SCIAMVS 22 (2022), 1-194

From Castile to Istanbul: Moses Ben Abraham de
Civdat and His Explanation of the Astrolabe with
Clear Explanations
(Edition, Translation, and Commentary)

Josefina Rodriguez-Arribas

L & A Birkenmajer Institute for the History of Science
Polish Academy of Sciences

Abstract

This article presents a diplomatic edition and translation of the only extant manuscript
of the Explanation of the Astrolabe with Clear Explanations, a treatise on the uses of
astrolabes that the Sephardi Moses ben Abraham de Civdat composed in the first quar-
ter of the 16th century in Istanbul. | discuss the scanty biographical data that can be
gathered from Moses ben Abraham’s work as author, translator, and copyist, the
sources of his astrolabe text and its technical contents, and Moses ben Abraham’s con-
tribution to the knowledge of the astrolabe in Hebrew and non-Hebrew literature. The
article underscores Moses’ role in creating a continuity between the applied astronomi-
cal knowledge of Jews in medieval Iberia and the astronomical teachings and practices
of Sephardic Jews in Ottoman lands.

I have organized this monographic study according to the following sections and appen-

dices:

I. Moses ben Abraham de Civdat: Biographical information and extant work.

I1. The instrument codex Paris BnF heb. 1030 and Moses ben Abraham’s astrolabe
text.

I11. Between Castile and Istanbul: Sources and terminology in Moses’s astrolabe
text.

IV. An all inclusive self-contained handbook on astrolabe uses for Istanbul Jews.
V. Conclusion: Moses ben Abraham de Civdat—A figure of continuity.

V1. Hebrew Diplomatic Edition of Moses ben Abraham’s Explanation of the As-
trolabe with Clear Explanations in MS Paris BnF heb. 1030 MS, ff. 45b-71a
(unique) and English Translation of it

Appendix 1: Abraham Ibn Ezra and al-Saffar on telling the time in seasonal hours
with an astrolabe when the position of the sun or its diametrical opposite falls be-
tween two hour divisions (Hebrew text and English transl.).
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Appendix 2: Abraham Ibn Ezra’s and an anonymous treatise on finding the posi-
tions of the moon and the planets with an astrolabe by three methods (Hebrew text
and English transl.).

Appendix 3: Abraham Ibn Ezra on the longitude of the stars (Hebrew text and
English transl.).

Appendix 4: Abraham Ibn Ezra and Ibn al-Saffar on calculating stellar positions
with an astrolabe using the star pointers of the rete (Hebrew text and English
transl.).

Appendix 5: Abraham Ibn Ezra on the calendar scale on the back of an astrolabe
(Hebrew text and English transl.).

Appendix 6: Abraham Ibn Ezra on the calculation of the meridian latitude of the
sun when the instrument is not complete and the sun falls between two almucan-
tars (Hebrew text and English transl.).

Appendix 7: Abraham Ibn Ezra on the calculation of the position of the sun when
the instrument is not complete and there is no almucantar corresponding to the
exact altitude of the sun (Hebrew text and English transl.).

Appendix 8: Hebrew — English glossary of technical terms relating to astrolabes in
Moses ben Abraham’s treatise (based on the Hebrew text and English transl.).

I. Moses ben Abraham de Civdat: Biographical Information and
Extant Work

Moses ben Abraham de Civdat seems to be a minor figure in Jewish scholarship, despite
his contributions as copyist, translator, and author in four fields: philosophy and Jewish
law (copyist), astronomy (translator), and astronomical instruments (author). The different
facets of his work are extant in nine manuscripts.® He copied in Hebrew and Aramaic in a
Sephardic hand and composed only in Hebrew, though it seems that he was proficient in a
vernacular language (Castilian) from which he translated a treatise on the solar and lunar
eclipses of unknown authorship.

From three colophons, two of them autographs, and five incipits (plus one repetition in
the same codex),® we can deduce Moses ben Abraham’s homeland and the chronological
order of his compositions. We know from them that his father (Abraham de Civdat) and he
himself (Moses de Civdat) were nicknamed “de-Civdat,” lit. “of city.” They both, father
and son, were nicknamed “de-Civdat” at the same time in MS Paris BnF heb. 1030 (f. 45b).

1 MSS St. Petershurg National Library of Russia EVR | 320b, Paris Bibliothéque nationale de France heb. 959
and 1030, New York Jewish Theological Seminary of America 6728, Jerusalem National Library of Israel
Benayahu O 131, Oxford Bodleian Libraries Opp. Add. Qu. 160, and Jerusalem National Library of Israel Heb.
3982=8, 3961=8, and 3906=8.

2MS Paris BnF heb. 959, ff. 76b and 85b.

3 MS Jerusalem NLI Heb. 3961, ff. 49a and 55b.

41 transliterate the Hebrew form as Civdat rather than Civdat, because the way it was transcribed into Hebrew
(Sivdat) makes one think that it was very likely pronounced (and written) with a cedilla (the voiceless alveolar
sibilant rather than the voiceless alveolar affricate represented by a plain initial “c” of “ciudad”).
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The nickname de-Civdat (written as “de-Sivdat™) might very likely refer to Ciudad Real.®
The early medieval name of Ciudad Real (Kingdom of Castile) was Villa Real. Juan Il of
Castile (1405-1454) conferred on it the title of “ciudad” on December 22, 1420. Ciudad
Real had a Jewish community until 1391, when its Jews either fled to other places or con-
verted.® The toponym Sivdat (Civdat) might also refer to the medieval city Ciudad Rodrigo,
which also had a Jewish community.” The toponym appended to Moses ben Abraham’s
name might also have lost the meaning of demonym from a specific Castilian city that it
initially had and become only a family nickname.

From some of the colophons and incipits of his texts we also learn that Moses ben
Abraham and his father both had an additional name that only emerged in the five copies
of the treatise on solar and lunar eclipses, and never in the other texts that Moses copied
and authored: “Moses Sahalon (117710) ben Abraham Sahalon nicknamed ‘de-Civdat’,”® and
“Moses Sahalon (177710), nicknamed ‘de-Civdat’.”® The form Sahalon (17%71%), which seems
to be the genuine form of the name (root > 77 ), is attested only once, in the earliest dated
MS. Both names, Civdat and Sahalon / Sahalon, are Sephardic; the former is the standard
form for writing the Castilian word “ciudad” (“city”) in Judaeo-Castilian, and the latter is
the last name of a family of Sephardic Jewish scholars and physicians;* it is also found
among Jews in Spain in the 14th century in archival sources.?

Moses ben Abraham is the copyist of codex St. Petersburg National Library of Russia
EVR | 320b (except for ff. 1a—2b) containing a mathematical text by Mordekai ben Eliezer
Comtino (Hibbur ba-matemarigah) divided into two sections (kesbon and middot),** which

5For the identification of Moses ben Abraham as “de Ciudat Real,” see Sed-Rajna 1994, 342 (148). See also
Vajda (unpublished).

6 For the Jewish community of Ciudad Real, see Delgado Merchan 1907, 52. The last name “de Cibdad” seems
not to have been rare among the population of Ciudad Real. It is found (in full) in a physician of King Juan 1l
of Castille (Fernan Gomez de Cibdad Real, d. 1454) and in a family of conversos judged by the Inquisition in
1482 (Sancho de Cibdad, his son Juan de Cibdad, and other family members); see Beinart 1981, 209 and 251.
7See Sierro Malmierca 1990, 23; and Garcia Casar 1992, 73. For these two cities in relation to the Jews, see
Beinart and Assis 2007a and 2007b. | thank Javier Castafio, Maria Fuencisla Garcia Casar, Ricardo Mufioz
Solla, and Miguel Angel Motis Dolader, for answering my queries about the presence of the last name “de
Ciudad” and “Sahalon” / “Sahalon” among the Jews in Spain; and Joseph Hacker for his information about
these names among the Jews of Istanbul.

8 MSS Oxford Opp. Add. Qu 160, f. 170a and Jerusalem Benayahu O 131, f. 13a.

9 MSS Jerusalem NLI Heb. 3906, f. 1a; NLI Heb. 3961, ff. 49a and 55b; and NLI Heb. 3982, f. 22a.

10MS St. Petershurg National Library of Russia EVR | 320b, f. 40a.

1 For the noun “givdat” in medieval Jewish sources, see Se’eilot u-tesuvot me-rabbi Yosef ben Lev, vol. 3, no.
104 (online Responsa Project); for the name “Sahalon,” see Judah ben Asher's responsa, in Cassel 1846, no. 70
(online Responsa Project), where a Rabbi Moses Sahalon is mentioned, who is not related to this study and
lived in the 14th century. For Sahalon, see Klein and Horowitz 2007, 21:444-445, although the article only
refers to members of this family starting in the 16th century and outside Spain.

2n a private communication Joseph Hacker informs me that Moses ben Abraham de Ciudad does not appear
in the available responsa literature of this period, nor in any other printed works, but a certain Moses Sahalon is
much praised in a paragraph that Joshua Soncino (d. 1569), who was the rabbi of the Sephardi Great Syna-
gogue in Constantinople, wrote in his responsa Na/alah le-Yehosu‘a (printed by his grandson in Constantino-
ple in 1731, no. 28). This Moses Sahalon was a highly skilled talmudic scholar and Soncino's student, and the
responsa was addressed to him. An identification between this Moses and the Moses of my article is tempting,
but since Soncino wrote his responsa in c. 1550, it is highly unlikely that Moses Sahalon in Soncino's responsa
and Moses Sahalon ben Abraham de Ciudad, who was already writing in the last decade of the 15th century
(see Table 1 above), are the same person. Could he be a relative of Moses ben Abraham?

13 This mathematical work is related to the work of the Greek mathematician Nicomachus of Gerasa (c. 6-c.
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he copied in May 9th, 1495 in an unidentified place.’ He is also the copyist of four texts
on philosophical topics in the Aristotelian tradition in codex Paris BnF heb. 959,%° which
he copied between November 5th and 15th, 1498 in Istanbul (referred to by the form
Qostandina’, distinctive of Jewish texts). This is known from Moses ben Abraham’s auto-
graph colophons in this codex.® Georges Vajda considers that numerous marginal and
interlineal notes and corrections in this codex (Paris BnF heb. 959) are in Moses ben Abra-
ham de Civdat’s handwriting.” Moses also copied an halakhic work by Moses ben
Nahman on the mishnaic tractates Nedarim and Bekorot extant in a copy in MS New York,
Jewish Theological Seminary 6728.%8 This codex also contains a colophon that mentions
Mose ben Abraham as the copyist, but with no indication of date or place.®

From the colophons in codices EVR | 320b, BnF heb. 959, and Jewish Theological
Seminary 6728 we can deduce that Moses ben Abraham was born in the second half of the
15th century, and that he copied the texts of these codices in his youth, for he calls himself
“young” in the three manuscripts: one autograph dated in 9th May 1495 (Comtino’s math-

120 CE); see Steinschneider and Goldberg 1964, 198 [1461-1470]. As regards Comtino/Komatiano and his
scientific work, see Schub 1932, 54-70.

1403021 121" Y 02 PR WA 7197 DW3A RO A0 NRAE 0772R <02>1 <> <P>2 Awn PR T YV 07wn on
<P>D <9>D <IP>D <I>R <IP>R AR DY 10 127 93 127 03k npp> owm ney?  “The young Moses son of the
honoured Rabbi Abraham Sahalon finished and completed (it). He finished it the year (5)255 (of the World) [=
1495 CE], in the month of lyyar 15th [= May 9th], Friday. | wrote it for myself. May God open my heart to
understand all science and knowledge” (colophon of MS EVR | 320b, f. 40a). All translations in the article and
appendices are mine unless otherwise noted.

15MS Paris BnF heb. 959, ff. 10a-99a, text nos. 3, 4, 5, and 6. For a description of this codex, see Munk et al.
1866, 168-169 [no. 959], in which it is stated that five treatises of this codex were copied by Moses ben Abra-
ham; Munk 1911, [no. 111]; and Munk 1908, 157-159. The philosophical treatises in this codex are: (1) Levin
ben Gershon: Explanation of Ibn Rushd’s Middle Commentary on Aristotle’s books of Logic (ff. 1a—7b); (2)
Indications for the student of Aristotle’s Prior Analytics (ff. 8a—8b); (3) Abraham ben Yom Tov Bibago’s
commentary of Ibn Rushd’s Middle Commentary on Aristotle’s Posterior Analytics (ff. 10a—76b); (4) Hebrew
version of Muhammad ibn Ahmad Ibn Rushd’s Essay on Aristotle's Prior Analytics (ff. 81a—85b); (5) Hebrew
version of Muhammad ben Yahya Ibn Bajja’s (Avempace’s) Letter of Farewell (ff. 86a-95b); (6) Hebrew
version of Aristotle’s Nicomachean Ethics (ff. 96a-99a); (7) Hebrew version of Muhammad ibn Ahmad Ibn
Rushd’s Decisive Treatise (ff. 101a-123a); (8) Joseph ibn Aknin’s Treatise on the Necessary Existent (ff.
123b-129a); and (9) Hebrew version of Muhammad ibn Muhammad al-Tiist al-Gazali’s Answers to Questions
(ff. 129b-1364a). In fact Moses ben Abraham copied four (nos. 3-6) rather than five texts (the handwriting in ff.
1a-8b is not Moses’ handwriting).

16 nawn wn? <o>MWwY3a "Nt RPTIDWIP 19 <JT>V <INAY>1 BRT0T 077K <3>7 <T>D <P>2 Awn TYET ST 5Y 200N
v1e? v"17 “The young Moses son of the honoured Rabbi Abraham de Civdat, may his soul be in paradise,
wrote this here, in Constantinople the Great, on the 20th of Heshvan [= November 5th], year 259 of the small
counting [i.e., 5259 of the World = 1498 CE]” (MS Paris BnF heb. 959, f. 76b) and <>2>1 <j>2 7wn "X 17°nan>
0" nawn NwR? % P00 <w TSI <wR>T 7 0P 177PNn01 nXy? N72°0 7 o77aR “l, Moses ben Rabbi Abraham de
Civdat, wrote it for myself, and finished it on Friday, first day of Kislev [= November 15th], 30th of Heshvan,
year 5259 (of the World) [= 1498 CE]” (MS Paris BnF heb. 959, f. 85b).

17 «Les nombreuses corrections marginales et interlinéaires dans la deuxiéme partie du volume semblant étre de
la main du copiste. Au fol. 135v, c'est peut-étre encore le copiste qui a ajouté en marge, a I'encre rouge le sense
en arabe d'une sentence”; see Vajda (unpublished), 959, who also identified Civdat as Ciudad Real.

