonstrate his superior knowledge.

7 Burnett, op. cit., 255-256. See also Kedar and Kohlberg, op. cit., 171.
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Whatever is the case, we have seen that the interest in mathematics at the imperial court
is well-documented, both in Latin and in Arabic sources. Mathematical knowledge was
exchanged between Frederick’s court and the school of Ibn Ytnus in Mosul, which are
linked through the scholars Theodore of Antioch and Siraj al-Din Urmawi. There are in
fact strong indications that Judah’s correspondent was Theodore of Antioch. The fact that
one of the mathematical problems Judah describes was treated a few decades later both
in a Latin and an Arabic treatise, makes it clear that the topic of the correspondence was

certainly of interest to scholars of the time.
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Chapter Four

Transfer of knowledge through transfer of language: the

Hebrew terminology of the correspondence

While the contents of the correspondence can give us insight into the transmission of
knowledge between different communities, the medium used to express these contents,
Hebrew technical language, can shed light on the way this knowledge was spread within the
Jewish community itself. As regards his technical language in the Midrash ha-Hokhmah, Judah

ha-Cohen remarks:!

Initially I had composed this book in the Arabic language. When it so happened that
I went down to Tuscany, my friends persuaded me to translate it into the holy
tongue, and I did so according to my ability. And each man whose heart prompted
him to study it ‘shall bless himself in the God of truth’;’ to judge me favourably; and
may he not accuse me because of the mistakes, be it in the subject matter or in the
words. Because of the shortcomings of our language nowadays I was confined in the
translation of terms, and I said something that is close and can be understood from
the context. And the Lord, blessed be he, knows my intention, as I referred to his
name in what I did.

At the time when Judah translated the correspondence with the Emperor’s philosopher into
Hebrew, around the year 1247, a Hebrew mathematical terminology had only just begun to
develop. Traditional Hebrew literature simply did not deal with purely abstract
mathematical questions, and had thus not developed a mathematical scientific language.®

“Science requires that the boundary of the semantic area of a specific word be clear, distinct,

1 oxford, MS. Mich. 551, fol. 123v-124r; MS. Pococke 343, fol. 89r: 1271 9393mwa) >27y /w52 9900 N3 XN1aN 19NN
12 1799129 NIAT YR YWIN DI PINOINDND TIAN NDIDN 293 PTPWUY WTIPN YO IPINYND 12N MNN 1923 XIPDIVY YNTIM
N ONIRNY MHPYN NPNYN SNPAT NNY NNIYS IXIP 2991 MTMNI P2 PIya P MNIW DY IMUN HNY 71T 935 2019
STPUYV NN STNDNI MWD 20 SNYT YTV AR DY PIVN 29 PaANT pv.

2Isaiah 65:16.

% On the development of Hebrew mathematical terminology, see Sarfatti, Mathematical Terminology in Hebrew
Scientific Literature of the Middle Ages, and recent research by Ilana Wartenberg: “Mathematical Terminology:
Medieval and Modern”; ead., “The Birth of the Medieval Hebrew Mathematical Language as Manifest in Ibn Al-
Ahdab’s ‘Epistle of the Number™”; ead., “Mathematics in Judaism.”
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and well known to all those who use it,” writes Gad Sarfatti in his Mathematical terminology in
Hebrew scientific literature of the Middle Ages.* In this chapter we will investigate Judah ben
Solomon ha-Cohen’s role in the development of such a clear and distinct Hebrew
mathematical terminology - a terminology that was developed when Greek and Arabic
science started to be discussed in Hebrew. Understanding the development of Hebrew
mathematical literature in the Greek tradition would be impossible without the pioneering
work of Gad Sarfatti and the subsequent studies of Tony Lévy. Relying on their ground-
breaking work, we are able to analyse the Judah’s terminology as regards Euclidean and
spherical geometry, the topics of the correspondence, and investigate how it was influenced

by the writings of other medieval scholars writing in Hebrew.

Before the eighth century, there were no Hebrew writings dedicated exclusively to pure
mathematics, as we find them in Ancient Greece.’ The Hebrew bible referred to mathematical
topics, such as arithmetical problems (e.g. census, tributes and chronological computations)
and geometric descriptions (e.g. the Temple and the division of the land), only indirectly. As
regards terminology, the discussions show hardly any development of a mathematical
vocabulary that is distinct from everyday language. In the Mishnah and Talmud (first to
seventh centuries) we find many discussions of problems that required mathematic
knowledge (such as the computation of the new moon, the measuring of the Sabbath
boundary, the division and growth of inheritance etc.), but mathematics were used only as a
tool for Halakhic decisions; the transmission of mathematical knowledge in itself was not of
primary importance. Thus mathematical discussions were scattered throughout these

writings. They contained hardly any unambiguous mathematical language, and do not

* Sarfatti, Mathematical Terminology, vii.
* For a detailed study of the history of Hebrew mathematic terminology see Sarfatti, Mathematical Terminology.
A short overview can be found in Wartenberg, “Mathematical Terminology: Medieval and Modern.”
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appear to employ abstract terms for even basic geometric figures, such as ‘point’, ‘circle’ or
‘straight line’. In the gaonic period (sixth to eleventh centuries) a specific Hebrew
terminology for calculations of the calendar was fully developed, but still there were no fixed
terms for many other mathematical notions. It was probably during this period that the first
Hebrew work of purely mathematical content was composed, the Mishnat ha-midot. The work
remained unknown to later authors and was only rediscovered in the nineteenth century.®
As a rule, the geonim would turn to Arabic as their language of choice when dealing with
questions related to ‘scientific’ rather than religious learning. The same was true for
generations of Jewish authors after them; ever since a large corpus of Greek literature had
been translated, often via Syriac, into the Arabic language in the eighth and ninth centuries,
Arabic had become the language of science and philosophy in countries under Muslim rule.
In medieval Spain the predominant role of Arabic did not change even after the Reconquista;
Judah ha-Cohen was born and raised in Toledo, which had been under Christian rule since
the eleventh century, but his scientific learning he had acquired from Arabic sources. Thus
it was only when he travelled to the Latin West that he considered translating his own
scientific writings from the Arabic into Hebrew. When he did so, there were only a few
mathematical works written in Hebrew that he could possibly rely on as a source for

mathematical terminology.

The first author known by name who composed mathematical works in Hebrew was

Abraham Bar Hiyya (c.1070-c.1136).” The ‘father of Hebrew mathematics’ was born and raised

¢ The author and date of composition have yet to be identified. Tzvi Langermann suggested that it was written
in the eighth or ninth century as part of a set of Hebrew writings of scientific nature and thus marks the
beginning of Hebrew scientific literature. See Langermann, “On the Beginnings of Hebrew Scientific Literature
and on Studying History through ‘Maqbilot’ (Parallels).”

7 On Bar Hiyya’s life and work see Lévy, “Les débuts de la littérature mathématique hébraique: la géométrie
d’Abraham bar Hiyya (XIe-XIIe siécle).”
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in Northern Spain, possibly in the Arab kingdom (ta’ifa) of Zaragoza.® The fact that he was
also known by the title Savasorda, the Latinised form of the Arabic sahib al-shurta (‘captain of
the bodyguard’, ‘chief of police’), suggests that he may have held a court position, while his
Hebrew title nasi (‘prince’) indicates also an official position in the Jewish community. It was
in Barcelona, which was under Christian rule at the time, that he composed the first Hebrew
works on mathematics and astronomy, as well as works on calendar calculation and
philosophy, intended for a readership who did not know Arabic. Of his encyclopaedic work
Yesode ha-tevunah u-migdal ha-emunah (‘Foundations of Understanding and Tower of Faith’)
only sections on geometry, arithmetic, and optics have been preserved.” His Hibbur ha-
meshihah weha-tishboret (‘Treatise on Mensuration and Calculation’)® was translated into
Latin in 1145 as Liber embadorum by Plato of Tivoli, with whom he also collaborated on
different Arabic-Latin translations. Bar Hiyya’s astronomical oeuvre consists of the treatises
Tsurat ha-arets (‘Form of the Earth’)", Heshbon mahalekhot ha-kokhavim (‘Calculation of the
Courses of the Stars’),"” astronomical tables, and a treatise on calendar reckoning, the
Sefer ha- ibur (‘Book of Intercalation’).”” In order to convey the mathematical ideas and
concepts found in Arabic mathematical works, Bar Hiyya had to coin a completely new
Hebrew mathematical vocabulary. His mathematical terms were, like the topics of his works,

based on Arabic writings. That is why at times he would simply take over Arabic loan words,

¢ Argued by Millds Vallicrosa, “La Obra Enciclopédica de R. Abraham bar Hiyya.”

° An edition and Spanish translation was rendered by J.M. Millds Vallicrosa, La obra enciclopédica Yesode Ha-
Tebuna U-Migdal Ha-Emuna de R. Abraham Bar Hiyya Ha-Bargelont. See also Rubio, “The First Hebrew Encyclopedia
of Science: Abraham Bar Hiyya’s Yesodei ha-Tevunah u-Migdal ha-Emunah.”

10 An edition was rendered by M. Guttmann, Hibur ha-meshihah weha-tishboret. A Catalan translation of this
edition was made by J.M. Millas Vallicrosa, Llibre de geometria: hibbur hameixiha uehatixboret.

! Published by Jonathan b. Joseph in Offenbach in 1720: Hiyya, Sefer tsurat ha-arets. Translated into Spanish by
J.M. Millas Vallicrosa, La obra Forma de la tierra de R. Abraham Bar Hiyya ha-Bargelon.

2 Edited and translated by J.M. Millas Vallicrosa, Hiyya, Séfer Hesbén mahlekot ha-kokabim.

3 Published by H. Filipowski, Sefer ha- ‘ibur., London, 1851.
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but more often he used Biblical and Mishnaic Hebrew vocabulary on which he bestowed a

new, scientific meaning,"*

The Hebrew mathematical works of Bar Hiyya were followed about a generation later by the
works of Abraham ibn Ezra (1092—1167)."” Born in Toledo or perhaps in Tudela in Navarre,
Ibn Ezra spent a large part of his life travelling through Europe. The grammarian, poet,
biblical commentator, and astronomer-astrologer wrote numerous treatises on different
topics, many of which also included mathematical discussions. Entirely dedicated to
mathematics was his Sefer ha-mispar (‘Book of the Number’)," an arithmetic textbook, written
in Italy in 1146 or earlier. Translated into Latin perhaps already during Ibn Ezra’s lifetime, it
was one of the first works to introduce the arithmetic of al-Khwarazmi” into the Latin West.
In addition, Ibn Ezra authored the short mathematical treatise Sefer ha-ehad (‘Book of the
Unit’),’® which dealt with the attributes of numbers, sometime before 1148. He may also be
the author of the recently discovered geometrical treatise Sefer ha-midot (‘Book of
Geometry’), which is extant in one Hebrew and one Latin manuscript.” His astronomical
works include the Sefer ta‘ame ha-luhot (‘Book of the Reasons behind Astronomical tables’), of
which only a Latin version has come down to us,” and the treatise Keli ha-nehoshet (‘The
Instrument of Brass’)* that described the use of the astrolabe. With the help of a disciple Ibn

Ezra also translated it into Latin. Like Bar Hiyya, Ibn Ezra wrote a treatise on calendar

4 On Bar Hiyya’s terminology, see Sarfatti, Mathematical Terminology, 61-130; Efros, “Studies in Pre-Tibbonian
Philosophical Terminology”; Efros, “More about Abraham B. Hiyyas Philosophical Terminology.”

1> Numerous works have been published on Ibn Ezra’s different writings. On Ibn Ezra’s scientific works see Sela,
“Abraham Ibn Ezra’s scientific corpus” and his monograph Abraham ibn Ezra and the Rise of Medieval Hebrew
Science.

e Edited and translated into German by Moritz Silberberg, Sefer Ha-Mispar.

7 0n al-Khwarazmi, see, for example, Vernet, “Al-Khwarazmi.”

18 Published in 1867 by S. Pinsker: Sefer ha-Echad.

1 Lévy and Burnett, “Sefer ha-Middot: A Mid-Twelfth-Century Text on Arithmetic and Geometry Attributed to
Abraham ibn Ezra.”

2 Edited by Millds Vallicrosa, El libro de los fundamentos de las tablas astronémicas de R. Abraham Ibn Ezra.

21 Edited by in 1845 by H. Edelmann, Sefer Keli nehoshet.
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reckoning, the Sefer ha- ‘ibur (‘Book of Intercalation’).” In addition, he also rendered Hebrew
translations of Arabic scientific works by authors like Masha’allah and Ibn al-Muthanna.”
His Hebrew mathematical terminology was influenced by that of Bar Hiyya, but Ibn Ezra
showed a much stronger tendency for ‘purism’: There were no Arabic loan words in his
mathematical terminology, and the Hebrew words used to express mathematical concepts

were predominantly Biblical.”*

Although Abraham Bar Hiyya and Abraham ibn Ezra had set the basis for Hebrew
mathematical writing, for a long period of time no original mathematical works were
produced in Hebrew. Maimonides (1135-1204), for example, did write original treatises
dedicated to purely mathematical subjects, but these treatises were written in Arabic.” His
major philosophical work, the Guide for the Perplexed, in which abstract mathematical and
astronomical problems are raised and discussed, was written in Judaeo-Arabic. His major
Hebrew composition, the Mishneh Torah, was written with the intention to reach the widest
Jewish audience possible. Imitating Mishnaic and Rabbinic Hebrew, Maimonides did for the
most part not apply an unambiguous scientific language when touching upon scientific
questions in his legal code. Although he slightly altered the meanings of existing words and
introduced new terms, the specific meaning of the words he used became clear mainly

through the context, not so much through a clear-cut Hebrew scientific terminology.*

2 Edited in 1874 by S.Z. Halberstam, Sefer ha-"ibbur.

» See Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 75-78. An edition of one of his Hebrew
translations was rendered by Goldstein, Ibn al-Muthanna’s commentary.

% On Ibn Ezra’s terminology, see Sarfatti, Mathematical Terminology, 130-155; Sela, “Abraham Ibn Ezra’s Special
Strategy.” See also his glossary and remarks on terminology in The Book of Reasons. A comparison of Bar Hiyya’s
and Ibn Ezra’s astrological terminology has been made by Rodriguez Arribas, “The Terminology of Historical
Astrology according to Abraham bar Hiyya and Abraham ibn Ezra.”

% On Maimonides’ mathematical works in Arabic see Langermann, “The Mathematical Writings of
Maimonides.”

% See Sarfatti, Mathematical Terminology, 156-165.
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Whereas Bar Hiyya and Ibn Ezra had composed original mathematical works in Hebrew, the
following generations of scholars concentrated their efforts on translating. The classical
Greek works on mathematical sciences and their Arabic commentaries and enhancements
that Jewish scholars would study, or, as Tony Lévy puts it, the ‘Hebrew mathematical
bookshelf’, were all translated from the Arabic into Hebrew within a century, between the
1230s and the 1330s.” When Judah ben Solomon ha-Cohen translated the Midrash ha-Hokhmah
and his exchange with the Emperor’s philosopher into Hebrew in the 1240s, he stood
therefore right at the beginning of a line of translators who established a Hebrew

mathematical language that would be in use until the beginning of the 20" century.

The translation of mathematical books and treatises was part of a larger translation
movement of scientific and philosophical works from Arabic into Hebrew, which had been
initiated in the middle of the twelfth century by Judah ibn Tibbon (c. 1120-1190).% Judah had
left his hometown Granada following the arrival of the Almohads in Muslim Spain and had
settled in the town of Lunel in Southern France. There at the bidding of friends he started to
translate philosophical and ethical works from Arabic into Hebrew. His son Samuel and his
grandson Moses continued his line of work. Samuel (c. 1165-1232) rendered the most popular
translation of Maimonides’ Guide for the Perplexed, but it was only the third generation of

translators who made purely mathematical works available in Hebrew.

Two of these translators were Judah’s contemporaries: Jacob Anatoli and Moses ibn Tibbon.

Jacob Anatoli (c.1194-c.1256) was the son-in-law of Samuel ibn Tibbon. Having received his

77A detailed listing of the translators and the works being rendered in Hebrew in this period was first published
by Lévy, “The Establishment of the Mathematical Bookshelf.” See also his articles “The Hebrew Mathematics
Culture (Twelfth-Sixteenth Centuries)” and “Hebrew Mathematics in the Middle Ages: An Assessment.”

% A thorough study of the emergence of Hebrew science and the translations of scientific works into Hebrew
has been made by Freudenthal, “Les sciences dans les communautés juives médiévales de Provence: Leur
appropriation, leur role.”
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scientific training from Samuel in Provence, he established himself at the court of Emperor
Frederick Il in Naples in 1230/1. With the support of the emperor he worked on translations
of logical and astronomical writings. By 1236 he had translated Ptolemy’s Almagest, Ibn
Rushd’s Epitome of the Almagest, and al-Farghani’s Astronomy. Lévy’s research suggests that he
might also be the author of a Hebrew version of Euclid’s Elements, which would make this

version the earliest.”

Jacob’s brother-in-law and nephew Moses ibn Tibbon was active between 1240 and 1283.
Based in Provence, he also visited his uncle Jacob in Naples, as some of his writings were
rendered there in 1246.* Moses translated al-BitrdjI’s Astronomy in 1259. In 1270 he finished
his Hebrew translation of Euclid’s Elements. His translations of Ibn al-Haytham’s commentary
on the definitions of Euclid’s Elements and of al-Farabi’s commentary were probably done in
the same year. One year later Moses added to these works translations of Theodosius’s
Spherics and al-Hassar’s Arithmetic. A Hebrew translation of Ibn Aflah’s Revision of the Almagest

followed in 1274.

Another Hebrew version of Euclid’s Elements was finished in 1289 by Jacob ben Makhir
(c.1236-1306), who was probably a nephew of Moses, and was also active in Provence. Jacob
was a professional astronomer and author of original astronomical writings that were
translated into Latin. As a translator he provided Hebrew versions of the Data, and perhaps
the Optics by Euclid, Autolycos’ On the Rotating Sphere, the Spherica by Theodosius and the

Spherica by Menelaus, all rendered between 1271 and 1273.

¥ See Lévy, “Une version hébraique inédite des ‘Eléments’ d’Euclide.”

*® He translated the Introduction to Phenomena by Gemenius and copied Jacob Anatoli’s autograph manuscript of
the Hebrew translation of Ibn Rushd’s Epitome of the Almagest. See Lévy, “The Establishment of the Mathematical
Bookshelf,” 441.
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The last great translator of mathematical writings of the period was Qalonymos ben
Qalonymos of Arles (1289-after 1329). Between 1309 and 1317 he translated numerous
mathematical works into Hebrew, by authors including Ibn al-Haytham, Archimedes,

Eutocius, Thabit ibn Qurra, Jabir ibn Aflah and Nicomachus of Gerasa.

Thus when Judah sojourned at the emperor’s court in Italy between 1245 and 1247, there
were two other Hebrew translators active in the region, Moses ibn Tibbon and Jacob Anatoli,
the latter being financed by Frederick 11! These two translators had both family and
scientific relations. Together, the three scholars were the first to translate mathematical
literature from Arabic into Hebrew. It is certainly conceivable that Judah ha-Cohen and Jacob
Anatoli, the two Jewish scholars in the emperor’s service, had scientific and personal
contacts. It is also conceivable that Moses ibn Tibbon, who visited his uncle Jacob exactly
when Judah ha-Cohen was working on the translation of his Midrash ha-Hokhmah, was
introduced to Judah. Yet none of these scholar’s writings explicitly mention any exchanges
between Judah and the other two. If there were any personal or scientific contacts between
them, they can be traced only indirectly. It is by means of an analysis of the scientific
language the three scholars used that one might posit a connection between them. As no
thorough study has been done yet exploring Judah’s mathematical terminology,”” the
examination of the mathematical vocabulary used in the correspondence with the
philosopher might be a first step towards pinpointing possible connections between the

scholars. If they knew each other’s translations, they may have been influenced by the

31 On the relationship between Judah ha-Cohen, Jacob Anatoli and Moses ibn Tibbon see Sirat, “Les traducteurs
juifs a la cour des Rois de Sicile et de Naples.”

32 A preliminary analysis of Judah’s terminology was rendered by Tony Lévy, “Mathematics in the Midrash ha-
Hokhmah of Judah ben Solomon ha-Cohen.”
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mathematical language of their respective treatises. Furthermore, the terminology of the
correspondence can help to shed light on the formation history of the Midrash ha-Hokhmah
itself. A comparison between the vocabularies used in the correspondence and in the rest of
the work might help to determine whether they were translated within the same period of
Judah’s working life, and if the correspondence was thus supposed to be an integral part of

the work.

Taking on trust Judah’s statement in the introduction to the correspondence, the Hebrew
text of the correspondence is a translation of several Arabic texts written by two different
authors: the original of the first text, namely the discussion of platonic solids circumscribed
about spheres, was written by Judah himself. The second text, a geometrical model for the
calculation of oblique ascensions, was composed by the philosopher. The last part of the
correspondence, i.e. the refutation of the philosopher’s model, was again written by Judah
ha-Cohen. These parts differ from each other not only in their alleged authorship, but also
in the mathematical divisions that are being treated. Whereas the first part deals with
Euclidean geometry, the second part of the text is dedicated to spherical
geometry/astronomy. Since the subjects of these two parts of the correspondence differ, so,
naturally, does the terminology that is used to express the mathematical contents. When
analysing the scientific terminology of the Hebrew translation, it is therefore necessary to

treat each of the two parts separately.

As a first step the part of the correspondence dealing with Euclidean geometry will be
analysed. The mathematical terms will be compared to the terminology of Abraham Bar
Hiyya and Abraham ibn Ezra and then to the vocabulary used in other parts of the Midrash

ha-Hokhmah itself. Then the astronomical vocabulary will be analysed in a similar way.
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Euclidean Geometry

Judah ha-Cohen derived much of his mathematical vocabulary from Abraham Bar Hiyya. A
comparison with G. Sarfatti’s analysis of Bar Hiyya’s terminology® shows that the basic terms
of Euclidean geometry that both authors use are almost identical. To this basic vocabulary
belong the terms nTp3 (nequdah) for ‘point’, p (gav) for line, 9v» yp (gav yashar) for ‘straight
line’, 7 (zavit) for ‘angle’, yox (tsela ) for ‘side’ (of a triangle), 7715 (kadur) for ‘sphere’, now
(shetah) for ‘surface’ and ‘plane’, W05 (‘alakhson) for ‘diameter’, now (mofet) for ‘proof’ ,
v (merkaz) for ‘centre’, v wn (meshulash) for ‘triangle’, navn (toshevet) for ‘base’, Tmy
(‘amud) for ‘perpendicular’, and 2¥) (nitsav) for ‘right (angle)’. Like Bar Hiyya, Judah uses the
Hebrew verbs x> (yatsa’) and 8o (hotsi’) in the sense of the Arabic g, and g Jla straight

line ‘departs’ from a point, and can be ‘caused to depart’, that is, ‘being drawn’.

Judah ha-Cohen shows no hesitation to use words of biblical and Mishnaic origin (like gav,
mofet and nequdah) together with loan translations from the Arabic (like ‘amud and shetah)
and Arabic loan words themselves (like merkaz). But the great influence of Arabic on Judah’s
translation is not restricted to Arabic loan words and loan translations. It can also be felt in
his sentence structure, and in expressions such as mmy wonn (ha-hamesh tsurot; the five
figures), with an initial n, that reflect an influence of vernacular Arabic. At times Judah
confuses Hebrew and Arabic words that are phonetically similar. So when he writes the
Hebrew word 195 (lakhen), meaning ‘therefore’ in Hebrew,* he uses it in the sense of the
Arabic word ,SJ (lakin), which has the opposite meaning of the Hebrew term, namely ‘but’

or ‘however’. This interference from the Arabic on the Hebrew translation can also be found

% Sarfatti, Mathematical Terminology, 61-130.
* Edition, paragraphs 18, 38, 41.
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in other parts of the Midrash ha-Hokhmah. The confusion of lakhen and lakin, for example, is

also present in the translation of Ptolemy’s Almagest.*

In order to convey the meaning of ‘therefore’, Judah often employs an Aramaic term, namely
7551 (hilkakh). The word had entered the Hebrew language as a technical term used in Jewish
legalistic reasoning. Neither Abraham Bar Hiyya nor Abraham Ibn Ezra appear to make use
of this term in their mathematical writings. Judah’s usage of the word may point to the fact
that his writing style was influenced by a thorough rabbinical training that he received under

his teacher Meir Abulafia.

In this context it is noteworthy that in the astronomical part of the correspondence Judah
uses another word that is used as a technical term in rabbinical writings. The word denoting
‘geometry’ in the correspondence is 801 (gematriya). The term, which originates from the
Greek word geometria, was used in rabbinical literature to refer to one of the hermeneutic
rules for interpreting the Torah.’® But already in rabbinical times the plural gematriyot was
also used to simply denote ‘calculations’.”’” Thus, the expression mx> VPN MMPN (tequfot we-
gematriyot; ‘heavenly revolutions and gematriyot’) which can be found in the Talmud is
replaced with o»mawm mopn (tequfot we-heshbonim; ‘heavenly revolutions and calculations’)

in Midrash Bereshit Rabbah.*®

The use of this technical term in the sense of ‘geometry’ distinguishes Judah from both
Abraham Bar Hiyya and Abraham ibn Ezra. When referring to Greek scientific disciplines in

his encyclopaedic work Yesode ha-Tevunah u-Migdal ha-Emunah, Abraham bar Hiyya does not

%5 MS. Vatican 338, fol. 215v “yay9m ¥237 N0 7/K Y2190 19917, fol. 218V “pyim Ny 'y 19977, fol. 223v “ va 139
1A NWP MOV NINY 29D W17, fol. 226V VN TR MY YT 7N 19977, etc.

% In the system of gematria a word or group of words is interpreted according to the numerical value of its
letters.

37 Such is the case in Avot 3:18.

% The expressions can be found in Suk. 28a and BB 134a, and in Bereshit Rabbah 26:5 and 32:6, respectively. See
Derovan, Sholem, and Idel, “Gematria,” 24.
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draw a connection between the Hebrew technical term gematria and the science of geometry.

He transliterates the Greek loanword as 80mN3 (giometriya) in the introduction, while he

uses Hebrew expressions to refer to ‘geometry’ elsewhere in his work.” Abraham Ibn Ezra,
too, prefers Hebrew expressions for ‘geometry’ in most of his writings.”” But in the
introduction to his translation of Ibn al-Muthanna’s commentary on al-Khwarazmf’s tables
he states the following: ‘All the proofs which Ptolemy—who is also called Talmay—brought
forth in his great book called the Almagest are complete. No scholar can contradict his proofs,
for they are taken from the science of measurement called geometria in Greek, and
gematriyot by the sages of Israel.”*! Like Judah after him, Ibn Ezra thus saw a connection
between the science of geometry and the Hebrew term gematriya. But while Judah uses the
term in the singular form, Ibn Ezra explicitly states that the sages used the word gematriyot,

in the plural, for ‘geometry’.

However, while Judah’s usage of the word gematriya may point to the fact that he was very
familiar with rabbinical literature, which influenced his mathematical vocabulary, he was
certainly not the first medieval author to use the term in this sense. Thus, already
Maimonides employed the word mvm (gematriyah) to denote ‘geometry’ in his Mishneh
Torah.* In the astronomical writings of Judah’s contemporary Jacob Anatoli the word x>0

(gematriya) also appears frequently in the same sense.”

% Sarfatti, Mathematical Terminology, 92.

0 He uses 101 nndN in Sefer Ha-Mispar, 45; and The Book of Reasons, 182.

44 pon DIV DI PR NN NN DN OVDINON NIPI NIN DITHIN 11902 215N NIPIN NIN DPHOVA XXANY NPNIN Y9I
DINNP DWWITPN INIW? 309N INMDN 11 WA PNPY MITHN NN DYV IPWN NNONN DN NPRI 3D DYDY P19NY
NIV IMN”, [bn Al-Muthannd’s Commentary, 104. The translation is based on Goldstein’s English translation,
p. 149, with a few changes.

*2 Sarfatti, Mathematical Terminology, 159.

 See, for example, Lay, “L’abrégé de I’ Almageste, Hebrew text, pp. 4-6, sentences 49, 51, 55, 56.
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Not only the use of certain rabbinical terms, also the influence of Arabic vocabulary makes
Judah’s mathematical terminology very different from that of Abraham ibn Ezra, who in his
quest for a ‘pure’ Hebrew language rejected Arabic loan words altogether, and preferred
biblical terminology to Mishnaic Hebrew. Thus in Ibn Ezra’s Sefer ha-Mispar (‘Book of the
Number’) the term used for ‘base’ is not toshevet, which is a loan translation from the Arabic
word 83c8 (ga idah), but the biblical word ny»an (mekhonah). An angle is not the Mishnaic

word zavit but the biblical y8pn (migtsoa ), and a right angle is 7w yspn (migtsoa  yashar).**

But Judah ha-Cohen’s vocabulary is also distinct from that of Bar Hiyya. There are small
grammatical nuances in the word choice, such as the term for ‘right angle’, being naxy mn
(zavit nitsavah) in Bar Hiyya’s work, and nasy n>1 (zavit nitsevet) in the correspondence. There
are also more significant differences. Although employed by both Bar Hiyya and Ibn Ezra,
Judah does not use the Hebrew term apyn (me ugav) for ‘cube’ but instead introduces the
word 2yon (muka ‘ab). Instead of a Hebrew loan translation he thus prefers a simple
transliteration of «.=So, the Arabic word for ‘cube’. The remaining regular polyhedra have
Hebrew names. Tetrahedron, octahedron, dodecahedron and icosahedron are called n
YN Noya (tsurat ba ‘alat arba | the figure of four), Nanw nbya NN (tsurat ba ‘alat shmoneh; the
figure of eight), nwy D>Nw NSy NN (tsurat ba alat shtem ‘esreh; the figure of twelve) and Ny
o>y noya (tsurat ba alat ‘esrim; the figure of twenty), respectively. The parallelepiped, a prism
made up of six parallelograms, is called o>nvwn mwn (ha-shaweh ha-shtahim; [the solid] of

regular surfaces). Shaweh does in this case not mean ‘equal’, but rather ‘regular’, ‘equilateral’.

“Tbn Ezra, Sefer Ha-Mispar. For an analysis of Ibn Ezra’s terminology, see Sarfatti, Mathematical Terminology, 130-
156; Sela, “Abraham Ibn Ezra’s Special Strategy.”
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The word was used in the same sense by Abraham ibn Ezra, who for example called a ‘cube’

v a0 (guf shaweh; regular solid).*

While in the case of ‘cube’, Judah replaces an existing Hebrew term with an Arabic loan word,
in the case of ‘diameter’ he does the opposite. Instead of using the loan word v (qgoter)
from the Arabic ,b8, which was introduced by Bar Hiyya, he uses the Greek loanword y1oa5x
(alakhson), which in Mishnaic Hebrew denotes ‘diagonal’. Both words appear in Bar Hiyya’s
works side by side. For the terms ‘circle’, ‘figure’, and ‘solid’ Judah chooses the words n5ny
(‘agulah), n s (tsurah) and »amn (gufani) respectively. Abraham Bar Hiyya uses for ‘circle’ the
word 51y ( ‘igul), whereas nbny (‘agulah) is mostly used as an adjective (meaning ‘circular’),
for ‘figure’ he uses the words now (shetah) and nyn (temunah), and for ‘solid’ 091 (golem) or
9 (guf). Judah'’s term gufani is of course the adjective derived from guf, but he uses it both as
anoun and as an adjective. The ‘five solids’ are called ha-hamishah gufanim, and a solid angle
is zavit gufanit (Bar Hiyya: zavit gelumah). Like Bar Hiyya, Judah uses the Biblical Hebrew root
wwn in the sense of the Arabic root Juw for ‘to touch’, but he uses it in the pi‘el (wwn,

mishesh) instead of the qal.