18 For this codex, see Brumer 198486, no. 917 [Hebrew].

19 B>y <79n3>H <mo>T OYWwn 027 2w 770 4y <no1a>h <>t Mantih MDAl <o>'T1 Noon NanD mnhwl
TN Y0 7901 PRV NRTD°T 012K <02>7 <7T12>D <P>1 Awn <o>Mana vy <> “The youngest of the comrades
(at the yeshivah), Moses son of the honoured Rabbi Abraham de Civdat, finished the writing of the tractate(s)
Nedarim and Bekorot by Rabbi Moses ben Nahman of blessed memory together with that of the order of Nasim
by Rabbi Meshulam of blessed memory, which he copied from a book full of mistakes” (MS New York Jewish
Theological Seminary 6728, f. 43b).
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ematical text in two sections), the other autograph dated in November 1498 (Ibn Rushd’s
Middle Commentary on Aristotle’s Posterior Analytics), and another undated (Nahmanides’
commentary on Nedarim and Bekorot).

The colophon in Paris BnF heb. 959 (f. 76b) implies that Moses ben Abraham’s father,
Rabbi Abraham de Civdat, was already dead in 1498 (as the expression “may his soul be in
paradise” shows), and that Moses was living in Istanbul, as were many Sephardic Jews
who had left Spain in 1492 or before the expulsion. As the colophon of Moses’ copy of
Nahmanides (MS JTS 6728) does not say anything about his father, we can assume that he
was still alive, and therefore this text was copied prior to the philosophical collection cop-
ied in 1498. As Moses is mentioned as “the youngest of the students (at the yeshivah),” we
might consider this text as his earliest. We can say with reasonable assurance that Moses
started his writing career as a very young copyist of Nahmanides (before 1495, in an un-
known place when his father was alive), of mathematical texts in the Byzantine tradition
represented by Comtino (in 1495, when he was “young” and was copying this text for him-
self, possibly as a student, and while his father was still alive), and finally of Aristotelian
commentaries (in Istanbul in 1498 after his father’s death). Moses’ father must have died
some time between the copying of Comtino’s mathematical text in May 1495 and before
the copying of the Aristotelian commentaries in 1498.

In addition to the excellent introduction to the calculation tools that the uses of an as-
trolabe requires and that the copy of Comtino’s mathematical texts must certainly have
provided, Moses ben Abraham’s translation from the vernacular of a treatise on the eclip-
ses might have been an intermediate step between his religious and philosophical interests
and the emergence of his technical understanding of astrolabes.?’ The incipits of the manu-
script copies of this translation provide valuable information to locate it in Moses’ biog-
raphy as a writer. The incipits of MSS Opp. Add. Qu 160 (f. 170a) and Benayahu O 131 (f.
13a), which are identical, provide the clue.? The mention of Moses’ father as “dear, vener-
able, and ancient Rabbi Abraham Sahalon” implies that his father was still alive. Using
this information, the translation should be placed before the copy of the philosophical col-
lection, when Moses was called “young” but his father was already dead (1498), and after
the copy of Nahmanides’ texts, when Moses is called “the youngest student (at the yeshi-
vah)” but his father was still alive. In Moses’ translation of the text on eclipses, Moses is
not mentioned as “young,” but his father, who was alive, is called “elderly,” so this work is
in between the two previous and is number three of Moses ben Abraham’s extant textual
output. At the same time, Moses is already mentioned with honorifics (“the wise and out-
standing Rabbi Moses Sahalon”), which shows his high consideration in the Jewish com-
munity at the time of this translation.

20 MSS Jerusalem Benayahu O 131, Oxford Bodleian Libraries Opp. Add. Qu. 160, and Jerusalem National
Library of Israel Heb. 3982, 3961, and 3906.

21 1 oo 7200 P 12 11900 AW M AR 1A WP WY DR 159 1whn 19N DM DPWRR N1pRa 7251 KD
NXT2°0 7 7197 N2A0 annaR “The wise and outstanding Rabbi Moses Sahalon—son of the dear, venerable, and
elderly Rabbi Abraham Sahalon, nicknamed de Civdat—translated from the vernacular into our sacred lan-
guage a very fine treatise on solar and lunar eclipses.”
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What was the vernacular that Moses ben Abraham translated into Hebrew? The oldest
codex (Opp. Add. Qu. 160, 17th century) containing Moses’ translation on the eclipses has
a Hebrew term (me-ha-nefilut, f. 173b) that was translated into Judaeo-Castilian on a mar-
ginal note by the same hand (i nxpw7 “desgamiento” = old Castilian “descaimiento” =
“descaecimiento” meaning “weakness” = modern Castilian “decaimiento” = “caimiento” =
technical astrological term Castilian “caida” = English “fall’).? MS Opp. Add. Qu. 160
and MS Benayahu O 131 are related: one (possibly the former) is the source of the other,
which explains the presence of the same marginal note (and the same incipit) in Benayahu
O 131, where the same copyist’s hand translates in the margin two words of the Hebrew
text (f. 17a): m%oam  (Hebrew me-ha-nefilut) and swnxoma (Castilian  “ha-
dehasamiento”), translated into Judaeo-Castilian in the margin as wwi»xpn *7 (“de agai-
mientos” = “of falls”). Given the presence of these Castilian terms in both cases by the
same hand of the copyist, the original language of the treatise might have been Castilian
and they copied the original note of the author; alternatively, a Jewish copyist whose
mother tongue was Castilian or who was using the text in a Castilian context authored the
marginal note/s, which was later copied together with the text. Nevertheless, Moses’ Cas-
tilian nickname “de-Civdat” and this Castilian word in Hebrew characters (Y01°nx0i7°7717) in
the body of the text explaining a Hebrew term in the translation confirm a Castilian origin
for the author, so Moses must be the translator, independently of the authorship of the
marginal note in Castilian.??

The title of the treatise on eclipses makes one think that this is an astronomical text, but
a quick look at the contents makes apparent that this is an astrological text dealing with the
astrological influence of eclipses upon sublunary beings. This is the incipit in the oldest
copy, dated to the 17th century (MS Bodleian Opp. Add. Qu. 160, f. 170a):

It is very well known that the stars that move, which are called planets, and the remain-
ing stars [i.e., the fixed stars] work their movements and their hidden properties on the
(four) elements and all the sublunary beings, as Aristotle explained and his followers
and the astronomers (maintain). This they cause due to the ray, meaning the rays of
their light that reach them [the elements and the sublunary beings]. The proof being that
when any planet or fixed star is eclipsed, the power of the eclipsed star is absent from
the elements and their compounds.?*

22 For MS Oxford Opp. Add. Qu. 160, see Neubauer and Cowley 18861906, v. 1, cols. 904-905; Neubauer,
Beit-Arié, and May 1994, cols. 488-89 [no. 2518]; Steinschneider and Goldberg 1964, 207 [1491-1500]; and
Steinschneider 1893, 649 (where Steinschneider identifies the vernacular as Spanish and wonders about the
identity of "Sivdat" finding a Moses who lived in Villa Real mentioned in Judah ben Asher's Responsa). This
Moses, however, who by an extraordinary coincidence has also the name Sahalon, lived in the 14th century and
might have been an ancestor but was certainly not the Moses Sahalon of this study.
23 03 >nuPY 2MT IR NRTD 7T A1 NP0 <Aw>H <3>7 <UI>MR 2N RYAW NPA[I]N MYwRw 1rpha 7201 TnRn
N> XMW 71 ovo Rwn “Distinguished treatise on solar and lunar eclipses that was found written by our
teacher Rabbi Moses Sahalon nicknamed de Civdat, and I, the writer, also collected what is written from other
books” (MS Jerusalem NLI Heb. 3982, f. 22a).
07132721 MTIO2 B M201 OPMIYD 19¥5° 0%1397 IXWY NDY 200 <@RT>pIT 0°091 0% °5 D0 X T 137 2
OTOR PR DN OXIND <> <X>T AR N0R 7YY AN .0°10I07 931 PINR 2°3717M WOIR NI203 2°7001M M
.07 2372 IR MTI0"A P37 23377 137 NI0N T DO R 2ANRIN 23 DWn NIPY TPIPwD 23 R
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This astrological text places Moses ben Abraham’s interests within a scientific curriculum
that was typical of late medieval Judaism of Sephardic influence and is in tune with the
Aristotelian subjects in the philosophical collection he copied in codex Paris BnF heb. 959.
The divinatory character of the text on eclipses is enhanced by the contents of its oldest
copy in codex Bodleain Opp. Add. Qu. 160 (17th century), which contains versions of
most of the astrological works of Abraham Ibn Ezra, two astrological treatises by
Masha’allah, and several astrological texts of unidentified authors.?® The astrological char-
acter of the oldest version in codex Opp. Add. Qu. 160 and Ibn Ezra’s influence on it re-
mains in the two successive copies (17th-18th centuries and 1749, respectively) of Moses
ben Abraham’s text on eclipses: codex Benayahu O 131 repeats texts nos. 6, 7, 8, 10, and
14 of its relative codex Opp. Add. Qu. 160,% while codex NLI Heb. 3906 repeats texts nos.
2,3,4,7,8,12, 13, and 14.%” Codices NLI Heb. 3961 and 3982 (17561763 and 18th/19th
centuries, respectively) follow a different tradition unrelated to Abraham Ibn Ezra and are
not so focused on astrology but on other divinatory techniques and magic.?®

%5 Codex Oxford Bodleian Libraries Opp. Add. Qu. 160 contains: (1) Misperei ha-mabazim (ff. 1b-8b); (2) A.
Ibn Ezra’s Resit hokmah (ff. 13a—65a); (3) A. Ibn Ezra’s Sefer ha-ze‘amim (ff. 65a-87b); (4) A. lbn Ezra’s
Sefer ha-moladot (ff. 88a-117h); (5) A. Ibn Ezra’s Sefer ha-me’orot (ff. 118a—126a); (6) Takazit astrologit ‘al
hibburei Sedeq ve-Sabbetai be-Sanat 4914 (i.e., 1154 in the Julian Calendar) (ff. 126b—128a); (7) A. Ibn Ezra’s
Sefer ha-mivharim (ff. 128b—140a); (8) A. Ibn Ezra’s Sefer ha-‘olam (ff. 140b—153b); (9) Masha’allah’s Sefer
ha-se’eilot (ff. 154a—158a); (10) Masha’allah’s Be-gqadrut ha-levanah ve-ha-semes (ff. 158a-161a); (11) A. Ibn
Ezra’s Elef pa‘amim ’arbah (f. 162a); (12) A. Ibn Ezra’s Horosgop (ff. 162b—164b); (13) A. Ibn Ezra’s Sefer
ha-‘olam (ff. 165a-167b); (14) Ma’amar nikbad be-liguyyot Simsiyyot ve-yerahiyyot (ff. 170a-173b); (15)
Hibbur be-astrologiah (ff. 174a-176b); and Goralot (ff. 177b-178b).

%6 Codex Jerusalem Benayahu O 131 contains: (1) A. Ibn Ezra’s Sefer ha-miviarim (ff. 1a-11b); (2) Ma’amar
be-liquyyot Simsiyyot ve-yerahiyyot (ff. 13a-17b); (3) Takazit astrologit ‘al hibburei Sedeq ve-Sabbetai be-
Sanat 4914 (i.e., 1154 in the Julian Calendar) (ff. 18a-19b); (4) Mispetei ha-mabasim (ff. 20a-21b); (5)
Masha’allah’s Be-gadrut ha-levanah ve-ha-semes (ff. 22a—23b); (6) A. Ibn Ezra’s Sefer ha-‘olam (ff. 24a-27a);
and (7) Sefer ha-mispat ‘al tequfot ha-sanim (ff. 28a-30b).

27 Codex Jerusalem NLI Heb. 3906 contains: (1) Ma’amar ha-nikbad be-liquyyot simsiyyot ve-yerahiyyot (ff.
1la-2b); (2) fragment of print in Italian and Latin characters relating the lines of the hand to the planets, Hebrew
names of the planets with their symbols, spheres, letters, and angelic names related to them (pp. 3a—3b); (3)
most of A. Ibn Ezra’s Resit hokmah and parts of his Sefer ha-ze‘amim (ff. 14a-15b, 112a-123b, and 16a-41a);
(4) A. Ibn Ezra’s Sefer mispetei ha-mazzalot and parts of his Sefer ha-fe‘amim (ff. 42a-56a); (5) A. Ibn Ezra’s
Sefer ha-moladot, Tequfot ha-sanim, and parts of his Sefer ha-re‘amim (ff. 57a—79b); (6) A. Ibn Ezra’s Sefer
ha-mivharim (ff. 81a—93a); (7) A. Ibn Ezra’s Sefer ha-me’orot (ff. 94a-100a); (8) A. Ibn Ezra’s Sefer ha-‘olam
(ff. 109-101b); (9) A. Ibn Ezra’s Horosqop (animodar for the year 1160, 4921 known as Mispetei ha-nolad) (ff.
110a-111a); and birth records of sons and grandsons of Isaac ibn Sahal, sometimes with their horoscopes, from
the years 1752-1794 (ff. 56a—b, 74b, 80a, 93b, 100a).

28MS Jerusalem NLI Heb. 3961 contains: (1) (Qusta ibn Liiga’s Ma‘aseh ha-kaddur, in Jacob ben Makir ibn
Tibbon’s translation) (ff. 3a-15b); (2) Hagdarat orek ve-rokav ha-geografiim ve-hat’amat ha-mazzalot la-
aglimim (15b); (3) Sefer se’eilot Tolemi (ff. 16a-22b); (4) Leqger astrologi-magi (geomancy, astrological glos-
sary in Arabic-Latin, lunar mansions, talismans according to the stars) (ff. 22a-41a); (5) Surot ha-filasma’ot
lefi hakmei ha-tekunah (ff. 41b—43a); (6) Sefer mispetei ha-mabatim translated from Turkish by Galeano or,
according to this MS, by Isaac ben Moses ben Sahal (ff. 43b-48b); (7) Sefer Vipeq translated from Turkish by
Isaac ben Moses ben Sahal (ff. 50a-53a); (8) Hotamei ha-kokavim ve-ha-mazzalot (ff. 54b-55a); (9) Ma’amar
nikbad be-liquyyot simsiyyot ve-yerahiyyot (ff. 49a and 55b—58a).

MS Jerusalem NLI Heb. 3982 contains: (1) Sefer se’eilot Tolemi and Mi-snei ‘asar mazzalot (ff. 1a—13b); (2)
Ha-yad me-arba‘ah esba‘ot u-bah yod-vav batim (ff. 14a-16a); (3) Goralot (ff. 16b—21a); (4) Ma’amar nikbad
be-liquyyot simsiyyot ve-yerahiyyot (ff. 22a—24b).
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TABLE 1: Reconstruction of the possible dates and places of Moses ben Abraham’s works?