Judah’s mathematical language has several peculiarities. An example is the verb y» (naga )
which, like mishesh, also denotes ‘to touch’. It is not clear what the difference between
mishesh and naga* precisely is, as he is using the words to express exactly the same
mathematical concepts. So when he begins a proof writing: Furthermore, we demonstrate that
the three remaining triangles touch this sphere,*® the word expressing ‘to touch’ is mishesh. But

when at the end of the same proof he states: And likewise it is demonstrated [...] that each of its

% Sarfatti, Mathematical Terminology, 142.
1613 11755 DIWNWNHN DN DXINWIN MYNWN NWHWN ¥ TN T (paragraph 16).
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surfaces touches the sphere,”” his word of choice is naga . It seems that he is using the two

words interchangeably, as synonyms.

Similarly, the adjective »'n2) (nokhehi) and the preposition 75 (ke-neged) both express the
concept of ‘parallel’. Again, Judah begins a proof using the word nokhekhi (‘We demonstrate
that each of the surfaces of this figure [...] is parallel to each of the surfaces of the one constructed
inside the sphere’)*® and ends it using ke-neged (‘Triangle [HKT] is parallel to triangle OCF, and that
is what we wanted’).” As the words belong to different word classes, and the preposition ke-
neged cannot be used as an adjective (as in ‘parallel lines’), these words do not act as real
synonyms, but the example shows that Judah’s terminology is not fixed. The same holds true

for the word Judah uses for ‘to cut, intersect’. While the ‘point of section’ is called 7nn oypn

(megom hatakh),” the verb he uses for ‘to cut’ is not hatakh, but asn (hatsav).”*

Seemingly interchangeable are also the Hebrew expressions Judah uses for ‘given’ and ‘to
construct’. When describing the contents of the letter he received from the emperor’s
philosopher, he reports that the question posed to him was: How do we construct each of the
five [platonic] solids on a given sphere.”” He begins his discussion of the platonic solids by
repeating the question: How do we construct each of the five figures on the given sphere.”® But
whereas in the philosopher’s question the verb ppn (hagag; to draw a circle, engrave, legislate)
is used to express the term ‘to construct’, in Judah’s answer this role is fulfilled by the verb
nwy (‘asah; to do, make). The word ‘given’ is in the first sentence expressed by y11> (yadua ;

known), in the second one by vy (mutsa ; offered, suggested). This might suggest that Judah is

791752 PYIN 10 PRLY D TNN 99V [...] ININ’ 191 (paragraph 19).

18 9797 TIN MWYN XNLWN TAX 959 5123 NN [...] 1NN 1N ONOWN THN 93>0 XD (paragraph 14).
1299390 D NI A8 WD TN [VHN] YN N (paragraph 15).

*0 Paragraph 16.

5! Paragraphs 10, 15.

52§91 NYNNNN TR 93 1T 173 9Y 1N 783 (paragraph 1).

53 YNINM NTIN Y MM WHNH NNN 95 DU T35 (paragraph 3).
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using the words as synonyms, but it may also be caused by the use of different expressions
in the Arabic original. As the first sentence is a Hebrew translation of the philosopher’s letter
and the second a translation of Judah’s answer, it is conceivable that they used different

terms in the Arabic, which Judah faithfully translated.

There were in fact different Arabic words used at the time to express the concept of ‘to
construct’. In the present case, ‘asah might be a literal translation of the Arabic Jo< (‘amila;

to do, make), and haqaq of the verb pow, (rasama; to draw, sketch, lay down as a rule). Judah
uses the word haqagq in his own discussion of the philosopher’s question: If we construct a line
in the great circle [...].>* But here a line is being drawn, not a solid figure. When mentioning the
construction of the platonic solids Judah always uses ‘asah. The word yadua ‘ on the other
hand does not appear at all in Judah’s discussion of the philosopher’s question - the ‘given
sphere’ is always called kadur mutsa ‘. This, too, might hint at the possibility that Judah and

the philosopher used a different vocabulary in their Arabic writings.

This leads to the question to what extent Judah ben Solomon stayed faithful to the
terminology of the Arabic original he was translating. While Judah himself does not further
discuss his methodology in his encyclopaedia, it is clear that medieval Hebrew translators
were well aware of the problems posed by different translation techniques. In principle,
there were two concurring methods of translation: on the one hand, the global meaning of a
sentence of even passage could be translated into another language, which would lead to text
that is easy to read in the target language, although the original words of the author might
be somewhat obscured. On the other hand, a translator could stay faithful to the author by

translating every sentence word for word, which might however lead to a somewhat clumsy

30 19N NYNY2 PINwd (paragraph 10).
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and obscure text in the target language. Drawing on the considerations of Muslim thinkers
regarding the translations into Arabic that had been made centuries earlier, medieval
Hebrew scholars in general preferred the ‘transfer of meaning’ to a literal translation, as can
be seen from many writings discussing methodology.”® In practice, however, their
translations were mostly just the opposite, namely a slavish word for word translation of the
Arabic source. “This is true to such an extent that it is often possible - and not particularly
difficult - to reconstruct with some accuracy the Arabic source text from its medieval
Hebrew translation,” concludes Steven Harvey in his discussion of the Arabic into Hebrew
translation movement.* But while a Hebrew translation may closely follow the syntax of its
Arabic original, one and the same Arabic technical term might sometimes be translated with
different Hebrew expressions, as has been demonstrated by Joost van der Lijn in a recent
study.” Be that is it may, in general the terminology of Hebrew translators appears to be
more coherent and consistent, the less ‘literary” and the more ‘scientific’ the translated text
is.’® As we have seen, mathematical writings could be labelled as scientific texts par excellence,
as they convey abstract ideas in a very special language. It is therefore no surprise that
Hebrew translations of mathematical writings follow their Arabic sources very closely, the
translators taking care to assign one specific Hebrew term to each Arabic technical term. For
the most part Judah’s Hebrew terminology forms no exception; it is generally very precise
and consistent. How can interchangeable terms in his vocabulary then be explained? As

stated above, the inconsistencies may be the result of different wordings in his Arabic source

% Zwiep, Mother of Reason and Revelation, 63-77. See also Harvey, “The Introductions of Thirteenth-Century
Arabic-to-Hebrew Translators of Philosophic and Scientific Texts”; and Rothschild, “Motivations et méthodes
des traductions en hébreu du milieu du XlIe a la fin du XVe siécle.”

*¢ Harvey, “Arabic Into Hebrew: The Hebrew Translation Movement and the Influence of Averroes Upon
Medieval Jewish Thought,” 265.

57 van der Lijn, “Can Source Texts Be Reconstructed from Translations? Some Lexical Analysis of Hovot ha-
Levavot.”

8 Toury, “Translation and Reflection on Translation: A Skeletal History for the Uninitiated,” xviii-xix.

142



text. On the other hand, they may also be owed to Judah’s approach to translation, which in
this case aimed at translating the meaning, not the language. Nonetheless, the
inconsistencies may not be the result of a conscious choice at all. In her study of the Arabic
terminology in the parts of the Midrash ha-Hokhmah dealing with natural philosophy and
metaphysics, Resianne Fontaine detected many signs of what she called Judah’s “relative
clumsiness or incompetence as a translator”.” As we have seen, this ‘incompetence’ is also
detectable in the correspondence, where Judah’s Hebrew is frequently influenced by Arabic
grammar and syntax. He may therefore not have been aware of the fact that he gave the
same Arabic technical terms different Hebrew translations. As the Arabic original of the
correspondence is lost, the question whether Judah faithfully translated different Arabic
expressions or opted for a less literal translation, and whether this was the result of a
conscious choice or of his shortcomings as a translator, cannot be answered sufficiently at

this point.

As regards Judah’s terminology in the philosophical part of his encyclopaedia, Fontaine
observes that - irrespective of the question whether he was skilled as a translator - Judah
appears to have made the conscious choice not to employ the technical Hebrew vocabulary
that was established by Samuel ibn Tibbon, for example in his translation of Maimonides’
Guide for the Perplexed. Fontaine argues that this avoidance of Tibbonid terminology might be
due to Judah’s critical attitude towards Aristotelianism; while Samuel ibn Tibbon was a
strong supporter of Aristotelian philosophy, Judah maintained that it ultimately failed to
provide true knowledge. In the correspondence, however, Judah does employ a
mathematical term that was first introduced by Samuel. To express ‘ratio’ or ‘proportion’,

Abraham Bar Hiyya had used different Hebrew words, namely 77y (‘erekh), nwpn (hagashah)

% Fontaine, “Arabic Terms in Judah ben Solomon ha-Cohen’s Midrash ha-Hokhmah,” 127.

143



and 2xp (getsev); Abraham ibn Ezra had also relied on the term ‘erekh. Judah uses a completely
different word for this concept, namely the Mishnaic term on> (yahas, from the biblical wr),
which originally expressed genealogical relationship. While the word had already been
employed by Saadiah Gaon to denote ‘relation’, it was first used in a mathematical sense by
Samuel ibn Tibbon in his Hebrew translation of the Guide for the Perplexed.® Other
mathematical terms used in Samuel’s translation that are also being used by Judah, include
nequdah, qav yashar, zavit, tsela , kadur, shetah, "alakhson, mofet and merkaz. But as we have seen,
all of these latter terms had already been used previously by Abraham Bar Hiyya. For other
mathematical terms found in the Hebrew translation of the Guide, like now (shetah; ‘figure’),
951 (takhlit; ‘extremity’), owa (geshem; ‘solid’), 70y (goter; ‘diameter’) and mnnn (tahtit;
‘base’), Judah used completely different Hebrew terms. Thus Judah apparently knew Samuel
ibn Tibbon’s Hebrew translation and borrowed the newly introduced technical term yahas
from it. Of the other mathematical terms found in the Hebrew Guide, Judah used many that
had already been introduced earlier, while he introduced new Hebrew terms for others. As
some of these terms had also been used by Bar Hiyya before, it is difficult to determine
whether Judah’s choice was influenced by the wish to avoid using Samuel’s terminology.
What can be said is that Judah obviously felt the need to find different Hebrew expressions

for some mathematical terms that had already been introduced into the Hebrew language.

Judah ha-Cohen thus makes use of earlier mathematical works in his terminology, but he
does not take over their vocabulary uncritically. While a large part of his terminology
corresponds with that of Abraham Bar Hiyya, similarities with that of Samuel ibn Tibbon and,

to a much lesser degree, Abraham ibn Ezra are also discernible. Characteristic is the use of

% Sarfatti, Mathematical Terminology, 180.
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different terms carrying the same meaning side by side. This may on the one hand be caused

by differences in terminology of the Arabic texts Judah is translating, but there are also clear

examples for competing Hebrew terms for one and the same mathematical concept being

used simultaneously.

To give a full overview of the terminology, the mathematical terms that appear in Judah ha-

Cohen’s Hebrew translation of his discussion of the platonic solids are listed alphabetically:

Hebrew

NOION

PN PNI

29

nmT

BARALY

N9 PON

NI PN

NYNY O8N

nm

wn»

o

NTD

0

English
diameter
indefinitely
solid
similar
angle

solid angle
right angle
semicircle
known, given
straight
ratio
sphere

parallel
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595

nam

ym

vmnn

2yon

0N 0PN

Ny 0pn

yaymn

oM

(Upal%)a)

wn

>N2)

ax)

M

N0

oNY

YT NONY

TNY

nNx

double

proof

given

pentagon

cube

point of section

point of contact

square
centre

triangle
tangent

parallel

perpendicular

point

circumference

circle

great circle

perpendicular (n.)

figure
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9N NN

YAIN NOYI NN

DYIVY NHYa NN

MNY Noya NN

NIYY DXNY NHYa NN

yoN

W

WP

K9

D>nLYN MY

v

amw

novY

navin

solid figure
tetrahedron
icosahedron
octahedron
dodecahedron
side

line

straight line
end, extremity
parallelepiped
equal

common
surface, plane, face

base

The discussion contains the following verbs:

Root Verb  English translation

N1 NI to demonstrate, to prove

NI to be demonstrated, proved
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PN

axn

PN

NX>

wwn

)

H9)

119

25y

nwy

\20)]

oW

PN

axn

PN

NX>

NI

vvmn

¥in

)

990N

1129

5y 120

9%vN

nwy

w9

V9

oPn

to cut off

to cut, to intersect

to construct

to depart (line)

to draw (a line)

to touch

to join, to draw (a line)
to touch

to subtract (angles)

to be inscribed in

to be circumscribed about
to erect, describe a circle
to construct

to meet (trans.)

to meet (intrans.)

to erect
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The Euclidean Terminology of the Midrash ha-Hokhmah

Having analysed the mathematic vocabulary of the correspondence, it is now possible to
compare it to the vocabulary Judah uses elsewhere in the Midrash ha-Hokhmah. Most
appropriate for the task is Judah’s Hebrew translation of Euclid’s Elements. The Greek work
(4th century BCE) was the mathematical book most widely studied in the Islamic world. The
Midrash ha-Hokhmah contains a Hebrew translation of an earlier Arabic version, both
rendered by Judah ha-Cohen himself. Without a doubt he depended on Arabic sources for his
compilation, but what exactly these sources were and to which extent he relied on them is
difficult to make out at this point, as a lot of research still needs to be carried out regarding
the transmission history of the Elements in Arabic. Our understanding of the Arabic Euclid
tradition is complicated by the fact that the original Greek text was translated into Arabic
786-833). He reworked his own translation several years after rendering it. It is not clear to
what extend this second version differed from the first one, or whether al-Hajjaj was
translating from Greek or Syriac manuscripts. These two versions constitute the so-called
Hajjaj tradition, which is partly lost. Another translation was rendered by Ishaq ibn Hunayn
(d. 910). Ishaq’s translation was in turn revised by Thabit ibn Qurra (d. 901). These two texts
constitute the so-called Ishaq/Thabit tradition. Based on these traditions numerous Arabic
scholars made abbreviations, commentaries or expositions of (parts of) the Elements.** Tony

Lévy’s research suggests that Judah ha-Cohen’s abbreviation of the Elements draws on sources

%1 An overview of the different known Arabic traditions is given by de Young, “The Arabic Textual Traditions of
Euclid’s Elements.” See also Brentjes, “The Relevance of Non-Primary Sources for the Recovery of the Primary
Transmission of Euclid’s Elements into Arabic.” A critical edition of the entire Arabic text has yet to be made.
An edition of the arithmetic books of the Elements (thus the books that were not included in the Midrash ha-
Hokhmah) was rendered by G. de Young in his unpublished doctoral dissertation “The Arithmetic Books of
Euclid’s Elements in the Arabic Tradition.” Book V was edited by J.W. Engroff in his unpublished thesis “The
Arabic Tradition of Euclid’s Elements: Book V.” A transcription of the beginning of the first book of the Elements
in the Ishaq/Thabit tradition can be found on the website of the Oslo Arabic Seminar “Arabic Text of Euclid’s
Elements. Translated by Ishaq ibn Hunayn and Revised by Thabit ibn Qurra. Text from the Uppsala Manuscript.”
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in the Hajjaj tradition, among which are possibly a mathematical part of Ibn Sina’s Shifa’,
entitled "Usil al-handasah (‘The Foundations of Geometry’), and the Commentary on the
Elements by the astronomer and mathematician Abu al-‘Abbas al-Nayrizi (9"-10" cent.).®
Judah does not mention his sources by name, nor does his text always agree with the
Euclidean text presented in either or both of these two works. He may in fact have used an
Arabic source common to both Ibn Sina and al-Nayrizi. Furthermore, Judah reworked the
Euclidean text himself. In the Midrash ha-Hokhmah he renders an abridged version of books I
-VI and XI - XIII. As he states himself,” his aim is to prepare his readers for the study of
Ptolemy’s Almagest, for which the omitted books (on theoretical arithmetic and rational and
irrational magnitudes) that are not relevant. In doing so, he not only renders abbreviations
of the books on plain and solid geometry, but he also adjusts the text according to his goal;
he reformulates and rearranges propositions and proofs, re-introducing concepts stemming
from the omitted parts, or even exchanging Euclid’s proofs with those found in the
Almagest.** While his efforts prove that he was a very skilled mathematician, his reworking
of the text makes it difficult to compare his Hebrew version to possible Arabic sources. As
the Arabic original of the Midrash ha-Hokhmah is lost, his method of translating can only be
determined indirectly. What can be analysed is the consistency of his mathematical

terminology throughout the work, including the correspondence.

62 Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen.” See also his overview “Les
éléments d’Euclide en Hébreu (XIIle-XVIe siécles),” 81. An edition based on an incomplete and contaminated
manuscript of al-Nayrizi’s commentary was published by Besthorn and Heiberg, Codex leidensis, 399, 1. A critical
edition of book I of al-Nayrizi’s commentary was published by R. Arnzen: Abii I- ‘Abbas an-Nayrizis Exzerpte aus
(Ps.-?) Simplicius’ Kommentar zu den Definitionen, Postulaten und Axiomen in Euclids Elementa I. An English translation
was rendered by Anthony Lo Bello: The Commentary of Al-Nayrizi on Book I of Euclid’s Elements of Geometry and The
Commentary of Al-Nayrizi on Books II-IV of Euclid’s Elements of Geometry.

% MS. Vatican Ebr. 338, fol. 189v.

¢ Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen.”
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For the largest part the Hebrew mathematical language used in Judah’s translation of the
Elements and that of the correspondence are in agreement. It is clear that both texts were
rendered by the same translator. But there are also differences in terminology. These
differences concern several terms that had already been labelled as problematic in the
correspondence. Our starting point for a comparison of vocabulary will be Judah’s Hebrew
translation of the beginning of book I. The Greek original of the Elements begins with a set of
definitions, postulates and common notions in which fundamental terms of Euclidean
geometry are being presented and defined in a logical and structured order. In Judah’s
Hebrew version these rules are combined in 46 premises (hagdamot).” The first five premises

read thus:*

PON DY PRY NN DTN .1

MTIPIONY PINSP DY AN KD TR NP .2

NN TR NNRD PINEP SNVIY MTIPI XNV NNN 93 NYIPNA MNKXND XD WNHIPpN .3
.DNP VIVAN NP XNV . TAD2 AMN TN W WY XN VYN .4

NPNY ANKPN PINNP SNYIAY ONIPN MZIAPNA NMNND XIN MNHN VIVIN .5

The English translation of these definitions reads:

1. A point is that which has no part.
2. Aline is breadthless length, and the two extremities of a line are points.

3. A straight line is a line which stretches out in such a way that any two points on its
two extremities lie parallel to one another.

% This presentation differs from both Ibn Sind’s and al-Nayrizi’s versions. See: Lévy, “Mathematics in the
Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen,” 310.
% Parma, Biblioteca Palatina, MS. 2769 (De Rossi 421), fol. [99r].
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4. A surface is that which has length and breadth only, and the two extremities of a
surface are lines.

5. A plane surface is a surface which lies evenly with the straight lines on its two
extremities.

Already the second definition deviates from the terminology of the correspondence. While
the terms for ‘line’ and ‘point’ are consistent with the correspondence, the word meaning
‘end’, or ‘extremity’ is nsp (qatseh). But when describing the ends of lines in the
correspondence, Judah calls them wxy (rosh).” Also the following definition shows
differences. Again, the word for ‘extremity’ is gatseh, but here Judah also uses a different
word for ‘parallel’ than the two terms described above. In the correspondence, a parallel line
was called nokhehi or ke-neged. Here the noun for ‘being parallel’ is n9apn (hagbalah). The
forth definition treats the term ‘surface’, which in the correspondence was always called
shetah. Here he uses the word v (pashut). Again, the ‘extremities’ of the surface are called

qitswot.

In contrast, the following five definitions show a great resemblance to the terminology of

the correspondence:

VY DY XD 1NN NLY DY INNT NIVN DN TAND PP 7Y IOV NN DMVYN TONRN .6

PN MY TN DNIND AN DY NN PIANON PIP NVIYD .7

TP NN N NNX DI INY TOIWN 1PN STTN WY NPT ONVN PN W IP DY WP Toywd .8
NNy

VOV Ty RINWIPN DY TNY 1D IR IPN DY TOWN PN .9

TN RIPN NIAXIND MLPN NNNII RIPN NIAXNIN NOITY AN NONY 7PN .10

7 ‘YN 9y, “PIpn *wrY (paragraph 22).
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The English translation reads:

6. A plane angle is the inclination to one another of two lines in a plane which meet one
another and do not lie in a straight line.

7. When the two lines containing the angle are straight, the angle is called rectilineal.

8. When a straight line set up on a straight line makes the adjacent angles equal to one
another, each of the equal angles is right.

9. The line standing on the other is called a perpendicular to that on which it stands.

10. The angle greater than a right angle is called an obtuse angle, and an angle less than
aright angle is called an acute angle.

In definition 6 the word used for ‘plane’ changes to shetah, which is used in the
correspondence, and accordingly the ‘plane angle’ is called zavit shetuhah. The expression N
vy 5y (lo ‘al yosher; not in a straight line) is the negative equivalent of the expression 9w Sy

8 ‘To contain’

(‘al yosher; in a straight line) that Judah frequently uses in the correspondence.
an angle is just like in the correspondence expressed by the verb 12v (savav), a ‘right angle’

is called zavit nitsevet, a ‘perpendicular’ is called ‘amud, and an angle ‘less than a right angle’

is Mz MvpP (getanah mi-nitsevet).”

The following definitions, too, resemble the language that Judah used to translate his
discussion with the philosopher. The terms tsurah, ‘agulah, merkaz, ‘alakhson, hatsi ‘agulah,
meshulash, tsela“ and meruba ‘ are defined in the exact way that Judah uses them in the
correspondence. It seems that after the first few sentences, the author may have changed his
mind about his wording and chosen a different terminology. But premise 32 shows yet
another deviation, both from the terminology of the correspondence and from that of the

earlier definitions. It reads:

8 Cf. paragraph 3: 9pn PN2 WY 5y PIPN MK NN, paragraph 9: 9y MNONIY T3 I PN PRI WY HY DNONIN
awy; also paragraphs 21, 23, 28 and 30.
¢ Cf. paragraphs 7 and 11.
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INSPY /YNY WD NI PTTEN MWL INEY DX TN NOY Y PY MIPN DN DX TN YIPM .32

N0 PRY

32. Parallel lines are lines which, being in the same plane and being produced in both
directions, do not meet one another, even though they are being produced
indefinitely.

‘Parallel lines’ are here ©»1 1y (gqavin negdiyim). As observed above, ‘parallel’ is expressed
by two different terms in the discussion of the platonic solids, but not by the adjective negdi,
which is derived from neged. Since in premise 5 Judah chose the word hagbalah for ‘being
parallel’, here one would expect a word derived from the same root, namely magbil (5>apn).

Instead, he chooses a term that has appeared in neither of the texts before.

Of special interest is also the last part of the sentence, being produced indefinitely ( &9 W3
N0; yuts‘u le-‘en sof). The term ‘en sof literally means ‘without end’. In the correspondence
Judah uses a different term to express the notion of ‘infinite’ or ‘indefinite’. There, lines are
‘being produced’ 7pn N2 (be-‘en heger), which literally means ‘without examination’.” While
the expression ‘en sof is used with the same meaning by Abraham Bar Hiyya in his
mathematical writings,” the biblical expression ‘en heger appears to be specific to Judah’s
own mathematical terminology. It looks as though the two terms were used by Judah
interchangeably, yet in different places; one in the correspondence, the other in the
translation of the Elements. But the term heger does also appear in his translation of the

Elements, in premise 35:

A2 TIN0 AW IPN PN D WO AW 1P NONYY) L35

35. To produce a finite straight line continuously in a straight line.

70 Cf. paragraphs 3, 9, and 12.
7! Sarfatti, Mathematical Terminology, 76.
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‘Finite’ is here translated as 9pn 9 ww (she-yesh lo heger; which is examinable). The same
expression, she-yesh lo heger, is also used in the part of the encyclopaedia dealing with natural
philosophy. Resianne Fontaine argues that this expression, which seems to be used
exclusively by him, is one of the terms that Judah deliberately chose in order to distinguish
his writings from those of Samuel ibn Tibbon. In his translation of Maimonides’ Guide for the
Perplexed Samuel uses the expression n°95m Sya (ba ‘al takhlit) to express the concept of ‘finite’.
Again, it is difficult to determine with certainty what caused the differences in terminology
between the correspondence and the translation of the Elements on the one hand, and within

different sentences of the Elements on the other.

One possible explanation is that the differences reflect the fact that different expressions
were used in Judah’s Arabic vorlage. In fact, the Greek text of the Elements has two different
terms to express the concepts of ‘finite, determinate’ and ‘infinite, indeterminate’. In
definition 23 of the first book, which is the equivalent to Judah’s premise 32, the term apeiron
denotes ‘indeterminate’, while in postulate 2 (equivalent to premise 35) the term
peperasmenon denotes ‘finite’.’”” The inconsistencies we encounter in Judah’s 46 premises may
therefore be owed to the text he translated. However, there is no evidence to suggest that
Judah read the original Greek text or even knew Ancient Greek. Furthermore, all Arabic
translations and adaptations of the Elements that we consulted are consistent in their
terminology: the word apeiron in definition 23 is translated as ‘without end’, and the word
peperasmenon in the second postulate is translated as ‘with end’. The term that denotes ‘end,
extremity’ in both cases is one and the same in the Ishaq/Thabit version of the text, in al-

Nayrizi's commentary on the Elements and in Ibn Sina’s adaptation of the work: nihaya (&),

72 See Euclid’s Elements of Geometry, 7.

155



which originally means ‘utmost possible point’.” Thus, in all likelihood Judah’s use of two
different terms, sof and heger, to denote ‘end’ or ‘examination’, was not caused by his vorlage.
This may point to the fact that when translating the Arabic text, Judah simply used
whichever term first came to his mind, being unaware of any inconsistencies. But it is also
possible that the change of expressions bears witness to the chronological development of

Judah’s own, exclusive, mathematical terminology.

Another difference in expressions can be found in the wording of the first proposition of
book I of the Elements, which follows immediately after the 46 premises. There we read: And
from the point of section, which is G, we draw the two lines GB and GA.”* Here ‘point of section’ is
called maxnn n1py (nequdat ha-hatsivut). In the correspondence the same root, hatsav, was
also used to express ‘to cut’, but there the term for ‘point of section’ was meqom hatakh, not

nequdat hatsivut.

As book I of the Elements treats only plane geometry, we have to turn to other books in order
to compare the terms used for other concepts. The term for ‘ratio’ can be found in book V,
which treats proportions. Just like in the correspondence, the word used to express ‘ratio’ is
yahas. So we read in proposition V.4: We say that the ratio of HB to ZD is like the ratio of AB to GD.”
The wording is exactly like that found in the correspondence: Since the ratio OH to HN is like

the ratio CT to TN.”

Solid figures are discussed in books XI to XIII. Propositions 25 to 39 of book XI concern

parallelepipeds. Throughout, the Hebrew term being used is ©nown »1an »ann (ha-gufani

73 See “Arabic Text of Euclid’s Elements. Translated by Ishaq ibn Hunayn and Revised by Thabit ibn Qurra. Text
from the Uppsala Manuscript”; Abi |- ‘Abbas an-Nayrizis Exzerpte aus (Ps.-?) Simplicius’ Kommentar zu den
Definitionen, Postulaten und Axiomen in Euclids Elementa I, 35, 44; Ibn Sina, al-Riyadiyat, 1: Ustl al-handasah:18-19.
TENY 7273 P W 3 NI TAXNN NTIPIN NONMY.

7 Fol. [116v]: 173 SN /K DAY T3 YN 721 DN 7 0N,

76 3¢ SN HS DN IN IN MY O 3 (paragraph 15).
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ha-negdiye ha-shtahim; the solid with parallel surfaces).”” The term of the correspondence, ha-

shaweh ha-shtahim, does not appear in these propositions.

Regular polyhedra are treated in book XIII. In propositions 13-17, it is explained how to
construct the five regular polyhedra and to circumscribe spheres about them. In Judah’s

version, the beginnings of these propositions read:

13. Y819 T PYY D> DOYINN NNY MYNIWN MAVIN Y2IX Sy TN Nwy T899 [...]

How do we construct a pyramid having four equilateral triangles as bases, which a given

sphere comprehends.

14. Y7 7D POY 1D’ 2YdN NYY) TD

How do we construct a cube, which a known sphere comprehends.

15. VY72 917D NN DOYOND NNY MYIIVN MIAYIN NNNY DY 29N NYY) T

How do we construct a solid having eight equilateral triangles as bases, which a known

sphere comprehends.

16. Y77 997D MDY MYDIVN MIAVIN DMWY NHYI NN DY) TN

How do we construct a figure having twenty equilateral triangles as bases, which a known

sphere comprehends.

17. 977 972 NN DOYOND NNY MYNIND MIAVIN NIYY DINY DY 29D NUYI TS

How do we make a solid having twelve equilateral pentagons as bases, which a known sphere

comprehends.

The terms used here for the polyhedra are similar to those used in the correspondence, but
the terminology is more precise; instead of just being called ‘of four [eight, twelve, etc.]’, the

solids are exactly defined by the number and form of their sides. The difference may be owed

77 Fols. [123v]-[126V].
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to the different Arabic originals Judah is translating. Since in the discussion in the
correspondence he treats the definition of the polyhedra as known, Judah does not have to
make precise descriptions and shortens the terms. An exception is the cube; like in the
correspondence it carries the Arabic name muka ‘ab. Here, too, Judah does not use the Hebrew
term me ‘uqav that was employed by his predecessors. Another point of interest is the fact
that the solids are called both »9% (gufani; solid), as in prop. 15 and 17, and n s (tsurah; figure),
as in prop. 16. Furthermore, the ‘given’ sphere is first called ysm (mutsa; given), but
afterwards 7 (yadua; known). Exactly the same phenomenon we saw in the
correspondence; in the philosopher’s question the five solids were called o»9on nwnn
(hamishah gufanim; five solids) and the sphere yv1> 715 (kadur yadua ; known sphere), but in
Judah’s answer they were called mmx wnn (hamesh tsurot; five figures) and yxwm 75 (kadur

mutsa ; given sphere).

The phenomenon of (seemingly) interchangeable words is not restricted to these terms. In
the correspondence we saw that there was no clear distinction between naga ‘ and mishesh.
Both were used to express ‘to touch’. The same is true of the translation of Euclid’s Elements.
Preposition XI1.17 begins: [There are] two spheres on one centre, and we want to inscribe in the
greater sphere a polyhedral solid which does not touch the lesser sphere at its surface.”® The word
used for ‘to touch’ is naga ‘. But in proposition I11.16 we find the sentence: From this it is manifest
that the straight line drawn at right angles to the diameter of a circle from its extremity touches the
circle.” Here the word for ‘to touch’ is once more mishesh. Furthermore, the word expressing
‘extremity’ in this sentence is rosh, the same term that was used in the correspondence. But

qatseh, the term denoting ‘extremity’ in the definitions of book I, can also be found within

78 Fol. [130v]: Yopn 7797 NLWA ¥R XYY MIAWIN N2 NN 9ITHIN T2 MWYY 18I . THN 1991 5y DINTI Nv.
7 Fol. [129r]: n5MyY wwnn XN 9 NN N7 5Y POIYRN UNID RYPN 1PN ININ DY),
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the chapters on solid geometry. The first definition of book XI reads in Judah’s version:
A solid is that which has length, breadth, and depth, and the extremities of a solid are surfaces.” Here,
an ‘extremity’ is once more called gatseh. The ‘solid’ is not gufani but guf, a term that appears
neither in the correspondence nor in the rest of the translation of the Elements. Both use the
term gufani. Remarkable is also the fact that although premise 1.4 introduced the term pashut
to denote ‘surface’, the term used here is shetah. In fact, throughout the rest of the book the
term for ‘surface’ is shetah, like in the correspondence. It seems that after using the word

pashut in the initial definition, Judah changed his mind and opted for shetah instead.

Lastly, in the correspondence the words ke-neged and nokhehi denoted ‘parallel’, while in the
translation of book I (premise 3) the words negdi and hagbalah appeared. In the rest of the
Hebrew translation of Euclid, ‘parallel’ is in fact expressed through several Hebrew terms
side by side. A good example can be found in book 1. Propositions 1.27-31 all treat parallel
straight lines. In proposition 1.27 and the beginning of 1.28 the Hebrew term for ‘parallel’ is
ke-neged,” and le-neged in 1.31.% It is negdi in the second part of 1.28* and in 1.29.* In 1.30 we
find the verb higbil alongside negdi in one and the same sentence: If the two lines AB [and] GD
are parallel to line HZ, then lines AB [and GD] are also parallel [to one another].** While in the first
part of the sentence ‘[the lines] are parallel’ is expressed through yaqbilu [ha-qavin], in the
second part of the sentence the parallel lines are called negdiyim. Within the work, Judah’s
preferred term for the concept appears to be neged, be it as a preposition or as the derived
adjective negdi. It seems that only when he wishes to use ‘being parallel’ as a verb form, he is

forced to derive a verb from a different root: higbil. If this is the case, the word hagbalah in

% Fol. [120rv]: ©NOW 91N N8P NP AN TNINIY WW NN,

81 Fols. [102v, 103r]: 7173 Ta30 12K W2 %9 N,

82 Fol. [103r]: /321 05 %N W 'N NI DY aynd nywo.

8 Fol. [103r]: ©»710 I »wn P,

% Fol. [103r]: ©»70) 17 "V DN,

% Fol. [103r]: 010 [13] 72/ NP W DY VN IPY 1T 1N P DWW,

e
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the 46 premises of book I would have to be read as in their being parallel. Be that is it may, the
one term that cannot be found in propositions 1.27-31 is nokhehi, which appears solely in the
correspondence. The absence of this term constitutes a genuine difference between the

terminology of the Hebrew translation of the Elements and that of the correspondence.

In summary it can be said that the terminology of the correspondence shows a great
resemblance to that of the Hebrew translation of the Elements, but significant differences can
be made out. Striking is the different vocabulary used for ‘extremity’, ‘plane, surface’,
‘parallel’, ‘infinite’, ‘parallelepiped” and ‘point of section’. But it turns out that regarding
these terms, the translation of the Elements itself cannot be seen as a homogenous text.
‘Extremity’ is called qatseh in the definitions of books I and X1, while in the propositions it is
called rosh, the term used in the correspondence. ‘Plane’ is defined as pashut in book I, while
in the rest of the work it is expressed by shetah, the same Hebrew word used in the
correspondence. ‘Parallel’ is expressed by the terms negdi and higbil in the 46 premises, terms
which appear also in the rest of the work, but there alongside ke-neged. In the
correspondence, too, there are competing terms expressing ‘parallel’, but they are ke-neged,
which does not appear in the 46 premises, and nokhehi, which takes the place of the term
negdi used the Hebrew version of the Elements. ‘End’ is expressed in book I both by sof and
heger side by side, while in the correspondence the term heger is used. ‘Parallelepiped’
naturally does not appear in the first books of the Elements. The term used in book XI, gufani
ha-negdiye ha-shtahim, differs considerably from the gufani ha-shaweh ha-shtahim of the
correspondence. While both texts agree on the verb hatsav meaning ‘to cut’, the
correspondence deviates from this terminology in calling a ‘point of section’ meqom hatakh,
while in the Elements the term corresponds with the verb form: nequdat hatsivut. Finally, while

in the definitions of book XI a ‘solid’ is called guf, the term used elsewhere in the book is
gufani.
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It is very unlikely that all of these discrepancies are owed to differences in terminology of
Judah’s Arabic sources. While his abilities as a translator may be debatable, it also seems
unlikely that he simply did not feel the need for creating a clear and consistent mathematical
language, especially when we consider his substantial mathematical skills. Rather, the
findings suggest that the differences in terminology reflect a gradual development of Judah’s
specific mathematical terminology. In this case, the correspondence and the abbreviation of
the Elements may have been translated at different points in time. But the findings also
indicate that the Elements, too, were probably translated in different stages; the premises of
book I (and perhaps the definitions of book XI) being apart from the rest of the work. The
differences in terminology would therefore reflect three distinct stages in the development

of Judah’s mathematical language.

The Euclidean Terminology of MS. Hunt. 46

When comparing the terminology of the correspondence with that of the Midrash ha-
Hokhmah, we were referring to the seven manuscripts that contain (large parts of) the
mathematical part of the work. However, in the Biblioteca Palatina in Rome and in the
Bodleian Library in Oxford there are two manuscripts that also contain the beginning of the
Elements.** Both manuscripts hold a short text consisting only of the 46 premises and
proposition I.1, in other words, they contain book I of the Elements to proposition 1. Since in
structure and formulation their text is identical with that of the known copies of the Midrash

ha-Hokhmah, Tony Lévy has suggested that they contain a different Hebrew translation of the

% Oxford, Bodleian Library, Ms. Hunt. 46, fols. 13r-14r, and Rome, Biblioteca Casanatense, MS. Ebr. 2916, fols.
182v-183r.
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Arabic original, be it of the Arabic Midrash ha-Hokhmah or of an Arabic composition by
another author that served as Judah’s vorlage.”” When comparing this version of the text with
that of the correspondence, we find that their terminology is in fact much closer to that of

the correspondence than that found in the known copies of the Midrash ha-Hokhmabh.
In the Oxford copy of this text the first five definitions of book I read thus:*

PON DY PRY NN DTN .1

TP IPN OURD MW AN DO TIR NN PN .2

INNRD T NNRD PYNRI NIYIY MITPRI XAWNN NNNX DD NN MNKND XD IWIHIPN .3
.DNP NOLYN YN .T292 2N TIXR W YW XD NVYN .4

DNPNY DNYPHN PYRIIY DIPN NYIAPNI MNNN XIN NLWIND VIWLN .5

The great similarity between this text and the premises in the Midrash ha-Hokhmah is striking.
But here, in definitions 2, 3 and 5, the ‘extremities’ of lines and surfaces are not called gatseh
but wxA (rosh), as is the case in the correspondence. In definition 3 the term for ‘being
parallel” is not hagbala, but now (nokhah), derived from the same root that Judah uses in his
discussion of the platonic solids. The term for ‘surface’ in definition 4 is not pashut but, just
like in the correspondence, shetah. Only in definition 5 the terminology changes; instead of
shetah we find pashut for ‘surface’, and instead of nokhah, ‘being parallel’ is called hagbalah.
These are the exact terms that were found in the translation of the Elements in the Midrash

ha-Hokhmah.
The following premises (6 to 10) read:

LYY N9 DY NN NV DY DNNIIM TORD DR TAND DNP NY NMOOVN KON IMOVLYN TIORN .6

PN [ MY RN NNIND IR DY NN 0XII0N DIP NNV .7

87 Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon ha-Cohen,” 303-304.
8 Oxford, Ms. Hunt. 46, fol. 13r.
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MY NN N NNN DD P2 MY TNYN PN OTSNY NPN ONYND PO WP DY) TP Opdwd .8

N2
POY 0P NI IPN DY TNYN D 1NN DpN PN .9

TN N2 NR NIANIND MIVP ROIYI .NNNINN DD TN NIAXIN NOITY NONY 7NN .10

Again there are deviations from the terminology of the Midrash ha-Hokhmah: n»on (hatayah)
instead of n»v) (netiyah) for ‘inclination‘, nnyn (harwahah) instead of N~ (riwuah) for
‘distance’, and 2wy non Yy (‘al zulat yosher) instead of 7wy 5y &5 (lo ‘al yosher) for ‘not straight’.
But these differences concern only nuances. In the first two examples the words differ only
in the stem, while the roots are the same, the third example uses a different word for the
negation, while the noun is not changed. As these words do not appear in the
correspondence, the differences cannot give us any clues about the authenticity of the text.
But in definitions 8 and 9 the text shows another similarity to the terminology of the
correspondence: the verb expressing that a perpendicular is ‘standing’ on a line is op (gam),
instead of the verb 1y (‘amad) that was used in the version of the Midrash ha-Hokhmah. When
describing the construction of a perpendicular in the correspondence, Judah writes: We
produce the line up to the surface of the sphere, and erect on its end a perpendicular.* Here, too, he

uses the root 0w (qum) to express the action of ‘making a line stand’, not oy (‘amad).

The premises that follow show little difference to the terminology of the Midrash ha-
Hokhmah. Again, most of these differences concern stems, while the roots remain unchanged.
In this text, too, the term used for ‘parallel’ in premise 32 is negdi. The word ‘heger’, as we have
said typical of Judah’s very own terminology, also appears in premise 35; but here the clause

PN 9 v (she-yesh lo heger) is replaced with vpn Sya (ba ‘al heger).

¥ TNy YWNA BY DPN NTIN NVY TY PN N (paragraph 6).
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Finally, in proposition 1 the text of the additional two manuscripts deviates from both the
terminology of the correspondence and from that of the Midrash ha-Hokhmah. The term
‘point of section’ is here expressed neither by meqom hatakh as in the correspondence, nor by
nequdat hatsivut as in the Midrash ha-Hokhmah. 1t is called mmn»5 n1p)y (nequdat kritut). To
express ‘to cut, intersect’ in this case the root n1> (karat) was used - a term not appearing in

the texts we have seen before.

All in all the similarities between the terminology of the Oxford manuscript and that of the
correspondence are so great that it is safe to assume that both translations were rendered
by the same scholar, Judah ben Solomon ha-Cohen. When comparing the correspondence to
the translation of the Elements in the Midrash ha-Hokhmah, we found that major differences
between the two texts lay in the terms they used for ‘extremity’, ‘plane, surface’, parallel’,
‘parallelepiped’, and ‘point of section’. While the term ‘parallelepiped’ does not appear in this
second version of the 46 premises, the others do. In this manuscript the word for ‘extremity’

is rosh, as is the case in the correspondence. Like in the correspondence, the term for ‘plane’

is shetah. The word for ‘parallel’ is nokheah, a word that does not appear in the Midrash ha-

Hokhmah at all, but that is used in the correspondence. Only nequdat kritut, the term for ‘point
of section’, differs from both the terminology of the correspondence and that of the Midrash
ha-Hokhmah. To this list can be added the terms for ‘to stand’ and ‘to erect’, gam and heqim;
the correspondence and the second version of the 46 premises use the root 0¥p to express

these terms, while in the Midrash ha-Hokhmah the root used is Toy.
The main differences in the terminology are shown in the following table:
Term MH, 1.1 MH, main text MS. Oxford Correspondence

extremity qatseh rosh rosh rosh
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Term MH, 1.1 MH, main text MS. Oxford Correspondence

surface pashut shetah shetah, pashut  shetah

parallel negdi, higbil negdi, hiqbil, ke- nokheah, ke-neged, nokheah
neged higbil

point of nequdat nequdat kritut  meqom hatakh

section hatsivut

to stand ‘amad ‘amad qum qum

parallelepiped negdiye ha-shtahim shaweh ha-

shtahim

If we assume that the differences in the terminology were not added by later copyists, then
it is clear that the table reflects different stages in the development of Judah’s mathematical
terminology. It is difficult to make out in what way this terminology developed. If Judah
translated the parts of the text in the order that they appear in the Midrash ha-Hokhmah, the
tirst stage of the vocabulary would be that of MH 1.1, followed by MH, main text and then by
the correspondence. The transition would have been from qatseh to rosh, from pashut to
shetah, from negdi, higbil to ke-neged, nokheah and from ‘amad to qum. Due to its similarity to the
correspondence, MS. Oxford could then form the last stage. The appearance of the terms
pashut and higbil in MS. Oxford would contradict these results only seemingly; they could be
interpreted as interference of MH 1.1, on which this second translation was based. But also
the opposite is possible; the correspondence and MS. Oxford could be the earlier stages in
the development, of which MH 1.1 formed the last stage. The differences in MH 1.1 and MH,

main text could have been caused by the different types of text they present; when
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translating definitions literally, Judah used a new vocabulary, but when paraphrasing he fell

back to the vocabulary he had used earlier.

In summary, it can be stated that the analysis of the mathematical terminology used in the
correspondence yields the following results: The terminology that Judah uses is for the
greatest part based on that of Abraham Bar Hiyya. He may have acquired this terminology
by studying Bar Hiyya’'s works directly, or by reading Samuel Ibn Tibbon’s Hebrew
translations of different Arabic texts containing mathematical terminology, of which he was
certainly aware. But Judah also made changes to the terminology of his predecessors and
introduced his own specific vocabulary. This vocabulary was not static, but changed
gradually in the course of time. We can make out at least three different stages in the
development of Judah’s terminology, but it is not possible to decide in which order these
stages took place. However, it is possible to conclude that the Hebrew translation of the
mathematical part of the correspondence and the Hebrew translation of the mathematical
part of the Midrash ha-Hokhmah in all probability were not carried out within the same period

of Judah’s working life.

166



Spherical astronomy

In the second part of the correspondence, Judah professedly renders a Hebrew translation of
the philosopher’s discussion of an astronomical problem, with which Judah himself clearly
disagrees. But once again, it is not the astronomical content of the discussion that will be
analysed in this chapter but the language that is used to transfer this content from one
cultural setting to another. Judah’s Hebrew astronomical terminology can give us clues as to
the strategy he followed when finding Hebrew equivalents for Arabic technical terms, as it
reflects on possible Hebrew sources that he consulted when forming his own vocabulary.
Comparing the terminology used in the correspondence with that used elsewhere in the

Midrash ha-Hokhmah will help in reconstructing the formation history of the encyclopaedia.

Once again this research depends heavily on the study of Arabic astronomy, since the first
astronomical texts written in Hebrew relied entirely on Arabic sources. At the time the
correspondence between Judah and the emperor’s philosopher took place, the vocabulary of
astronomical terms in Arabic had been standardized for a large part. Although different
authors might have used slightly different Arabic expressions to convey the same concept,
most of the technical vocabulary remained the same in different treatises. It is therefore
possible to reconstruct the Arabic astronomical terms that Judah is translating with some

accuracy, even though the Arabic original of the correspondence is lost.

Judah’s question to the emperor’s philosopher pertains to a standard problem of spherical
astronomy: the geometrical proof for the differences between right and oblique ascensions,
that is, the differences between the rising times of certain arcs of the ecliptic depending on
the position of the observer. In his answer the philosopher makes use not only of
arithmetical terms, such as to add, to subtract, to multiply, to divide, unknown, but he also refers

to numerous concepts of spherical astronomy: arc, beginning of Aries, ascendant, right
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ascensions, oblique ascensions, celestial sphere, circle, declination, degree, distance, ecliptic, celestial
equator, terrestrial equator, horizon, latitude of a locality, meridian, pole, to rise, rising amplitude, sine,

cosine, sinus totus, solstice, sphaera obliqua, sphaera recta, zenith, and zodiacal sign.

When finding Hebrew equivalents for these astronomical terms, there were only a few texts
available in Hebrew that Judah could rely on as a source. The first Hebrew works dedicated
exclusively to astronomy were authored by Abraham Bar Hiyya (c.1070-c. 1136) and Abraham
ibn Ezra (1092—1167). While philosophical and scientific works rendered in Hebrew after the
pioneering work of these two authors did touch on astronomical subjects, the next works
that have come down to us which deal solely with astronomy, be it original compositions or
translations of Arabic works, were rendered more than 60 years after Ibn Ezra’s death. It was
between 1231 and 1235 that Jacob Anatoli, son-in-law of Samuel ibn Tibbon, translated
Ptolemy’s Almagest from the Arabic into Hebrew as Hibbur ha-gadol ha-nigra al-Magesti. As
Mauro Zonta has shown, Anatoli relied not only on an Arabic source in his translation but
also consulted the Latin translation made by Gerard of Cremona when the Arabic text was
difficult to understand.” At the time, Anatoli was residing in Naples, where he had been
employed as a physician by Emperor Frederick II. In his Malmad ha-Talmidim (‘A Goad to
Scholars’), a collection of homilies containing allegorical and philosophical exegesis, Anatoli
even reports of several discussions on philosophical subjects that he had with both the
emperor and his court philosopher Michael Scot. In addition to the Almagest, Anatoli
rendered Hebrew versions of Ibn Rushd’s Epitome of the Almagest, which is lost in the Arabic

original, and al-Farghan’s Astronomy. It was at the same court, about a decade later, that the

*® Zonta, “La tradizione Ebraica dell’Almagesto di Tolomeo.”
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next astronomical work was rendered in Hebrew: the astronomical part of Judah ha-Cohen’s

Midrash ha-Hokhmabh.

Thus, if we leave aside any treatises that only marginally touched upon astronomical
questions while mainly dealing with other topics, there were only three authors we know of
who rendered complete astronomical works in Hebrew before Judah ha-Cohen translated the
Midrash ha-Hokhmah into Hebrew. Two of them had been active more than a century before
him, while the third was Judah’s contemporary. Both in the correspondence and in the other
parts of his encyclopaedia dealing with the subject, Judah shows a thorough knowledge of
spherical astronomy. As a skilled theoretical astronomer, he would have been interested in
any Hebrew astronomical works that were accessible to him. Yet, the only Jewish authority
that is explicitly mentioned in the astronomical part of the Midrash ha-Hokhmah is the
otherwise unknown Hispano-Jewish astronomer David ibn Nahmias, for whose teachings
Judah’s encyclopaedia is our only source.” If Judah relied on works entirely dedicated to
astronomy as an inspiration for his own astronomical writings, we might find parallels in the
vocabularies used by the three authors mentioned above. While Judah ha-Cohen and Jacob
Anatoli could draw on earlier works when finding Hebrew expressions for astronomical
terms, their predecessors had to create a completely new Hebrew astronomical vocabulary.
In order to better understand Judah'’s strategy when creating his Hebrew terminology, we
will compare the technical terms that he uses in the correspondence with the astronomical
vocabularies of Abraham Bar Hiyya, Abraham ibn Ezra and Jacob Anatoli. Furthermore, in

order to establish whether Judah’s terminology is consistent throughout his encyclopaedia,

°! Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 375.
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we will compare the technical terms of the correspondence with that of the rest of the

astronomical part of the Midrash ha-Hokhmah.

Comparison

As regards mathematics, Abraham Bar Hiyya and Abraham ibn Ezra were interested in
different branches of these sciences. While Bar Hiyya dedicated his mathematical treatises
to geometry and some arithmetic, Ibn Ezra’s mathematical works deal with arithmetic and
combinatorial analysis. Therefore, a direct comparison between the technical vocabularies
of Abraham Bar Hiyya, Abraham ibn Ezra, Jacob Anatoli and Judah ha-Cohen was impossible.
But as the astronomical question that Judah poses to the Christian philosopher pertains to
fundamental principles of spherical astronomy which are treated by Bar Hiyya, Ibn Ezra and
Anatoli alike, it is possible to make a comparison of the astronomical terminology used by
the four authors. For the Arabic terminology, we consulted articles on Arabic astronomical
terminology by E.S. Kennedy, D.A. King, W. Hartner, and F. De Blois. In addition, we consulted
E.W. Lane’s Arabic-English lexicon,”” and the glossary of astronomy that can be found in the
astronomical handbook al-Zij al-jami ‘ by the Iranian astronomer and mathematician Kashyar
ibn Labban (written in 1020-5).” For Bar Hiyya’s terminology we consulted his astronomical
treatises Tsurat ha- Arets (‘The Shape of the Earth’) and Heshbon Mahalakhot ha-Kokhavim
(‘Computation of the Motions of the Stars).” While the first treatise describes the form and
structure of the universe, the second treatise is dedicated to astronomical calculations. This

will be our main source for Bar Hiyya’s astronomical terminology. For Ibn Ezra’s terminology

°2 Lane, Arabic-English Lexicon, 1863, repr., Cambridge 1984.

% Edited and translated by Mohammad Bagheri, “Ktshyar ibn Labban’s Glossary of Astronomy.”

% The first treatise was printed in Offenbach in 1720: Hiyya, Sefer tsurat ha-arets. A Spanish translation was
rendered in 1956 by J.M. Mill4s Vallicrosa: La obra Forma de la tierra de R. Abraham Bar Hiyya ha-Bargeloni. The
second treatise was edited and translated into Spanish by Millas Vallicrosa in 1959: Séfer Hesbén mahlekot ha-
kokabim.
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the following works were used: Firstly, his treatise on the use of the astrolabe, Sefer Keli
Nehoshet. The author rendered three different versions of the treatise, of which two exist
only in manuscript form. For our study we used the first version, which was written in Lucca
in 1146 and printed in Kénigsberg in 1845.” Our second source is his Hebrew translation of a
commentary on the astronomical tables of Abili Ja’far Muhammad b. Miisa al-Khwarazm1
(first half of the 9" century). The commentary was authored, probably in the tenth century,
by the Andalusian scholar Ibn al-Muthanna. Ibn Ezra translated it into Hebrew in 1160, while
he was staying in England.”® In doubtful cases, also the two versions of his astrological work
Sefer ha-Te ‘amim (‘The Book of Reasons’) were consulted. The earliest version was written in
Beziers in 1148.” For Jacob Anatoli’s astronomical vocabulary we consulted three of his
works, which were all rendered in Naples between 1231 and 1235: firstly, his Hebrew
translation of Ptolemy’s Almagest. The text exists only in manuscript form.” Mauro Zonta has
shown that Anatoli used both Arabic and Latin sources in his translation: the structure of his
text follows the Latin version of Gerard of Cremona, but when translating, Anatoli followed
the Arabic sources of Gerard’s version. When the Arabic text was difficult to understand, he
amended the text according to the Latin version. Like Euclid’s Elements, the Almagest, too, was
translated into Arabic several times. The oldest translation was made by the otherwise
unknown al-Hasan ibn al Quraysh at the beginning of the ninth century. This translation

ibn Matar in 827. A third translation was made by Ishaq ibn Hunayn, which again was revised

% Ibn Ezra, Sefer Keli nehoshet. For a study of the different versions of the text see Sela, Abraham ibn Ezra and the
Rise of Medieval Hebrew Science, 28-36.

% The text was edited and translated by B.R. Goldstein: Ibn al-Muthanna’s commentary.

7 Both versions were edited and translated by Shlomo Sela: The Book of Reasons.

% We consulted the manuscript Paris, Bibliothéque nationale, MS. hébr. 1019 (henceforth: MS. Paris 1019).
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by Thabit ibn Qurra.” Following Gerard of Cremona’s Latin version, Anatoli’s text appears to
be a mixture of the latter two Arabic translations.'” The second source for Anatoli’s
vocabulary is his Hebrew translation of the Compendium of the Science of the Stars by the Arab
philosopher Abu al-‘Abbas Ahmad ibn Muhammad ibn Kathir al-Farghani (active in the
second half of the 9" century). The Hebrew text exists only in manuscript form.” The Arabic
text was printed in Amsterdam in 1669.' In this translation, too, Anatoli consulted both the
Arabic original and Gerard of Cremona’s Latin version. Our third source is his Hebrew
translation of the Compendium of the Almagest by the Andalusian scholar Ibn Rushd (1126-
1198). The Arabic original of the work is lost. The Hebrew translation consists of two major
parts. The first part of the work has been edited by J. Lay in her doctoral thesis L'abrégé de
l'Almageste, attribué a Averroés, dans sa version hébraique: étude de la premiére partie (Paris, 1991).
The second part exists only in manuscript form.'” Lastly, the terminology of the
correspondence will be compared with that of the astronomical part of the Midrash ha-
Hokhmah. 1t consists of two treatises: Judah’s paraphrases of Ptolemy’s Almagest and of al-
Bitrhji’s Principles of Astronomy.'* As the question that is raised in the correspondence, that
is, the geometrical proof for oblique ascensions, is discussed in the second book of the
Almagest, Judah’s Hebrew rendering of this work will be our main point of focus. It has yet to
be determined to which tradition of the Arabic Almagest Judah’s Hebrew version is closest. In
any case, Judah’s Hebrew rendering appears to be less of a translation, but rather a

paraphrase that sometimes rearranges the original text. Following the general structure of

% An overview of these traditions and the existing manuscripts can be found in Zonta, “La tradizione Ebraica
dell’Almagesto di Tolomeo,” 327.

100 1hid,, 342.

1 We consulted the manuscripts Paris, Bibliothéque nationale, MS. hébr. 1022 (henceforth: MS. Paris 1022); and
Mantua, Comunita Israelitica, MS. ebr. 4 (henceforth: MS. Mantua 4).

192 This version was reprinted in 1986: Jawami * ‘ilm al-nujum.

163 We consulted MS. Mantua 4.

104 We consulted the manuscripts Vatican City, Biblioteca Apostolica Vaticana, MS. Ebr. 338 (henceforth: Ms.
Vat. 338), and Oxford, Bodleian Library, MS. Mich. 551 (henceforth: MS. Mich. 551).

172



the Almagest, Judah tries to convey the astronomical theories and mathematical principles
that can be found in the work, rather than the concrete data. Thus, he leaves out Ptolemy’s
tables and star catalogue and concentrates on transmitting the geometrical proofs that form

the basis of these tables.

In the following, the Arabic terms that were commonly used to express the notions that
appear in the correspondence will be presented. They will be compared the terms frequently
used by Abraham Bar Hiyya, Abraham ibn Ezra, Jacob Anatoli, and lastly, Judah ha-Cohen

himself in the books under consideration.

General arithmetical terms

The general arithmetical terminology of the four authors does not differ greatly in their
astronomical writings. All four authors use the verb 593 as a translation of the Arabic verb
w0 (daraba; ‘to multiply’), and p>n as a translation of puwud (gasama; ‘to divide’). The Arabic
verb denoting ‘to add’ is 3y (zada). Abraham Bar Hiyya uses the terms §>©1n, 72°n, 9% and
¥2p. Abraham ibn Ezra appears to use only the first two verbs, 9011 and 12°n, in the writings
under consideration, while Jacob Anatoli and Judah ha-Cohen make use of the first three
terms, 9>010, 72>n and 9. Slight differences between the authors can be found regarding
the term for ‘to subtract’, yasi (nagasa) in Arabic. Abraham Bar Hiyya uses the verbs y1» and
»o3n for this notion. Abraham ibn Ezra, too, uses the verb y7», but 80811 does not appear in
his astronomical writings. Instead, he uses the verb 7on as an alternative. Jacob Anatoli
applies all three of these verbs, but in addition, he uses the rather unusual verb 5 to denote

‘to subtract’.'® Judah ha-Cohen frequently applies the verb y7», but on at least two occasions,

195 The term 5790 does not appear in any text analysed in G. Sarfatti’s Mathematical Terminology.
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once in the correspondence and once in his summary of the Almagest, he also uses the verb

990,

There is another uncommon arithmetical term used by both Jacob Anatoli and Juda ha-
Cohen. The Arabic term for ‘unknown’ is Jgg=o (majhiil). The participle is derived from the
verb Jp> (jahila), which originally denotes ‘being ignorant, silly, foolish’. We could not find
an equivalent Hebrew term in Abraham Bar Hiyya’s writings. Abraham ibn Ezra refers to
unknown quantities as wpan (‘sought, desired, demanded’),"” which appears to be a
translation of the Arabic term with the same meaning, wgllao (matliib). Jacob Anatoli,
however, uses the term 950 to refer to an unknown quantity.'” Like the term majhil, the
Hebrew participle is derived from a verb that originally denotes ‘to be foolish’, which is the
biblical Hebrew verb Y>0. While the verb Y5010 was already used by Judah and Samuel ibn
Tibbon,'® Jacob Anatoli appears to be the first person to use the participle in a mathematical
sense. Judah ha-Cohen takes over Jacob Anatoli’s term. Y5vm appears both in the

correspondence and in his summary of al-Bitr@iji’s Principles of Astronomy.'”

Zodiacal sign
The Arabic term g (burj, plural g9, burtj) originally means ‘tower’, but in astronomy it

refers to the twelve signs of the zodiac. The Hebrew translation of this term used by all four

authors is 9. This does not come as a surprise since the term had been in use long before

106 “upyann KIN VI NN DMONN NONRN W2 MM, Ibn al-Muthanna’s commentary, 121. “wp1ann X0 INIM”,
Sefer Ha-Mispar, 7.

107 MS. Mantua 4, fol. 76r, 11. 22, 23.

108 Judah ibn Tibbon uses the word in his Hebrew translation of Judah ha-Levi’s Kuzari. He translates the
sentence “NYava SM0 ’NNNR JINNHN N7 as “1wava 301 NN IWaNN 137, Levi, Sefer ha-Kuzari, 120; “Kitab al-
radd wa-al-dalil fi al-din al-dhalil,” iv.1. In his translation of Maimonides’ Guide for the Perplexed Samuel renders
“aN0W DI YW 1IN DN DTV NPPN 39 9YNON KD OIRYN NYINY” as “ 12rY ImNosn NNNKI MY PR NOYN DV
9NN 92T 950 127 o, Dalalat al-ha'irin, 99 (1.60).

109 #15501971 /90 NWP 273D 10 DX NN NIWP 2273 TIVD IYITN /2 WP 209 IYVITN YR VP 29 T R 752957,
MS. Mich. 551, fol. 164v.

174



the first spherical astronomical treatises were written in Hebrew. Already in the bible the
term mbn in the plural denotes ‘lodging places of the sun, zodiacal sign’.'" In rabbinic
writings the singular referred to ‘zodiacal sign’, or ‘planet’, but it also gained the additional

meaning of ‘destiny’ - a connotation that the Arabic term burj does not have.

Celestial sphere, circle

One of the most important terms in spherical astronomy is the term denoting ‘sphere’ itself.
It seems somewhat surprising that there are two different terms denoting the concept in
medieval Arabic. When referring to the mathematical concept of ‘sphere’, scientific writers
usually used the term &,S (kura). However, when discussing the ‘celestial sphere’, they would
apply the word U8 (falak). This second term did in fact have several meanings; apart from
‘celestial sphere’, the word could also refer to ‘the revolving of the heavens’, or to any kind
of ‘circuit’. Accordingly, it also was applied to denote ‘celestial circle’, alongside the term
d,5l> (da’ira), which was used for ‘circle’ in a mathematical sense. Medieval scientific writers
did not always use these different terms consistently. The eleventh century Iranian
polymath al-BirGini writes regarding the nomenclature: “da ira [‘circle’] and falak are two
terms that denote the same thing and are interchangeable; but sometimes falak refers to the
globe (kura), in particular when it is moveable [...]"*"* The Arabic term gg,.JI cU$ (falak al-
burtj; ‘the falak of the zodiacal signs’),"? for example, could thus refer to both the sphere and
the circle of the ecliptic, that is, the apparent path of the sun on the celestial sphere. When
explicitly referring to the ecliptic circle, some authors would add the word da ira to form the

expression and gg,Jl s 8,515 (da’irat falak al-burdj; ‘the circle of the falak of the zodiacal

1192 Kings 23,5.
1 Hartner, “Falak.”
12 This expression is regularly used, for example, by al- Farghani in the Jawami ‘ilm al-nujam.
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113

signs’),"® or they would simply write zg,Jl 8,5|> (da irat al-buriij; ‘the circle of the zodiacal

signs’).""*

Abraham Bar Hiyya uses three different Hebrew terms to discuss celestial spheres and circles.
When explicitly referring to celestial spheres, he employs the term ypn, which in biblical
Hebrew denotes the ‘firmament of heaven’. When writing about celestial circles, he employs
the words 1918 and 9»9). In Biblical Hebrew both terms denoted ‘wheel’, but the word 993
came to be used to refer to both a round celestial body, like the sun, and a celestial sphere in
Talmudic times."” The ‘sphere of the ecliptic’ is thus called m5wnn ¥pA in his writings."® In
order to refer to the ‘ecliptic circle’, he employs the expression minn 19, ‘the wheel of the
zodiacal signs’."”” However, the term mb>wn %03 does appear in other treatises, such as the
Sefer ha-Ibbur."'® Only the term 5wy, which he uses to denote ‘circle’ in his treatises on
geometry, does not appear in his astronomical writings. While there is no doubt about the
fact that yp denotes ‘celestial sphere’, there is some confusion amongst scholars regarding
the correct meaning of the terms 9w and Y% in Bar Hiyya's writings. A reasonable
definition of the two terms is given by J.M. Millas Vallicrosa in his Spanish translation of Sefer
Heshbon Mahalakhot ha-Kokhavim. He maintains that 193 denotes ‘circle’, and 939 ‘revolution’

or ‘orbit’.'” Apparently Bar Hiyya was aware of the three different meanings of the Arabic

113 ¢

Kashyar ibn Labban’s Glossary of Astronomy” No. 15.