Likely chrono- 1st 2nd 3rd 4th 5th
logical order of (one MS) (one MS) (five MSS) (one MS) (one MS)
his writings
Nahmanides on the | Comtino on the Philosophical
mishnaic Nedarim | hesbon and middot collection on
and Bekorot Hebrew Avristotle and
Hebrew and Ar- Autograph Averroes
amic (Father still alive) Hebrew
Copyist (Father still alive) |(Mosesis | = =-=----m Autograph | e
(Moses is the “young”) (Father  already
“youngest” of the | (He copies for died)
yeshivah students) | himself, he is a (Moses is
(No Rabbi title in | student) “young”)
Moses’ name) (No Rabbi title in (No Rabbi title in
Moses’ name) Moses’ name)
On solar and
lunar eclipses
From Castilian
into Hebrew
(His father is still
Translator |  -------- alivebutisold) | - | e
(Rabbi title in
Moses’ name,
very likely added
later by the copy-
ist)
On the uses of
the astrolabe
Author | e e e Hebrew
(Moses is called
distinguished
sage and rabbi)
After May 1495 First half 16th
Date 1480°s? May 1495 and before No- November 1498 century?
vember 1498
Place ? Ottoman territo- | Ottoman territo- Istanbul Istanbul?
ries? ries?
Oxford, Bodleian
New York, Jewish St. Petersburg, Opp. Add. Qu.
Theological Semi- | National Library 160, ff. 170a— Paris, BnF heb. Paris, BnF heb.
nary 6728, ff. 1la— | of Russia EVR | 173b 959, ff. 10a-99a | 1030, ff. 45a-71a
43b 320D, ff. 1a—40a | Jerusalem, Meir
Benayahu O 131,
ff. 13a-17b
MS/S Jerusalem, NLI
Heb. 3906=8, ff.
la-2b
Jerusalem, NLI
Heb. 3961=8, ff.

55b-58a and 49a

Jerusalem, NLI

Heb. 3982=8, ff.
22a-24b

291 have not included in Table 1 item no. 2a of MS Paris BnF heb. 1030 (dealing with proofs related to Jacob ben
Makir’s quadrant of Israel) that is very likely Moses ben Abraham’s work; this manuscript needs further study to
confirm his authorship (and his interventions in item no. 2 of the same codex) but this article is not the place.




SCIAMVS 22 Moses ben Abraham de Civdat — Explanation of the Astrolabe 9

Leaving aside two Moses’ autographs, five of the remaining seven manuscripts are post-
16th century but none of them is Italian or Ashkenazi (they are Sephardic, Byzantine, and
Oriental). From the study of the incipits and colophons of Moses ben Abraham’s writings,
we can assume that he was born in the last quarter of the 15th century (c. 1475), given that
he was young in 1495 and did not have the title of rabbi at that time. He started his writ-
ings as a scribe of a text typical of the Jewish curriculum (commentaries on talmudic trac-
tates, before 1495), continued with the copy of a preparatory text of the contemporary
Byzantine tradition (Comtino on mathematics, in 1495), and later (November 1498) with
the copy of philosophical texts in the Aristotelian tradition, which let us guess that the
yeshivah curriculum included all of them or used them (although, in general, most yeshivot
studied only religious texts). In between the mathematical and the philosophical copies,
Moses translated an astrological text from Castilian while he was still a yeshivah student
(before 1495).% This translation from Castilian into Hebrew only makes sense if it was
made outside the Iberian Peninsula: only then would this translation be necessary for Jews
who did not understand Castilian (mother language of most of the Jews living in Spain).
This implies that Moses’ family had left Spain, perhaps when Moses was a child or before,
and that he attended a religious school with a Sephardic curriculum (which included Se-
phardic commentarists, like Nahmanides, and allowed the reading of Aristotelian and Av-
erroist texts, as well as mathematical/scientific subjects including astrology). However,
they were living in a culture (Ottoman Istanbul) in which Castilian was a foreign language
for Greek speaking Romaniot Jews. This cultural Jewish group might have been the in-
tended readers of Moses’ text on eclipses, so scholarly texts written in Castilian had to be
translated into Hebrew to make them available to this and other Ottoman Jewish cultures
who did not understand this language, hence Moses’ translation of his astrological work.

Moses’ last known work (his astrolabe text) is an original text authored by Moses when
he was already a rabbi, that is, a scholar and a teacher (he is called the “distinguished
sage”), for the honorific “rabbi” is attached to his name.®! Therefore, this text was written
after November 1498 (the date of his previous text, namely, the translation about eclipses),
very likely in the first half of the 16th century, and possibly in Istanbul, where he copied
his philosophical collection and where his family might have settled after leaving Spain.
Moses started his career in Istanbul very likely during the rule of Bayezid Il (1481-1512)
and wrote his astrolabe treatise during this reign or under the rule of Selim I (1512-1520).
The date of Moses’ death is unknown and not much more can be found about his life and
relationships, at least from the documentation extant. What seems clear is that his astrolog-
ical translation, which is the work of a young scholar, very likely a student, remains his
most popular work according to the manuscript evidence (five copies), clearly in contrast
with his original text on the astrolabe, extant in only one copy.

30 For the cultural interests of the Sephardic Jews in Ottoman lands, see Rozen 2010, 244-277.

31 Incipit MS Paris BnF heb. 1030, f. 45b: “The distinguished sage Rabbi Moses de Civdat—may his Rock and
Redeemer protect him, the son of Abraham de Civdat, composed an explanation of the astrolabe with clear
explanations.”
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I1. The Instrument Codex Paris BnF heb. 1030 and Moses ben
Abraham’s Astrolabe Text

I shall now consider what must have been a work of intellectual maturity, his last (extant)
work, on the astrolabe, in which Moses is referred to as “sage/magister” (hakam) in the
incipit, an honorific only present in this text and in two 18th-century copies of his transla-
tion on the eclipses.® The only witness of Moses ben Abraham’s treatise on the astrolabe
is MS Paris BnF heb. 1030.3* This manuscript in paper (leaf of about 200 mm x 140 mm)
displays an early 16th-century Sephardic semicursive script (23 lines per leaf). From the
incipit (BnF heb. 1030, f. 45b), we learn that when this text was copied Moses ben Abra-
ham was still alive, because the expression used to refer to Moses ben Abraham implies it
(“may his Rock and Redeemer protect him”). This should serve to date more precisely this
copy of the astrolabe text to the first decades of the 16th century. Sed-Rajna adds in his
catalogue that the codex’s provenance is from North Africa or Spain, which I am not able
to confirm.* Codex Paris BnF heb. 1030 is an anthology of astronomical texts that, ac-
cording to Georges Vajda, “a été probablement constitué dans un centre juif de I'empire
ottoman.”*® The contents are the following:

(1) Jacob ben Makir’s Hebrew version of Qusta ibn Luqga’s Arabic text on the con-
struction of a spherical astrolabe (Ma‘aseh be-kaddur ha-galgal, ff. Ib—22b), (item
no. 1).

(2) An unknown treatise of at least 34 chapters, possibly the work of Moses ben Abra-
ham, who compiled texts on instruments and also provided explanations of them. |
conclude this from the evidence of what remains of this treatise: Chapter 33 on the
construction of an instrument (Ha-sa"ar ha—33 be-ma‘aseh ha-keli) by Jacob ben
Makir’s that is not the quadrant of Israel that he designed (ff. 25a—28b, item no.
2a);%" and chapter 34 on demonstrations related to this instrument (Ha-5a‘ar ha—-34
be-mofetim ha-meyuiadim le-zeh ha-keli, ff. 28b—34b, item no. 2b), which is clear-
ly by Moses ben Abraham given the similarities it has with the demonstrations and
style in his treatise on the uses of the astrolabe (item no. 4).%

32MS Paris BnF heb. 1030, f. 45b.

33 MSS Jerusalem NLI Heb. 3906, f. 1a, and NLI Heb. 3961, f. 55b.

34 Microfilm F 15722 of the Institute of Microfilmed Hebrew Manuscripts (IMHM) at the National Library of
Israel.

35 For a description of codex Paris BnF heb. 1030, see Munk et al. 1866, 187 (no. 1030); and Munk 1911 [no.
60]. See also Sed-Rajna 1994, 342 (no. 148); Vajda (unpublished); and Steinschneider and Goldberg, 1964,
207 (given as “Moses Sahlun ben Abraham”).

3 Vajda (unpublished).

37 Incipit item no. 2a (f. 25a): 20 XM VAR 20V PV MPN T ATPN 1O W XN DT T Ok DRy mb np
NV QM TS DO Y AT DY AT 178 0O0R 1w 12 RO INIW 7 12 XD D310 i pran van Yan momn man .mwn
279 "N OO R TP T 2P0 XD TN SYaTn van Daph no nR Mo now Ty TR Duvn I aowm L' AR
W POIR DIPAA '7'2 VP DV XA DY 2PRw AR R,

38 Incipit item no. 2b (f. 28b): @°WVIT 2T NN MITT PRY 12 RXIA? P "2 2PV A 7T W2 WY A
13 'R 2w "2 1M 17 AR 3,738 D 1007w PP AR TIWnT DAY 00w .00 770 MTP1 nw Yy 01awn
DY '3 R M 7' RO P07 110 11 19 03 <> M DTIPIWADY TV 'R'2 OV 10WRN WO 112 1P XXM 0010
aN1a? 7381 2R DT 3T 09w D' 2 XIT 2w IRy L' DY IR INAN 2w 112 ) ROXIN 003 9930 't oown
'5'2' P DY CXMA 39 O3 ANPAY 73X D9 N0 1D OX .MIAINT AW MNWRT MY YR Y mw 7' nnn 7ay cxm
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(3) An unidentified and acephalous text on the geometry of the circle (ff. 35b— 41b,
item no. 3).*°

(4) Moses ben Abraham de Civdat’s text on the astrolabe that is the subject of this ar-
ticle (ff. 45b—71a, item no. 4).

(5) Mordekai ben Eliezer Comtino or Komatiano’s explanation of the construction of
the plate safizah (Tigqun luak ha-safikah, ff. 75a-80a, item no. 5).

(6) Jacob ben Makir’s Hebrew version of Azarquiel’s treatise on the construction of
the plate safizah (Iggeret ha-ma‘aseh ba-luak ha-nigra’ safizah, ff. 83b—100b,
item no. 6).

(7) Jacob ben Makir’s Hebrew version of Ibn al-Saffar’s treatise on the use of the as-
trolabe in forty chapters (Peirus ha-astrolab, ff. 107a—113b, item no. 7).

(8) Chapters 1-3 of Jacob ben Abi Abraham Isaac al-Corsuno’s treatise on the con-
struction of astrolabes in 8 chapters (f. 114a), which the catalogues refer to as
anonymous, but which I have identified (item no. 8). The third chapter of this trea-
tise, which is incomplete, presents several differences with respect to the published
edition of Corsuno’s text.* This text is at the end of the codex, but the blank verso
(of this folio f. 114b) makes clear that the five remaining chapters of Corsuno’s
treatise and what is missing of the third were not lost before the binding of codex
Paris BnF heb. 1030; they were never copied.

One hand (first half of the 16th century) wrote items no. 1-6 (with an appendix added by a
different hand on f. 41b), and a later hand (mid-16th century) wrote items no. 7-8.** The
codex was at some point bound with two early printed works unrelated to instruments that
were printed in Ferrara in 1556 and whose disappearance was noticed in 2000.%? The sec-
ond script (items nos. 7-8) seems to have some Italian elements or influence; it might be

nra RN 0 935 7' i A L. Explicit (f. 34b): 2 <o>»nenan <o>'nowen 93 1mhwl IR R n
ORY 7200M AMTPR M 902 <O>MINAM NP1 TR <O>PMY anra? 17 <o>Tnn onha <o>Ma7 W2 W 907
<T2>ne.

39 Incipit item no. 3 (f. 35b): NMTI M 1A PR NAWINA FIRW NN DY DM AR NN PV WHwmn 0P I 10 TWRD
VI MR TOW DIWRIT 2PN 123 2Y 13D IR 73 AP0 WK NAWINT W IVW wWHwHT NP 1 TATI NN POPR 1w N,
Explicit (f. 41b): 71 95w 9R2N° 191 .71 0 RoOW VAT DN AR A0 R0 T IR1 AT D0 R0 R N pw
D173 90 AR ' nTpah 2Tpw.

40 See Rodriguez-Arribas 2018, 27-82 (Hebrew edition available only online at
https://journals.sagepub.com/doi/suppl/10.1177/0021828618755773). When | published my edition of Corsu-
no’s text | had not identified this manuscript fragment yet.

41 The database of the NLI dates the scripts to 14th (texts nos. 1-6) and 15th centuries (texts nos. 7 and 8),
while Munk rightly dates all them to the 16th century (Munk et al. 1866, 187), just like the BnF Catalogue
online (https://archivesetmanuscrits.bnf.fr/ark:/12148/cc76764), accessed 24th December 2021. Vajda also
dates the manuscript to the 16th century, see Vajda (unpublished), but Sed-Rajna dates it to the 15th and 16th
centuries (perhaps in Spain or North Africa), see Sed-Rajna 1994, 342 (no. 148). Given that Moses ben Abra-
ham was clearly active during the last decade of the 15th century (he was copying several texts in 1498 and he
is called “young” in the two colophons above mentioned of MS Paris BnF heb. 959, ff. 76b and 85b), it is
impossible to maintain either a 14th-century or an early 15th-century hand for the copy of Moses ben Abra-
ham’s treatise on the astrolabe in MS Paris BnF heb.1030; this hand must be necessarily from the first quarter
or first half of the 16th century.

42 See Munk et al. 1866, 187 (no. 1030), and BnF Catalogue online
(https://archivesetmanuscrits.bnf.fr/ark:/12148/cc76764), accessed 24th December 2021. The two printed
works are: Nahmanides® Sa‘ar ha-gemul and Kavod Elogim.
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that the scribe of these two texts was working in Italy in the mid-16th century and it was he
who added the printed texts to the compilation.*?

The oldest and longest part of codex Paris BnF heb. 1030 is a consistent collection of
texts explaining the construction of four astronomical instruments: the spherical astrolabe
(item no. 1), planispheric astrolabe (item no. 8), safika (texts no. 5 and 6), an unidentified
instrument (item no. 2a-2b). In addition, it includes two texts explaining the uses of the
planispheric astrolabe (items no. 4 and 7), and a theorical text on the geometry of the
sphere (item no. 3)—essential for the construction and the use of any astronomical instru-
ment. The authors represented in the collection of this codex are the most representative of
instrument knowledge among Jews. Jacob ben Makir ibn Tibbon (ca. 1236-1307), in
southern France, translated into Hebrew Abtu al-Qasim Ahmad ibn al-Saffar’s text on the
use of the astrolabe and authored a text on an instrument of his invention, the quadrant of
Israel. Mordekai ben Eliezer Comtino or Komatiano (1402-1482) authored in Constanti-
nople several treatises on the use and construction of instruments, among them one on al-
Zarqalt’s universal instrument (the safizah). The Andalusians Ibn al-Saffar (d. 1035) and
al-Zarqali (1029-1087), and the Syrian Christian Qusta ibn Liiga (820-912) authored Ara-
bic texts on instruments that had been very popular in different Hebrew translations since
the 12th century. Jacob ben Abi Abraham lsaac al-Corsuno (fl. second half of the 14th
century) authored a treatise on the construction of astrolabes in Arabic (Seville 1376) that
he later translated into Hebrew (Barcelona 1378). All of them are present in this codex
with a treatise related to a mathematical instrument. My hypothesis is that items 1-6 were
copied in codex Paris BnF heb. 1030 by a disciple of Moses ben Abraham while he was
still alive and he copied them from a codex that Moses himself compiled and commented
on (as item no. 2b clearly shows). Later a different hand added items 7-8.