14 This expression is used in “Kashyar ibn Labban’s Glossary of Astronomy”, No. 21.

115 Sarfatti, Mathematical Terminology, 97.

116 “99y1nY NP NIRN DY 22700 MOWN WP NXIN DD IR N9IND 20WN WP, Séfer Hesbén mahlekot ha-kokabim,
7.
W7 Séfer Hesbdn mahlekot ha-kokabim, index: mwan y9x (p. 141).

118 Sefer ha- ‘ibur, 10.

19 Séfer HesSbén mahlekot ha-kokabim, index (p. 141). This matches the definition given by Bar Hiyya himself: “ 95
J9INIMIN PRIMP NN 11D INOPN TITH IMN PIINT PRY KDY 91,9393 IMN PP NN 5323001 2210 Y0P IWwN 5wy,
Sefer ha- ‘ibur, 10. L. Efros interprets the two terms differently. He defines Y9 as “orbit, hence different from
galgal (q. v.), which denotes a sphere.” (“Studies in Pre-Tibbonian Philosophical Terminology,” 135). However,
this definition is definitely wrong regarding Bar Hiyya’s Sefer ha-Ibbur, where he describes that the celestial
equator, 7w N 939, equals the horizon for inhabitants of the North Pole. In this case, 9393 thus has to be some
kind of circle, and not a sphere. “ 71" WX TN TOW AN AVIP NP DIPIN 'Y MYN 1PN PINT NIN TWN DIPH)
ANDIN P PPN JI NIRIN P WA 9IN Y NN 99,7 Sefer ha- ‘ibur, 12.
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word falak and chose three different Hebrew words to render the meanings ‘sphere’, ‘circuit’,

and ‘revolution’.

The authors that came after Bar Hiyya did not consistently distinguish between these three
meanings of the Arabic term falak. In fact, the inconsistency of the Arabic nomenclature is
constantly reflected in Hebrew astronomical writings. Abraham ibn Ezra uses the Hebrew
word 99 as a translation of falak, and the word n5wy as a translation of da’ira. In his
translation of Tbn al-Muthanna’s Commentary, Ibn Ezra makes a distinction between 9393
mown, ‘the sphere of the ecliptic’,'”” and mbwan Y nbwy, ‘the circle of the sphere of the
ecliptic’, or in short, ‘the ecliptic circle’.’" However, like the Arabic falak, the term 533 can
also refer to a ‘circle’ in Ibn Ezra’s writings. Thus, in his Sefer ha-Te ‘amim, the term 5y1310 93531

does not mean ‘great sphere’ but ‘great circle’.'*

Jacob Anatoli, too, uses the word 9393 as a translation of falak, while his Hebrew translation
of daira differs slightly from Ibn Ezra’s term. Instead of nbny he uses the word Y1y, which is
the word for ‘circle’ (in a mathematical sense) that was introduced by Abraham Bar Hiyya.
Thus his Hebrew translation of falak al-buriij is mbwan 9393,' but his Hebrew expression for
‘ecliptic circle’ is mbwnn Sny.'* He does not use the combination 9393 Yy (‘the circle of the
sphere’) when referring to the ecliptic, but the expression does appear regarding the
meridian circle.”” Furthermore, Anatoli also uses the Hebrew word Swy in itself as a

translation of the Arabic falak. In his translation of al-Farghant’s Astronomy he consistently

1205y 1YY XIN ©Y9ITIN 552 SYTHN NXIN DIPHYN D¥2015N 939 KINW S0 Monn 9193 0 oyom”, Ibn al-Muthanna’s
commentary, 109.

ZLEmbon 939y nony nwyy M, Ibn al-Muthanna’s commentary, 108.

122 See The Book of Reasons glossary, “great circle” (p. 382).

123 MS. Mantua 4, fol. 169r, . 8; cf. Jawami * ‘ilm al-nujam, 40, 1. 2.

124 MS. Paris 1019, fol. 23v, 1. 14.

125 41 980 993 Sy 80”7, MS. Paris 1019, fol. 23r, 1. 27.
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renders the expression Jledl cUsJl (al-falak al-ma il; ‘the inclined sphere’) as nown Snyn (ha-

‘agul ha-noteh; literally ‘the inclined circle’).*

Like Abraham ibn Ezra and Jacob Anatoli before him, Judah ha-Cohen uses the 9% to
translate the Arabic word falak. As a translation of the Arabic word for ‘circle’, da ira, Judah
employs nbny, which is the word that was used by Ibn Ezra. The expressions he uses for
‘ecliptic’ in both the correspondence and his abbreviation of the Almagest are thus myn 9353
and MmN nHny. Regarding the meaning of these terms no consistent distinction is made:

both refer to the ecliptic circle.””’

Ecliptic

As stated above, the Arabic term for ‘ecliptic’, that is, the sun’s annual path in the sky, is <U$
codl (falak al-burdj; ‘the falak of the zodiacal signs’). As the term falak is ambiguous, the word
for ‘circle’, &,5l> (da’ira), is sometimes used in front of, or instead of, the term &S (falak).
However, there is also another expression for this notion: zg9,J| dslhio (mintagat al-burij,
‘the belt of the zodiacal signs’). It is also called gg,J| 29 aslrio (mintaqat falak al-burdyj; ‘the
belt of the falak of the zodiacal signs’). This term, too, is somewhat ambiguous, as it can refer
to both the ‘ecliptic circle’ and the ‘zodiac’. As the ‘zodiac’ is a zone or ‘belt’ that extends to
the north and south of the ecliptic circle, the ‘ecliptic’ itself is sometimes also called ‘the

circle running through the middle of the zodiac’, or simply ‘the middle of the zodiac’, in

Arabic: 29 ,Jl o g (wasat al-burij).'*®

126 MS. Paris 1022, fol. 18r, 1. 12; MS. Mantua 4, fol. 169r, 1. 22. Cf. Jawami “ ‘ilm al-nujim, 40, 1. 19.

127 Thus, when writing about ‘each arc of the northern half of the ecliptic’ in the correspondence, Judah is
obviously referring to the ecliptic circle, but he uses the word 9353 instead of nomy: “ MmN 9353 ssnn nwp o5
»maxn”, edition, paragraph 34.

12 Hartner, “Mintakat al-Buraidj.”
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In Abraham Bar Hiyya’s writings we find the terms m5wnn y»p (‘the sphere of the ecliptic’),
monn o (‘the circle of the ecliptic’), and m5wnn 9293 (‘the orbit of the ecliptic’). Abraham
ibn Ezra uses mvwnn 9393 (nony), ‘(the circle of) the sphere of the ecliptic’. But he also employs
the peculiar expression mown 9393 nTax awn (‘the belt of the dress of the zodiac’), which he
sometimes shortens to nToxN awn (‘the belt of the dress’) or to 93930 nTon (the dress/belt
of the sphere).'” This term appears to be a translation of the Arabic gg,J| 218 aslnio. Jacob
Anatoli’s terminology is less obscure. He refers to the ‘ecliptic’ as mbwn 99 (‘the
sphere/circle of the zodiacal signs’), mowan yxnx 51y (‘the circle of the middle of the zodiacal
signs’) or mvwn 9393 yxnx (‘the middle of the sphere/circle of the zodiacal signs’). Judah ha-
Cohen uses the terms m5wn 9393 (‘the sphere/circle of the zodiacal signs’) and m5wn nony
(‘the circle of the zodiacal signs’) throughout the Midrash ha-Hokhmah. However, in the
summary of the Almagest we find in addition Ibn Ezra’s term m>vn 939 nmoan (‘the dress of
the sphere of the zodiacal signs’) and the term m5vwn nmax ysnx (‘the middle of dress of the

zodiacal signs’).”*

Pole

The Arabic term for ‘pole [of a sphere]’ is wdad (qutb),” a word that originally denotes ‘axis,
pivot of a mill’. Abraham Bar Hiyya introduces the concept into the Hebrew language by
forming the loanword 2vp."** In contrast, Abraham ibn Ezra employs the word y1o to convey

the same meaning.”” The word originally denotes ‘block’, as in ‘the block of a millstone’. He

12 The term nmax awn (‘the belt of his dress’) is of biblical origin (Ex. 28,8 and 39,5). It refers to the ceremonial
dress of the high priest Aaron. On Ibn Ezra’s use of the term see Sela, Abraham ibn Ezra and the Rise of Medieval
Hebrew Science, 137-139.

130 £ NNW 995 Y8MY DOYIY VD TRRD MPHI MSIHBN 9393 NTIONKD NN 1590 PN PAY NOVIVYNI 91 NVINT NIM
DYPON NNNY IWPNN NN 1IN PIN MNNN MNIYN MIPY RXNI .WIOY DOPON NYWN NOMN YIDX IWPN NTIPIN IPINM
YISV MIND DI /NN MYINN NTION YSHND IPIN 71PN 7295 .wmn mns”, MS. Vat. 338, fol. 239rv.

131 See, for example, “Kishyar ibn Labban’s Glossary of Astronomy”, No. 14,

132 Sarfatti, Mathematical Terminology, 92.

133 5NN NN DYPWI DPRY YTON Y DN DNY 023019707, Sefer Keli nehoshet, 23.° m51nn 9393 %70 1 DINIX YW
Moy NHOW YT 03 V", The Book of Reasons, 50.
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thus uses a Hebrew word with a similar original meaning to that of the Arabic term instead
of introducing a loanword. However, the generations of translators that followed Ibn Ezra,
among them Jacob Anatoli, used the loanword that had been introduced by Abraham bar
Hiyya. Judah ha-Cohen on the other hand consistently uses Ibn Ezra’s term y1o throughout

the Midrash ha-Hokhmah.

Meridian

The Arabic expression denoting ‘meridian’ is ,lpdl waas (US) &,5ls (da'irat (falak) nisf al-
nahar; literally ‘the circle (of the sphere of) half the day’).”** As we have seen, the four authors
differ in their translations of ‘circle’ and ‘sphere’, but they all use the same Hebrew

expression, DY 8N, as a literal translation of ‘half the day’. ***

Celestial equator

The Arabic term for the ‘celestial equator’ is , gl Jaso 8,51 or ;| Jaso 2l (da irat /falak
mu ‘addil al-nahar; ‘the circle of the equalizer of the day’).””® The Arabic noun Jass in this
expression is derived from the root Jac, which originally denotes ‘to act justly, rightly’. The
participle in the second stem signifies ‘making straight’ or ‘making even’. Abraham Bar Hiyya
translates the expression ,lpidl Ja=oe (‘making even of the day’) with the biblical Hebrew

noun M, from the root v (‘straight’), which originally signified ‘uprightness’, ‘justice’,

134 “Nisf al-Nahar”; “Kashyar ibn Labban’s Glossary of Astronomy,” No. 17.

135 4917 Y8N 1P 9Y NNIN DWW NXINY 190 NON YT.” Sefer Keli nehoshet, 18. “ w1907 19182 XIND Y MZW0N TYNN TIN
NIND D39 DY NN YIOND DDWN I8N N8P Y DI2yN TIY X0 Mwn 1p 9Y.” Séfer Hesbén mahlekot ha-kokabim, 21. For
Jacob Anatoli, see MS. Paris 1022, fol. 17b, L. 8. Cf. Jawami * ‘ilm al-nujum, 39, 1. 5. For Judah ha-Cohen, see edition,
paragraph 36; MS. Vatican 338, fol. 214v, |. 18-19.

1% The term is sometimes transliterated as mu ‘addal al-nahar (for example, in the IE article “Nisf al-Nahar.”).
This suggests that the word Ja is a passive participle with the meaning ‘made straight, even’. But since all
authors under consideration translate the term as an active participle (‘making straight, even’) into Hebrew,
we have transliterated it as mu ‘addil. This transliteration can, for example, be found in W. Hartner’s article
“Falak.” The term also appears in “Kashyar ibn Labban’s Glossary of Astronomy”, No. 14.
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alongside ‘plain’, ‘level’. His Hebrew versions of ‘circle of the celestial equator” are thus o

Mwnn and NN 9.1

Abraham ibn Ezra translates the term differently. In his Sefer Keli Nehoshet he uses the
participle mwn, from the biblical root mw (‘to be equal’), to translate the Arabic word Jaso.
The ‘circle of the equalizer of the day’ is thus o»n mwn nony. In addition, he refers to the
celestial equator as DM NV WY NV, ‘the circle of the beginnings of Aries and Libra’."”*®
However, in both the Sefer ha- Tbur and Sefer ha-Te ‘amim, he calls the celestial equator p
p18n, which literally means ‘line of justice’.” This translation of might seem unusual, but in

fact Hebrew root p7¥ has a very similar meaning to the Arabic root Jac, from which the

word Jase is derived. While Jac originally denotes ‘to act justly, rightly’, 778 denotes ‘to be
right, true, just’. The two translations oy»n mwn and P78 are thus both to some extend literal,
but they render different aspects of the Arabic original into Hebrew. Jacob Anatoli follows
the first translation made by Ibn Ezra. The ‘equalizer of the day’ is consistently referred to
as ovrn Mwn in all of his translations.” As regards Judah ha-Cohen’s Hebrew term for
‘celestial equator’, we find discrepancies between his translation of the correspondence with
the philosopher, his summary of the Almagest, and his Hebrew rendering of al-Bitraiji’s
Principles of Astronomy. In the correspondence and in the Principles of Astronomy, he refers to
the celestial equator as 71w 935 and 7w YIvy NHVY.™*! He thus uses the expression that

was introduced by Abraham Bar Hiyya. However, this is not the case in his Hebrew summary

137 He uses 7wonn 19N in the Séfer Hesbén mahlekot ha-kokabim (see index). mwonnn 90 is used in the Sefer ha-
‘ibur.

138 “opn mwn nvny XINY DR N5V WR NonY”, Sefer Keli nehoshet, 19.

139 9%y T NY 797 ,PTSN P TN INNY T2 XM OYY 791N wnwn 0 DYONNDY MO nwwin WP, The Book of
Reasons, 36. See also note 4 on p. 112.

140 See, for example, MS. Paris 1022, fol. 17v, 1. 19. Cf. Jawami * ‘ilm al-nujim, 39, 1. 15-16.

1 1n his summary of al-BitrGji’s work, we find, for example, the sentence “ 9393 5y wnpwn n5RY N1V 993 N5 NIM
TMwnn” (MS. Mich. 551, fol. 162r).
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of the Almagest. There, he refers to the celestial equator as nbv (9v) no>ny (‘the circle of (the
sign of) Aries’), or as oy»n 11y (‘the justification of the day’). Both expressions are very
similar to the ones that were used by Abraham ibn Ezra. Like Ibn Ezra, Judah uses the root
P71 to translate the Arabic root Jac, but he stays closer to the original; the noun Py is
derived from the pi‘el, which is the equivalent of the second stem in Arabic, and Judah
faithfully translates ,lgJl as oy»n. However, he seems to have been aware of the fact that his
choice of p1¥ as a translation for Jac was rather unusual, as he explicitly mentions the
Arabic term when introducing his Hebrew terminology: ‘The poles of the daily motion are the
poles of the ‘celestial equator [tsiddug ha-yom]’, which we have called ‘the circle of the sign of Aries

[ ‘agulat mazal taleh], [in Arabic:] mu ‘addil al-nahar.™*

Terrestrial equator
Distinct from the celestial equator, which is a circle on the celestial sphere, is the terrestrial

equator, which is a circle on the surface of the earth. In Arabic this circle was usually referred
to as slgwVl las> (khatt al-istiwd’; ‘the line of evenness’).'> Both Abraham bar Hiyya and
Abraham ibn Ezra render the term as mwn W (‘the line of evenness’) in Hebrew. They
translate the Arabic root s g yw (‘being equal’), of which the noun <lgiwl is derived, with its
Hebrew cognate mw."* Jacob Anatoli uses the same root in his Hebrew translation, but he

derives the noun signifying ‘evenness’ from the pi ‘el; his Hebrew translation thus reads

»wn in his translation of the Almagest and Ibn Rushd’s Compendium. As al-Farghani refers to

B2 99NM3 IR 79TYN N2V 930 NONY INIRIPY DN PITY 5393 %370 10 701PR Nynn »To”7, MS. Vat. 338, fol. 214v.
43 Miquel, “Istiwa’.” See also “Kishyar ibn Labban’s Glossary of Astronomy,” 61.

M4 4mun 1p 1919 WI9NN 19X HY MOTHN MYV vi1aa a0 Wwwin”, Séfer Hesbon mahlekot ha-kokabim, 21. “ ~ywn
MW P2 930 Y5 N9y MSYN N Ny Wy Nyawn”, Sefer Keli nehoshet, 20.
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the terrestrial equator as ‘the circle of evenness’, clgiwVl 6,515, Anatoli faithfully translates

it as »mw Sny.'*

Judah ha-Cohen, however, uses a completely different Hebrew root to denote ‘evenness’.
Both in the correspondence and in his summary of the Almagest he renders the Arabic
expression as NN 1, thus applying the same word that he used to refer to the celestial
equator. While his predecessors employed two distinct Hebrew words to translate the Arabic
nouns Jaxo and slgiwl, Judah translates both terms with one and the same Hebrew word,

NN,

Horizon

The Arabic word denoting ‘horizon’ is 89l ( ufg; originally: ‘side, part, region’). The ‘circle of
the horizon’, 89V 6,5l (da ‘irat al- 'ufq), is defined as the ‘dividing [circle] between the visible
[part] of the [celestial] sphere and [its] hidden [part] and its pole is the zenith’."*” Following

this definition, Abraham Bar Hiyya calls it v»1ann Y9 (‘the separating wheel’) in Hebrew."*

Abraham ibn Ezra uses the same expression in his writings.'** But in his Sefer Keli Nehoshet he
also employs the loanword pox.”*® However, the Arabic word is used in a different sense in
this book: Once it appears in combination with another Arabic word, opx (‘climate’), in

order to clarify Ibn Ezra’s Hebrew translation of ‘the seven climates’.” In all other instances

145 MS. Paris 1022, fol. 17v, 1. 16. Cf. Jawami * ‘ilm al-nujum, 39, 1. 17.

16 1n his version of the Almagest (MS. Vat. 338, fol. 220r-v) he writes: “ N9y 3 W1 1P NIM DIPHRA N2 NP> ON
D9WY PIV DYIN N9 DI PRIN WL N0 930 NYRYD NPTIN NIRYD 0D PINN DPN I8N NONY oM pawrn.” (“It
also happens at this place, that is, the terrestrial equator, that the horizon, which is the meridian, always cuts
the circles that are parallel to the celestial equator into two halves, and day and night are always equal for
them.”)

47 “Kishyar ibn Labban’s Glossary of Astronomy”, No. 16.

148 57907 191X 1T 11T YPIN 1D NIIN 121 IN0IN 12 DN WIN NVIN YINN Sefer tsurat ha-arets, 5v. See also Séfer
Hesbdn mahlekot ha-kokabim, index: w»ann yox (p. 141).

149 “m5yn vy Wn Nyw 55 wann 19181 220", The Book of Reasons, 238.

150 Sefer Keli nehoshet, 9-11, 19.

BLDymHPN IR DIPIIN DINIPI DIPIN 1Y PHNI NI NOX NN XIN 2117 79 MININD ¥912) 1YW DW AN, Sefer Keli
nehoshet, 10. On this passage see also Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 108-9.
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it is used as a technical term given to a part of the astrolabe.” In contrast, Jacob Anatoli fully
accepts the loanword paN in his writings. Thus he faithfully translates da ‘irat al- "ufq as 51y
pown whenever he refers to the ‘circle of the horizon’. Judah ha-Cohen, too, consistently
uses the Arabic loanword in both the correspondence and his summary of the Almagest. Thus
he renders the ‘circle of the horizon” as pawn nony. However, he is aware of the fact that the
word is originally Arabic. This can be seen from the fact that in one instance he simply
transliterates the word pxox (’afdq), which is the Arabic plural form of ‘horizon’, although
he usually uses the Hebrew plural of the word, ©pa.” Furthermore, while throughout the
tirst few books of his summary of the Almagest Judah consistently uses the term paw, at the
end of the seventh book he deviates from his own terminology; when briefly listing the
contents of the eighth book (and explaining why he will not translate it) he refers to the

‘horizon’ as wann Y9N, which is the term used by Bar Hiyya and Ibn Ezra."

Arc

Originally denoting ‘bow’, the Arabic term _wgd (gaws) gained the meaning ‘arc of a circle’ in
scientific writings. Its Hebrew equivalent nwp (‘bow’) underwent the same transformation
in meaning. Its use as ‘arc’ in a mathematical sense is already documented in the Mishnat ha-

Middot.” All four authors use this term consistently throughout.

Declination

The ‘declination’, that is the distance between a celestial body and the celestial equator, is

called Juo (mayl; originally ‘leaning, inclination’) in Arabic.”*® Abraham Bar Hiyya translates

B2 “H9INN NIPY XIN DN NURIN WM, Sefer Keli nehoshet, 11.

153 % 455 DyRWN NTI B9IYY 128N PRON PRIPIN 1M DIPHD Y32 NIPRIND PRIIND PROYA 3 NIDTIY NN SY PR
PN8na”, MS, Vat. 338, fol. 214r.

154 “y»qa1 J9IND 293 JNINDY PHRMPN DXADIDN NPRI 12T )2 INKY, MS. Mich. 551, fol. 159v, 1. 28-29.

155 Sarfatti, Mathematical Terminology, 58.

%t King, “al-Mayl.” See also “Kishyar ibn Labban’s Glossary of Astronomy” Nos. 58, 59.
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the term as m2 ) (‘lowness’).”” Abraham ibn Ezra after him renders the term as n»v)
(‘spreading; inclination’).”*® Both Jacob Anatoli and Judah ha-Cohen take over Ibn Ezra’s

translation and thus consistently render ‘declination’ as n»v).*

Ascendant

The ‘ascendant’ is the point of the ecliptic that is rising above the horizon at a given moment.
In Arabic it is called glUall (al-tali ; ‘that which rises’).’® The participle is derived from the

verb glb (tala ‘a), which is used to indicate that arcs of celestial circles ‘rise’ above the
horizon. Abraham Bar Hiyya uses the Hebrew verb noy (‘to rise’) as a translation of the Arabic
verb. When referring to the part of the ecliptic that ‘is rising at a given moment’, however,
he makes use of a participle that is derived from a different root; the ‘ascendant’ is called
NN in his writings. The verb nny denotes ‘to grow, sprout’, as well as ‘to break forth,
shine’. Bar Hiyya’s term for ‘ascendant’ thus indicates that the part of the ecliptic that is
‘breaking forth’ from the eastern horizon is at the same time starting to ‘shine’. Abraham ibn
Ezra uses both the verb nby and the participle nmsn in exactly the same way as Bar Hiyya.
Jacob Anatoli, too, uses the verb nby as a translation of glb. But the term nm¥n cannot be
found in his writings. Instead, he uses the term nbwn when referring to the ‘ascendant’. Like
its Arabic counterpart, it is simply the present participle of the verb ‘to rise’. Judah ha-Cohen,
however, uses both the verb nby and the participle nmxn in the way that they were used by

Bar Hiyya and Ibn Ezra, both in the correspondence and in his summary of the Almagest.

157 % 3511 935 NN MMM T MDD WP KIPIN MOTNNT NWINM RN MY A NINNIN NYPN W19 YWIOWN Iywn
[...] N5ym” Séfer Hesbdn mahlekot ha-kokabim, 19. “ mbyn 375 DPHYVA NYTS NIINY MIMIN NYP NXRIPI NN NUPM
nbyn 12w NN Sefer tsurat ha-arets, 5v.

198 4[] NXINY 2210 NHR N NHYN DR NI DY vy Y2 IND Wwn” Sefer Keli nehoshet, 19. “ mmb ooawn nOx 7N
[...] 03N AN DYV NP NPVIN AN MONNY DA YOI Y1 TN ANdY” Ibn al-Muthanna’s commentary, 124.

199 For Anatoli’s use of the word see, for example, MS. Paris 1022, fol. 18r, 1. 11. Cf. jawami * ‘ilm al-nujam, 40, 1. 17.
For Judah'’s use see edition, paragraph 38; MS. Vat. 338, fol. 220v, L. 7.

10 See King, “al-Tali”’; Kennedy, “A Survey of Islamic Astronomical Tables,” 140; “Kashyar ibn Labban’s Glossary
of Astronomy,” No. 82.

185



Sphaera recta and sphaera obliqua

A fundamental concept in spherical astronomy is the notion of sphaera recta and sphaera
obliqua, the ‘right sphere’ and the ‘oblique sphere’. Depending on the location of the observer,
equal arcs of the ecliptic take different amounts of time to rise on the horizon. Sphaera recta
refers to the celestial sphere as it is perceived by an observer standing on the terrestrial
equator. Sphaera obliqua is the celestial sphere as it is perceived by an observer to the north
of the equator. The Arabic terms commonly used for these concepts are pusiwodl slell (al-
falak al-mustaqim; ‘the right, straight sphere’) and J5loJl sl (al-falak al-ma'il; ‘the inclined
sphere’), respectively.'®' Less common are the alternative expressions awaiiodl 8,SJI (al-kura

al-muntasiba; ‘the upright sphere’) for ‘sphaera recta’ and alsloJl 8,SJI (al-kura al-maila; ‘the

inclined sphere’) for ‘sphaera obliqua’.'**

Abraham Bar Hiyya renders the two expressions as 9v>n 19 (‘the straight circle’) and y9xn

nonn (‘the inclined circle’), respectively.’*® Abraham ibn Ezra refers to sphaera recta as 9393

2wy (‘the sphere of straightness’).'** Like Bar Hiyya, he uses the Hebrew root qv» to translate

the Arabic term pusiuo, but instead of an adjective, he uses the noun derived from this root.

We could not find an explicit mention of the concept of sphaera obliqua in the writings we

studied, but in a slightly different context Ibn Ezra uses the term nvwn Yavan for ‘a sphere
165

that is inclined”.' Jacob Anatoli’s terminology resembles that of Abraham Bar Hiyya. To

denote the ‘right sphere’ he uses the expressions 7¥>n 1750 and 1w 93930 in his translation

161 See Hartner, “Falak.” These terms are used, for example, by al-Farghani, Jawami * ‘ilm al-nujam, 40, 1. 11, 19.
162 The term Awaiidl s SV (al-kura al-muntasiba) is used, for example, in the Ishag-version of the Almagest, while
in the Hajjaj-version the ‘right sphere’ is referred to as d«giuall s Sl (al-kura al-mustagima). See Ptolemy, Der
Almagest, 135-136. In the astronomical part of the Shifa’ Ibn Sina refers to “4uaiic 5 SIl Cus JUaall”) gl-Riyadiyat,
4: ‘Ilm al-hay’ah:105.

163 Séfer Hesbdn mahlekot ha-kokabim, index (p. 141).

164 The Book of Reasons, 265, note 12.

165 “monn Yoy DN DI DIMIWNS W 137, Tbn al-Muthanna’s commentary, 109.
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of the Almagest, and 7v>n Ynyn in his translation of al-Farghant’s Astronomy.'*® Accordingly,

he refers to sphaera obliqua as NVMIN MNTo1 and NVIN YaaN in his translation of the Almagest,
while in his translation of al-Farghani he translates JsloJI llell as nown S1vn.'” The use of
both 7175 and YY) to denote ‘sphere’ in his rendering of the Almagest could be due to the fact
that he found two different Arabic words (such as s and 8 ,5) in the original. However, one
has to keep in mind that he does not consistently translate the term &l as 939, since in his

Hebrew version of al-Farghant’s Astronomy he renders it as Yy (‘circle’).

Once again, Judah ha-Cohen’s terminology regarding these expressions differs from that of
his predecessors. In the correspondence and some parts of his summary of the Almagest, he
calls the ‘right sphere’ 2380 797510 and the ‘oblique sphere’ nown 7750, While in all other
cases he refers to spheres as %), he applies the Hebrew word 7775 in this expression.
Furthermore, he does not make use of the root 7> when referring to sphaera recta, but he
uses the participle a3 (‘standing [upright]’) instead. It is possible that he simply chose to
translate the Arabic participle pusiws (‘straight’) in a different way than his predecessors.
But in the mathematical part of the Midrash ha-Hokhmah Judah consistently translates the
Arabic term pusiowo with the Hebrew term v, It seems to be more than mere coincidence
that the word 2% is derived from the same root as the Arabic word wuaiio, which denotes
‘upright’ in the expression awaiioll 8,8 (al-kura al-muntasiba; ‘the upright sphere’). Both the
Hebrew a3y and the Arabic wuas originally denote ‘to set up, to put up’. In all likelihood the
expression a8 70 is thus a translation of auaiiell 6,SJI, while Judah’s predecessors

translated the term pusiswod! cllall.

166 951 9)797: MS. Paris 1019, fol. 161, 11. 7, 8. 2w n 9avn: ibid., fol. 3v, L. 25. awon Ynyn: MS. Paris 1022, fol. 18, 1.
5.
167 3N 9Y71oN: MS. Paris 1019, fol. 171, 1. 10. nonn Y93n: ibid., 1. 10. nvwn Snyn: MS. Paris 1022, fol. 18, 1. 12.
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In his summary of the Almagest, Judah uses yet another Hebrew expression for the concept,
which also differs from the terms used by his predecessors. In the second chapter he
consistently uses the expressions 1w nn %393 (‘the sphere of uprightness’) and nown S50
(‘the inclined sphere’) to denote sphaera recta and sphaera obliqua, respectively.'*® Regarding
sphaera recta, he thus deviates from the terminology of the correspondence and employs the
root 7w to denote ‘uprightness’. As the same root was used by his predecessors to translate
the expression pusiwoll clall, it seems reasonable to assume that this deviation reflects
differences in the terminology of the Arabic originals that he is translating. This assumption
is supported by the fact that in later chapters of the translation of the Almagest the expression

230 N 7on is used.’® The latter term is thus a translation of awaiioll 8,SJ1, while 97w 01 9393

is a translation of pusiwell lall. However, the expression 1wonn Yavy appears also in the
correspondence and in Judah’s Hebrew rendering of al-Bitriiji’s Principles of Astronomy, but as
we have seen, there it is used as a translation of ,lpiJl Jaeo U9, the ‘celestial equator’. One
might thus argue that in this respect, Judah’s terminology is ambiguous. But this is only the
case if we regard the correspondence and the translation of the Almagest as parts of the same
work. If we understand them to be two distinct works, the terminology of each one is
consistent, since in the Almagest Judah uses two completely different terms to translate

‘celestial equator’.