The manuscript of Moses’ astrolabe text in twenty-eight chapters presents nine or ten
types of interventions by users (given that some of the interventions are just a mark, a letter,
or a word, it is not always easy to distinguish them or their corresponding hands). This
means that it was consulted, commented, corrected, and carefully read by several readers
(aside from the copyist) who actively engaged with the text (plus those readers who read it
but did not leave any visible mark in the manuscript):

43 | thank Ilona Steimann for helpful additional comments regarding this codex.
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TABLE 2: Different reader interventions in the manuscript of Moses ben Abraham’s astrolabe text

Reader
interven- Distinctive mark Kind of intervention
tion*
Introduced chapter numbers 1-19 in Hebrew alphanumeric characters on the margins
of the manuscript with black ink. Most of these alphanumerics carry on top of the
1 number an ornamentation of horizontal and vertical short strokes identical to or

(the scribe)

resembling the ornamentation of the catchwords present at the bottom of all the folia
on verso of the manuscript.

Introduced a marginal note (f. 45b) with a script that is identical to the hand of the
copyist, so it must be the copyist.

() only to indicate the insertion of the
corresponding marginal note, not to

Introduced marginal notes and additions (ff. 47a, 59b, and 61b).
Introduced short interlineal additions (on ff. 46a, 46b, 47a, 48b, 49a, 49b, 56b, 57b,

2 indicate the other interventions. 58a, 61a, 65a, 66a, 68a, and 69b).
Introduced interlineal corrections of letters and one or several words (on ff. 45b, 48a,
51b, 52b, 60a, 60b, 62a, 63b, and 70a).
(o) on top of the corresponding word in | Introduced a marginal note (f. 46a) only once.
the text to indicate the place of the
3 insertion of the marginal note. This sign
is never used again on the manuscript.
(:) above and (:) below the line to | Indicate a separation between two words (f. 46b) only once.
4 separate between two words. This sign
is never used again on the manuscript.
() writing a dot above and below the | Marked (rightly) a mistake with a dot above and below the letter (f. 47a and 60b).
5a letter to indicate it as wrong, only once
(+) writing a dot above one or several | Marked (rightly) a mistake with one or several dots above (ff. 59a, 63b).
5b letters of the word to indicate the word
as wrong
() on top of the word or characters of | Indicated corrections of words and letters (rightly on ff. 47a, 48a, 51a, 54a, 64a, 65a,
6 the word. 65h, 66a, 67a, 67b, and 70a). There are indications of a mistake when there is no
mistake (ff. 55a, 60a, and 64a).
(+") above a word and (-) on the next to | Interlineal mark to indicate alteration in the order of two words (ff. 48b, 52b, 553,
7a it to indicate rightly an exchange in their | 56a, 59a, 60b, 61a, 62b, and 64a).
order.
(") above a word for unknown reasons | Interlineal mark for unknown reasons when the word is correct (ff. 48b, 52a, 55a, 60a,
7b or to indicate mistake 64b, 67a, and 67b).
When there is a mistake in a character of the word (f. 62b).
(') between two words to indicate | Indicating separation (f. 60a).
7c separation between them
Introduced chapter numbers 20 and 22-23 in the margins with red ink (ff. 59a, 61a,
8 | e and 62a).
Chapters 21 and 24-27 are unnumbered in the margin, according to the copyist’s
original layout.
(*') above the line to indicate the | Marked the insertion of marginal/interlineal additions or corrections with two dots (ff.
9 insertion of marginal or interlineal | 61b, 62a, 62b, 64a, 64b, and 70b).
additions or corrections by different
hands
0 One of the previous hands or an additional one added a final word (an?) and a sen-

tence at the end of the manuscript as its colophon.

4 The interventions are arranged and numbered not according to the chronology of the script (which is impos-
sible to know in most of the cases) but according to the order in which they appear on the manuscript text.




14 Rodriguez-Arribas SCIAMVS 22

Hand two seems to have been the most active in interacting with the contents of the manu-
script, and the most expert in his corrections, although there is no evidence supporting his
consultation of another manuscript of the text. Hand seven is also very active, but some of
his interventions are marks whose meaning is not clear.

Either copyist, one of these hands, or an additional and different one was the author of
the seven technical diagrams of circles and triangles in three different combinations of
colors: brownish ink for the lines and arcs and red ink for the letters on Diagram 1 (f. 63a);
red ink for the lines and green ink for the letters of Diagrams 3 and 6 (ff. 68a and 70b, re-
spectively), and brown ink for the circumference in Diagram 3; greenish ink for the lines
and red ink for the letters on Diagrams 2, 4, 5, and 7 (ff. 63b, 68b, 70a, and 70b, respec-
tively), but alternating red and brown inks in the letters of Diagram 2 and green and red
inks in the letters of the word “second” in Diagram 4 (Diagram 4a of my translation). Only
Diagrams 1, 2, and 3 (ff. 63a, 63b, and 68a, respectively) seem to have been anticipated,
for the copyist left some space for them within the page. The remaining four diagrams
(Diagrams 4, 5, 6, and 7) were drawn in the margins and were added by someone who was
closely following the explanations of the text, for the same letters for points and lines of
the text have been used in the corresponding diagrams. They might have also been copied
from the original codex that Moses ben Abraham wrote. The same hand of these diagrams
might have drawn the technical diagrams of triangles and circles on the acephalous text on
spherical geometry in the same codex (item no. 3, ff. 35b—41b) and in chapter 34 (item no.
2b, ff. 28b—-34b) of the text related to Jacob ben Makir (item no. 2a, ff. 25a—28b). The cop-
yist of item no. 2b clearly copied the diagrams from his model because his script left space
within the text to cleanly place the diagrams. The opposite must be said of item no. 3,
where the diagrams, as in item no. 4, were introduced after the script and without a plan,
for all of them are placed in the margins (exception on f. 40b where enough space was left
for the circular diagram). Some of the diagrams on item no. 3 were cut when the manu-
script was trimmed to make the codex. Items no. 1 and 5-8 do have neither diagrams nor
blank space left for them.

The presence in the codex of the so far obscure name of Moses ben Abraham and his
unique text connected to these illustrious names and their instrument texts is unexpected.
Salomon Munk and Georges Vajda thought that Moses ben Abraham’s treatise on the as-
trolabe was or might be incomplete.*® A perusal of the text makes clear that the text is not
only complete but displays one of the most thorough explanations of the uses of an astro-
labe in the Hebrew language. Furthermore, the text is accurate, displays a taste unusual in
instrument books for the amount of detail in the descriptions, and does not present as many
copying mistakes as the frequent use of one or more letters to tag points, lines, and trian-
gles in the diagrams and to denote numbers in specific calculations (examples) would
cause one to expect. These features might justify its inclusion in the codex as a companion
to other texts on astronomical instruments that were far more prestigious than it was. We
do not know anything, either, about the specific circumstances of Moses’ astrolabe text.
Given the paucity of the historical information we have about Moses ben Abraham and the

4 Munk et al. 1866, 187 [no. 1030], and Vajda (unpublished), [1030].
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specific context of his astrolabe text, the text itself might contain clues about his education,
interests, and sources.

I11. Between Castile and Istanbul: Sources and Terminology in
Moses’ Astrolabe Text

The fact that Moses mentions neither Latin nor Arabic sources by name (with the excep-
tion of Azarquiel) in his treatise must be interpreted as a clear sign that he intentionally
drew from sources, either original or translations, available in Hebrew, but no other lan-
guage, perhaps with the intention of making them accessible for his students, who neces-
sarily would understand Hebrew, but whose knowledge of other languages known or spo-
ken in Istanbul (Arabic, Greek, Castilian, etc.) was more uncertain.*® His knowledge of
Castilian, as his translation of the anonymous text on the eclipses shows, might have facili-
tated the consultation of astrolabe sources in this language—for instance, the Libros del
saber de astrologia by Alphonse X (13th century), among which is a treatise on the uses of
astrolabes—»but there is no indication in the contents of the manuscript or in its language of
Moses’ use of sources or authors in this language.

Two main strategies are used in this section to detect and discuss Moses ben Abra-
ham’s sources for his astrolabe text: the explicit mention of authors and books in Moses’
treatise and the technical terminology displayed in Moses’ explanations. The identified
sources on the uses of astrolabes available in Hebrew at the beginning of the 16th century
when Moses wrote his text are several (I omit here the anonymous ones, such as texts at-
tributed to Ptolemy): Abraham Ibn Ezra (1089-1164) and his three Hebrew versions of his
astrolabe text, Ahmad ibn al-Saffar’s text in Jacob ben Makir’s Hebrew version (1236—
1304), Emmanuel ben Jacob Bonfils of Tarascon (c. 1300-1377), Jacob ben Abi Abraham
Isaac al-Corsuno (fl. second half of the 14th century), Solomon Franco’s text (second half
of the 15th century), Mordekai ben Eliezer Comtino (1402-1482), at least one of the He-
brew versions (15th century) of De mensura astrolabii composed by Hermann Contractus
(1013-1054), Eliyahu Cohen of Montalto (15th century), and Moses’ contemporary in
Ottoman lands Joseph ben Solomon Taitasaq (14657-15457?). Moses’ sources are Anda-
lusian and Sephardic or related to the Sephardic tradition (with the exception of one Byz-
antine source, Mordekai Comtino).

Joseph ben Solomon Taitasaq was a contemporary of Moses and they might have
crossed paths in Ottoman lands. However, there is no evidence of Taitasaq’s idiosyncratic
astrolabe in Moses’ text. Furthermore, Taitasaq dealt with construction while Moses is
only concerned with its uses and their proofs. There is, however, a short section related to

46 If Vajda is right about the marginal note in MS Paris BnF heb. 959, fol. 135 in Judaeo-Arabic and that Moses
is its author, he must have known Arabic, not as his mother tongue, which was Castilian, but which he might
have learned in Istanbul where Arabic was one of the languages of culture, especially scientific culture, alt-
hough the Turks spoke Turkish (greatly influenced by Arabic and Persian). For the above-mentioned Arabic
note in MS Paris BnF heb. 959, see Vajda (unpublished), 959. According to the evidence of Moses’ astrolabe
text, he very likely read all his astronomical sources translated in Hebrew rather than in their original Arabic
language.
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construction in Moses’ text that coincidentally provides a solution for one of the compo-
nents missing in Taitasaq’s astrolabe treatise: how to construct a calendar scale on an addi-
tional piece of paper or parchment when the astrolabe one owns does not display one (11.3
(1)—(15)). One of the idiosyncratic features of Taitasaq’s astrolabe was that there was nei-
ther a calendar scale on his treatise, nor instructions for constructing one. Moses provides a
solution for this circumstance, though he does not provide instructions for determining the
eccentricity of the calendar, which he clearly describes as eccentric (11.3 (4)) and with the
vernal point at March tenth (11.3 (11)).4’

Moses ben Abraham mentions only two astrolabe authors by name: Abraham Ibn Ezra
and Rabbi Mordekai (sic), that is, Mordekai Comtino. Ibn Ezra is quoted almost literally
on a couple of occasions, and more freely in a few more; sometimes his name is not even
mentioned but the terminology gives proof of his influence. Comtino is explicitly men-
tioned twice. Moses draws from Ibn Ezra’s second Hebrew version (and to a lesser degree
the third); and might have drawn from a non-extant text on the uses of astrolabes by
Mordekai Comtino, of which Moses’ text might be a witness. Abraham Ibn Ezra seems to
be the most visible and widespread influence in Moses’ treatise. Moses mentions him by
name in one of the methods to tell time in seasonal hours (V.2 (4)—(5), which continues in
IV.3 (1)—(14)), in the placing of the positions of the stars in longitude on an astrolabe
(XVIII (1), cf. Appendix 3 of the article), and in the calculation of the zodiac latitude of
any fixed star (X1X.2, method explained in XIX.1); Moses refutes the two last methods.*®

Mordekai Comtino is also mentioned twice by name (as Rabbi Mordekai in XVIII (1)
and X1IX.2 (3)). The first mention concerns his method of placing the fixed stars on the
astrolabe according to their longitude, which Moses refutes. Rabbi Mordekai is referred to
with the formula “may his rest be in the Garden of Eden,” as was customary after the name
of a deceased person. The use of this expression to refer to Comtino means that Comtino
was already dead when Moses composed his text; it is possible that Moses met him, but
Moses must have been very young (and perhaps still in Spain) when Comtino died (1482).
The second time Moses mentions Comtino is in relation to the determination of the zodia-
cal latitude of any fixed star (explained in X1X.1 and X1X.2, with the mention of Comtino
in X1X.2), again together with Abraham Ibn Ezra. It is not clear why Moses put Ibn Ezra’s
and Comtino’s methods side by side, for the former wrote only on the uses of astrolabes
and explained how to calculate stellar positions with an astrolabe, but did not devote any
commentary to the construction of the star pointers; while the latter wrote only about the
construction of astrolabes and explained the placing of the star pointers, but never referred
in his extant texts to the use of the star pointers in calculations with astrolabes. Comtino
might have written a text on the uses of astrolabes that is not extant but was still available

47 For Taitasaq’s astrolabe text and its features, see Rodriguez-Arribas and Kozodoy 2020.

48 For the method of Ibn Ezra that Moses is following, see Appendix 4, either the first or the second versions.
Moses has greatly truncated his source so that the identification of the version is not easy; it could be either of
them. Ibn Ezra’s explanation in the two versions is much longer and gives alternative methods for these calcu-
lations, which Moses omits. For Abraham lbn Ezra's Keli ha-nehoset, | have used manuscripts of the three
versions of his treatise on the astrolabe. | obtained access to a PhD dissertation with the Hebrew edition of
these texts (Eichenbaum 2021) only when the article was finished.
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in Moses’ times,* but it seems unlikely that Ibn Ezra wrote a treatise on the construction
of astrolabes unmentioned by even one source. Moses ben Abraham is harshly critical of
the two main authors of astrolabe literature in Hebrew who worked in the Sephardic tradi-
tion and took mainly from Arabic sources. Ibn Ezra and Comtino were themselves very
critical in their respective approaches to the instrument (we have already quoted Ibn Ezra’s
remarks, see Appendices), and Comtino, despite being a passionate admirer of Ibn Ezra’s
works, criticised Ibn Ezra’s texts on the astrolabe and tried to perfect them in his own
work.* It is known that Comtino taught mathematics and astronomy to Eliyahu ben Abra-
ham Mizrahi (c. 1445-1525),> the religious head of the Jewish community in Istanbul
(since 1500) whose yeshivah instructed students in religious as well as in secular studies.>
If one of the readers of Moses’ treatise was Eliyahu Mizrahi, Moses ben Abraham might
have been interested in mentioning Eliyahu’s prestigious teacher. Furthermore, Moses
might also have had access to additional oral sources on astrolabes coming from Comtino
(for example, on the uses of astrolabes) via one of his disciples, perhaps Eliyahu himself,
which would explain the absence of any written source by Comtino on this specific topic.
There is no extant text by him on the use of astrolabes, but he might have taught about it.
Two features define Moses’ choice of astrolabe-related terminology. Firstly, he seems
to have collected the best terminology currently available. This might explain his use of
synonyms several times in different contexts (for the astrolabe, the alidade, the limb, etc.,
see Glossary in Appendix 8), which indicates that Moses absorbed information from dif-
ferent sources, Sephardic and non-Sephardic, which his terminology mirrors. Secondly,
despite his gathering of technical terms from various sources, he is exceedingly accurate in
the use of them. Moses employs Abraham ibn Ezra’s terminology (“first preservation” and
“second preservation”) in the calculation of the ascension of a zodiac sign for a given local
horizon when there is no latitude plate for the local horizon of the calculation (XI1.3 (4)—
(9)). Ibn Ezra uses the distinctive terms “first preservation” and “‘second preservation,”
exclusive to him, in his second version of the astrolabe text (in the same calculation),® and
in different contexts in his two other Hebrew versions on the astrolabe.> Moses’ choice of
technical terms in his treatise confirms and enlarges Ibn Ezra’s influence (see Appen-
dices).® Moses ben Abraham’s expression “mark on the limb with the beginning of Capri-

4% As regards Comtino’s approach to the construction of the star pointers of the rete, see his treatise on the
northern astrolabe, MS Paris BnF heb. 1095, ff. 135b—138b.

%0 See the introduction of Comtino’s treatise on the northern astrolabe, MS Paris BnF heb. 1095, f. 123a.

51 About Mizrahi’s scientific interests, see Langermann 2011, 446-449.

52 Levy 1994, 38 (and the bibliography quoted there). In Salonica, where Joseph ben Solomon Taitasaq was
also the head of a yeshivah, the Jewish community supported a school for secular studies (medicine, astronomy,
and natural philosophy), Levy 1994, 37-38.

53 See MS Paris BnF heb. 1045, f. 191b—192a.

54 The noun "mw with the meaning of “preservation” is used in several contexts in the third version of lbn
Ezra’s astrolabe text (for instance, MS Moscow Russian State Library Giinzburg 937, f. 11a, explaining the
astrological directions). The term is missing in any context in the first Hebrew version of his astrolabe text (MS
Paris BnF heb. 1053).

55 For Abraham lbn Ezra’s three texts on the astrolabe (plus the Latin version), see Rodriguez-Arribas 2014.
For the terminology of the astrolabe in the 12th century and Ibn Ezra’s strategy vis-a-vis the terminology of the
astrolabe in Arabic, see Rodriguez-Arribas 2016. Some of the terms that Ibn Ezra introduced in astrolabe litera-
ture in Hebrew are afudat ha-mazalot, beriak, ma‘esar, gevul, daf, zanav, merkaz, keli nehoset, mesaret, samut,



18 Rodriguez-Arribas SCIAMVS 22

corn” (1V.3 (8)—(9)) mirrors Ibn Ezra’s use of it (saman ‘im ros Gedi) in all of his three
treatises on the astrolabe.>® Moses also uses the Hebrew word mesartim to denote “planets”
(XI111.1 (2)), which is distinctive of Abraham Ibn Ezra.>” Mesartim is used only in the sec-
ond version of A. Ibn Ezra’s text on the astrolabe,’® which provides yet more evidence that
Moses ben Abraham knew the three versions but used, above all, the second Hebrew ver-
sion of l1bn Ezra’s astrolabe text (see Appendices).>® One more Hebrew term that is distinc-
tive in Abraham lbn Ezra and that Moses uses is gevul (“clima,” in XI11.4a (1)).% Finally,
Moses’ introduction of the technical term “power” (koak) in an intriguing sentence related
to the astrological houses and with astrological scope (XXVIIL.3c (2)) implies that Moses
was familiar with astrological works in which this term was used, very likely Ibn Ezra’s
works. Ibn Ezra used it profusely in different connotations, though Bar Hiyya and others
also used it with the general meaning that Moses does: “The power (koa/) of the eastern
side changes into the power of the western side and the visible part in the east is the as-
cendant.”®* The term is not used in Abraham Ibn Ezra’s Hebrew treatises on the astrolabe
with an astrological meaning, so Moses must have found it in the abundant astrological
literature available in his time. He might have used this Hebrew term with the meaning of
“hidden property,” which is one of the distinctive meanings of this term in contexts of nat-
ural philosophy.

As Moses uses, among others, one distinctive term to denote the astrolabe (keli
habarah), he also must have known some of the texts (about 30 MSS) that used this dis-
tinctive expression to name the astrolabe. A group of them (the largest, ca. 15th century)
deals with its construction and is attributed to Ptolemy, and another group is focused on the
proofs (mofetim) of the construction and is also related to Ptolemy, but translated from
Greek into Hebrew by the Romaniot Solomon ben Eliyah Sharvit ha-Zahav (late 14th cen-
tury).52 Another technical term pointing out a possible specific source is fabur (centre, hub)
used by Moses to denote the centre of the Earth (1.1 (4)) or the centre of the astrolabe (I11.1
(5)). Mordekai Comtino uses this term in his treatise on the northern astrolabe to denote
the centre of the astrolabe.®®

Moses mentions other specific sources by name in relation to very particular aspects of
astrolabe use. Abraham bar Hiyya’s Book of the Calculation of the Motions of the Planets
(seventh chapter) is brought up in relation to a method to calculate the altitude using either

gav qodqod, reset, svakah, and teliyyah; all of them are in Moses’ treatise.

56 Cf. Moses ben Abraham’s expression >7x wx ay 1o (for example in 1V.3 (8)—(9)) and Ibn Ezra’s wxn av 1a0
73 in his first Hebrew version (MS Paris BnF heb. 1053, f. 8b), > wx1 oy 1»°0 0w in his second Hebrew ver-
sion (MS Paris BnF heb. 1045, f. 191a), and »7x w1 ay pna 1°0 mwy in his third Hebrew version (MS Giinz-
burg 937, f. 5b).

5" For lbn Ezra’s technical terminology in his astrolabe treatises, see Rodriguez-Arribas, “Reading Astrolabes
in Medieval Hebrew,” 89-112, especially 93-94 and 96-105.

58 See MS Paris BnF heb. 1045, ff. 188b, 189b, 190a, 192b, et cetera.

59 The third version is rather different (also in the language) from the first and the second ones; see Rodriguez-
Arribas 2014, 237-249.

60 See Sela 2019, 358-359, which revisits his previous study in Sela 2003, 107-112.

61 In relation to koak and its relevance in medieval stellar sciences, see Rodriguez-Arribas 2015, 340-345.

62 For Eliyah Sharvit ha-Zahav, see Goldstein 2020, 129-159, especially at 13 and 15; and Goldstein 1979, 36—
37.

63 For Comtino’s term, see MS Paris BnF heb. 1095, f. 125b.
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of the two shadows (XXI11.8).%* Moses quotes Euclid seven times: Book I, proposition 34
(XI11.4b (8)) and Book VI (XII1.4b (14)), both in the context of a practical example illus-
trated with a diagram (Diagram 1) that explains how and why the right and inverted shad-
ow work; he also quotes Book I, proposition 29 (XVII1.1 (7)) and Book VI, proposition 4
(XVII1.1 (9)) in relation to the angles of the triangles in a calculation that he also illustrates
with a diagram (Diagram 3) to demonstrate which angles are equal and which are right and
how two triangles are similar. Finally, Moses ben Abraham refers to Book 5, propositions
24 (XXVIIL6b (11)), 11 (XXVIII.6b (13)), and 8 (XXVIIIL.6b (14)) in the context of an
indirect proof at the very end of his treatise. Theodosius of Bithynia’s Sphaerica (ca. 100
BCE) is mentioned in relation to the principle of spherical geometry that two great circles
of the sphere bisect one another (1.7 {(3)). Azarquiel or al-Zarqali (1029-1087) and Ptole-
my (2nd century) are the sources mentioned for two possible values of the inclination of
the ecliptic or solar path: 23;33° or 23;51°, respectively (VI111.2 (1)).%® Ptolemy is also men-
tioned as a geographical source for the name of Britain (XIl.4a (1)) and also in relation to
his treatise on the astrolabe (XVI1II (4)), to point out that there is nothing in it about how to
place the star pointers of the rete, from which Moses concludes that there is no adequate
method for it. This treatise by Ptolemy must be a reference to the medieval treatises on the
construction of astrolabes (the above mentioned as using the Hebrew construct expression
keli habazah to name the astrolabe) that circulated under his name; this rather than his
Planispherium must be the source implied in Moses’ reference.® In the same context and
with the same conclusion (there is no proper method to place the star pointers in the rete),
Moses refers (XVIII (5)) to the treatise on astrolabes “in 42 chapters of one of the great
Muslim sages, in which he explained all the remaining questions” (except for this one).
This reference must be to Abt al-Qasim Ahmad ibn al-Saffar (d. 1035), who wrote a trea-
tise on the use of astrolabes (extant in three Arabic versions) that was translated into He-
brew at least three times, first by Jacob ben Makir ibn Tibbon (1271-1275), then by Isaac
al-Corsuno (in the second half of the 14th century), and finally by Moses ben Baruch Al-
mosnino (1518-1579/80).%" It is tempting to speculate why Moses decided to omit lbn al-
Saffar’s name when he surely knew it very well while he was writing. Was Moses’ inten-

64 Millas Vallicrosa 1959, 41-42 (Hebrew) and 47-48 (Spanish transl.). Lévy and Burnett 2006, 164-174
(English translation of 7.1-13) and 202-204 (Hebrew text of 7.1-13).

8 As regards the value 23;51° in Ptolemy, see Almagest, I, 12. The value attributed to Azarquiel but found in
the Toledan Tables is 23;33,30°; see Toomer 1968, 30.

% For Ptolemy’s Planispherium, see Sidoli and Berggren 2007. There is a medieval Hebrew version of this text
based on a Latin translation from the Arabic; see Lorch 1995, 276, n. 11. | have inspected the MS Oxford
Bodleian Libraries Opp. Add. 4° 175 and there are two works attributed to Ptolemy in it: Moftei keli ha-
habazah (ff. 1a-12b) and Ma‘aseh keli ha-habagah ha-nigra aszurlab ve-hu le-Bazalmius le-sive‘ah aglimim (ff.
13a-19a); they both deal with the construction of an astrolabe and Moses might be referring to either of them. |
am currently working on the edition and translation of these two anonymous texts related to Ptolemy.

67 In relation to the Hebrew versions of Ibn al-Saffar, see Zonta 2011, 34; and Robinson and Melammed 2007,
19:712 (both in relation to Ben Makir). In relation to lbn al-Saffar’s treatise, see Millas Vallicrosa 1955), 35—
49 (study in Spanish) and 47-76 (edition of Ibn al-Saffar's text in Arabic); Millas Vallicrosa 1931, 29-48 (Cat-
alan translation of Ibn al-Saffar’s text); and Kunitzsch 1989, 48 (chapter X). Here Kunitzsch refers to the 42
chapters of the Arabic version of Ibn al-Saffar edited by Millas Vallicrosa (MS San Lorenzo de El Escorial,
Biblioteca del Real Monasterio 964) and the 32 chapters of the unedited longer version (MS London British
Library Add. 9600, ff. 262v—280v).
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tion to dim the Muslim contribution by placing it in the background and omitting the very
illustrious and well known names of Muslim astronomers so that the Hebrew ones got
more attention and promotion? This might explain why, in Moses’ text, there is only one
Arabic source quoted by name (Azarquiel, in VII1.2 (1)).

Finally, Moses makes five self-references to books, namely chapters, of his treatise on
the astrolabe,®® which show that his text was intended to be all inclusive as regards the
kinds of problems that readers could encounter in their understanding of the subject and its
corresponding calculations. These are references to problems he has discussed in his text.
In addition, on several occasions Moses introduces expressions that strengthen the unity
and interrelation of the different sections and chapters of his text: “as we have explained”
(IV.2 (4)), “as | am going to explain in the following chapter” (V.4 (3)), “as we have pre-
viously said” (V1.1 (7)), “as | have showed you” (VII.1 (2)), “as we did before” (VIII.1
(2)), “as we are going to explain more” (XIIl.3a (3)), “as we are going to explain”
(XXI1.3 (3)), “as we already explained” (XXIII.7 {(3)), and “do as has been explained”
(XXI11.9¢ (7)), among others. These self-references fulfil two main roles: to facilitate the
navigation through the complete text, which Moses ben Abraham presents as all inclusive
regarding problems related to astrolabe use; and to strengthen the user’s feeling that the
text is coherent and self-contained, and follows a clear outline, not only in the arrangement
of the topics, but in the interrelation of them. This impression is bolstered with the proofs
that Moses ben Abraham interspersed when dealing with certain problems and with the
references to prestigous figures like Euclid, Ptolemy, Theodosius, Azarquiel, Abraham Ibn
Ezra, Abraham bar Hiyya, etc. in certain sections of his treatise

1V. An All Inclusive Self-Contained Handbook on Astrolabe Uses
for Istanbul Jews

I deal in this section with the structure of the text, its technical details, and Moses’ contri-
bution to astrolabe knowledge. Moses’ treatise is a late astrolabe text in the sense that,
when Moses wrote it (very likely in the first quarter of the 16th century), astrolabe texts in
Hebrew language had been circulating since the mid-12th century.® Thus Moses seems to
have collected information from previous Hebrew sources in his treatise, which is apparent
in the terminology he uses (as seen in the previous section) and in the methods he collected
in his exposition (that we discuss partly in this section and partly in the corresponding
footnotes to the translation). Moses not only mentions his Hebrew sources by name, but he
also sometimes critiques them and refutes their methods.