18 For example, in the sentence “ X1 71w010 Y3932 TN DNV JOIDI DININD FNNY Y3 KIN TIVYD DNIN W NLIWM
0N DINNY N1APD NN TPINT MY INNY NPT P DY PAINR 951 1M NUBN 93933 NN NP7, MS. Vat.
338, fol. 221v. (“And the result of this second diagram is that the ascensions of Gemini and Cancer [added]
together in sphaera recta are like the sum of their ascensions in sphaera obliqua, that is to say, in each horizon
of each locality. And the sum of the ascensions of Taurus and Leo in [sphaera] recta is like the sum of the
ascensions in [sphaera] obliqua.”)

19 For example, in MS. Vat. 338, fol. 230r: “2%30 71752 9N M50 %w >nnxw r9b”.
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Ascensions

The distinction between sphaera recta and sphaera obliqua is important for the measurement
of ‘ascensions’, or ‘rising times’, which are called gluaodl (al-matali ; plural of gllaoll al-
matla ‘) in Arabic."® This technical term is derived from the verb glb (tala‘a; ‘to rise’).
‘Ascensions’ are arcs of the celestial equator that rise simultaneously with given arcs of the
ecliptic circle, usually on the eastern horizon. The lengths of these arcs depend on the
position of the observer on the earth. ‘Right ascensions’ refer to rising times in places where
the celestial equator is perpendicular to the local horizon, which is the case for all places that
lie on the terrestrial equator. They were commonly called pusicwodl o)l (8 &JUaoll (al-
matali ‘ fi al-falak al-mustqim; ‘the ascensions at sphaera recta’), or slgzwVl bs glUao (matali ¢
khatt al-istiwd’; ‘the ascensions belonging to the terrestrial equator’)'”* in scientific Arabic.
‘Oblique ascensions’ refer to these arcs of the equator at all other places. They were
commonly called sl &Uno (matdli‘ al-balad; ‘the ascensions of the country/town’), or
Fladl ol (58 &Unoll (al-matali* fi al-falak al-ma’il; ‘the ascensions at sphaera obliqua’). The

values of the oblique ascensions depend on the terrestrial latitude of the observer.

Abraham Bar Hiyya refers to ‘ascensions’ as ©>1yxn, a biblical Hebrew word that originally
means ‘[foot]steps’.”’? The word is derived from the root Tyx (‘to step, to go on slowly’), whose
cognate root in Arabic, A=, means ‘to ascend’.'”” He translates ‘right ascensions’ as ©»1yxnn

N 19N, ‘ascensions at sphaera recta’,”* or as NMWN IPa OTYNN, ‘ascensions at the

170 See King, “al-Matali‘.”

7 “Kishyar ibn Labban’s Glossary of Astronomy”, No. 62.

172 He defines Tysn thus: “ 11wmnn 19180 DMYYNA NSIWN TIVN 1D DN 3 INDNY 19IX PPN MI1HN DYV DIIWIN DN PN
MM TYRN NNIN DIPOYY OORNP PR, Séfer Hesbén mahlekot ha-kokabim, 21.

17 The Hebrew root may initially have had the same meaning. See Gesenius’ Hebrew and Chaldee Lexicon to the Old
Testament Scriptures, 714.

74 A50n TV T2 D30 WRIND W 19IND DITYSNN DIDD XINN 19001 7170 T¢I 19N TYNHN MM TNVPN 1PN ON
»oNN”, Séfer Hesbon mahlekot ha-kokabim, 27.

189



equator’.'” ‘Oblique ascensions’ are called ©>v1N DM9NI D TYNN, ‘ascensions of the inclined
spheres’,”® or ©YprN »TYNN, ‘ascensions of the geographical region’.”” Abraham ibn Ezra
uses the same term as Bar Hiyya to denote ‘ascensions’. He calls ‘right ascensions’ 9393 >7yxn
N, ‘ascensions at sphaera recta’,”® and he also refers to mwn pn by DoyT31 ‘ascensions at

the terrestrial equator’."”” Oblique ascensions are XN »TyNN, ‘ascensions of the country’.'®

Jacob Anatoli translates the word glUne differently. He calls ‘ascensions’ n1by.’® This noun
is derived from the Hebrew verb denoting ‘to rise’, which is nby. Anatoli translates
‘ascensions at sphaerarecta’, padiowod| sll (58 glUaoll, as w1 Hnya nbyn, and ‘ascensions

at sphaera obliqua’, JiloJl sl (58 &lUnoll, as NV S1v2 NOYN. '

Judah ha-Cohen’s terminology is once again different. In the correspondence, he refers to
‘ascensions’ as mbyn. Like his predecessors’ terms, the noun is formed in analogy to the
Arabic original, which literally means ‘something that rises’. Like Jacob Anatoli, Judah
derives the term from the verb nby (‘to rise’), but he gives it a slightly different form. Judah
refers to ‘right ascensions’ as 2330 1752 Mynn (‘the ascensions at sphaerarecta’), or as moyn
mwn (‘the ascensions of [the line of] evenness’, i.e. ‘the ascensions belonging to the
terrestrial equator’). One has to note, however, that in the latter case Judah deviates from

his own terminology, as the term for ‘equator’ he uses elsewhere is 21¢n P, not »wn p.

175 “y973 DY MW IP TYNN DY PO DNN,MYN 1P YTYNNN NIN 9T NORD MOINN MTYNN 13 IMNY, Séfer Hesbon
mahlekot ha-kokabim, 25.

176 1.1 RINN 19IN DITYXNN DIFD NOYNN 19T NRYN TWN 19007 717> DIONN DNINNI MMYA TNHPN 770N DN, Séfer
Hesbdn mahlekot ha-kokabim, 27.

77 4Dy9pRN YTYNN MMY YN DNN DYTYNNA Nan”, Séfer Hesbon mahlekot ha-kokabim, 104. The term oopN itself is a
loanword from the Arabic 8, which means ‘region’.

178 “59p1 9393 >TYNNA DYPIN NWHYI DIYIIN DI MYV NV DN PR NN, The Book of Reasons, 104.

179y MW PN Y NOYW NN MNS DIPN 932 1YY XN ¥ 00N P18, The Book of Reasons, 342.

180 “NN YTYNNA MYN DIWY IND TPWIIYWN 10AND \N) , NNMIXD N9¥NA 151570 70 BXY”, The Book of Reasons, 94.
BBL“mbynn Ny DX9NYN 1YY MM 1I2PWI DNY OPN MYND 212010 DN YN NP, MS. Paris 1022, fol. 18r.
Cf. Jawami ‘ilm al-nujum, 40, 1. 7-9.

182 MS. Paris 1022, fol. 18r, 1l. 17-20. Cf. Jawami"‘ ‘ilm al-nujam, 41, 11. 6-8.
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‘Oblique ascensions’ are referred to as y°9y NV NTIIY MTIPI2 MYYNN (‘ascensions at points

on which the sphere is inclined’), or as 7>yn mbyn (‘ascensions of the town’).

In his Hebrew summary of the Almagest, however, he uses a completely different term to
denote ‘ascensions’. There he employs the word o>nny when referring to rising-times. ‘Right
ascensions’ are thus called 110 Y3931 oPnsn (‘the ascensions in sphaera recta’), ‘oblique
ascensions’ are called nv1n 93933 onNxN (‘the ascensions in sphaera obliqua’).’® He also refers
to nyxmN YN 111 oonny (‘ascensions in this given town’).’®* While the word he uses in the
correspondence is derived from the verb ‘to rise’, the term that is found in the Almagest is
derived from the root nny (‘to grow, sprout; to break forth, shine’), which Judah employs to
denote ‘ascendant’. In both cases, Judah thus forms terms in analogy to the Arabic
terminology, as the words ‘to rise’, ‘ascendant’ and ‘ascensions’ are all derived from the same
root in Arabic. In this respect, Judah ha-Cohen’s vocabulary (and also that of Jacob Anatoli)
reflects the Arabic terminology much more closely than that of Bar Hiyya and Ibn Ezra,
whose terms for ‘ascensions’ and for ‘to rise’ are derived from different roots. However,
Judah seems to be aware of the fact that his terminology deviates from that of his
predecessors, since after introducing the term ©nny in the second chapter of the Almagest,
he explains: The meaning of ‘tsomhim’ is ‘matali ” in Arabic. They are the arcs of the celestial equator,

which is the ‘justification of the day’ (tsiduq ha-yom), that rise with each arc of the ecliptic.'®®

183 % 7011 Y3931 J7INNNY NP NI NWNN DI9HNA TN DY JOIDI DINDIRD SNNK D KIN NMIYN NN N DDV
VN2 DXNNY YI12PI NWINA TPINY NV INKK N1APY .Y DY PAIN 951 1mba”, MS. Vat. 338, fol. 221v.

184 “9r5y1 132 N9IND YNNY YIRY? NYKIND PYN N2 1DV NN NPV NN 9392 JPNHNNN yws”, MS. Vat. 338, fol.
221v.

1854 m510n 9393 10 NWP 5 DY DPN PITN NN NV NONYN MY MNVYPN I 222 YONVN DNNY WP~ MS. Vat.
338, fol. 221v.
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Beginning of Aries

The Arabic expression Jo=Jl Jgl (awwal al-hamal; ‘the first of Aries’) refers to the first point
of the zodiacal sign of Aries, which is vernal equinox.'*® Abraham Bar Hiyya and Abraham ibn
Ezra both translate it as nb0 wx (‘the head/beginning of Aries’). Jacob Anatoli usually uses
the only slightly different expression n9o mwnA (‘the beginning of Aries’). Perhaps he did
not want to confuse the term with the name of the star Alpha Arietis, which is called ol
Jo=Jl (ra’s al-hamal; ‘the head of [the constellation] Aries’) in Arabic. Judah ha-Cohen,
however, uses the term introduced by Bar Hiyya and Ibn Ezra throughout the Midrash ha-

Hokhmah.

Degree

The common Arabic term for ‘degree [of a circle]’ is @>,> (dargja; originally ‘stair, step’).
However, in the different Arabic translations of Ptolemy’s Almagest, the word s3> (juz’, plural
ajza’; ‘part’) is frequently used for this notion.'”” Also in later scientific writings both the
terms a>,> and <3> could be used to denote ‘degree’.’®® Abraham Bar Hiyya translates the
former term as nbyn (‘ascent, step’)'™ and the latter as pon (‘part’).”®® Abraham ibn Ezra

¥ Jacob Anatoli consistently uses the

appears to prefer the use of only nbyn in his writings.
term mbyn (‘steps’) in his Hebrew version of al-Farghani’s Astronomy, although the Arabic

original uses s3> (‘part’).””” In his translation of Ibn Rushd’s Compendium, however, he uses

18 See King, “al-Matali‘.” See also “Kushyar ibn Labban’s Glossary of Astronomy” No. 25, 29, 34, etc.

187 Ptolemy, Der Almagest, 165-160.

18 Hartner, “Mintakat al-Burtdj.” Kishyar Ibn Labban, for example, uses both terms in is glossary: ¢ 3= in No.
67, 4> in Nos. 75-77.

139 “oypbn DYwwH ONn NYYM NOYN 921 NHYN D7WH PHINIDI WP K3, Séfer Hesbon mahlekot ha-kokabim, 6.

190 “2p5n 773 M2 NWINN 93930 NNAXD NV NRIN TIXNNN YRR NTIPN [...] DPON D7WH PHNI 1Y HavIN KM,
Sefer ha- ‘ibur, 10.

L 4mSyn IR DPYN DOYWNS PN Y370 I [...] DI DPHN NYAIND SN N3 Pony MM, Sefer Keli nehoshet, 7.
“MByn DWW MNP wHwh 5300 1pon”, The Book of Reasons, 28.

192 MS. Paris 1022, fol. 10v, L. 12. Cf. Jawami * ‘ilm al-nujtim, 20, 1. 12-13.
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either the word pbn to denote ‘degree’, or the word nyma (‘step’).”” The latter term appears
to be an alternative translation of &> ,s, as both words are derived from the same root. Judah
ha-Cohen follows the terminology of Abraham Bar Hiyya. He uses the term pbn for ‘degree’
in the correspondence (while the word nbyn denotes ‘ascension’, as mentioned above) and

in his rendering of the Almagest, and n5yn in his summary of al-Bitrdji’s Astronomy.

Solstice

The Arabic term for ‘solstice point’ is WM&Vl abss (nugtat al-ingilab; ‘the point of

19 Abraham Bar Hiyya does not use a direct translation of this expression in his

inversion’).
writings. Instead, re refers to the solstice points as > (91) wx (‘the beginning of [the sign
of] Capricorn’) and y07© (9w) WA (‘the beginning of [the sign of] Cancer’)."”® Abraham Ibn
Ezra uses the Hebrew word T9n (‘inversion’) to denote ‘solstice’.*® Jacob Anatoli uses the
same root; he refers to the ‘solstice point’ as 7onmn (‘inverting’) and as 7190 nmp) (‘point of

inversion’).”” The latter term is also used by Judah ha-Cohen, both in the correspondence

and in his summary of the Almagest.'”

Zenith

The Arabic expression for ‘zenith’, that is, the point of the celestial sphere directly above the

observer, is u.u' Ml Coow (samt al-ra’s; ‘the direction of the head’).”” Abraham Bar Hiyya

193 Lay, “L’abrégé de I’Almageste,” index: degré.

1% The term ‘solstice’ does not appear in Kiishyar ibn Labban’s glossary, but it is used, for example, by Ibn Sina
in the astronomical part of his Shifa’.

195 #3079 Y1 YUNIN IN T HTH WNRIN 219N PRIND NHNN YTN DNRYN I8N DY NNy 92 15190W NoYNN NYTY 9NN oNY,
Séfer Hesbén mahlekot ha-kokabim, 35.

196 “59mpn 7190 N0y’ Sefer Keli nehoshet, 10.

197 MS. Paris 1019, fol. 17v, 1. 18, fol. 23r, . 3.

%8 Thus in MS. Vat. 388, fol. 215r, he gives the following definition of ‘solstice point”: “ 5y 23%nn MTPI 'NY PM
290N MITPI MOIAN 9393 DY DN OXN NINY 1IN MTPI SNYI DIPYITEN MITIPI BN 1OV D11 NYRY DY MPINN NONY”
199 “Kishyar ibn Labban’s Glossary of Astronomy”, No. 16 and 18.
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translates the term as wx 1 now (‘the opposite of the head’).*® We could not find a translation
of the term in Abraham ibn Ezra’s writings. However, the first word in the Arabic expression,
Caoow (samt) is a technical term in its own right. It denotes the direction of a celestial object
on the horizon, called ‘azimuth’. Ibn Ezra translates the term as 1p1p (‘top of the head,
vertex’).” Jacob Anatoli apparently struggles to find an appropriate Hebrew expression for
‘zenith’; in his translation of al-Farghani’s Astronomy he first calls the ‘zenith’ »onw nmpan
wrN ™0 (‘the point that is opposite the head’), then simply wxan (‘the head’), then nmp)
wr N (‘the point of the head’). In the end he goes over to using Bar Hiyya’s term wxIn n3
(‘the opposite of the head’). In all of these cases we find one and the same expression in the
Arabic original: ywlJ| caouw. Finally, in his translation of the Almagest he uses solely the
expression wx N N3). Judah ha-Cohen uses a very different expression to translate the Arabic
term. Both in the correspondence and in his summary of the Almagest he refers to the ‘zenith’
as wx N TP 7P (‘the vertex of the head’).”® Apparently this translation was influenced by Ibn

Ezra’s terminology.

Rising amplitude
The ‘rising amplitude’ (or ‘ortive amplitude’) is the arc of the horizon between the east point

and the rising point of the sun on a given day. In Arabic scientific writings it was referred to

as 9§ iwodl @ew (sa ‘at al-mashrig; ‘width of the east’).””* Abraham Bar Hiyya translates the

200 9725 PRND DIV YWNRT DY N7 XIRD 2 OUKRT NN Y 11 NN 19N PR 2 Y1, Sefer tsurat ha-arets, 5v.
“ DIPNI YRIN NON NTIPI P2I NWOHN I9IN P2 TONNN 220P IY M0IN I9IRNND NINXIN NUPN TIY XIN 1N 1900 2MIN
NINN”, Séfer Hesbon mahlekot ha-kokabim, 31.

PLERPPIN 57 DIRIPN TRTPN NP DIXIPI DAIWIN DOMN DNIP DIWIN SY IPINY D9 v D), Sefer Keli nehoshet,
11. On the concept of ‘azimuth’, see King, “al-Samt”; Lane, Arabic-English Lexicon, 1422.

22 MS. Paris 1022, fol. 10v, 1. 12 - fol. 11r, 1. 14. Cf. Jawami * ‘ilm al-nujum, 21,1.3 - 22, 1. 6.

25 In his version of the Almagest, we find it for example in the following sentence: “ nwpn M1 NYTS WaN? 13 1NN
WNIN TRTP Y D12 1YY NYNYY DIPHI MR Y3930 T PN DY 19N N9 910 Nonyn” (MS. Vat. 338, fol. 218v).
204 “Kiishyar ibn Labban’s Glossary of Astronomy” No. 66.
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term as nvn ann (‘width of the east’).”” We could not find a Hebrew rendering of ‘rising
amplitude’ amongst Abraham ibn Ezra’s writings. Jacob Anatoli takes over Bar Hiyya’s term
in his translation of the Almagest.”® Judah ha-Cohen renders the expression slightly
differently. Throughout the Midrash ha-Hokhmah he refers to the ‘rising amplitude’ as am
n1on (‘width of the east’).”” As Bar Hiyya’s and Judah’s terms for ‘width’ are both derived

from the same root, the difference in terminology is only minimal.

Latitude

The (geographical) latitude of a given locality was referred to as 3JJl yo y¢ (‘ard al-balad; ‘the
width of the country/town’) in Arabic.*®® Abraham Bar Hiyya translates the term as anm
oypnn or opnn ann (‘the width of the place’).”” As the two terms denoting ‘width’ are
derived from the same root, the two expressions show only a minimal stylistic difference.
Abraham ibn Ezra, too, uses both an and ann for ‘width’, but he chooses a slightly different
translation for the Arabic word al (balad; ‘region, country, town’). In both versions of his
Sefer ha-Te ‘amim he refers to the ‘latitude of a locality’ as x~n ann (‘the width of the
land/country’),”® while in his treatise on the astrolabe he opts for 1yn ann (‘the width of
the town’).”"! The latter term is also used by Jacob Anatoli. He refers to the ‘latitude’ as an"

“yn (‘the width of the town’), or simply as an1 (‘width’).”? The same is the case for Judah ha-

205 4NN DIPNRA MY NI 2NN NYTY THX, 1IN T DN 12 NOINN T2 NN ONY; Séfer Hesbon mahlekot ha-
kokabim, 33.

206 MS. Mantua 4, fol. 76r, 1. 1.

27 He defines the term thus: “nItnmn 207 XIPIN XM 70N 939N NP0 530 NHNY PV PIND NONY NWP YY" (MS.
Vat. 338, fol. 218v).

28 “Kiishyar ibn Labban’s Glossary of Astronomy” No. 65.

29 E,g. “ WRIN NI NTIPY 121 MWD 19N P THNNN 207 9Y 103N 1DIRAN NINNIN NYPN TIY NIN NI 9910 2MIN
.. MYN PN DIPHT AN XIPIN KM ,NINN DIPN1L”; Séfer Hesbén mahlekot ha-kokabim, 31. “ ap n XN 772 INWIM
MmN PN Xnn opnn”; ibid., 32.

210 4955y MZINN YTYNNY YIND ANIN 195 DOIPIND OXNIN NN NWA JT1TM”; The Book of Reasons, 96. “ ann 71aya
DTN 22 MM NN N5 X INN”; ibid., 218.

2L 1398 T8 MW PN PINT NMIPR NN XIN ANIN 2 YT .Y 95 N DNpY Ny 11” Sefer Keli nehoshet, 22.

212 MS. Mantua 4, fol. 167b, 1. 26. Cf. Farghani, Jawami ‘ ‘ilm al-nujam, 35, 1. 6-10.
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Cohen, who consistently uses the expression 9yn an1 (‘the width of the town’) in both the

correspondence and the summary of the Almagest.””?

Distance

The Arabic word for ‘distance’ is A=y (bu ‘d). Abraham Bar Hiyya, Abraham ibn Ezra and Jacob
Anatoli all render the term as pnan (‘distance’) in their writings.”* In addition, Anatoli uses
the term pn1.?* Judah ha-Cohen refers to ‘distance’ as 70> in the correspondence, while in
the summary of the Almagest he uses both Py and pnan, sometimes even in one and the
same sentence.’’® As all three nouns are derived from the same root, differences between the
authors thus pertain to the style, not the translation technique. It has to be noted, however,

that Judah’s terminology appears to be less consistent.

Sine, cosine, sinus totus

Medieval Arab scientists adopted the concept of ‘sine’ from Indian astronomy.*”” In ancient
Greece, trigonometric calculations had been carried out with the help of tables of arcs and
‘chords’, which are segments of a circle.””® Since astronomical calculations required doubling
arcs of great circles and then halving the resulting chords, Indian astronomers replaced
‘chords’ with ‘half-chords’, or ‘sines’, which made astronomical calculations much easier to

perform.”® Arab astronomers took over the concept; in their writings they transliterated the

2 For example, in MS. Vat. 338, fol. 218v: “ 7>y an XIp)n XM 1T DIPN Yy YTON N2 1951 N3 VAN NYINYD)
[...7”.

214 See, for example, Séfer Hesbén mahlekot ha-kokabim, 19; Ibn al-Muthannd’s commentary, 108.

5 Lay, “L’abrégé de I’Almageste,” index: distance.

2164 9y) NOIYW IN YN NITN P2 MY NPNIDY P PITO MWD I TAX Y910 MY PN IMNNNN NN NP D IND
Y TNNRS”, 212v-213r.

217 The sine function in medieval Arabic writings differs from the modern function in that it is usually not
calculated from a unit circle (with the radius R=1), but with a base circle with the radius R=60. On the
relationship between the two, see Kennedy, “A Survey of Islamic Astronomical Tables,” 139.

28 For a detailed explanation of the chord function and its use in ancient Greece, see Van Brummelen, The
Mathematics of the Heavens and the Earth, 40-6.

29 Van Brummelen, The Mathematics of the Heavens and the Earth, 95-6.
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Sanskrit word for ‘sine’, jya, or jiva (‘bowstring, half-chord’)*® as wu> (jiba).”* As the Arabic
form wu>, written without vowel signs, looked the same as the existing word denoting
‘breast’, or ‘breast-pocket’, it was later misread as jayb, which became the standard
pronunciation of wu>.””> The ‘cosine’ was usually referred to as olosdl wu> (jayb al-tamam;
‘the sine of the complement’).”” In this mathematical context, ploil (al-tamam; ‘the
completion’) refers to the complementary angle to a given angle, so that both angles together
add to 90°. The ‘total sine’ or ‘sinus totus’, that is, the sine of 90°, was called p.l:':.chJI sl
(al-jayb al-a ‘zam; ‘the greatest sine’), wuzd| o> (jami ‘ al-jayb; ‘all of the sine’), or diS =l
(al-jayb kulluhu; ‘the whole sine’).?* An alternative expression for ‘sine’ was the term ‘half-
chord’, yigll wwas (nisf al-watar; ‘half of the chord’).”® This expression was sometimes
shortened to ,igJl (al-watar; ‘the chord’, originally ‘the bow-string’) alone, so that the word

could denote both ‘chord’ and ‘sine’, depending on the context.?*

Abraham Bar Hiyya translates the Arabic word for ‘chord’, yi9 (watar; ‘bowstring’) with its
Hebrew equivalent 9mn (‘bowstring’). His expression for ‘sine’ is ‘half-chord’, n¥ynnn ammnn
(literally ‘the halved chord’).?”” But like in the Arabic, Bar Hiyya also uses the word 1non alone
to denote ‘sine’. Thus the term he uses for ‘cosine’ is ™ INw 7m0 (the ‘sine of the

complement’, literally: ‘the chord the remnant’).””®

220 The Sanskrit word jyd, or jiva, is in turn a shortened version of jya-ardha, meaning ‘half-chord’. Ibid., 96.

221 See “Kushyar ibn Labban’s Glossary of Astronomy”, No. 5.

22 The English word ‘sine’ stems from the Latin ‘sinus’, which is a literal translation of jayb, ‘breast’. See von
Braunmiihl, Vorlesungen tiber Geschichte der Trigonometrie, 1:49-50; De Blois, “Tardjama.”

22 The term can be found in “KGshyar ibn Labban’s Glossary of Astronomy”, No. 9.

224 Kennedy, Kunitzsch, and Lorch, The Melon-Shaped Astrolabe in Arab Astronomy, 226.

25 “Kiishyar ibn Labban’s Glossary of Astronomy”, No. 4.

226 Sarfatti, Mathematical Terminology, 108.

27 % PN 993 ATPN TPXNNN XIN NXINNDN ITHRM N¥INHDN DNINNI DOWHNWH DN 1990 AP IN DNV NN 217
N9 NN AN NN WNR”, Séfer Hesbén mahlekot ha-kokabim, [15]. See also Sarfatti, Mathematical Terminology, 107-
9.

28 “OIPNnn AN P MOYN /X P AWN GTIVN NN XM ININ TIRY 1”7, Séfer Hesbén mahlekot ha-kokabim, 25.
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Abraham ibn Ezra’s term for ‘chord’ differs slightly from Bar Hiyya’s. In his Sefer ha-Mispar he
translates the term as 7 (‘cord, rope’), which is of course derived from the same root as ,ig
and 0. The term ‘half-chord’ is rendered as am>n >8n (‘half of the chord’) in his
calculations. Unlike Bar Hiyya, Ibn Ezra does not assign the additional meaning of ‘sine’ to
the word that denotes ‘chord’. When explicitly referring to the concept of ‘sine’, he uses a
loanword from the Arabic instead. In his Hebrew translation of Ibn al-Muthanna’s
commentary on the astronomical tables of al-Khwarazm, Ibn Ezra transliterates the Arabic
term wu> as X2».”” The text does not contain vowel signs, but the fact that Ibn Ezra added
an alef at the end of the word suggests that he intended it to be pronounced as yiba, or jiba.
The Hebrew expression he uses for sinus totus is 195 83»9x (‘the whole sine’), which is a literal
translation of the Arabic expression dS wuzl (al-jayb kulluhu).*® Since Ibn Ezra usually
avoided introducing Arabic loanwords into the Hebrew language, his use of the Arabic term
Jjiba is remarkable. While he considered the concept of ‘half-chord’ to be translatable into the
Hebrew language, he felt that for the single term conveying the same idea there was no
equivalent; perhaps he was aware of the fact that the word jiba and the concept it

represented were of foreign origin.”'

Jacob Anatoli on the other hand uses the same terminology as Abraham Bar Hiyya. Thus, in

his translation of Ibn Rushd’s Compendium of the Almagest he uses the word 7nm for ‘chord’,*

229439 )29y W9 XAPIN NIN /X A 8N XY, Tbn al-Muthanna’s commentary, 125.

20PN 1NN 19D YT P D3 XIIR N7, [bn al-Muthannd’s commentary, 126.

11t could be argued that in the translation Ibn al-Muthannd’s commentary he was forced to use the Arabic
term, since it appeared in the Arabic original as a technical term. However, in the case of the technical term
‘the head and tail of the dragon’ he renders first a literal Hebrew translation rosh ha-tanin u-zenavo, but then
adds: “Abraham said: and this is called in the Holy tongue nahash bariah.” (Ibn al-Muthannd’s commentary, 155.
See also Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 124-6.) But in the case of ‘sine’ he did not
add a biblical Hebrew equivalent of the word jiba.

2 Lay, “L’abrégé de I’Almageste,” index: ytr.
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while in his translation of the Almagest itself, the term 7> 9non (‘the straight chord/sine’; a

translation of the Arabic term al-jayb al-mustawi) denotes ‘sine’.**

Once again, Judah ha-Cohen’s terminology resembles that of Abraham ibn Ezra. In his
summaries of the Almagest and al-Bitriji’s Principles of Astronomy he consistently uses Ibn
Ezra’s term 71> to denote ‘chord’.?* Like Ibn Ezra, he simply transliterates the Arabic word
wu> when referring to the ‘sine’. However, Judah’s transliteration differs from Ibn Ezra’s, as
he renders the term as 2v (jayb), both in the correspondence and in the summary of the al-
Bitriiji’s Astronomy. When referring to the ‘sinus totus’, he speaks of 9y1n 235N (‘the great al-
jayb’). The expression appears to be a translation of the Arabic term placVl =l (‘the
greatest sine’). Judah’s term for ‘cosine’ is o¥ownn 27 (‘the sine of the complement’). Like
the term plos that denotes ‘complement’ in Arabic, the word oywn is derived from a root
that originally denotes ‘to be whole, complete’. Judah’s term is thus a more literal translation

of the Arabic original than the expression mxw 9mon that was used by Abraham Bar Hiyya.

Results

The following table gives an overview of the development of the Hebrew astronomical

vocabulary from Abraham Bar Hiyya to Judah ha-Cohen.

23 MS. Mantua 4, fol. 67v, 1. 12-13.

24 An example is his rendering of Almagest 1.10: “ 91> 11 15NN XOXIN .NONYN OPIN 3T M NPY NPT DWW WY
noVY PPIPNN wmnnM wynn”, MS. Vat. 338, fol. 215r. However, in the calculation that follows the term 9mon5
is used twice. Then the text immediately switches over to the term 2. If this deviation was not added by a
later scribe, Judah thus changed his terminology from that of Abraham Bar Hiyya to that of Abraham ibn Ezra.
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
PN ,POMN PO , 90N

720N 22N , 2N , 20N
to add EVj!