The arrangement of the contents of Moses ben Abraham’s treatise on the uses of astro-
labes is standard in comparison to earlier and contemporary Hebrew sources on the same
subject. In Table 3, | have classified the distinctive uses of astrolabes in Moses’ text, keep-

% In Chapters 1V.4a (2) and (19); X.3; XI1.2 (5); and XV.2a (2).
% In relation to the emergence of this specific literature in Hebrew language, see Rodriguez-Arribas 2014, 221
225.
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ing the chapter number and describing the main content of the chapter rather than the lit-
eral title in Moses’ treatise:

TABLE 3: Chapters of Moses ben Abraham’s text according to the uses of astrolabes

Heavenly positions | Il. The position of the sun and its diametrical opposite.
in sphaera recta | Ill. The solar altitude by daytime and nighttime.
and with respect | VII. The meridian altitude of the sun by daytime and nighttime.
to a local horizon | X. Meridian altitude of any fixed star.
XI. Altitude of the sun using the hour.
XII. Ascension of the zodiac signs on the straight and inclined horizons.
XII1. Positions of the upper planets.
XIV. Rising and culmination of any zodiac degree or star in the local horizon.
XV. Declination of any zodiac degree or star.
XVI. Culmination of any fixed star.
XVII. Diurnal and nocturnal arcs of stars and planets.
XVIII. Impossibility of knowing the longitude of any fixed star with an astrolabe.
XIX. Latitude of the fixed stars.”
XXII1. Shadows with a gnomon and with an astrolabe.

Horary and sea- | V. Diurnal and nocturnal arcs and time in seasonal and equinoctial hours.
sonal calculations | VI. Telling time by nighttime.

IX. Quarters of the year.

XXV. Telling time when there is no plate for one’s latitude.

XXVI. Morning and evening twilights.

Horizontal coor- | I. Identification of the latitude of the plate.
dinates VIII. Longitude and latitude of any inclined horizon.
XX. Azimuth of the sun, stars, and planets by daytime and nighttime.
XXI. Cardinal points of the local horizon and azimuth.
XXII. Azimuth crossing one’s zenith and the zenith of another land; the gibla.
XXIV. Azimuth with the shadow without an astrolabe.

Astrological topics | V. The four angles of the horoscope.
XXVII. The twelve astrological houses.

Land surveying | XXVIIIl. Measure of the three dimensions.

At first glance the most obvious feature of the structure of Moses’ treatise is the author’s
division of its contents into 28 chapters, most of which are indicated in the manuscript in
large bold script (most are also numbered in the margin with Hebrew alphanumerics by
two different hands; remaining unnumbered in the margin Chapters XXII and XXIV—
XXVIII). Another apparent feature is the long excursus inserted into Chapter XXIII, sec-
tions XXI111.2-XXI111.9, devoted to explaining the calculation of the shadows with a gno-
mon (‘amud) and ratios and using two diagrams (Diagrams 1 and 2). Moses himself indi-
cates that he inserted these sections into the original plan of his treatise: “As we have not
seen yet any text on this question, we present now the question of how these shadows work

0 In Chapter XIX Moses ben Abraham criticises Abraham Ibn Ezra’s method, which is the only one he ex-
plains in the treatise, complains that Mordekai ben Eliezer Comtino did not clarify this problem and suggests
that Moses’ method (“according to our method,” which he keeps to himself and so remains unknown), is the
only valid one.
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by a demonstrated method” (XXIII.1 (6)) and later, “to clarify, we copy how one knows
the length of the shadow, either right or inverted, of any degree of altitude” (XXIlIl.4a (3)).
In addition, this excursus somehow emerges from the previous Chapter XXII, which deals
with azimuths, and flows into Chapter XXIV, which continues with azimuths, specifically
the calculation of the azimuth using the shadow. The transition from one (that discusses
calculation with shadows without astrolabes) to the other (that continues with azimuth
calculations and astrolabes) is the final section in Chapter XXIII dealing with the calcula-
tion of the shadows with an astrolabe (XXI11.9-XXI11.9¢e). There is no disruption of style
or vocabulary among these three chapters, although Moses explicitly says that he is trans-
lating or copying (pnyn in XXI1I1.4a (3)).”* Here and throughout the treatise Moses consist-
ently uses exclusively alphabetical numeration (Hebrew letters also represent numbers in
the calculations, except for some occasions when numbers up to ten are written as words).
Although alphabetic numeration can be also positional, positional numeration is never used.
Terms that are used only here and neither before nor after this excursus in Moses’ treatise
are maqis (projection) and meitar mekusah (semichord or sine).”? Despite the exceptional
presence of these terms, a translation seems more likely, for Moses would have translated
(from Arabic?) using his own familiar words for the topic, which explains the uniformity
of the style with the surrounding language in the treatise.

The excursus in Chapter XXII1 is an anticipation of Chapter XXVIII, which deals with
the standard calculations of height, depth, and distance using the shadow square on the
back of an astrolabe, while the excursus in Chapter XXIII deals with problems directly
related to shadows, first without using an astrolabe and then using one. The excursus in
Chapter XXIII indicates a long tradition of solving these problems (especially in the Islam-
ic culture) with methods that do not consider the use of mathematical instruments—except
for the use of a gnomon (for example, a straight wooden stick)—and were therefore cheap-
er and more widespread, thus what might be called “folk astronomy.””® Trigonometrical
calculations only emerge in the excursus, while ratios are present in other parts of the trea-
tise.”* Chapter XXII1 is a challenge because of the approximation it demands from the non-
professional astronomer to move between the geometry of the shadow square and spherical
geometry, while Chapter XXVIII displays a more elementary geometry despite being the
last chapter of the book. Chapters XXIII and XXVIII are the only ones with references to
diagrams, which are accordingly drawn on the manuscript (original images in Diagrams 1
to 7 of the Hebrew edition); | have reproduced them with improvements (Diagrams 1 to 7

"L This root can mean both activities in the context of the treatise, but Moses’ words do not help to clarify
whether he is doing one or the other.

2 Magis in XXI11.4a (5)—(6); XXIII.4b (5); XXIIl.5a (7); and XXIII.6 (1); and meitar mekusah in XXII1.4b
(2) and (12); XXIL5 (2)-(6); XXII1.6 (2)—(3), XXIIl.5a (5)—(6); XXII1.5b (2)—(3) and (5); and XXIII.7 (2)-
(3).

73 On this long folk tradition in Muslim culture, see, for example, Varisco 1997 and 2000; Schmidl 2015; King,
(https://muslimheritage.com/wp-content/uploads/1799/02/davidking-sacredgeography.pdf), accessed June 1st
2020; King 1999 and 1990.

" There are ratios (Hebrew yahas or ‘erek)—except for the excursus, which | do not mention here—in 111.4 (2),
IV.7 (8), VIL.3 (7)—(8), XI1.3 (6), XXIV (4} and (7), XXVIII.1 (4), (10), (12)—(13), and (16), XXVII1.2 (4)—
(5), XXVI1.4 (3)—(5), (7), and (9)—(11), XXVIIL.4a (2), XXVIIL5 (5), XXVIII.5a (5)—(6), XXVIII.6 (3)—(4),
(6), XXVI111.6a (4)—(5), and XXVII1.6b (5) and (7)—(17).



SCIAMVS 22 Moses ben Abraham de Civdat — Explanation of the Astrolabe 23

of the English translation), plus an additional one (Diagram 4a) that is not in the manu-
script but | have introduced to clarify Moses’ related explanation.

The rest of the structure of the treatise is standard in the contents and follows the usual
sequence in treatises about astrolabe use, with the exception of the demonstrations that
Moses inserts here and there in relation to specific topics, namely, the calculation of the
altitude of the sun, the time in seasonal hours, the meridian altitude of the sun when it is
between two almucantars, the declination of any degree or star with respect to the equator,
the cardinal points of the horizon by day and by night, the azimuth crossing one’s zenith
and the zenith of another land, the inverted and the right shadows, why shadows are equal
to each other at 45°, and how the moving rete method for the division of the houses works.
Moses pays special attention to the calculation of the azimuth, the gibla, and the four car-
dinal points of the horizon, all of them related to orientation to a local horizon. He must
have been influenced by the Islamic environment of Ottoman Istanbul, in which religious
orientation was practiced during Muslim prayers, which have to be performed facing the
Ka‘ba in Mecca five times every day. The calculation of the gibla was a religious use of
astrolabes, for Muslims need to pray facing a very specific point of the local horizon, but
Moses’ presentation of the topic gives a non-religious turn to most of these calculations, so
that it becomes an astronomical/geographical question related exclusively to orientation
and so relevant for anybody regardless of religious background. Moses mentions the gibla
(x92p9x) only twice (in Chapters XXII.1 (1) and XXII.4 (1)), preferring other terms to
denote orientation and direction, such as different Hebrew variations of the Arabic loan
word for azimuth (samut, samt, sumt, simt in Chapters XX—XXII), and straight alignment
or direction (nokakut in Chapter XXI1.4 (4)).

Contrary to other texts (notably Abraham Ibn Ezra, who devoted several sections of his
treatise to different astrological calculations) Moses’ text has only one astrological chap-
ter,” the calculation of the astrological houses, and a section of a previous chapter (V),
where he explained how to find the four cardines or angles (first, seventh, fourth, and tenth
houses). Moses explains the division of the ecliptic into houses by two methods, the most
usual ones, both using the hour line divisions engraved on many astrolabes. The fixed rete
method uses the hour lines divisions of the astrolabe and a thread and keeps the rete fixed
during the calculation (XXVI1.3-XXVI1.3b), while the moving rete method uses the same
hour divisions but moves the rete in specific ways (XXVI1.2). What is new and distinctive
in Moses’ presentation in relation to other Hebrew texts on this specific topic (for instance,
Taitasaq’s explanation of the houses) is that Moses provides a demonstration (XXV11.3c)
of how the moving rete method works and why the houses that are in the eastern quadrants,

5 Abraham Ibn Ezra devoted much attention to astrological calculations in the first version (division of the
houses and aspects), second version (the revolution of the sun, the division of the houses, aspects, and direc-
tions), and third version (the division of the houses, the solar revolution, aspects, and directions) of his astro-
labe text. In relation to the astrological contents in Ibn Ezra’s treatises on the astrolabe in Hebrew and Latin,
see Rodriguez-Arribas 2014, 228-230 (first Hebrew version), 233-235 (second Hebrew version), 239-240
(third Hebrew version), and 253-254 and 257-258 (Latin version). The absence in Moses’ text of any mention
of astrological aspects, directions, or the revolution of the years and nativities, all essential astrological calcula-
tions, might be due to the fact that most of these calculations relied on the positions of the planets and these can
only be known accurately by the use of tables.
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above and below the horizon, are found by moving the ascendant through two hours, while
the western ones, above and below the horizon, are found by moving the descendant
through two hours. As Moses provides an explanation for the moving rete method (not for
the fixed rete method) and says in addition that “for this reason, the division of the houses
as done above is right according to the requirement of the art, i.e., the art of the astrological
judgements” (XXVI11.3c (15)), it seems that Moses favored the moving rete method, con-
trary to his contemporary Joseph ben Solomon Taitasag, who was associated with the fixed
rete method,’® the only method that Ibn Ezra also refers to in the three Hebrew versions of
his astrolabe text.

One of the most distinctive contributions of Moses’ text in Hebrew literature about as-
trolabes is that he provides geometric demonstrations (mofetim), explanations (sibbot), and
reasons/logic foundations (fe ‘amim) to confirm the correctness of the calculations he is
explaining and to make how and why they work more understandable. This is an unusual
feature in Hebrew astrolabe texts, which are characteristic for their too practical and very
summary approach. Moses’ treatise might have been a teaching handbook, a text to use
with students in the context of the yeshivah or in private scholarly meetings. This can be
concluded from several features: (1) the use of diagrams to illustrate the written explana-
tions; (2) the presence of several practical examples and demonstrations of them, all sup-
ported by diagrams (Diagrams 1, 2, 5, and 6);”” (3) the presence of definitions or quasi-
definitions (i.e., descriptions);’® (4) alternative methods that can prompt additional discus-
sions and explanations in a teaching class context;” (5) “what to do” situations to solve the
shortcomings of the instrument or the specific circumstances of the calculation;® and, fi-

76 Rodriguez-Arribas and Kozodoy 2020, 92-96 (the fixed rete method) and 94 (mention of Taitasaq in relation
to this method).

T In XXI11.4b (how the shadow works) and XXI11.5 (the correlation of the solar altitude and the shadow) and
XXIl11.5a (its demonstration) as well; in XXVI11.5a (example with the geometry of the measure of the depth of
a well with the shadow square of an astrolabe), and XXVIl11.6a (example with the geometry of the measure of
the width of a river with the shadow square of an astrolabe).

8 Almucantar (1.1 (4)), the degree of the sun (11.1 (1)), the diametrical opposite of the sun (11.1 (2)), the edge
of the alidade (1.2 (3)), the altitude of the sun (111.1 (1)), the almuri or beginning of Capricorn in the rete (IV.3
(8)), almucantar (1V.4a (7)), meridian altitude of the sun by daytime and by nighttime (V11.1 (1)), latitude of a
place (VIII1.1 (1)), the longitude of a place (VIII1.6 (1)), the diurnal and nocturnal arcs (XVI1.1), the four quad-
rants of the horizon (XX.1), the gibla (XXII.1 (2}), straight (XXIII1.1 (3)) and inverted shadows (XXIII.1 (4)),
description of the shadow square on an astrolabe (XXI11.9a), evening twilight (XXVI (1)—(2)) and morning
twilight (XXVI (6)), and angles or cardines of a horoscope (XXVII.1).

9 Two methods to identify the latitude of the latitude plate (1.1 and 1.3), two methods to calculate the position
of the sun (I1.2 and 1X.1), two methods to find the days of the year when the daytime starts to increase or to
diminish (I1.4 (5) and 11.4 (6)), three methods to calculate the diametrical opposite of the sun (I1.5, 11.6, and
11.7), two methods to tell time in seasonal hours (1V.3 and 1V.4), two methods to find the meridian altitude of
the sun with an instrument that is not complete (VI1.3 and VI1.4), two methods to find the latitude of a place
when the sun is neither at the solstices nor the equinoxes (V111.4 and VI11.5), three methods to find the position
of the upper planets (XI11.1, XI11.2, and X1I1.3), two methods to divide the ecliptic into the eight houses that
are not the angles (XXVI11.2 and XXVI1.3), and two methods to measure the height of an object whose basis is
not accessible for the observation (XXVIII1.4 and XXVIll.4a). Different or alternative methods mean some-
times just a different way of performing the corresponding calculation.

8 If one is finding the position of the sun and the astrolabe does not have a calendar scale (11.3); if one is taking
the altitude of the sun but the day is cloudy (I11.3 (2)); if one is telling time by daytime in seasonal hours but
there are no seasonal hour divisions engraved on the latitude plate (1V.7); if one is telling time by nighttime in
seasonal hours but there are no seasonal hour divisions engraved on the latitude plate (\V1.3); if one is calculat-
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nally, (6) the presence of theoretical tools, demonstrations, and proofs that help to under-
stand how and why the calculations work.8! All these features make Moses’ text one of the
best among the Hebrew sources | am aware of that are suitable to be used in a class of ap-
plied astronomy and this might be the intention of its author.

A text like this might have found its place in a Sephardic curriculum where philosophy
and science were easily accommodated side by side with religious studies, and even con-
sidered necessary for an accurate understanding of them. The Sephardic curriculum might
have already been implemented by the time Moses’ family settled in Istanbul (in Ottoman
hands since 1453 and with a continuous although uneven arrival of Sephardic immigrants
since 1391). Alternatively, he might have been one of those Sephardic immigrants who
contributed to its implementation and lived in Istanbul—like Gedaliah ibn Yahya (d. 1488),
Hanokh Saporta of Catalunya (who moved to Istanbul ¢. 1481, was very much interested in
philosophy, and taught Comtino) and Shabbetai ben Malkiel ha-Cohen (with whom
Comtino polemized about Ibn Ezra’s opinions)—or in Salonika—Ilike Joseph ben Salomon
Taitasag (author of an astrolabe treatise), Solomon ben Jacob Almoli (d. 1542, physician
and encyclopedic author), and Eliyahu ben Abraham (physician and author of a treatise on
the bubonic plague).®? The chief rabbis of the Jewish community in Istanbul continued to

ing the meridian altitude of the sun but the astrolabe is not complete (V11.3); if one is placing the sun among
the almucantars according to its altitude but the astrolabe does not have a specific almucantar for this specific
altitude (IX.5 with a practical example); if one is finding the ascension of a sign in an inclined horizon but
there is no latitude plate for one’s horizon (XI1.3); and if one is calculating the height of an object and its basis
is not accessible for the observation with the astrolabe (XXVI11.4 (1)—(7) with practical example in XXVIII.4
(8)—(24) by method one and by method two in XXVI1I1.4a).

81 Theodosius’ proposition explaining that two great circles of the sphere bisect one another (11.7 (3)—(5)); why
the calculation of the altitude of the stars works with an astrolabe (111.4 (1)—(13)); the calculation of the sea-
sonal hours using the altitude of the sun, which moves in circles parallel to the equator that are intersected by
the almucantars, which are circles parallel to the horizon; the circles of the hour above and below the horizon
are also intersected by the circles parallel to the equator (IV.4a (1)—(26)); that the arc of the circle parallel to
the equator that the sun circumvolves and the limb of the astrolabe are similar (IV.5 (9)); telling time during
nighttime (V1.2 (1)—(2)); how the meridian altitude during daytime and during nighttime relate to the motion of
the sun in the rete of the astrolabe (VI1.3a); why the solar altitude at noon at the equinoxes is subtracted from
90 to get the local latitude (VI11.1 (5)); why the solar declination is subtracted from 90 and the solar altitude of
the sun at noon at the winter solstice is subtracted from the result of this difference to get the local latitude
(V1.2 (3)); why the solar declination is added to 90 and the solar altitude of the sun at noon at the summer
solstice is subtracted from the result of this difference to get the local latitude (VI11.3 (2)—(8)); how the fact that
almucantars intersect the circles parallel to the equator relates to the calculation of the declination of a fixed
star on the straight horizon (XV.2a (2)); demonstration of the calculation of the four cardinal points of the
horizon and the azimuth (XXI.2b); demonstration of why the calculation of the quadrant of the azimuth using
the meridian, zenith, and the circles parallel to the equator works (XXII.2a); demonstration with a diagram
(XXI11.4b), ratios, and trigonometry of why the right and the inverted shadow calculations work (XXI1l.4a—
4b); demonstration of the moving rete method using the circles parallel to the equator and how the diurnal
hours relate to the ascendant while the nocturnal ones relate to the descendant (XXV11.3c); and the proof of
why a method of calculating is the correct one (XXV111.6b (9)—(19)).

82 See Shefer-Mossensohn 2015, 117-119. For the education of Sephardic Jews in Ottoman lands, see Leh-
mann 2005, 29-30; and Ben-Naeh 2008, 257-261 (which also includes notes about the 16th century). Rozen
says about this cultural activity that “most of this activity did not in any way touch the average Jew in Istanbul,
so there was a rather vast arena for scholars to engage freely in any topic of study they thought interesting until
they were confronted by some practical consideration,” and “the immigration and settlement of Iberian scholars
created new study groups which continued the scholarly tradition of Spain. But most of them were destitute;
they had lost not only their earthly belongings, including precious books and manuscripts, but often their fami-
lies as well. This combination of physical and emotional hardship among the Iberian scholars, plus the lack of
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be Romaniot (Greek) Jews during this early period, and were also much engaged in the
study of science and philosophy (though these were considered to be of a more inferior
nature than religious studies): Moses Capsali since the 1450°s (who was also the adminis-
trative head of the Jewish community and came from a strong German-Ashkenazi educa-
tional background) and Eliyahu ben Abraham Mizrahi (very interested in mathematics and
astronomy and disciple of Comtino) since the end of the 15th century (with Shealtiel, a
Sephardic immigrant, as the fiscal and administrative head of the Jews).8® The fact is that
both groups, Romaniot and Sephardic scholars, were involved in secular studies in Istanbul
and Salonika during this period, although there were frequent reactions against “Greek
wisdom” arising from religious scruples. Sephardic Jews also introduced Hebrew printing
in Istanbul (1504): the brothers David and Samuel Nahmias who were already printers in
Spain (Hijar?) before migrating to Ottoman lands. However, most philosophical and scien-
tific books kept circulating during the 16th century only in manuscript form (like Ibn Ez-
ra’s, Comtino’s, Taitasaq’s, or Moses’ astrolabe treatises), books published in other lan-
guages than Hebrew, and oral teaching.®

V. Conclusion: Moses ben Abraham de Civdat—A Figure of Con-
tinuity

Moses ben Abraham de Civdat is, in the history of science and in the more general field of
the intellectual activities of premodern Jews, a figure who typifies the continuity and the
adaptation that characterize knowledge in motion (of people, texts, and tools) and its trans-
fer among cultures in the Mediterranean basin. Moses embodies in his technical text the
culture of the Jews who lived in Castille under Christian rule and the Romaniot Jewish
culture that flourished in Ottoman lands under Muslim rulers. The presence of Iberian Jews
in Ottoman lands since the persecutions of 1391, and above all since the expulsion of 1492
and its aftermath, created a bridge between Jewish Iberian and Jewish Ottoman cultures,
and one of its stones was Moses ben Abraham’s treatise on the astrolabe.

Moses’ treatise exemplifies the diffuse relationship of local practices with transcultural
and transreligious scientific endeavours, and proves how the continuity between periods
and localitites in regard to scientific activities frequently relies on isolated (too often un-
derrated or ignored) figures like Moses ben Abraham de Civdat. Moses clearly combines
the best of two worlds in the terminology and sources of his book: astrolabes texts written
by Iberian Jews in their European diaspora (Abraham Ibn Ezra) and texts from Byzantine
(Romaniot) Jews written in pre-Ottoman Constantinople and Ottoman Istanbul (Mordekai

books, had a substantial adverse effect on rabbinical studies and on education of the younger generation of
immigrants”; see Rozen 2010, 248 and 260, respectively, and 259-260 (list of Sephardic scholars moving to
Istanbul from Iberian Peninsula). For astronomical activity and the use and construction of astronomical in-
struments in the Ottoman lands, see Shefer-Mossensohn 2015, 46-56.

8 Eliyahu Mizrahi wrote a Sefer ha-Mispar on arithmetic and commentaries on Euclid’s Elements, Ptolemy’s
Almagest, and the Persian tables (the first is found in manuscript and in a 16th-century printed version but the
other two remain in manuscript); see Hacker 2007.

84 See Rozen 2010, 244-277. Only certain uncontroversial works reconciling faith and philosophy were print-
ed; see Rozen 2010, 253-255.
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Comtino), as well as different Greek and Arabic mathematical sources circulating in the
Mediterranean. Moses’ text shows how easily technical knowledge—here applied astron-
omy based in individual performance and experience (Hebrew melakah)—circulated in the
Mediterranean lands, not only in the form of books but in the form of individual persons.
Thus the written text (when there is one) is merely the mute witness of a lively and vibrant
cultural exchange whose details are lost perhaps forever, or only glimpsed out of the corner
of the researcher’s eye. Moses’ treatise—extant in one manuscript and with no apparent
further influence in later sources—is the occasion of a microsocial study of the role of
“textual objects,” objects described in texts, to understand not only actual physical objects
(e.g. astrolabes made and/or used by Jews) but how knowledge moves, adapts, and contin-
ues by means of isolated figures that bridged the gap between lands, languages, and reli-
gious cultures and so creates the intellectual contexts that make possible new approaches
and new findings.
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V1. Hebrew Diplomatic Edition of Moses ben Abraham?’s Explana-
tion of the Astrolabe with Clear Explanations in MS Paris BnF heb.

1030, ff. 45b-71a (unique) with the English Translation of it

General notes on the edition:

The main purpose of the edition of a manuscript is to establish what the original
author meant to say and this is certainly one of my purposes. However, as this is a
non-autograph unique manuscript, the editor also considers in the edition the mis-
takes and hesitations of the copyist as well as the interventions of the different us-
ers of the manuscript and its contents. All these interventions constitute the history
of the manuscript and its reception and are an essential part of it, especially be-
cause this text and its author were unknown until my study. Thus, the mistakes of
the copyist have been indicated and corrected in footnotes. Later additions by
readers and users of the manuscript (reading marks, marginal and interlineal addi-
tions, and comments) have been analyzed and indicated in footnotes. A few mar-
ginal and interlineal additions have been integrated into the body text of the edition
only when they improve the intended meaning and its understanding; their inclu-
sion is always indicated in footnotes and in the text (see the notes on sigla below).
Whether they are included or not, | comment in footnotes on the correctness of the
additions and notes of the different users (differentiated by their scripts and marks).
The copyist (and possibly Moses ben Abraham) used two types of punctuation
marks in the text: colon and period, both placed high in the line as it was usual in
the medieval and early modern scripts. | have respected this punctuation most of
the time, but in their equivalent modern forms, and have enlarged it to facilitate the
intended meaning and to agree with the standards of English syntax.

The different hands referred to in the footnotes do not mean always different writ-
ers, but rather different interventions of the users of the manuscript, who many
times are clearly different readers, but not always.

Notes on sigla in the diplomatic edition:

| have used [ ] for interlineal and marginal notes in the manuscript that | have in-
troduced into the text and { } to indicate words that have to be removed from the
text because they are wrong (whether they are indicated or not as such in the man-
uscript).

Errors in the Hebrew text have been noted and corrected in the footnotes of the
edition and in the text of the translation.

| have used < > to indicate letters that | have added in my transcription to make
sense of the Hebrew text, to complete any abbreviated form in the manuscript, and
to introduce a word necessary to complete the meaning.
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The manuscript presents several letters and words that have been crossed out, I re-
produce them in the form »%x indicating in a footnote whether the crossing out is
right according to the meaning intended.

The initial words of the chapters and the initial word of some sections and sen-
tences are written in the manuscript either with larger bold letters or with just larg-
er letters, | have reproduced these differences of size and bold script in my edition.
I have introduced punctuation where necessary and have divided the chapters of
the Hebrew text of the manuscript (that | indicate with Roman numbers) into sec-
tions and sentences, which | have numbered with Indo-Arabic numerals. The folio
number of the MS is indicated between ().

Moses ben Abraham’s text contains seven diagrams; I have reproduced them in the
edition and corrected them when it was necessary (indicating my correction) in the
translation.

Notes on sigla in the English translation:

| have used [ ] for explanatory words introduced in the translation and to indicate
corrections.

| have used ( ) to indicate words that | have added in my translation to make sense
of the Hebrew text, as well as sentences in the sub-sections of the Table of the con-
tents that are not in the manuscript.

The folio number of the MS is indicated between ().

I have introduced punctuation where necessary and have divided the chapters of
the text (which I indicate with Roman numbers) into sections and sentences, which
| have numbered with Indo-Arabic numerals. Numbers of the sections and sen-
tences are also between ( ) because they are not in the MS.

Moses ben Abraham’s text contains seven diagrams; I have reproduced them and
corrected them when it was necessary (indicating my correction) in the translation.
I have placed them in the corresponding section according to the contents, always
keeping them on their respective folio on the MS.



30 Rodriguez-Arribas SCIAMVS 22

Table of the contents:
I Chapter: On the identification of the latitude of the plate
(1.1 Method one: The almucantars below the east-west line)
(1.2 Explanation about the almucantars)
(1.3 Method two: The almucantars between the local zenith and the east-west line)

Il Chapter: On the calculation of the degree of the sun in the zodiac and its diamet-
rical opposite for any day
(I1.1 Definitions: The position of the sun and its diametrical opposite)
(11.2 Method two for the position of the sun: The calendar scale)
(11.3 What to do if the astrolabe does not have a calendar scale)
(11.4 The solstices and the equinoxes on the calendar scale)
(11.5 The diametrical opposite of the sun: Method one, by counting six zodiac signs)
(11.6 The diametrical opposite of the sun: Method two, by the meridian or the east-west
line)
(11.7 The diametrical opposite of the sun: Method three, by great circles. Its demonstra-
tion)

11 Chapter: On taking the altitude of the sun by day, and of the stars by night
(I11.1 The altitude of the sun by day)
(I11.2 The altitude of any star or planet by night)
(111.3 What to do on a cloudy day)
(111.4 Demonstration of these calculations)

IV Chapter: To know the hours of the day and the diurnal and nocturnal arcs
(IV.1 Time can be measured either in equinoctial or in seasonal hours)
(IV.2 Time in seasonal hours)
(IV.3 Time in seasonal hours according to Abraham lbn Ezra’s method)
(IV.4 Time in seasonal hours according to the method of the proportions)
(IV.4a Demonstration of the method of the proportions)
(V.5 The equinoctial hours from the seasonal ones)
(V.6 The diurnal and the nocturnal arcs)
(IV.7 What to do if the astrolabe does not have seasonal hour divisions)

V Chapter: To know the rising degree in the east and the three remaining angles
(V.1 The ascendant with a complete instrument and with one no complete)
(V.2 The remaining three angles)

VI Chapter: To know the hours of the nighttime
(V1.1 Time in seasonal hours using the altitude of any fixed star)
(V1.2 Time in equinoctial hours using the altitude of any fixed star)
(V1.3 What to do when there are no seasonal hour divisions on the astrolabe)
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VI (52a) Chapter: To know the solar altitude at noon for any day that you want and
the degree of the sun at midnight

(VII.1 The maximum altitude of the sun on the meridian by day)