9N 9 9

NP
arc uv99 nvp nvp nvp nvp
ascendant Jll NN NN noWwn NI
ascensions o DYTYNN D>TYNN nrvy DXNNY moyn
beginning of

Jo=dl Jgl Y0 YK Y0 YK Y0 YR Y0 YK

Aries
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
,OVN MYN
celestial Ty oV PPN
Ll Jaso NN DN Mmwn Mwn
equator N9V WRY NONY] [N5V 930 NHNY]
[{uRALt ¥4}
celestial wpA
b))
sphere/ &lls 2293 9393 9393
Sny
circle 1IN
,[OnY]
in astronomy:
circle 31> nony Ny nony
N
232
chord 99 AN m N I
cosine ploadl > IRV 1N DYYWNN 27
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
declination Juo M) V) 10) M)
/45> N9YN noyn YT 19N 19YN
degree
£)> on Pon 7on
[EARA PN ,PNIN ,PNIN
distance Ay
PM PN
to divide P 7on Pon Pon Poon
237 (mon) MYTAN NERY MITHN 919
Ala rx s ,M30N
Zodl EUs (8,51s) , 9N WP YN 939)
| 20y NN avn
ecliptic . A ln;
p zodl aslio 2N 929) o ,MN2IN YSNHN DY MmN S0y NN
’ I
Mo 19N MMM DH0) YSNN
ol boug MeNn 2wn MO NTION YNNN
93931 NTION
POIND NONY
horizon 39VI & s> V90N 19IN V991 19N POIND DNV
OVioy

(V997 JOIN]
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
,DIPNN 2NN ,NIND 2NN RGNS
latitude Al yo,e VYN any
DYPHN NN YN I any
meridian Sl was DY NN DY NN DY NN DY NN
to multiply W0 995 995 995 995
_ sl (58 gllaoll DN9IN DITYNN MTPI2 MOYNHN
oblique OV 91 DN
Lol ,DX0ODN NINDITYSD [ NONN HNYI NYHYN Y NON NTONY
ascensions Y2 OXNNNN
5 b b
I gllao DYOPNN YTYNN YN MOYN
pole wlad 0P ARAv) 0P §iv)
all (8 gJUnoll
. i OINI DITYNNN |, IWPN DA TYSNH
right podiaoll /27 T2 MYYNN
VN PN DY OVTINN | AN ONYANPOYN | NN DIDIL DINNNN
ascensions b3 gllho MNVYN MHOYYN
VYN 1P DITYSN mwn
clgiwVl
to rise &lb noy oy oy noy
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
rising
9 winod| Aow NN 2NN NN 2NN NN 2N
amplitude
et
,IINNDN NN N2
sine el was W 1N 27)
Amn R RN
9l
oVl ol
sinus totus szl gao> 195 N2IYHN 9N 1ION
alS o=l
WUNI T UNAT] ,TONNN
solstice MVl (@dass) 79N TI9N NTIP)
Yoo TIDN NTIP)
yJlodl ellall OWA NN VN NTON
sphaera
alslol 6,51 NONN IDIND [(NVIN 2300N] ,IONN 2030
obliqua NONN LIV

VNN DVYN
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English Arabic Abraham Bar Abraham ibn Ezra | Jacob Anatoli Judah ha-Cohen
Hiyya Midrash ha-Hokhmah | correspondence
WO NTON 28N NTON
 padiowod | ellall '
sphaera recta AW 19IND AWPN ) ;N 9I9N
awaiiol] 6,51 NN 20
' YN HNYN
YN YN YN BVR))
NIXIN NN
to subtract uAas
90N 0N
291 297
terrestrial
clgiwVl s mwnp mwnp MYN P NN P
equator
unknown Jop=o vpan 550 950
™M™ NNV DTN
L UNIN
zenith o)l Caoow WRIN NON [TPTP = Caoow] LUNIN WNIN TRTP
LUNIN NI
WNIN N2
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English

Arabic

Abraham Bar

Hiyya

Abraham ibn Ezra

Jacob Anatoli

Judah ha-Cohen

Midrash ha-Hokhmah

correspondence

zodiacal sign

3y

om

om

om

om
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Discussion

The table shows that each of the four authors under consideration uses his own
idiosyncratic terminology, but the vocabularies in use did not develop independently.
Being a pioneer in Hebrew astronomical writing, Abraham Bar Hiyya’s approach in
finding Hebrew words for foreign concepts was pragmatic; he used biblical and post-
biblical Hebrew roots and adjusted their meanings as required. Thus, his Hebrew
expressions for ‘latitude’, ‘meridian’, ‘rising amplitude’, ‘sine’, ‘terrestrial equator’, and
‘zenith’ are literal translations of the Arabic expressions that were used in scientific
writings. As Gad Sarfatti puts it, “words were obtained from Hebrew lexical material
shaped in Arabic moulds, or, putting it in another way, words of ‘Hebrew body and Arabic
soul’.”" If necessary, Bar Hiyya does not refrain from even taking over the Arabic ‘body’
of scientific terms, thus introducing the loanword avyp for ‘pole’ into the Hebrew
language. However, he does not always follow the Arabic uncritically. Regarding the
ambiguous term &ll9, Bar Hiyya makes a distinction between 1 (‘sphere’), 9 (‘circle’)
and 9393 (‘orbit’) that does not seem to exist in Arabic scientific writings. Furthermore,
he translates the composite expression denoting ‘celestial equator’, ,lgJl Jaso, with one

biblical Hebrew term, 71womn. Similarly, he does not translate the term for ‘horizon’, 8,ls

89V, literally, but uses the expression w1901 19N instead.

Abraham ibn Ezra knew Bar Hiyya’s astronomical writings.? Yet, his terminology differs
considerably from that of his predecessor. While he takes over some terms, such as
D>7Y3n for ‘ascensions’, w9nn 19X for ‘horizon’, or mwn p for ‘terrestrial equator’, he

finds slightly different expressions for ‘chord’, ‘declination’, or ‘sphaera recta’. Although

! Sarfatti, Mathematical Terminology, x.
2 See Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 99.
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some of his terms, like M5 9393 nbny for zg,Jl &S 6,51, and oyn mwn for ) ledl Jaso
follow the Arabic more closely, he rejects the loanword 2vyp for ‘pole” and uses the
Hebrew word y70 instead. In addition, he introduces biblical terminology, like the first
part of the expression MYy 9393 NN 2wn for g9l 28 ashnio (‘ecliptic’) and the term

P78 for ,lpdl Jaso (‘celestial equator’). In general, Ibn Ezra’s Hebrew expressions follow
the Arabic more closely, but the lexical material that he ‘shapes in Arabic moulds’ is
preferably biblical. This deviation from Bar Hiyya’s terminology may partly be explained
by the fact that Ibn Ezra was very critical of Bar Hiyya’s astronomical treatises. But, more
importantly, Ibn Ezra followed a completely different strategy when creating his own
technical terminology. Shlomo Sela has demonstrated that it was mainly ideological
considerations that prompted him to create a puristic Hebrew vocabulary; his strategy as
atranslator was influenced by his view of the Hebrew language. He believed that the bible
contained authentic scientific terms that pointed to scientific truths, which had since
been forgotten amongst Jewish scholars.’ In the introduction to the third version of his
Sefer Keli Nehoshet, for example, he states that Hebrew, being the first of all languages, was
also the most comprehensive one. The bible covered only a tiny part of the original
Hebrew vocabulary, and when the Jewish people were exiled and started to speak the
languages of the surrounding nations, the Hebrew terminology used for subjects not
covered by the bible was simply forgotten.* The topos of scientific knowledge that the
Israelites once held and that has been forgotten can also be found in the writings of other

Jewish scholars of the Iberian Peninsula, like Judah ha-Levi and Maimonides.’ Ibn Ezra

3 Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 140-3; “Abraham Ibn Ezra’s Special Strategy,”
85-87.

* The passage and its English translation can be found in id., Abraham ibn Ezra and the Rise of Medieval Hebrew
Science, 105, 339.

5 See Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 368; “Science and the Kuzari,” 507-
508.
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differs from these authors in that he finds traces of this forgotten knowledge in the actual
words that are used in the bible. Thus he applies biblical words in his scientific writings
in order to ‘revive the semi-extinguished holy tongue, to restore an original scientific
meaning that had been forgotten, a task which involved mining the biblical text to
rediscover a set of original Hebrew scientific terms.” In his view the biblical terms which
he applied in his scientific writings were, in fact, relics of the original Hebrew language
that he tried to revive. It might be somewhat surprising, then, that Ibn Ezra did not try
to find a biblical Hebrew term for the notion of ‘sine’. But this indicates that he was aware

of the fact that the concept was created long after the bible was written.

Jacob Anatoli does not appear to follow an ideological incentive when creating his
astronomical terminology. His lexicon is first and foremost based on that of Abraham Bar
Hiyya, but he stays much closer to the original Arabic expressions in his translations.
Thus, he takes over Bar Hiyya’s terms wx 0 n2) for ‘zenith’, amn for ‘chord, sine” and
a;yp for ‘pole’, but not his distinction between 9w (‘circle’), 933 (‘orbit’) and yp
(‘sphere’). Instead of the term w1ann 19x, which was used by both his predecessors to
denote ‘horizon’, he uses the loan translation painn Sny. However, the word that denotes
‘circle’ in this expression, Y1y, stems from Bar Hiyya. In addition to the term mbyn for
‘degrees’, he also uses the loan translation m»3Tn, which is even closer to the Arabic
wl>)>. His terms for ‘ascensions’ and ‘ascendant’, too, deviate from the terminology that
was established by Bar Hiyya and Ibn Ezra. Instead of using the terms of o»1ysn and
nmxn, respectively, which are derived from different Hebrew roots, he imitates the

Arabic word formation in his terminology. Thus, as the Arabic terms for ‘ascensions’ and

¢ Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 143.
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‘ascendant’, gJUno and gJUall, are derived from the verb glb (‘to rise’), he uses the terms
nyoy and nvwn, respectively. Like the Arabic terms, both words are derived from the
same verb denoting ‘to rise’, which is N9y in Hebrew. In fact, by closely following the
Arabic text and forming new expressions in analogy to the Arabic original, Anatoli adopts
the terminology and translation technique of his father-in-law and mentor Samuel ibn

Tibbon. He thus continues the tradition that was started by Samuel’s father Judah.

Judah ben Solomon ha-Cohen appears to have been acquainted with that tradition. Like
Jacob Anatoli, uses the verb Yan for ‘to subtract’, employs the loanword paw for
‘horizon’, and generally follows the Arabic syntax and terminology very closely. More
importantly, he translates the Arabic term Jgg=o as 9501 - a term that was introduced
into the Hebrew language by Judah ibn Tibbon and that was first used in a mathematical
sense by Jacob Anatoli. To this list should be added four terms that we already
encountered in the mathematical part of the correspondence: on> (‘ratio’), »na)
(‘parallel’), 7nn opn (‘point of section’), and Nv1 (‘geometry’). All four terms are used
consistently, with exactly the same meaning as in the correspondence, in the
astronomical translations of Jacob Anatoli.” Judah was thus certainly aware of his writings

and influenced by them.

Regarding the notion of ‘ratio’, however, it turns out that Judah also uses an alternative
term, especially in the non-mathematical sections of the Midrash ha-Hokhmah: in his
introduction and the treatises on biblical verses and the letters of the Hebrew alphabet

he uses the term 77y.® As we have seen, this is the term employed by both Abraham Bar

7 See, for example, Lay, “L’abrégé de I’Almageste,” index: intersection (lieu de I); paralléle; rapport.

8 In his introduction, for example, he writes: TwIN 12 PRY STIRRN NNRD TIVD MNIND INYD TPAON NHPON T
TN XN WD IR0 (Oxford, Bodleian Library, MS. Pococke 343, fol. 8v; MS. Michael 551, fols. 5v). See also
Goldstein, “The Commentary of Judah ben Solomon Hakohen,” lines 914-915: 13139y P30 Mo onm [...]
T IND WHRYN NN TIVD DY 13 IRI2 N9 NOYY Mvnn.
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Hiyya and Abraham ibn Ezra to denote ‘ratio’, while the term on» was introduced by
Samuel ibn Tibbon. It appears that Judah was acquainted with both expressions and

decided to use or only in a strictly mathematical sense.

But despite his familiarity with the Tibbonide tradition, he employs a vocabulary that
generally resembles much more that of Abraham ibn Ezra than that of the translator
family. Thus, he uses N9y (instead of Y1) for ‘circle’, Y7o (instead of 2vp) for ‘pole’, Am>
(instead of 73n) for ‘chord’, and wxan 7p7p (instead of wxan N2)) for ‘zenith’. Like Ibn
Ezra, he uses a transliteration of the Arabic word wu> (instead of the Hebrew term for
‘chord’) to denote ‘sine’. In fact, between the correspondence and the summary of the
Almagest, a shift towards Ibn Ezra’s vocabulary can be made out. Judah calls the ‘ecliptic’
mown 939 and MmN nSNY in the correspondence. Both terms are also used in his
translation of the Almagest, but in addition Judah employs the expressions Y9 nmax
MmN and MmN NTON Y8NX. The use of NN, which originally referred to the garment
of the high priest, as a translation of aslio, the Arabic term for ‘belt’, goes back to
Abraham ibn Ezra. Like Jacob Anatoli, Judah consistently uses the Arabic loanword paw
for *horizon’ in both the correspondence and the Almagest. But in addition, Ibn Ezra’s term

wann 19N appears the latter work.

The similarity to Ibn Ezra’s vocabulary suggests that Judah ha-Cohen had studied Ibn
Ezra’s astronomical works closely. Given his background as a rabbinical scholar, he may
have been familiar with Ibn Ezra’s terminology through the study of his non-scientific
writings, such as his biblical commentaries. Judah shared Ibn Ezra’s belief that the Jews

had once been in possession of scientific knowledge that was lost in the course of time.’

% Sirat, “Juda b. Salomon ha-Cohen,” 49.
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Yet, unlike Ibn Ezra, Judah does not actively try to ‘revive’ the scientific vocabulary that
was allegedly used by earlier generations. Thus, in the three treatises dedicated to
traditional Jewish learning he tries to show that hidden astronomical knowledge can be
found in the Bible and Talmud, but he does not use the words whose hidden meanings he
unravels in his astronomical writings.' Judah’s use of both Ibn Ezra’s and Jacob Anatoli’s
vocabularies appears to be purely pragmatic. However, he seems to be aware of the fact
that some of his expressions might be difficult to understand for a reader who is not
familiar with Ibn Ezra’s writings. For example, when employing the expression o»n pyms

for ‘celestial equator’, Judah adds the original Arabic term he is translating.

Regarding the relationship between the correspondence and the astronomical writings
in the Midrash ha-Hokhmah, it has to be noted that Judah’s terminology is not consistent.
There are three fundamental notions for which the vocabulary differs completely
between the correspondence and the rest of the encyclopaedia. These are ‘celestial
equator’, ‘sphaera recta’, and ‘ascensions’. Judah calls the ‘celestial equator’ 71w nn Y%
and MwnN 9393 NSy in both the correspondence and his summary of the Principles of
Astronomy. This expression is in fact the only scientific term that he explicitly takes over
from Abraham Bar Hiyya’s terminology. However, in his summary of the Almagest he uses
the expressions N5V Y1 Ny and ovN Py for ‘celestial equator’. These terms resemble
the expressions o8 NYV WX NONY and P70 P, which were used by Ibn Ezra. Thus,
Judah does not simply employ an additional term on top of the terminology already in
use, but he completely replaces the technical term used in his other writings. Still, the

expression NN 99 also appears in the summary of the Almagest, but with a

1 Judah argues, for example, that the ‘pole’ is called 8y>p1T x> (‘window of the sky’) in the Talmud. See
Goldstein, “The Commentary of Judah ben Solomon Hakohen,” lines 460-474. However, he does not apply
this term in his abbreviations of astronomical books.
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completely different meaning. There it denotes ‘sphaerarecta’, as opposed to nvnn YIvan,
‘sphaera obliqua’. Between the correspondence, the summary of the Almagest, and the
summary of the Principles of Astronomy, the meaning of the term w0 Y39 thus switches
from ‘celestial equator’ to ‘sphaera recta’ and back to ‘celestial equator’. The third notion
that is expressed in a different way is ‘ascensions’. Like Jacob Anatoli, Judah deviates from
Bar Hiyya’s and Ibn Ezra’s term o>1ys8n. In the correspondence he uses the word mbyn
for ‘ascensions’. The term differs only slightly from Anatoli’s term ny5y. But in the rest
of the Midrash ha-Hokhmah the word mbyn refers to ‘degrees’, while ‘ascensions’ are called

ONNN.

Differences in the use of vocabulary between the correspondence and the summaries of
the Almagest and the Principles can also be made out regarding two of the additional terms
that Judah ha-Cohen has in common with Jacob Anatoli: 'n2) (‘parallel’) and 7nn o1pn
(‘point of section’). These two expressions were already found to be problematic in the
discussion of the geometrical terminology, since in the summary of the Elements Judah
employs different terms for these notions. As regards Judah’s astronomical writings,
neither 7nn 0ypn nor the verb 7nn in general appear in his versions of the Almagest and
the Principles of Astronomy. Instead, Judah uses the term that we already encountered in
his summary of the Elements, masn nmp), or the similar expression 23%n nTP).
Concerning the notion of ‘parallel’, Judah uses the adjective »13 throughout the Almagest
and the Principles of Astronomy, while the adjective >n3, which did not appear in his
translation of Euclid’s Elements at all, denotes ‘opposite’. However, there is one exception.
At the very beginning of his paraphrase of the Almagest, Judah states that the fixed stars

always move in parallel circles. The Hebrew expression he uses is 15 1t ©»n2) 99393 Hy. "

1 MS. Vat. 338, fol. 211r.
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Since after this sentence the use of ¥ for ‘parallel’ and »na3 for ‘opposite’ is consistent
throughout the treatise, it seems as though Judah changed his mind after translating the

first passage.

All in all, the vocabulary of the correspondence differs from that of the astronomical
writings of the Midrash ha-Hokhmah to such a degree that the same conclusion must be
reached as regards the mathematical writings of the encyclopaedia; the correspondence
was rendered at a different point in Judah’s working-life than the astronomical
summaries. Furthermore, the correspondence shows a greater similarity with Jacob
Anatoli’s terminology than the summary of the Almagest, while the latter work shows a
greater resemblance to the vocabulary of Abraham ibn Ezra. In this sense, the turn
towards Ibn Ezra’s terminology that is apparent between the correspondence and the
Almagest, could in fact also be interpreted as a turn away from Jacob Anatoli’s

terminology.

At this point the question arises whether the correspondence, the summary of the
Almagest and the summary of the Principles of Astronomy were, in fact, translated in
chronological order. If the correspondence was translated after the other works, the
development described above would be in the opposite direction; Judah would have
replaced terms that he had taken over from Ibn Ezra’s writings with those he found in

the works of Jacob Anatoli.

The question cannot be answered with certainty. However, the consistent use of terms
like nbwy, Y10, 27, and wxn TpTP within both the correspondence and the other
astronomical writings indicates that Judah ha-Cohen was influenced by Ibn Ezra’s
terminology at every stage of his translation enterprise. But when translating the

correspondence, he took over terms from Jacob Anatoli’s vocabulary, such as 7nn oypn
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and >n2), which otherwise do not (or only once) appear in his writings. This hints at the
possibility that Judah encountered Jacob Anatoli’s translations of astronomical texts only
when he had already started translating the Midrash ha-Hokhmah into Hebrew, and that

through the study of these texts his own terminology shifted towards that of Anatoli.

Regarding the order in which Judah translated different parts of the Midrash ha-Hokhmah
into Hebrew, the word mbyn, which denotes ‘ascensions’ in the correspondence, is of
special interest. Judah must have been aware of the fact that the term already denoted
‘degrees’ in all scientific writings available to him. In contrast, the term he uses in the
Almagest, ©nny, is unambiguous, and could thus be considered a better and therefore
also a later translation. However, a different order of events is indicated by Judah’s use
of the term 7w 1N Y05, In both the correspondence and the summary of the Principles of
Astronomy, its use is consistent and unambiguous. Only in the translation of the Almagest

the term receives a different meaning.

Although the vocabulary in each separate abbreviation and summary appears to be
consistent, Judah changes his terminology back and forth in between different parts of
the encyclopaedia. But if we assume that the correspondence was translated after the
completion of Hebrew version of the Midrash ha-Hokhmah, there would be a continuous
development: The meaning of 7w nn Y35 would have shifted from ‘sphaera recta’ to
‘celestial equator’ between the translations of the Almagest and the Principles of Astronomy.
This new meaning would later also be applied in the correspondence. However, in that
case Judah would have exchanged an unambiguous term denoting ‘ascensions’ for a term

that already had a different meaning in his own (and his predecessors’) writings.

This shift in terminology between different summaries does not seem to reflect a

chronological order of translation; rather, the encyclopaedia appears to be a mixture of
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different versions of the text. Regarding the Hebrew summary of the Elements, we have
already seen that Judah rendered two different translations. The same seems to be the
case in the astronomical part of his encyclopaedia. While the terminology remains almost
constant within each treatise, the astronomical part as a whole gives the impression of a
work in progress, made up of translations whose vocabularies were in different stages of

completion.

Conclusion

The comparison of the astronomical vocabularies of Abraham Bar Hiyya, Abraham ibn
Ezra, Jacob Anatoli and Judah ha-Cohen shows that each author uses his own distinct and
identifiable vocabulary, but that these vocabularies are interlinked. Abraham Bar Hiyya’s
terminology laid the basis for all following translations. On the one hand it is pragmatic;
Hebrew words are formed and given new meanings according to the Arabic words they
represent. On the other hand, Bar Hiyya tried to find unequivocal Hebrew expressions
for terms that were ambiguous in Arabic. His successors followed the structure of the
Arabic scientific terminology more closely, but they used different Hebrew words to
resemble that structure. In accordance with his belief that the language of the bible
contains remnants of lost scientific knowledge, Abraham ibn Ezra avoids the use of Arabic
loanwords and uses preferably biblical Hebrew terms for astronomical concepts. Jacob
Anatoli does not follow this approach. His terminology is based on that of Abraham Bar
Hiyya, but his vocabulary is much closer to the Arabic than that of his predecessors. He
does not refrain from using Arabic loanwords, and his loan translations closely imitate
Arabic scientific terminology. Judah ha-Cohen is clearly influenced by both Jacob
Anatoli’s and Abraham ibn Ezra’s astronomical writings. Of the different astronomical
texts contained in the Midrash ha-Hokhmah, the correspondence with the philosopher

contains the terminology that is closest to that of Jacob Anatoli. It may have been a first
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tentative translation, while the other astronomical treatises in the encyclopaedia reflect
later stages in the formation of Judah’s unique terminology. However, it is also possible
that the correspondence was translated only after the Hebrew version of the Midrash ha-
Hokhmah was finished. In that case, Judah may initially have been familiar with mainly
Abraham ibn Ezra’s astronomical terminology, but through the study of Jacob Anatoli’s
translations his vocabulary eventually changed. Be that as it may, its vocabulary differs
from that of the abbreviations of the Almagest and the Principles of Astronomy to such an

extent that it was certainly translated at a different stage of Judah’s working life.
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Chapter Five

Writing for a Jewish readership: the place of the

correspondence within the Midrash ha-Hokhmah

While the previous chapters dealt with the correspondence itself and with the mode of
its Hebrew translation, in this chapter we shall look at not how, but why Judah decided to
translate his literary encounter with the emperor’s philosopher into Hebrew. It is obvious
that the translation was intended for a Jewish audience - in all probability for Judah’s
Italian coreligionists who were unable to read the Arabic original. But this does not
answer the question as to why Judah deemed the correspondence to be important enough
to be presented to a Jewish readership. Or rather, why Judah deemed two selected
problems that were dealt with in his exchange with the emperor’s philosopher to be
suitable reading material for his Italian Jewish audience. Closely related to this question
is the question whether initially Judah intended to publish the correspondence as part of
the Midrash ha-Hokhmah and what function it fulfils within the framework of the

encyclopaedia.

The place of religion in the original correspondence

The Arabic correspondence on mathematics and astronomy that Judah ha-Cohen had
with the emperor’s philosopher appears to be an example of a phenomenon which B.
Goldstein described as science as a ‘neutral zone’ for interreligious cooperation.' Since the very

beginning of the appropriation of Greek science in the Muslim world scholars of different

! Goldstein, “Science as a ‘Neutral Zone™”; Grasshoff, “Contextualizing the History of Islamic Sciences,” 302-
305.
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religions and denominations had cooperated in translating texts into Arabic and in
developing their knowledge and understanding of ancient texts. This cooperation could
take different forms. On the one hand, patrons might employ skilled translators and
scholars of different faiths to their own; on the other hand, exchanges of knowledge and
collaboration on scientific projects would take place between scholars of different
religions. Thus, one of the most renowned translators of the Abbasid period (750-950) was
the Christian physician Hunayn ibn Ishaq (809 - 873). As we saw earlier, his son Ishaq ibn
Hunayn (d. 910/11) made Arabic translations of Ptolemy’s Almagest and Euclid’s Elements.
These translations were revised by the Sabian scholar Thabit ibn Qurra (826-901). Thabit,
one of the most famous astronomers of the time, participated in joint research projects
with prominent Muslim astronomers. As D. Gutas put it: The support for the translation
movement cut across all lines of religious, sectarian, ethnic, tribal, and linguistic demarcation.
Patrons were Arabs and non-Arabs, Muslims and non-Muslims, Sunnis and Shi'ites, generals and
civilians, merchants and land-owners, etc.” This cooperation across religious boundaries as
regards sciences continued in the following centuries, and it appears to have been

especially strong in the disciplines of medicine and astronomy.’

But the phenomenon of interreligious collaboration in scientific matters was not
exclusive to the Muslim world. It was again a translation movement, this time from
Arabic to Latin, that in the twelfth century gave rise to a similar interreligious exchange
of ideas in Christian Europe. The centre of this Arabic-to-Latin translation movement was
Judah ha-Cohen’s hometown of Toledo. Already under Muslim rule, from the eighth to

the eleventh centuries, the city had been a centre of Arabic learning, and Arabic had

% Gutas, Greek Thought, Arabic Culture, 5.
* Grasshoff, “Contextualizing the History of Islamic Sciences,” 303; Savage-Smith, “The Universality and
Neutrality of Science,” 171-175.
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remained the language of culture and education for a large part of the population after
the Christian conquest in 1085. Because Arabic scientific works remained available even
after many among the Muslim elite had left Toledo in the wake of the Christian conquest,
scholars from the Christian West came to the city in search for works that were otherwise
unattainable. A demand for Latin translations also arose among the newly established
cathedral clergy that came from Latin Europe and could therefore not read Arabic. These
Latin translations were often made under collaboration of Christian and Jewish scientists.
The Jewish scholar Abraham ibn Datid, for example, had fled Cordoba at the arrival of the
Almohads (1148) and settled in Toledo in 1160. There, he not only wrote original
philosophical and astronomical works in Arabic, but he also collaborated with the
Christian archdeacon Dominicus Gundissalinus in the Latin translation of one book of Tbn
Sina’s encyclopaedia Shifa’. Ibn Daiid translated the Arabic original into the vernacular,
which was then translated into Latin by Gundissalinus.’ Likewise, a Jew called ‘Abuteus
levita’ helped Michael Scot translate al-Bitriiji’s On the Principles of Astronomy into Latin in
1217.° A year later, some astrological texts were translated into Latin by Salio, a canon of
Padua, with the help of a learned Jew called David.® But collaboration between Jewish and
Christian scholars, especially in the mathematical and astronomical sciences, was not
restricted to Toledo. In Barcelona, the ‘father of Hebrew mathematics’, Abraham bar
Hiyya, had cooperated with Plato of Tivoli in translating several astronomical works into

Latin. About a century later, in Castile, the Jewish scholars Judah ben Moses ha-Cohen

*For the latest research on Abraham ibn Datid, see the dossier New Perspectives on Abraham Ibn Daud in Aleph
16, no. 1, 1-106. On his identity with the translator Avendauth, see Szilagyi, “A Fragment of a Book of Physics
from the David Kaufmann Genizah Collection (Budapest) and the Identity of Ibn Daud with Avendauth”;
Freudenthal, “Abraham Ibn Daud, Avendauth, Dominicus Gundissalinus and Practical Mathematics in Mid-
Twelfth Century Toledo”. See also Burnett, “Communities of Learning in Twelfth-Century Toledo”; id., “The
Coherence of the Arabic-Latin Translation Programme in Toledo in the Twelfth Century.”

5 Id., “Michael Scot and the Transmission of Scientific Culture from Toledo to Bologna via the Court of
Frederick II Hohenstaufen,” 109.

¢ Chabds, “Interactions between Jewish and Christian Astronomers in the Iberian Peninsula,” 149.
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and Isaac ibn Sid would be among the astronomers who composed a new set of
astronomical tables under the patronage of king Alfonso X. The Alfonsine tables, which
contain data that start with 1 January 1252, would become the most popular astronomical

tables throughout Europe.

As we saw in the previous chapters, the intellectual climate at the court of Frederick II
bore similar characteristics. In his quest for scientific and philosophical knowledge,
Frederick sent queries to Christian, Muslim and Jewish scholars alike, and whenever
possible he engaged in personal discussions with them. In many respects the imperial
court could therefore indeed be regarded as a ‘neutral zone’” in which scholars could
discuss scientific problems as equals, regardless of their confession. Judah’s
correspondence with Frederick’s philosopher is only one of many examples for this

interchange across denominational boundaries.

Did Judah therefore publish his scientific exchange with a gentile philosopher in order to
promote interreligious cooperation in the sciences? As a Toledan scholar, he must
certainly have been aware of the collaboration that took place both in his hometown and
elsewhere, and also of the fact that scientific ideas had been exchanged between sages of
different faiths and denominations since the beginnings of Arabic mathematics and
astronomy. He may therefore have chosen to translate a mathematical and an
astronomical problem into Hebrew in order to demonstrate to his Italian coreligionists

that as regards these sciences, religious boundaries were of no importance.

In his account of the correspondence, the fact that his opponent was a Christian does not
seem to be important at all to Judah, for never does he mention the fact that his
correspondent was not Jewish. However, we should bear in mind that he does not give

his readers a full account of all the questions and answers that were allegedly being
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discussed during his exchange with the imperial court, but only a very limited selection.
In his response to the first question, asked by the philosopher, he is able to display his
expert knowledge in Euclidean geometry. But it is the second question, which Judah sets,
that reveals the fact that the relationship between him and his correspondent was not
solely characterised by mutual respect and collaboration; Judah asks his opponent a
question on oblique ascensions - a problem that requires expert knowledge in
astronomy, but, for an expert, should not have been too difficult to answer. Yet, although
the philosopher had obviously studied the most important astronomical textbook of the
day, Ptolemy’s Almagest, he was unable to answer the question correctly. On the contrary,
in his response he makes a mistake so grave that Judah takes the opportunity to ridicule
him in his rebuttal and to go so far as to question whether his correspondent truly
deserves to be called ‘philosopher’. Judah thus chooses not to present selected problems
that were discussed by two equally skilled experts, but instead presents his readers with
his opponent’s failure and his own triumph. His intellectual superiority over a figure of
such a high standing as the emperor’s philosopher certainly demonstrated his own
expertise, and it increased his own status as an intellectual authority, regardless of

religious boundaries.

However, Judah published the Hebrew translation of the two questions not as an
independent treatise, but within the framework of his encyclopaedic work Midrash ha-
Hokhmah. As he states himself, [...] I translated them from Arabic into the Hebrew language,
with this book that I composed when I was still there [i.e. in Toledo].” Whether or not the
exchange was part of the Arabic original remains at this point subject for speculation, but

it is clear that its Hebrew translation was not intended to be read independently of the

7 Edition, paragraph 2.

222



encyclopaedia. It is possible that within the framework of the Midrash ha-Hokhmah, the
correspondence may have fulfilled a different function than simply promoting
interreligious collaboration in scientific studies or establishing Judah’s authority in the
matter. In fact, within the encyclopaedia Judah’s attitude towards both the ‘foreign
sciences’ and gentile scholars is very ambiguous. In order to determine the function and
meaning of the correspondence within the work, we shall first give an overview of the
contents and structure of the encyclopaedia, the historical circumstances of its

composition, and its aim.

Contents and structure of the Midrash ha-Hokhmah

A recurring theme in the Midrash ha-Hokhmah is the division of the universe into three
worlds: that of generation and corruption, that of the celestial spheres and the spiritual
world. Accordingly, the encyclopaedia is divided into two parts: the first one deals with
the world of generation and corruption, the second one with the world of the celestial
sphere. Knowledge of the divine world is only hinted at through three treatises, one

following the first part, two following the second part of the work.

In the first part of the encyclopaedia Judah gives summaries of Aristotle’s works on logic,
natural science, and metaphysics according to Ibn Rushd’s interpretation.® Throughout
these works, Judah’s critical attitude towards both Aristotle and his commentator Ibn
Rushd comes to the fore. Thus, at times he inserts his own short comments pointing out
perceived inconsistencies and contradictions in the Aristotelian system, but he also
devotes two longer passages, one in the introduction and one right after his summary of

the Metaphysics, to a more detailed criticism of Aristotelian doctrines and principles. At

8 See table in Chapter One for details.
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the end of this first part of the work, Judah presents a treatise in which he explains the
meaning of selected biblical verses from Genesis, Psalms and Proverbs. He tries to
demonstrate that the knowledge that can be gained from studying the so-called ‘external
sciences’ was presupposed in the Bible and that this secular scientific knowledge was also
held by the sages of Mishnah and Talmud. It forms part of the ‘divine wisdom’ - an all-

encompassing knowledge of the divine world which God revealed to Israel alone.

The second, mathematical-astronomical, part of the Midrash ha-Hokhmah is structured in
a similar way. Again, Judah first gives summaries of scientific books and then adds his
own original work in order to demonstrate that Israel’s sages had always been privy to
the knowledge contained in secular works. It contains a reworked version of books I-VI
and XI-XIII of Euclid’s Elements, the account of the correspondence with the emperor’s
philosopher, the first nine books of Ptolemy’s Almagest, al-BitrGji’s On the Principles of
Astronomy, and Ptolemy’s Tetrabiblos. Then follow two treatises, one on the secret
meaning of the shapes and numerical values of the letters of the Hebrew alphabet, which
is followed by an account of a polemic disputation with a gentile sage, and a treatise on
the secret knowledge that comes to the fore in Talmudic aggadot. It is in these treatises
that Judah explains how the astronomical/astrological knowledge found in the second
part of the work forms part of the divine wisdom given to Israel, since the way God’s
command emanates from the higher worlds to the world of generation and corruption is
already represented in the names, shapes, numerical values and order of the letters of
the Hebrew alphabet. The ‘true order’ of the planets (that is, their order in al-Bitrdji’s
planetary system) had also been part of this wisdom, and was reflected in the order of the
Hebrew letters. The final treatise on Talmudic aggadot is devoted to exposing some
aspects of this ‘divine wisdom’ which were known to the sages of Mishnah and Talmud.

In the introduction to this treatise Judah explains that this wisdom goes far beyond the
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realms of Aristotelian Physics and Metaphysics, that it is secret and can only be transmitted
orally from person to person.’ Thus, Judah tries to hint at the secret meaning of Mishnaic
sayings, such as ‘Ma ‘aseh Be-reshit (the work of creation) must not be explained before

two’,”® or ‘Ten things were created on the first day’."

The Midrash ha-Hokhmah is therefore not simply a handbook for the study of science and
philosophy, for it demonstrates the relationship between these ‘foreign sciences’ and
religious learning. Judah’s enterprise of delineating both the benefits and the limits of

scientific and philosophical knowledge should be understood in its historical context.

The Maimonidean controversy

Born in the second decade of the thirteenth century, Judah received his education in a
period in which philosophical teachings became available to Jewish communities in the
Latin West that previously had not had access to this philosophical tradition. It was with
the circulation of Maimonides’ Mishneh Torah, especially its first part, the Sefer ha-Mada’,
as well as the Hebrew translation of his philosophical work Guide for the Perplexed, that
several discussions broke out among Jewish intellectuals about the philosophical
doctrines found in these works, which would then turn into discussions about the

permissibility of the study of philosophy itself.

A first dispute, in which Judah’s teacher Meir ben Todros Abulafia (c. 1170-1244) played
an active role, erupted in the early years of the thirteenth century. In the Sefer ha-Mada *
Maimonides appeared to promote the view that the ‘world to come’ was not a period in

history in which the dead would be bodily resurrected, but the immortal existence of the

° Oxford, MS. Mich. 551, fol. 198v.
1 Mishnah, Hagigah 2:1.
1 Babylonian Talmud, Hagigah 12a.
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intellect in proportion to its attainment of knowledge. From this Meir Abulafia inferred
that Maimonides denied resurrection of the body as a halakhic principle. He opposed this
opinion vehemently and sought affirmation of his views from the scholars of Lunel
(southern France), who, to his disappointment, chided him for disagreeing with
Maimonides. The dispute only ended when Samuel ibn Tibbon circulated his Hebrew
translation of Maimonides’ Treatise on the Resurrection of the Dead (Maqgalah fi Tehiyat ha-
Metim, composed in 1190-91) among scholars, and Abulafia became satisfied that

Maimonides did affirm bodily resurrection.

Between the years 1230 and 1235 a second controversy regarding Maimonides’ works,
this time about the permissibility of rationalist philosophy altogether, erupted within the
Jewish communities of Southern France and Spain. As a venerable scholar and communal
leader in Toledo, Judah’s teacher Meir Abulafia played an important role also in this
debate."”” Whereas previous discussions about the validity of science and philosophy had
taken place within Judeo-Arabic culture, it was the entry of Spanish rationalist
philosophy into Latin-Jewish culture that triggered this new heated debate, which turned
into an inter-communal battle characterized by polemical propaganda,

excommunications, and charges of informing.

Rationalist philosophy was eagerly taken on by intellectuals in Provence, with Samuel
ibn Tibbon, the translator of Maimonides’ Guide, as one of the most fervent adherers of
philosophical ideas that valued universal reason over religious tradition. In the years
after becoming available in Hebrew, Maimonides’ Sefer ha-Mada ‘and Guide for the Perplexed

had turned into basic textbooks for the emerging Provencal rationalism. A leading critic

2 For a detailed analysis of Abulafia’s role in the conflict, see Septimus, Hispano-Jewish Culture in Transition,
61-74.
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of this development was Solomon ben Abraham of Montpellier.” Together with his pupils
he engaged in a forceful dispute with the advocates of philosophic learning. In his
struggle he turned to the tosafist schools of northern France for support, which
consequently condemned the study of the Guide and Sefer ha-Mada . The rationalists in
turn sent letters north defending Maimonides and the study of philosophy, and engaged
in a campaign to excommunicate Solomon and his pupils. In Toledo, the most powerful
Jewish community in Castile, Judah ha-Cohen’s teacher Meir Abulafia was approached by
both proponents and opponents of philosophical rationalism. While he declared his firm
opposition to the ban on Solomon ben Abraham and strongly supported his cause, he
considered efforts to ban the study of philosophy altogether to be futile. At the height of
the conflict, under unclear circumstances, the Sefer ha-Mada ‘ and Guide for the Perplexed
attracted the attention of the inquisition, which led to the public burning of these books

by the Dominicans in Montpellier in 1232.

It was precisely during these years of turmoil within the Jewish communities, in the early
1230s, that Judah ha-Cohen composed the Arabic original of the Midrash ha-Hokhmah. That
he was well aware of the vigorous discussions concerning Maimonides’ works taking
place at the time becomes clear from a statement he makes at the end of the first part of

his encyclopaedia:

Iacknowledge that the Guide to Righteousness planted in my heart a burning
desire to study the books of the philosophers, until I had achieved what little I
have. I truly know that the intention of the Guide was merely to cause those who
erred after the words of Aristotle to return and to hold fast to our holy Torah.
One ought not suspect the lamp of the exile of Ariel of the things of which some
people of this generation suspected him."

3 Not to be confused with Solomon ben Abraham Adret of Barcelona (c. 1235-c. 1310).

1 oxford, MS. Mich. 551, fol. 145r: Ty D¥91019291 5902 Y9 NI WN 2292 DV NPTNS NINN 2 DTN NN 1999
NNTINL PXINNY IVOIN MIAT NYY >0 PINNTI WNS KON 717N TIND NPT KD 3 NHNIINYT DY N ITANIYY
VTN VIR NYPRIMTYNY NN IRIN M) 1 TwnY 8w, The passage was first translated by Septimus, Hispano-
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The notion that a well-rounded education should include science and philosophy had
become commonplace in the Andalusian tradition that Judah ha-Cohen grew up in. It was
not the rationalist tradition as a whole, but certain internal developments that gave
Spanish anti-rationalists cause for alarm. They criticised a new radical form of nonliteral
exegesis that imposed philosophical naturalism upon the biblical text, relying solely on
philosophical reasoning and denying the possibility of a literal interpretation when it
contradicted Aristotelian philosophy. Regarding the study of philosophy, they denied not

its permissibility, but its primacy over biblical and Talmudic studies.

In his encyclopaedia Judah delineates the benefits and limitations of philosophical
studies. The Midrash ha-Hokhmah can therefore be seen as Judah ha-Cohen’s contribution
to the discussion about the value and permissibility of the study of secular science and
philosophy that was taking place at the time. Having been brought up in the Andalusian
tradition, he deemed philosophical learning an essential part of education, but like his
teacher he opposed the new radical kind of Aristotelianism that was burgeoning in Spain
and Provence. Thus, while on the one hand giving an overview of the most important
philosophical and mathematical/astronomical works of his time, he at the same time
tries to demonstrate the limits of philosophical study and to establish the superiority of

religious learning.

Jewish Culture in Transition, 98. See also Sirat, “Juda b. Salomon ha-Cohen,” 44; Fontaine, “Judah ben Solomon
ha-Cohen’s ‘Midrash ha-Hokhmah’: Its Sources and Use of Sources,” 194.
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The aim of the Midrash ha-Hokhmah

In the introduction to the Midrash ha-Hokhmah, Judah himself describes the relationship
between religious and philosophical knowledge, as well as his aim in writing the
encyclopaedia. Having explained the concept of the three worlds, he describes the
scientific curriculum of his time, enumerating the different disciplines, their order, and
the books from which they need to be studied. Immediately after this general
introduction, however, he describes the limits of philosophical and scientific knowledge.
According to Judah, the secular sciences are helpful in understanding the two lower
worlds, which are the world of generation and corruption and the world of the celestial
spheres, but perception and reason alone cannot lead to understanding of the divine
world, which is not perceived by the senses. Thus, he argues, even if one were to know
Aristotle’s books on metaphysics by heart, all that can be learned from them is that there
is one incorporeal prime mover, and that there are separate intellects governing the

spheres.”

Profound knowledge of the divine world and of the ‘essence’ of the world of the spheres
can only be achieved by revelation. God gave this deeper knowledge to Moses on Mount
Sinai, and it was handed down from generation to generation in an unbroken tradition -
a process which he (and others, such as Nahmanides) called gabalah (‘tradition’). During
the millennia that followed, Israel held on to this most important knowledge, but
knowledge of the two lower worlds, which is included in the all-encompassing divine

knowledge, was slowly lost:'®

1 Cf. Oxford, Bodleian Library, MS. Mich. 551, fol. 4v. An English translation of the passage can be found in
Sirat, A History of Jewish Philosophy in the Middle Ages, 253.

16 0xford, Bodleian Library, MS. Pococke 343, fol. 8v and MS. Michael 551, fols. 5v-6r. MS. Pococke reads:
PRYOITPHNN NIND TIVI NININD IRYD PNON NNIN TIY /DI TYIND JI DIND PN MIIDN 1D NNHIND PNIN NN
NY215 NI NIMDYNI NNOYN DT 297 NNINN NXTY PN NN NI 199N NNIRY 297 TYIN RIPIN URD NIND TYIN 1A
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And [scripture] says: ‘there is more gain in wisdom than in folly, as there is more

gain in light than in darkness’.” That is to say, the relation of the divine wisdom
to the rest of the [scientific and philosophical] disciplines is like the relation of
the true light in which there is no darkness to the light of the fire, which is called
‘darkness’ - since this wisdom is bright light. And because of its sublimeness and
its importance, and as it comprises all disciplines, and as it is the essence that
everything is dependent upon, God revealed this wisdom only to Israel alone, as
it is said: ‘He has revealed His word to Jacob, His laws and decrees to Israel. [He
has not dealt so with any nation: and as for His judgments, they have not known
them.]™ - Since the sages of the nations of the world - the wisdom of their
philosophers only extended to those disciplines. But those about whom it is said
‘a wise and understanding people’,” they had root and branch.

But since ‘the wisdom of our wise men perished, and the understanding of our
prudent men was hid’,”” of these disciplines ‘only two or three berries in the top
of the uppermost bough ™ were left in our hands, so that the glory of the Israelite
sage nowadays consists only of the knowledge of those books that we mentioned,
or some of them; up until it became clear among the people of the world that
there was no wisdom in Israel and that ‘my people is foolish’,” since it was the
Greeks alone who wrote down the [scientific and philosophical] disciplines, and
these were translated to other languages as their treatises became known. This
is because of the detachment of [God’s] providence from Israel, like Isaiah said:
‘Therefore, behold, I will proceed to do a marvellous work among this people,
even a marvellous work and a wonder: for the wisdom of their wise men shall
perish, and the understanding of their prudent men shall be hid’”

That is to say, it is a marvellous wonder that that the true wisdom left the people
about whom it is said ‘a wise and understanding people’ and so forth,”* and that
they returned to rely on the treatises of the nations. ‘The waters failed from the

UMY PN APYY PIT TN DY TA92 YD DN YD 1Y KD 7NN PN N2 NN 12 NN DONY I3y XY MNoNN Yo
DY DN NIV N TR .T292 NMNONN JMNXT ON YD DNN NDITIAN NNPON NYNIN KT O2IWN MNIN MNINY 297 /) INIWD
NINONN INIRD 1T INYI XY NINNDI 12°3123 NIX2Y 195N NNON NTINY AV DN .9 WY XN DNKY 120 05N
17TV DMIADN IMINX NPT DN YD NN JITN N3 IINIYWN 0INN NIRIN NIV TY PHIN YN DN NYOY DY
017N OK Y DIIND NI MNINNVY 13T Y)Y 9NN D) HXIYI NNON NPT RD D O9IY 12 DN ININIY TY \NSPN N
NYAND POV NN VY THIYY IINY D INIYI NIV PININ N1 DPIIAN INDIONIY Y90 MINN NIMYIZ PR
1120 DON DY N2 NNIY DY NP NINDS ORI NT YD MTD . INNDN 123 521 /5N /NON NTINY KD NIN NN DYN NN
Y 0NN MNPYN NIRINNNT TN O 2N 0D IDITN .NMNIND 11122N2 MZNNY 12 TIINNRN N1DINN VPN NI0Y N
TPRTIN HNRIY NNOND MNIND INDN TIY PRY IPIAY 173) 1931 1D DNINYI DTPN INDND 73 APY> NI THY NWDLI
YOPN YN DTN 2IN MINN YNIYN TNIW SIIN HMONIYY) 117 29N .DXNYIY 11P7> D12 NNPNN TIND DN NN TIVI NIN
.D%127 MY 72V ONIIINY DXIDDN DMN DI MY 12 YN NNONT WATH 1Y OINRIPI 1901 DT ONIIN TIAD NVPNH
912°NN NI P 0N DMIDN YNNG T2 NOWN NOWINN NN NI NOND YT NMNIND JNIND POYD NNPY ) TNRN
NN TANY INIYNN IR NN I20Y M RPN MWD NYYINMY PN N ONXI 12 12NN NOW MNYN NHNINHY D1INIA
RN D72 2D NHYN Y NI NNIINHD NNAN TYITPN 1PNNIN POYNND 1WIINHD NI N3N 1D 7P DD ININT N
NN TS MDY NNV PY

7 Ecclesiastes 2:13.

18 Psalm 147:19-20.

¥ Deuteronomy 4:6.

2 Cf, Isaiah 29:14.

% Isaiah 17:6.

2 Jeremiah 4:22.

2 Isaiah 29:14.

* Deuteronomy 4:6.
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sea” and [Israel] returned to be filled from the water trough, as it is said: ‘For
you have rejected your people, the house of Jacob, they are full of things from
the east and of fortune-tellers like the Philistines, and they strike hands with
the children of foreigners’” Since the relation of the treatises of the nations to
the absolute wisdom of Israel is like the relation of the light of a candle to the
light of the sun on the day that it is sevenfold.”

That is why I leaned on the Lord, the God of Israel, and I ‘shook the fold of my
garment’,” I, Judah ha-Cohen, the small among the small ones of Spain, and I
composed this book and called it Midrash ha-Hokhmah [‘Exposition of
Wisdom’], and I collected in it the contents of all the books that I mentioned, for
two reasons: One is that whoever wants to study these disciplines will first know
from here what the benefit is that he will get from these books, and he will also
study in this treatise the hints that [come] from our divine wisdom. And he who
understands will understand, and if he deserves it he will discern. The second
benefit is that he who already bothered his thinking and wasted his time on
these books will have this treatise to return him to absorption in the study of
our holy Torah.

In this passage Judah establishes the relationship between philosophical teachings and
religion: the knowledge attained by the philosophers was already included in the all-
encompassing ‘divine wisdom’ that God revealed to Israel alone. However, a large part of
this knowledge was lost to the Jews. The study of the ‘external sciences’ has therefore
become a useful and even necessary tool for understanding and re-discovering the true
and absolute wisdom that is found in the Jewish religion. While the study of philosophy
alone cannot lead to that wisdom, a true understanding of the ‘divine wisdom’ is only
possible by re-discovering its forgotten knowledge, which can be achieved through the
study of philosophy. His goal in writing the encyclopaedia is therefore to demonstrate
the usefulness of the ‘external sciences’, but also to show the superiority of religious

knowledge.

% Job 14:11.

% Isaiah 2:6.

27 Cf. Isaiah 30:26.

2 Cf. Nehemiah 5:12.
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We should also pay attention to the biblical verses Judah invokes in this passage. When
describing Israel’s ‘divine wisdom’, he quotes prophetic books traditionally connected
with the coming of the Messiah. Israel’s loss of ‘divine wisdom’, for example, was already
foretold by Isaiah. It did therefore not happen by accident, but it is an essential part of
Israel’s salvation history.” The image of the ‘light of the sun on the day that it is
sevenfold’ evokes Isaiah 30:26: Moreover, the light of the moon will be as the light of the sun,
and the light of the sun will be sevenfold, as the light of seven days, in the day when the Lord binds
up the brokenness of his people, and heals the wounds inflicted by his blow. Numerous Jewish
sources quote this verse in connection with the coming of the Messiah.” Both Israel’s
apparent lack of wisdom and its rediscovery are in Judah’s view therefore connected with

Israel’s redemption and the messianic age.

By claiming that all important knowledge could be found in an ancient Jewish tradition
that had since been lost, Judah makes use of a topos that was well-established among
Jewish intellectuals from the Iberian Peninsula. Similar views were expressed by scholars
such as Abraham ibn Ezra, Judah ha-Levi, Maimonides and Nahmanides.*! Furthermore,
some of the biblical verses Judah cites are also used by Maimonides in the introduction
to the Mishneh Torah.** However, in the Midrash ha-Hokhmah Judah goes to great lengths
to prove this claim. He gives a systematic and detailed account of the philosophical and

scientific knowledge of his day that is unparalleled by his predecessors, and then in an

» A similar view is expressed in the Babylonian Talmud, Shabbat 138b, where Isaiah 29:14 is interpreted to
indicate that “[t]here will be a time when the Law will be forgotten by Israel.” The discussion is immediately
followed by an argument that, amongst others, relates to the end of the exile.

% See, for example, Babylonian Talmud, Pesachim 68a and Sanhedrin 91b; Pirqe de-Rabbi Eliezer 51:1.

31 See Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 368-369; id., “Science and the
Kuzari,” 507-508; Sela, Abraham ibn Ezra and the Rise of Medieval Hebrew Science, 140-143; id., “Abraham Ibn
Ezra’s Special Strategy,” 85-87.

32 Isaiah 29:14 and Nehemiah 5:12.
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equally thorough way tries to demonstrate how this knowledge can be found in Jewish

sources.

But not only the relationship between philosophical and religious learning, also the way
the Jews are perceived by the nations plays an important role in the passage quoted
above. Thus, although it was the Jews who received divine, all-encompassing wisdom
through revelation, to Judah’s dismay Israel nowadays appears to be foolish and devoid
of wisdom, while the other nations are conceived as wise. That this perceived inferiority
as regards secular learning is one of the reasons why Judah composed his encyclopaedia,
can be seen in yet another passage in the Midrash ha-Hokhmah. Judah repeats his goals in
writing the encyclopaedia in a passage following his abridged version of the first four
books of Aristotle’s Organon (that is, Categoriae, De interpretation, Analytica priora and

Analytica posteriora):

We already mentioned in the introduction of the book that the aim of this work
is to make known the extent of the usefulness of the works of the nations, so that
the Israelite not be ignorant of them, lest they grow haughty toward him with
their sciences. This work is there for him to know how to answer a heretic within
his own science and to return one who erred regarding their books to our holy
Torah.”

In this second passage, Judah explicitly mentions the superiority of the nations regarding
science and philosophy as a reason for composing his work. His statement, however,
should be regarded with caution. The notion that Jews need to engage with the sciences

in order be able to keep up with the gentiles and to disprove their claims of superiority

33 0xford, Bodleian Library, MS. Mich. 551, fol. 45v: DX »3 1> 712>nN0 N3 123y 3 1900 NNPNNA 1IN 1310
YPY NDNN I DYV IPNININA POY ININ KIW 3T 11N P OIIRIVIN RN XIWY MNMIND Y1230 NOWIN MIOON WNind
NYITPN 1NNNY 1771902 NYY SN 1NN INNON TINN DINPNS 1w, The translation is based on that
rendered by Septimus, Hispano-Jewish Culture in Transition, 98. See also Fontaine, “Judah ben Solomon ha-
Cohen’s ‘Midrash ha-Hokhmah’: Its Sources and Use of Sources,” 202.
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was a common trope among medieval Jewish scholars - an excuse for practicing ‘foreign
wisdom’ in the first place. Similar arguments were also used by Christians and Muslims
as an apology for engaging in non-religious matters that could possibly pose a threat to
one’s own religion. Thus, several recipients of emperor Frederick’s letters appear to have
seen the authority of their own religion challenged by his questions. Ibn Sab ‘in answered
the queries that he allegedly received from the emperor in the hope of God’s reward in the
hereafter and for the triumph of the Muslim community.** Al-Qarafi introduces the questions
that were supposedly asked by Frederick by saying: Thus [God] keeps the Muslim people from
the error of inferiority, when they are asked strange questions, so that the enemies of pure faith do
not imagine, due to a lack of response, that they take the first rank regarding perfection and
ability.”” Leonardo Fibonacci, on the other hand, contents himself with stating in the
introduction to his Liber abaci that he wrote the book on the Indian numeral system in
order to have those eager for this knowledge instructed in this method that is perfect above all, so
that henceforth the nation of the Latins [i.e. the Italians] shall not be found ignorant of it, as was

the case until now.

Moreover, Judah’s statement regarding the aim of his encyclopaedia shows many
similarities with parts of a text written by the other Jewish scholar who was in Emperor
Frederick’s services, Jacob Anatoli. In 1232, at the height of the Maimonidean

controversy, Anatoli had introduced his translation of Ibn Rushd’s Middle Commentaries

34 Akasoy, Philosophie und Mystik in der spiten Almohadenzeit, 340.

3> Wiedemann and Meyerhof, “Uber ein optisches Werk des Ahmad al-Qarafi,” 123 (Arabic), 8 (German).

36 [...] ut extra, perfecto pre ceteris modo, hanc scientiam appetentes instruantur, et gens Latina de cetero,
sicut hactenus, absque illa minime inueniatur. Scritti di Leonardo Pisano, 1.
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on Porphyry’s Isagoge and on the first four books of Aristotle’s Organon in a very similar

way:”’

There is the additional consideration that logic is indispensable if one is to stand
up to opponents who employ sophistic arguments. Our rabbis warned about
that, saying: “Be diligent in studying the Torah [so that you will know] what to
answer the heretic,”” and in their warning they meant not merely the heretic,
but everyone who opposes the truth. It is evident that without studying the
science of logic none of us will be able to hold his ground against clever
representatives of the other nations who oppose us. Since 1, Jacob, the son of
Abba Mari b. Samson b. Anatolio of blessed memory, saw how numerous are the
wicked fools who presume against us in an argumentative and dialectic way, [
became zealous at them, and there was aroused in me the desire to translate
this science as far as lay in my power.

Both Jacob and Judah argue that the Jews should study secular sciences or, in Jacob’s case,
logic, in order to be able to rebut gentile attacks on the Jewish faith. Both use the
Mishnaic dictum that one should ‘know what to answer the heretic’ to demonstrate that
this study is in accordance with Jewish tradition. Furthermore, both statements are found
in their translations of the same four books of Aristotle’s Organon. Jacob Anatoli writes it
as part of the introduction to his Hebrew translation, while Judah makes his remark at
the end of his Hebrew summary of the works. As we have seen, Judah seems to have
known Jacob’s translations of astronomical works, and it is therefore likely that he also

knew his translation of these works on logic.

However, for both Judah ha-Cohen and Jacob Anatoli the notion of gentile attacks on the
Jewish faith that warranted the translation of scientific and philosophical works into
Hebrew may have been more than just a mere commonplace. Jewish intellectuals were

indeed confronted with Christian critiques of their religion in their interactions with

%7 Translation by Herbert A. Davidson: Ibn Rushd, Middle Commentary on Porphyry’s Isagoge, 3-4. On this
introduction see also Harvey, “The Introductions of Thirteenth-Century Arabic-to-Hebrew Translators of
Philosophic and Scientific Texts,” 227.

38 Mishnah, Pirqe Avot 2:14.
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gentile scholars. In addition to the free scholarly exchange we find in the correspondence
with the emperor’s philosopher, the Midrash ha-Hokhmah contains a prime example of
Christian-Jewish polemics: the disputation which is found in the second part of the work.
Following the treatise on the letters of the Hebrew alphabet, Judah reports on a
discussion on the status of the Jewish people he allegedly had with a gentile scholar. In
this disputation Judah’s opponent uses arguments taken from Aristotelian philosophy in
order to demonstrate the inferiority of the Jewish faith. Judah refutes his opponent, also

making use of philosophical arguments.

The disputation with the gentile scholar and the correspondence with Frederick’s
philosopher are the two only texts found in the encyclopaedia which transmit dialogues
that Judah allegedly had with other scholars, be it Jewish or gentile. However, the forms
and contents of these dialogues differ greatly. In order to determine what exactly the
relationship between the two texts might be, we shall take a closer look at its form and

contents.*

Judah’s disputation with a gentile scholar

Judah’s opponent begins the discussion by asking: If your god has chosen you, and you are a
holy nation, and his sons, and all the other things that you claim about yourselves, why does it look
as though you are a burden to the world?* Drawing on a Midrash that explains that God had
to create a womb for Sarah in order to enable her to conceive Isaac, he then argues that

the Jews’ existence was accidental from the very beginning, as opposed to the other

* An edition of the Hebrew text with a French summary and commentary were published by C. Sirat in
2001: “A la cour de Frédéric II Hohenstaufen: une controverse philosophique entre Juda ha-Cohen et un
sage chrétien.” Independently, R. Fonaine published an English summary and analysis of the text in the
same year: “Religious Polemics in a Philosophical Encyclopedia: Judah ha-Cohen on ‘The Chosen People.”
0 DN NI TN NINY ONIYI DIDIN DNNY NI NXPI INYI 19321 WITP 20 DNXY [1> DY D1 1N DIIN ON
[D51yn Yy D> IVN. Sirat, op. cit., 73.
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nations, whose existence is essential. Thus, Jacob received his father’s blessing only
through trickery. The Jews became a nation only after much toil and hardship and even
famous figures, like Abraham, Joseph, or King Solomon, were not particularly rich or
powerful compared with other rulers. All of this points to the fact, thus Judah’s opponent,
that the Jews are a burden to the world and the world does not need them. If the Jews
were indeed a holy nation, then members of other nations would be happy to serve Jewish
individuals. In addition, God put so many restrictions upon the Jews regarding worldly
pleasures, food, sexual intercourse, and other bodily needs that the Jews are like prisoners

in chains who do not do anything without permission.*'

Judah opens his rebuttal with the sentence: If the entire creation consisted solely of this world
of generation and corruption, how just and correct would your words be.** He first addresses the
problem of the nations having more worldly power than the Jews. In analogy to the
human body, the universe is divided into three worlds: the highest, pure and holy one,
the intermediary world of the spheres, and the lowest world which collects the filth.
These worlds can be compared to different parts of a royal palace; the inner chamber is
reserved for the king and his spouse, in the middle part the king dines and meets his
advisers, and the outer part can be accessed by the multitude. Each part has its own
guard. If the king orders his guards to prevent noblemen from entering the palace, even
the guards of the outmost part of the palace can thus have a seemingly higher status than
aristocrats. Similarly, as the lower two worlds belong to the nations, their status is
seemingly higher than that of the Jews, whose domain is the highest world. In fact, the

world of generation and corruption over which the nations rule, was only created as a

1 MYIa DN YD 92T DIV DIPNRY DIPII DINDN DD DNN ¥ 137 YW 1992, Sirat, op. cit., 74.
2 9IN1N DML TI2T P NN TOONM 7NN DY IR DX 2D N¥PN 95 7N XY WK, Ibid.
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preparation and gatehouse to the highest world, which is the Jews’ domain. But as there
has to be justice and balance in nature, the Jews, who were given the divine world, cannot
also rule over the lowest world. Furthermore, Judah explains that the hardships that Jews
have to endure in this world do not make them inferior: Although the Jews are under the
yoke of the nations, their faith has prevailed through the ages, while the gentiles come
up with new religions over and over again. In addition, he compares the Jews’ situation
to that of Adam, who was in a better position when he was naked than when he was

clothed, as that was when he was expelled from paradise.

In a next step, Judah himself puts forward another argument, namely the fact that the
nations are more versed in secular sciences and philosophy than the Jews. But, he asserts,
deeds are more important than reasoning, and regarding their deeds the Jews are much
more holy than the other nations, who use philosophy and science for vain and evil
purposes, such as gain of authority, or lust, or the making of gold - an impossible feat.
Then he addresses the problem of the Jews being much fewer in number than the nations.
Just as there is more arid than arable land, and more animals than humans, there are
more gentile nations than the holy nation. And just as one sun is enough for the entire
earth, the existence of one holy nation suffices. Finally, he addresses his adversary’s claim
that God’s commandments restrict the Jews so much that they are comparable to
prisoners. He compares the Jews to the biblical nazirite, who, due to the restrictions he
imposes upon himself, is consecrated to God and in that state becomes like the High

Priest.*

“ While R. Fontaine interpreted Judah’s lengthy discussion of the nazirite as a critique on Christian ascetic
orders, C. Sirat saw it as a defence of Jewish ascetism that was burgeoning in kabbalistic circles. In my
opinion, the discussion is neither; Judah merely addresses his opponent’s final claim that the Jews are like
prisoners.
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Judah’s opponent then argues that according to rabbinical exegesis someone who does
not own land is not human. Thus, the nations are humans while the Jews are not. Judah
replies that the earth is there merely to produce food. But under the yoke of the nations,
the Jews have enough food to survive without working the earth, which allows them

more time to worship God.

Finally, Judah’s adversary asks why it is then that the Jews pray for their own kingdom
and land. Judah explains that there are two reasons for this. On the one hand, it is difficult
for some people to devote their life to God wholeheartedly while their mind is
preoccupied by their state of oppression. On the other hand, a large proportion of the

commandments could only be observed in the land of Israel.

Christian-Jewish polemics and scientific collaboration

Although Judah does not mention his adversary’s religion, it is obvious that he is a
Christian. Resianne Fontaine and Colette Sirat showed that the main arguments are
deeply rooted in Christian-Jewish polemics: The notion that the Jews’ servitude
contradicts their claim of being God’s chosen people figures prominently in Christian
polemical treatises against Judaism.* Closely related is the argument that the Jews do not
possess their own land and can therefore not be regarded as a nation. The Midrash
discussed above about the divine womb prepared for Sarah in order to enable her to give
birth to Isaac was used by Christian theologians as an answer to Jewish critique of the
concept of virgin birth. Judah’s reply to the sage’s claims also contains arguments that

were commonly used in Christian-Jewish polemics. His statement that gentile sages used

* Sirat, “A la cour de Frédéric 11 Hohenstaufen: une controverse philosophique entre Juda ha-Cohen et un
sage chrétien,” 62; Fontaine, “Religious Polemics in a Philosophical Encyclopedia: Judah ha-Cohen on ‘The
Chosen People,”” 100-101; Chazan, Daggers of Faith: Thirteenth-Century Christian Missionizing and Jewish
Response, 53-56; Berger, “Introduction to the Jewish Christian Debate in the High Middle Ages: A Critical
Edition of the Nizzahon Vetus with an Introduction, Translation, and Commentary,” 87.
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the sciences to pursue immoral goals reflects the fact that each side accused the other of
immorality. The assertion that the adherents of the other religion are like animals is
likewise commonly found in Christian-Jewish polemical texts. Finally, Judah ends his
answer with a quotation from Isaiah 53 - a chapter that Christian theologians interpreted
as a prediction of Christ’s suffering. Judah stresses that the prophecy alludes to the

reward granted to Moses.*

Judah rebuts his opponent’s claims that the position of the Jews is inferior and indeed
hopeless, not by invalidating his arguments one by one, but by establishing a completely
different worldview to that of his opponent; based on the notion of the three worlds he
argues that the Jews’ real domain is the highest world, which he identifies with the world
to come. Thus, their seemingly inferior status in the world of generation and corruption
is in fact a sign of their superiority. Their servitude is only a temporary phenomenon,
which assures them of their moral superiority, and of their high status in the highest
world. He thus responds to his opponent by using philosophical arguments and reasoning
combined with the notion of the ‘divine wisdom’ that was revealed to Israel. Judah
concedes that the Christian has argued correctly according to his level of understanding:
how just and correct would your words be. 1t is the understanding of the divine world, which
is only available to the Jews, that enables Judah to invalidate his opponent’s claims of

superiority.

The Christian scholar’s identity cannot be established - it is certainly possible that the
disputation in its current form is purely fictitious. But his familiarity with Jewish exegesis

reflects the new polemic approach that Christians took in the thirteenth century, which

% On Isaiah 53 see, for example, Berger, “Introduction to the Jewish Christian Debate in the High Middle
Ages: A Critical Edition of the Nizzahon Vetus with an Introduction, Translation, and Commentary,” 80-81.
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was characterised by the study of Jewish post-biblical literature.*® Sirat argued that the
polemic discussion, or at least similar discussions of the same genre, may have taken
place at the court of Frederick II. On the one hand, the gentile philosopher’s ideas are
those studied at the court. On the other hand, the haughty tone of the gentile sage, as
well as the reference to the possession of horses as a sign of nobility, make it plausible
that Judah met his opponent at Frederick’s court. To this can perhaps be added the fact
that Judah mentions hunting as a pastime of landowners: Hunting and all the other things
that you do are not necessary for the worship of the Lord.*”” In addition, Sirat interprets Judah’s
attack on alchemy as a critique not only of Christian practice, but also of Jacob Anatoli,
his fellow Jew at Frederick’s court.”® The scholar was reportedly a skilled alchemist who
instructed both Michael Scot and Vincent de Beauvais in this discipline.* It should be
noted here that Anatoli not only practised alchemy together with Michael Scot, but, as
we saw in Chapter Three, also biblical exegesis. The fact that Judah’s opponent was
familiar with rabbinic exegesis may thus also indicate that he belonged to Frederick’s

entourage.

Fontaine, however, is doubtful whether the disputation should be linked solely to Judah’s
experiences at Frederick’s court. Judah could have collected different polemical

arguments that he had come across over a period of time, both in Toledo and in Italy, and

“ Fontaine, “Religious Polemics in a Philosophical Encyclopedia,” 103-104.

7 DOy DNNY DTN INYI Y TIND 721 DWn NTIaYY 718 DWH. Sirat, “A la cour de Frédéric 11 Hohenstaufen,”
77.

*® However, instead of having specific practices or alchemists in mind, Judah may simply have taken over
the argument from alchemy that he encpuntered in Judah ha-Levi’s Kuzari. There, in his rebuttal of
Aristotelian philosophy, Christianity and Islam, the Jewish scholar explains that all science originated with
the Jews, and that alchemists and necromancers are in error and misled by any accidental results they get
from their experiments. See Patai, The Jewish Alchemists, 147-149.

# Sirat, “A la cour de Frédéric Il Hohenstaufen,” 64.
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put them together in a way that enabled him to put forward his own view of the three

worlds and the Jews’ dominion in the divine world as a response.

But regardless of the question where Judah might have been confronted with Christian
accusations, his familiarity with Christian polemical arguments makes it clear that he
must have engaged in disputations of the sort at some point. Gad Freudenthal has argued
that Christian-Jewish polemics was in fact one of the driving factors that prompted the
Arabic-to-Hebrew translation movement of scientific works that started in the twelfth
century. He sees Jewish interest in science and philosophy as an indirect consequence of
the Arabic-to-Latin translation movement that had started a few decades earlier.”® The
study of philosophy caused Christian scholars in the twelfth century to use new,
rationalist, arguments in interreligious debates. Thus, instead of simply relying on
scripture in their attempts to disprove Judaism, Christians scholars used arguments
taken from Aristotelian philosophy: fundamental notions of Judaism contradicted not
scripture, but reason, and were incompatible with what was known about the world
through science and philosophy. Jewish authorities felt the need to rebut these Christian
claims within the same framework of rationalist thinking. In order to do that, they
needed to avail themselves of the necessary intellectual tools, that is, logic and
philosophy. In addition, Jewish scholars had a sense of intellectual inferiority when
confronted with these newly acquired sciences. As a result, they felt the need to create a
comparable culture, which would at the same time form an alternative to the dominant
one. They found this alternative in the products of Judeo-Arabic writings transmitted in

the Hebrew language.

¢ Freudenthal, “Arabic into Hebrew: The Emergence of the Translation Movement in Twelfth-Century
Provence and Jewish-Christian Polemic.” See also his “Arabic and Latin Cultures as Resources for the
Hebrew Translation Movement: Comparative Considerations, Both Quantitative and Qualitative.”
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Freudenthal argues that rationalist arguments were put forward only where a free
informal exchange between Christians and Jews was possible. Jews were confronted with
this new form of polemics not in formal disputations, but in informal settings where open
discussions between Christian and Jewish scholars occurred. As we have seen, this was
the case in those places where Jews and Christians collaborated in the translation of
scientific texts: in Toledo, Provence, and Italy. In fact, Judah’s correspondence with the
philosopher, followed by his sojourn at the imperial court, is a prime example of such a
free and open discussion between a Christian and a Jew that took place within the ‘neutral
zone’ of science. Leaving the question aside whether polemics was one of the factors that
caused the Jewish interest in Aristotelian philosophy, it was certainly a phenomenon that

accompanied this free and open exchange between scholars in Provence and Italy.

The disputation and the correspondence thus represent two very different kinds of
scholarly exchange that was prompted by the study of Greco-Arabic science and
philosophy. Both dialogues take place between a Jewish and a Christian intellectual. But
whereas in the correspondence the opening question is of purely scientific character and
the recipient is addressed as an equal within the realm of science, the opening question
of the disputation makes it clear that the recipient is not only regarded as inferior, but
his very right of existence is challenged. While the correspondence is written in the form
of question and answer, the disputation has the form of accusation and defence. However,
both end with Judah successfully refuting his opponent. In the disputation, Judah not
only renders arguments that disprove the Christian scholar’s claims, he also establishes
that the Jews’ perceived inferiority is in fact a sign of their actual superiority over
gentiles. In addition to the arguments brought forward by the Christian scholar, Judah
himself addresses the fact that the Jews are less versed in science and philosophy than

gentiles as a sign of perceived inferiority. Here, he argues that the Jews’ moral behaviour
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is more important than their philosophical erudition. In the correspondence, however,
he makes sure to demonstrate his own superiority, at least as regards mathematical
sciences, over his opponent. Using Freudenthal’s theory, we could suggest that it was
open exchanges like that of the correspondence that prompted the harsh attacks that we
find in the disputation. Where a free exchange between Jews and Christians was possible,
it led both to a close interreligious collaboration in the areas of science and philosophy

and to interreligious polemics.

The correspondence and the Midrash ha-Hokhmah

But the disputation and the correspondence are also linked in a different way. They are
the only two texts found in the Midrash ha-Hokhmah whose proper place in the
encyclopaedia has been called into question. It was Tzvi Langermann who first pointed
out that the two texts seem to disrupt the overall structure and goal of the work they
appear in.”' He argues that in both contents and structure the Midrash ha-Hokhmah is a
coherent work that reflects Judah’s twofold aim of giving a comprehensive account of
science and philosophy and demonstrating that this knowledge was part of the Jewish
tradition from the very beginning. Given that the two accounts of interactions with
Christians neither serve this goal nor fit within the structure of the work, he surmises

that they were perhaps meant to be ‘appendices’ to the work.

In addition, Judah’s treatise on the letters of the Hebrew alphabet, which immediately
precedes his account of the disputation in the Midrash ha-Hokhmah, concludes with a

calculation which, based on exegetical and astrological considerations, predicts the

*! Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 387-388.
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coming of the Messiah for the year 1260. This prompted Langermann to suggest that that
the entire encyclopaedia was set up to prepare its readers for the coming age of
redemption, which was ‘dangerously close’.”” This calculation seems to have been
influenced by the teachings of the Christian Joachim of Fiore (c. 1135-1202), which were
very popular in Italy at the time of Judah’s sojourn there.” The theologian and mystic had
divided history into three stages that were ruled by the three persons of the Trinity. The
era of the ‘Old Testament’ had been under the rule of the Father, the era of the ‘New
Testament’ was ruled by the Son, and a third era, that of the Holy Spirit, was soon to
begin, in the year 1260.* Spirituality increased during each era, and in the final epoch the
Holy Spirit would engulf all men, leading to an age of spiritual enlightenment and
angelic-like perfection in which Jews and Muslims would convert to Christianity.
Resianne Fontaine pointed out that not only the importance of the year 1260, but also the
theme of the three worlds that is found in Judah’s encyclopaedic work shows similarities
to the teachings of Joachim of Fiore. Since throughout the encyclopaedia Judah identifies
the divine, spiritual world with the world to come, it seems that like Joachim’s followers

he expected an age of spiritual enlightenment to be imminent.

Regarding the placement of the disputation in the encyclopaedia, both Colette Sirat and
Resianne Fontaine came to the conclusion that the dialogue forms an integral part of the
Midrash ha-Hokhmah. Firstly, the same arguments Judah uses in the discussion also appear
in other parts of the encyclopaedia. The theme of the three worlds is one of the leading

ideas repeated throughout the work, and it is even represented in the structure of the

52 Ibid., 389.

5 A detailed investigation of how Joachim’s views may have influenced Juda is given by Fontaine, “The
Theme of the Three Worlds in the ‘Midrash ha-Hokhma,” 441-443. The fact that Judah’s expectation
coincides with Joachim’s was first noticed by Sirat, “Juda b. Salomon ha-Cohen,” 48.

* For more information on Joachim’s thought see, for example Reeves, The Influence of Prophecy in the Later
Middle Ages; ead., Joachim of Fiore and the Prophetic Future.
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composition. The themes of justice and balance in nature, the Jews’ special status as
belonging to the higher world, and the nations’ claim that Jews are lacking in knowledge
of the sciences are also discussed in various contexts in the encyclopaedia. In addition,

the Hebrew expressions used in the discussion can also be found elsewhere in the work.>

However, both Sirat and Fontaine argue that the disputation did not form a part of the
original Arabic encyclopaedia that was composed in Toledo. According to Sirat, it reflects
discussions Judah had at the court of Frederick II, and therefore must have been added to
the work after Judah had left his hometown. Fontaine observed that while the disputation
forms an integral part of the work as regards its content, structure, language and
purpose, it is not mentioned in the introduction to the encyclopaedia where Judah
outlines the contents of the work. This leads her to conclude that Judah added it to the
work when he translated the text into Hebrew around 1247, in order to provide his Italian

coreligionists with ammunition against Christian polemical accusations.

In addition, Fontaine pointed out that the disputation immediately follows the prediction
made for the year 1260, and that it is the theme of the three worlds with the Jews’
dominion being the highest one which is most dominant in Judah’s argumentation. This
leads her to suggest that the disputation with the Christian scholar, too, might serve the

goal of preparing Judah’s coreligionists for the arrival of the Messiah.*®

But regardless of the question if Judah had the imminent dawn of a new era in mind when

he rendered the Hebrew version of the Midrash ha-Hokhmah, it is clear that the disputation

% Sirat, “A la cour de Frédéric 11 Hohenstaufen,” 58-61; Fontaine, “Religious Polemics in a Philosophical
Encyclopedia,” 104-106.

% Fontaine, “The Theme of the Three Worlds in the ‘Midrash ha-Hokhma,” 441; ead., “Religious Polemics
in a Philosophical Encyclopedia,” 105-106.
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with the Christian scholar forms an integral part of the work. Can the same be said about

the correspondence with Frederick’s philosopher?

Regarding the original Arabic encyclopaedia, this question cannot be answered with
certainty. However, the correspondence certainly forms an integral part of the Hebrew
version of the Midrash ha-Hokhmah. As we have seen, the theme of gentile scholars
attacking the Jewish faith and accusing Israel of being uneducated plays a dominant role
in the encyclopaedia. It is mentioned in the introduction to the work, repeated when
Judah reformulates his aim in writing the encyclopaedia, and also plays a role in his
polemic debate with a Christian scholar. But also within other parts of the encyclopaedia
Judah deals with Christian attacks against Judaism and the role of gentile scholars.” In
fact, Judah’s explicit aim in writing the encyclopaedia was not only to demonstrate the
usefulness of the external sciences and the superiority of religious learning, but also to
prove gentile scholars wrong who pride themselves of their sciences and grow haughty
towards the Jews. Together with the disputation, the correspondence serves as an
example of a case where this goal is achieved: the gentile philosopher is ultimately
refuted and ridiculed. It demonstrates to Judah’s readers that the Jews could be equal,
even superior, to the nations in their mastery of the sciences. Judah himself had achieved
this feat even as an eighteen-year-old: an emperor’s philosopher, a representative of the
wisdom of the nations, had been beaten at his own game, the sciences, by a Jew. After
Judah'’s refutation, this representative could certainly not pride himself on ‘his’ sciences

any more.

*7 For example, in his treatise on the letters of the Hebrew alphabet Judah refutes the Christian view that
the final letter mem that appears in the middle of the word na7ob in Isiah 9:4 signifies Mary’s womb and
thus predicts the coming of Jesus. See Langermann, “Some remarks on Judah ben Solomon ha-Cohen,” 381-
382.
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But also regarding the contents and structure of the encyclopaedia, the correspondence
forms an integral part of the work. While the problems being discussed do not appear
elsewhere, they do fit the structure of the mathematical curriculum that Judah describes

in his introduction:*®

The discipline of mathematics:

Regarding this circular body that turns eternally [i.e. the highest sphere], we
have grasped only its movement - and this movement is circular, as is
demonstrated in natural philosophy, and it is also clear from observation -
therefore it is only possible for us to calculate it and to demonstrate the
movements of the bodies that move in it and their properties and details
through the knowledge of the properties of the circles that are made by the
circular motion of the sphere and their intersection with each other, and this
knowledge is only possible through the discipline of geometry. That is why we
first need knowledge of the planes, and they are described in the first six
treatises of the book of Euclid; and after that knowledge of solid figures, and
they are in treatises 11, 12 and 13 of it. And after that [we need] knowledge of
the circles that are made on the surface of the sphere, and they are [described]
in the book of Theodosius; and after that the knowledge of the triangles
consisting of arcs that are made on the surface of the sphere, and the ‘sector
figure’, and they are in the book of Menelaus.

The discipline of mathematics is divided into seven parts: arithmetic, geometry,
music, [mechanical] devices, optics, statics, and the discipline of the celestial
sphere [i.e. astronomy].” In this our composition we have only mentioned the
part of geometry and the discipline of the celestial sphere.

58 0xford, MS. Mich. 551, fol. 3a: yNyNN OX >3 1PN WIWA NS THN 3N0[N] HNYN 1IN MY X9 1D>TIHN NNON
TIYZY NAVN 1D WAN 71 KD T 295 NVANA 15 ININ) DI YAV NNONI INIMY IO 212D KO IYNNN NN 7102
IYTIN 2120 YT DY MYYIN MITNYN MK NI NN )PV JPMONY N2 PYIVINNDN DXANT NYIN NN DY
YY1 DINI2N 0N DINLYN NYY NINNA NIIXIN T 299 NIVNN NNOND NIN YT IWIN NI IIN IY IIN 1M
NYT JD NN DN Y 12 RS NRNA I NN MNINND NP 1D NN DDYPR 19010 DNYNIN DIINNNI
VTN NLY HY MYYIN MNYPN MYY2 MYIIWHRN DY 19 INKI DPDITIND 19D 101 NTIN NOVY DY MVYYIN MOVYN
ML MTNINM RPIOID NIV 190NN .OXPYN NYIYS NPINI DYTINODN NNON I WINDID 19D )1 ASND NN
932310 NNONY .T222 DIZHN NNONY NIVN) PIN DX Y NT 1IN TN HON VIO XD 93231 NNONY DYT257 NI
NIND DTN .ONN NPDVY NN MPDI DX DNIYN MYNN MININ NYT> KIN DY PON .NDWYND N T .0¥pN MY
MY SVDHNIN 9D YW MINNRN I DN Y9I MI0M .NNOND NN HIININIY DTN DT ADIN .01 N¥PM
3. MVINAN 23931 12N Y90 DIPN 92 IXN DIDON TIN NP NINT DHWN MTTD DN PITN NHRN DINWUNIN MININI
IV 1NV NNNNN OIYN NI ONPIYN DNANN VN MY RN NYYNI PYNY .2MI2 DNYNN H» [L..] .wHvn nynNna
NYNN YINY N2PN NN T VPN NN 9OM DYIVN MNYI NTIYI NINRD T )1POYN XINY DMWY DYTay) DXIYN
T NIPIN 1IYN N1 923N 2901 .NIND DY DIWN 2IWNI DXNWN MY JY DNNI DNWNINI DNY NIPIN DI INMN DY
NPT Y DN DY .NINN DIPH 912 VINY NNY NIND PIZPNA 72 .NNONTD NNT MIYIT N .INRND NYIIND D¥2210N
ANNONM WYL T PMYT TONN YN/ .MM 025157 YV 295 DXNDINI DINIDPN NININDD

% This classification of the mathematical sciences goes back to al-Farabi (c. 870-950). On the classification
of these sciences by medieval Jewish authors, see Wolfson, “The Classification of Sciences in Mediaeval
Jewish Philosophy,” 299-304. See also Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben Solomon
ha-Cohen,” 301; Zonta, “The Reception of al-FArabi’s and ibn Sina’s Classifications of the Mathematical and

Natural Sciences in the Hebrew Medieval Philosophical Literature,” 376.
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The discipline of the sphere [has] two parts: theory and practice. The theoretical
part is the knowledge of the properties of the movements of the heavens and the
planets, and eclipses of those [planets] that have eclipses, and the measurement
of the earth and some of the planets, and other things that are demonstrated in
this discipline. Ptolemy collected everything in thirteen chapters of the book
Almagest. In the first two chapters of it he mentioned the basic rules of the
heavens and the earth and the changes in the lengths of the days and the
shadows at every place according to its latitude from the equator. Three [is] on
the movement of the sun. [...] Thirteen is on their motion in latitude.

The practical part is the agency of these upper bodies in this lowest world. Since

just as the ‘heaven of heavens™ serves the ‘heavens’, which is the highest, thus
the earth serves the ‘heaven of heavens’, and everything [happens] through
God’s power. How? God’s command emanates first upon that world which is
called ‘heaven’ and from ‘heaven’ it emanates to the ‘heaven of heaven’ and
from ‘heaven of heaven’ to the earth. Ptolemy composed on that subject, which
is called ‘judgements of the stars’, the ‘four treatises’ [Tetrabiblos]. The first [is]
on the basic rules of that discipline. Two is on the division of the earth and the
details of each place of it, and what the lunar and solar eclipses indicate, and
conjunctions and oppositions, according to the nature of the stars and the
zodiacal signs. Three on the life of a new-born and his opinions. Four on his
wealth and success.

Judah describes the role of the ‘mathematical disciplines’, the standard textbooks and the
order in which they should be studied. But a comparison between the books Judah lists
above and the actual contents of his encyclopaedia makes it clear that in the Midrash ha-
Hokhmah Judah deviates from this curriculum. On the one hand, he replaces the last books
of Ptolemy’s Almagest with al-Bitr@iji’s Principles of Astronomy. But more importantly, he
states that after Euclid’s Elements, but before the Almagest, one should study spherical
geometry from the books of Theodosius and Menelaus. The ‘book of Theodosius’ refers to
the Sphaerica by Theodosius of Bithynia (second century BCE).” The work describes

general properties of circles on the surface of a sphere. Menelaus of Alexandria (first

% Cf. Deuteronomy 10:14: Behold, to the Lord your God belong heaven and the heaven of heavens, the earth with all
that is in it. Judah takes this verse to refer to the three worlds: ‘heaven’ to the divine world, ‘heaven of
heavens’ to the world of the celestial spheres, and ‘earth’ to the sublunary world.

¢! An English translation of the work was rendered by Kunitzsch and Lorch, Sphaerica. For a short overview
of the work, see Van Brummelen, The Mathematics of the Heavens and the Earth, 49-53.
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century CE) also wrote a book called Sphaerica, in which he lays the theoretical basis for
the calculations that Ptolemy made in his Almagest. The first theorem of the third book
had in the Islamic world become known as the ‘transversal figure’ or ‘sector figure’ (shakl
al-qatta ). Together, Theodosius’ and Menelaus’ treatises laid the theoretical
foundations that were necessary for understanding mathematical astronomy. In the
Greco-Arabic tradition they belonged to the ‘intermediary books’- that is, books to be
studied after the Elements and before the Almagest. However, in the Midrash ha-Hokhmah
Judah does not present any summaries of these works. In place of the ‘intermediary
books’ we find his account of the correspondence with Frederick’s philosopher set
between Euclid’s Elements and Ptolemy’s Almagest. Although the correspondence cannot
replace these works, its subject matter does fit the criterion of ‘intermediary’. While the
first question deals with a problem that can be solved after the study of Euclid’s Elements,
the second question relates to a basic problem of spherical astronomy that can be solved
only with the help of the ‘intermediary books’. In fact, the works of both Theodosius and
Menelaus are introduced in the correspondence. When answering the philosopher’s
question, Judah explicitly makes use of theorem 1.4 of Theodosius’ Sphaerica.”” In his
answer to the second question, the philosopher in turn uses proposition I11.2 of Menelaus’
work on spherical astronomy. In his refutation, Judah mentions this fact and quotes the

proposition, and in addition he introduces proposition 1.17.*

2 Menelaus’ Sphaerica is available in an Arabic edition with a German translation in Die Sphdrik von
Menelaos aus Alexandrien in der Verbesserung von Abii Nasr Mansiir ibn ‘Ali ibn ‘Iraq. An overview of the
work and its reception in the Arabic tradition can be found in Van Brummelen, The Mathematics of the
Heavens and the Earth, 53-68, 173-178. See also Lévy, “Mathematics in the Midrash ha-Hokhmah of Judah ben
Solomon ha-Cohen,” 300-301.

& See edition, paragraph 20.

¢ Edition, paragraphs 45 and 47.
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From a didactic point of view, however, the discussion of the astronomical question
cannot be regarded as ‘intermediary’; both its subject matter and its technical language
would have been beyond any reader who had just finished studying the Elements. Judah
and the philosopher start their discussion in medias res - there is no introduction
explaining that Judah’s question pertains to a problem in astronomy, no clarification of
technical terms, such as right and oblique ascensions, and no explanation of the
mathematical concepts used, such as sine and cosine. A novice to the discipline of
astronomy would therefore have been at a complete loss when reading the second part
of the correspondence. Furthermore, while Judah successfully proves the philosopher
wrong and identifies his mistakes, he does not supply his readers with a correct solution
to the problem. What the novice reader could therefore have learned by reading the text
is merely that there is a difference between Euclidian and spherical geometry, and that

he should never apply the rules of one discipline to the other, lest he make a fool of

himself.

But the passage on the mathematical sciences found in the introduction does not only
demonstrate how the correspondence fits into the structure of the encyclopaedia. It also
shows that the subject matter of the debate plays an important role in the Midrash ha-
Hokhmah. Through mathematics and astronomy, it is possible to predict the movements
of the planets, which are the instruments carrying out divine directives. In fact, it is only
through the mathematical sciences that one can get an understanding of how God’s
command emanates from the highest to the lowest world. They are thus a tool for a more
important kind of knowledge: God’s agency in the world of generation and corruption.
This knowledge is of course closely related to the secret knowledge that was revealed to
Israel: divine wisdom. In his treatise on biblical verses, he makes this even more clear:

Just like the discipline of mathematics is needed for the divine wisdom, thus only an expert in
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mathematical sciences can truly understand the divine wisdom.*® Regarding the Muslim scholar

al-Bitrji, whose astronomical system Judah prefers to that of Ptolemy, he writes:

Know that a great secret was revealed to him, and if he had been Jewish, he
would have been worthy of the divine wisdom. As [scripture] says: ‘In the heart
of the understanding [‘navon’] rests wisdom [i.e. divine wisdom].* As we
explained in our exegesis of Proverbs, [scripture] calls the mathematical
disciplines ‘binah’, and the one who knows them is called ‘navon’.”

By indicating his own mathematical abilities and even more, proving a gentile
philosopher wrong, Judah thus demonstrates to his readers that he himself has the
prerequisite skills for understanding the highest kind of knowledge, divine wisdom,
while, perhaps unsurprisingly, the gentile philosopher does not. In this way his account
of the philosopher’s failure also serves as an example of the fact that it is the Jews alone
who are capable and worthy of understanding the divine world. If Judah indeed wished
to prepare his readership for the imminent coming of the Messiah, the fact that his
opponent was not only a gentile, but also a representative of the Holy Roman Empire,
may add an additional dimension to the philosopher’s defeat, for it could be interpreted

as a first indication of the fact that the gentiles’ rule would soon come to an end.

Be that as it may, it is clear that while the original Arabic correspondence with the
emperor’s philosopher appears to have been a free scholarly exchange between two
experts in mathematical sciences regardless of their religion, its Hebrew rendering
within the framework of the Midrash ha-Hokhmah was influenced by polemical encounters

between Jews and Christians. The refutation of the philosopher’s claims thus not only

% Goldstein, “The Commentary of Judah ben Solomon Hakohen,” lines 544-546: N> ©19°970 NNINY /0
DXTIOYN DON NIX PN HY MAON NNON Y19 559 XY 12 /105 MNYN NNONY N2>, On the connection between
mathematics and ‘divine science’ see also Sirat, “La Qabbale d’aprés Juda B. Salomon ha-Cohen,” 195.
 Proverbs 14:33.

¢ Oxford, MS. Mich. 551, fol. 161v: NN 1123 252 W MPNONR NNROND NN 7PN ITIN? 7PN TR 9IT TID Y NN D ¥yN
23 NIPI NYTPI N2 DTINITN NNINY KNP NINY S5WN 1NI0a1 NW»aw /nd nnan. See also Langermann, “Some
remarks on Judah ben Solomon ha-Cohen,” 386.
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demonstrates Judah’s own expertise in astronomy, but also the fact that Jews could and
should be able to prove gentile scholars wrong, especially since a thorough
understanding of the mathematical sciences was a prerequisite for a deeper

understanding of the ‘divine wisdom’ revealed to Israel alone.
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Conclusion

The correspondence between Judah ha-Cohen and the Emperor’s philosopher
exemplifies the different ways in which knowledge was transmitted between scholars

from different cultural and geographical settings during the thirteenth century.

In Chapter Two I prepared a critical edition and English translation of the text, analysed
its mathematical contents, and reconstructed the diagrams that were being discussed. I
argue that in the astronomical section of the correspondence, the unnamed philosopher
had provided one single diagram that showed the oblique ascensions for both northern
and southern parts of the ecliptic, and that Judah ha-Cohen correctly identified a mistake

in the philosopher’s method to calculate these ascensions.

The original exchange between Judah and the philosopher was typical of the
intercultural exchange of knowledge that was initiated at the court of Emperor Frederick
II. The emperor’s interest in mathematics is well-documented - in both Christian and
Muslim sources. The Midrash ha-Hokhmah (‘Exposition of Wisdom’) by Judah ha-Cohen
provides a Jewish source as well that reports of imperial inquiries on mathematical

questions.

In Chapter Three [ demonstrated that the subject of the first, mathematical, question that
is discussed in the correspondence included in Judah’s encyclopaedia can be linked to the
work of both Leonardo Fibonacci in Italy and Ibn Ytinus in Mosul. The fact that one of the
problems posed to Judah was treated by both the Christian scholar Campanus of Novara
and the Muslim scholar Muhy1 al-Din al-Maghribi in their adaptations of Euclid’s Elements

within twenty-five years after the initial correspondence between Judah and the imperial
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court, makes it clear that the discussion involved issues that were highly topical at the

time.

Of the recipients of Frederick’s queries, Judah ha-Cohen is the only one who records that
he responded to the questions with questions of his own, which were then answered in
return. The discussion of the second, astronomical, question reveals the intellectual
challenges that the study of spherical astronomy posed in thirteenth-century Europe. I
maintain that the free and open nature of the exchange is an excellent example of the
phenomenon of ‘science as a neutral zone’: both in the Muslim world and in the Latin
West scholars of different denominations and religions cooperated in the appropriation

of Greek learning.

In order to make the knowledge that resulted from this cooperation available to a Jewish
readership that was unacquainted with the Greco-Arabic tradition, Judah ha-Cohen had
to convey it in Hebrew - a language that had only just begun to be used for mathematical
and astronomical writings. My analysis of Judah’s mathematical vocabulary in Chapter
Four demonstrates that he struggled with the task, since he made various attempts to
translate the beginning of his Hebrew version of the Elements, using different
mathematical vocabularies. However, over time he changed only nuances and subtle
differences in his mathematical terminology, which may reflect the fact that a basic
Hebrew mathematical vocabulary was already in use in Judah’s time of the mid-
thirteenth century. My comparison of Judah’s astronomical terminology with the
vocabularies of Abraham Bar Hiyya, Abraham ibn Ezra and Jacob Anatoli has established
that Judah’s astronomical vocabulary changed considerably during his working life. In
the Hebrew translation of the correspondence, as well as a few other sections of the
Midrash ha-Hokhmah, it shows some similarity to that of the astronomical writings of Jacob
Anatoli. Since Jacob belonged to Frederick II's entourage it is not surprising that Judah
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studied his contemporary’s writings. Judah does not, however, take over entirely Jacob’s
astronomical vocabulary, but rather he develops his own unique terminology. Moreover,
other sections of the Midrash ha-Hokhmah show significant similarities with the

astronomical writings and vocabulary of Abraham ibn Ezra.

I argue that Judah essentially tried to avoid the use of astronomical terms employed by
members of the Ibn Tibbon family, as he was quite critical of the philosophical ideas that
Jacob Anatoli and his father-in-law Samuel ibn Tibbon adhered to. Judah’s belief in the
superiority of religious learning over philosophical reasoning comes to the fore
throughout the Midrash ha-Hokhmah. At the same time, it is clear that Judah ha-Cohen was
very conscious of the fact that in Italy Christian scholars were far more advanced in the
acquisition of scientific and philosophical knowledge in the Greco-Arabic tradition than
his Jewish coreligionists. Judah felt the need to educate his fellow Jews in these
disciplines, particularly, since he encountered a new form of harsh anti-Jewish polemics
that was based on philosophical, rationalist arguments during his scholarly exchanges

with Christian intellectuals.

I demonstrated that taken in its own right, the original correspondence with the gentile
philosopher is a prime example of interreligious cooperation between highly skilled
experts that took place in thirteenth-century Europe. In Chapter Five I argue that within
the framework of the Midrash ha-Hokhmah the correspondence acquires a different
meaning. Here, the focus lies on the fact that Judah’s opponent was a gentile, and that
this gentile was refuted. For Judah ha-Cohen, the philosopher’s defeat proved that Jews
were able and required to surpass the gentiles in their learning, especially since the
mastery of mathematics and astronomy was a prerequisite for a deeper understanding of

secret religious knowledge that is only really accessible to Jews.
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