(VI1.2 The maximum altitude of the sun on the meridian by night)

(VI1.3 What to do when the instrument is not complete and the degree of the sun falls

between two almucantars: Method one)

(VI1l1.3a Demonstration of method one)

(VI1.4 Method two)

V111 Chapter: To know the latitude and longitude of any place
(VI11.1 The latitude for any oblique horizon with the meridian altitude of the sun at the
equinoxes)
(VII1.2 The latitude when the sun is at the winter solstice)
(VII1.3 The latitude when the sun is at the summer solstice)
(VII1.4 The latitude when the sun is in any other degree of the zodiac: Method one)
(VIIL.5 The latitude when the sun is in any other degree of the zodiac: Method two)
(VI111.6 How) to calculate the longitude of (one’s) location (using lunar eclipses and an
astrolabe)
(VIIL.7 How to find the longitude using the conjunction of the moon or a planet with
one of the fixed stars)
(VI11.8 The latitude using the fixed stars)
(VI11.8a The latitude using a fixed star that rises or sets on the horizon)
(VI111.8b The latitude using a fixed star that has no declination with respect to the equa-
tor)

IX Chapter: To know for any day the position of the sun in the zodiac by another
method [method one]
(IX.1 The position of the sun in the zodiac by method one)
(IX.2 The path of the sun in the zodiac and the four quarters of the year)
(IX.3 Using the quarters to place the position of the sun among the almucantars)
(IX.4 Relevance of the knowledge of the right quarter of the year to localizing the sun)
(IX.5 What to do when the instrument does not have an almucantar for the altitude of
the sun)

X Chapter: To know the altitude of any (fixed) star in the midheaven, (that is) when
it is on the meridian

XI Chapter: To know the altitude of the sun using the knowledge of the hour and the
position of the sun



32 Rodriguez-Arribas SCIAMVS 22

XII Chapter: To know the ascension of the zodiac on the right and on the oblique
horizons

(XI1.1 The ascension of any zodiac sign in the sphaera recta)

(XI1.2 The ascension of any zodiac sign in any oblique horizon)

(X11.3 What to do when there is no plate for one’s latitude)

X111 Chapter: To know the positions of the planets
(XI111.1 Method one: When any of the superior planets or the moon is rising)
(XI111.2 Method two: When any of the superior planets is setting)
(X111.3 Method three: When any of the superior planets is on the meridian)
(XI11.3a Conditions under which method three is the most accurate)
(XI11.4 What happens when any of the inferior planets are in the ecliptic)
(XIl1.4a Exception: Venus at noon in the seventh clima)

XIV Chapter: To know the hour of the rising of any zodiac degree you want or any of
the (fixed) stars engraved on the rete (whose rise) in the eastern horizon or whose
setting you want (to know)
(XIV.1 The rising and the setting of any degree of the zodiac on the local horizon)
(XIV.2 The culmination of any degree of the zodiac on the local horizon)

XV Chapter: To know the declination of any degree of the zodiac with respect to the
equator

(XV.1 The declination of any degree of the zodiac)

(XV.2 The declination of any fixed star)

(XV.2a Demonstration of this calculation)

XVI Chapter: To know with which zodiac degree any of the (fixed) stars—not on the
ecliptic—rises, culminates, and sets

XVII Chapter: To know the diurnal and the nocturnal arcs of the star (or planet)

XVI1II Chapter: On (the impossibility of) knowing the position [i.e., the longitude] of
any fixed star in the zodiac (with an astrolabe)

XIX Chapter: To know the latitude of any fixed star with respect to the ecliptic
(XIX.1 The ecliptic latitude of any fixed star)
(X1X.2 Refutation of Ibn Ezra’s and Mordekai Comtino’s methods)
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XX Chapter: To know the azimuth of the sun by day and of any star by night
(XX.1 The four quadrants of the horizon)
(XX.2 The quadrant of the sun or any visible star or planet by day)
(XX.3 The azimuth of the sun or any visible star or planet by day)
(XX.4 The azimuth of any fixed star by night)
(XX.5 The azimuth of the sunrise or of the rising of any fixed star)

(XXI) Chapter: To know the central point(s) east and west, north and south in any
place and at any time by knowing the azimuth and vice versa; to know the altitude of
the sun from the azimuth; and to know the solar degree from the altitude and the
azimuth already known

(XXI.1 Preliminary steps to find the four points of any horizon with the azimuthal lines

of the astrolabe)

(XXIl.1a The four cardinal points of any horizon by day)

(XXI1.2 Preliminary steps to find the four cardinal points of any horizon by night)

(XXIl.2a The four cardinal points of any horizon by night)

(XXI1.2b Demonstration of this calculation)

(XXI1.3 Preliminary steps to find the azimuth of the sun using the cardinal points)

(XXI.3a The azimuth of the sun with the cardinal points of the horizon)

(XXI.4 The altitude of the sun with the azimuth)

(XXI1.5 The degree of the sun in the zodiac with the azimuth)

XXII Chapter: To know the azimuth crossing your zenith and the zenith of another
location; to know the longitude and the latitude; and how you mark on your location
the line through the zenith of that location

(XXII.1 The azimuth crossing one’s zenith and the zenith of another location)

(XXI1.2 The quadrant of the azimuth that you have found)

(XXI1.2a Demonstration of this calculation)

(XXI1.3 The degrees of the difference between the two zeniths)

(XXI1.4 The gibla)

XXI111 Chapter: To know the shadow from the altitude of the sun and vice versa
{using a gnomon and using an astrolabe)

(XXII1.1 Astrolabe: The shadows—Definitions)

(XXI11.2 Gnomon: The straight shadow)

(XXI11.3 Gnomon: The evolution of the shadow until midday)

(XXI11.4 Gnomon: The evolution of the shadow according to the daily solar path)

(XXII1.4a Demonstration of the straight shadow: Diagram 1)

(XXII1.4b Practical example: Diagram 1)

(XXI1.5 The altitude of the sun and the shadows are interrelated)

(XXII1.5a Example: Diagram 2)

(XXI11.5b Demonstration of the example (Diagram 2))
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(XXI11.6 How one shadow is calculated from the other (Diagram 2))

(XXII1.7 How to find the altitude using either of the two shadows (Diagram 2))
(XXII11.8 Calculating the altitude with the straight shadow)

(XXII1.9 Calculating with shadows now using an astrolabe)

(XXI11.9a Description of the shadows engraved on the back of an astrolabe)
(XXI111.9b Finding the shadow of the altitude of the sun)

(XXI11.9c¢ Finding the fractions of the digits of the shadow)

(XXI11.9d Finding the altitude of the sun using the shadow)

(XXII11.9¢e Finding the fractions of the digit of the altitude of the sun)

(XXIV) Chapter: To calculate the azimuth with the shadow (without an astrolabe)

(XXV) Chapter: To know the time if there is no plate for your latitude among the
plates (of the astrolabe)

(XXVI) Chapter: On the calculation of morning and evening twilights

(XXVI1) Chapter: To find the twelve astrological houses

(XXVII.1 The division of the four angles)

(XXVII.2 The division of the six astrological houses below the horizon using the sea-
sonal hour divisions and a thread (the fixed rete method))

(XXVII.3 The division of the six astrological houses below the horizon by the moving
rete method)

(XXVI1.3a The division of the six astrological houses above the horizon)

(XXVI1.3b A simplified form to find the houses above the horizon by the moving rete
method)

(XXVI1.3c Demonstration of the moving rete method)

(XXVIII) Chapter: To know the measure of whichever of the three dimensions

(XXVII1.1 Measuring the height with the shadow square (Diagram 3))

(XXVII1.2 Calculating the height with the inverted shadow (Diagram 4a))
(XXVII1.3 Calculating the height when the angle is 45 degrees)

(XXVIII.4 What to do when the basis of the height is not accessible for the observa-
tion)

(XXVIIl.4a A more inclusive method for the same situation)

(XXVII1.5 Measuring depth with the shadow square)

(XXVIIl.5a Example: Diagram 5)

(XXVII11.6 Measuring the width of something with the shadow square)

(XXVIIl.6a Example: Diagram 6)

(XXVII11.6b More on the previous calculations and their indirect proof (Diagram 7))
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(45b) The distinguished sage Rabbi Moses de Civdat—may his Rock and Redeemer pro-
tect him—the son of Abraham de Civdat, composed an explanation of the astrolabe with
clear explanations.

| CHAPTER ON THE IDENTIFICATION OF THE LATITUDE OF THE PLATE!
(1.1 Method one: The almucantars below the east-west line)

(1) Count all the almucantars placed below the east-west line. (2) If the astrolabe is com-
plete, the number of the almucantars is the latitude of the place.? (3) If the astrolabe is me-
dial, multiply the almucantars by two; if it is tertial, multiply them by three; and so on.? (4)
The reason of this is that the centre* of the astrolabe represents the northern pole. (5) The
latitude of the place is the distance of the pole of that specific local horizon from the equa-
tor; its value is the altitude of the northern pole of (that) horizon.

(1.2 Explanation about the almucantars)

(1) The almucantars separate and rise above the horizon (single) degree by (single) degree
if the instrument is complete, or every two degrees if the instrument is medial, and so on.®
(2) The almucantar that crosses the northern pole is the limit of the altitude of the pole of
that (local) horizon.® (3) When one knows how many almucantars there are from the hori-
zon to the pole, if the instrument is complete, one knows that their number is the number of
the degrees of the altitude of the pole. (4) If the instrument is medial, one multiplies [this
number] by two, and so on.’

1 Marginal note: “The meaning of the latitude plate is knowing which of the plates of the astrolabe is the one
corresponding to the latitude of a specific location so that it represents the horizon of th(is specific) place.”
This is necessary when the latitude is not engraved on the plate of the astrolabe and must be calculated by
counting the almucantars.

2 A complete astrolabe is an astrolabe with latitude plates that have almucantars for every degree of altitude; an
incomplete astrolabe is one that does not display an almucantar line for very degree, but for every two, three,
and so on.

3 Abraham Ibn Ezra’s treatises explaining the uses of astrolabes already refer to astrolabes with different num-
bers of almucantar divisions displayed on the latitude plates; see MS Paris BnF heb. 1045, f. 189a (second
version), and MS Moscow Russian State Library Gunzburg 937, f. 3b (third version). Jacob ben Makir ibn
Tibbon’s Hebrew translation of Ibn al-Saffar’s treatise on the astrolabe also refers to this classification of astro-
labes according to the number of the almucantar lines; see MS Jerusalem NLI Heb. 3573, f. 2b. | am using
these manuscripts (which are not necessarily the best versions available, but are correct and complete for the
sections | quote) because they were all copied in the 15th century and display Byzantine (two) and Sephardic
(one) scripts and thus refer to the time and the geographical areas of Moses ben Abraham’s itinerary: MS Paris
BnF heb. 1053 (Byzantine), MS Paris BnF heb. 1045 (Sephardic), and MS Giinzburg 937 (Byzantine, 1453).
Abraham Ibn Ezra’s versions of his astrolabe text are extant in more than 50 manuscripts.

4 This word is also used in Mordekai Comtino’s treatise on the northern astrolabe; see MS Paris BnF heb. 1095
(copied in the 15th century, Byzantine script), f. 125b (>377 112v).

5 Every three degrees if the instrument is tertial, or every five degrees if it is quintile, etc.

6 The altitude or height of the pole is the arc between the northern pole, which is the axis of the daily motion,
and the local horizon. This is Abraham bar Hiyya’s definition of this concept in his Sefer hesbon, see Millas
Vallicrosa 1959, 40 (Spanish) and 31 (Hebrew).

7 One multiplies the number of the almucantars between the horizon and the pole by three if the instrument is
tertial, or by five if it is quintile, and so on.
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1 Marginal note, hand one: 'x.

2 Marginal note, hand one: 1MX POIX 12 Wow <>190 PR MY X7 207 Mmvn M2 APR Y7 R pIRG M2 737 mom
.

3 Written 1ooma.

4 Crossed out (rightly).

5 Written nmTa.

6 Crossed out (rightly).
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(1.3 Method two: The almucantars between the local zenith and the east-west line)

(1) One can also know this [the distance] from the equator (if) one counts how many al-
mucantars there are between the point of the zenith, which is the centre of the smallest
almucantar, and the almucantar where the circle of the equator meets the upper meridian.
(2) If the instrument is complete, it itself [the number of the almucantars] is (46a) the value
of the latitude. (3) If the instrument is medial, the value of the latitude is twice it [this
number], and so on.!

Il CHAPTER: ON THE CALCULATION OF THE DEGREE OF THE SUN IN THE
ZODIAC AND ITS DIAMETRICAL OPPOSITE FOR ANY DAY

(11.1 Definitions: The position of the sun and its diametrical opposite)

(1) The meaning of the degree of the sun is the knowledge of which degree of the zodiac is
the position of the sun for any day of any of the Christian months in order to place the sun
on the same degree of the zodiac (on the astrolabe). (2) The meaning of the diametrical
opposite of the sun is the degree (of the zodiac) placed diametrically opposite to the degree
of the sun.?

(11.2 Method two for the position of the sun: The calendar scale)

(1) As regards the (zodiac) degree of the sun, this is found [lit. explained] by two methods.
(2) We shall explain (later) the first (method) with God’s help.® (3) The second method
consists in placing the edge of the alidade, i.e., the edge that longitudinally crosses the
centre of the instrument, on the day of the month we want among the days engraved on the
back of the mater of the instrument, if they are engraved on that (specific) instrument. (4)
Then the alidade clearly shows you on which zodiac sign and on which degree it [the posi-
tion of the sun] has fallen.*

L In the first and the third versions of his astrolabe text Abraham Ibn Ezra provided four methods to calculate
the latitude (i.e., the distance from the equator) of any latitude plate when there is no indication of it on the
instrument: (1) multiplying the number of the almucantar divisions below the east-west line by the caliber of
the astrolabe; (2) adding 24° to the altitude of the beginning [Tropic] of Capricorn on the local horizon and then
subtracting the total from 90°; (3) subtracting from 90° the altitude of the vernal equinox, i.e., the meridian
altitude of the sun at the beginning of Aries or Libra [the equinoxes] on the local horizon; and (4) subtracting
24° from the altitude of the beginning [Tropic] of Cancer on the local horizon and then subtracting the result
from 90°; see MS Paris BnF heb. 1053, ff. 4b-5a (first version) and MS Giinzburg 937, ff. 4a—4b (third ver-
sion). The second version only refers to methods (1) and (2); see MS Paris BnF heb. 1045, ff. 189a. Moses ben
Abraham’s second method is not in any of Abraham Ibn Ezra’s texts, but is found in Eliyahu Cohen de Montal-
to’s treatise on the astrolabe (15th century, not to be confused with Eliyahu Montalto or de Montalto, the phy-
sician of Maria de Medici and her son Louis XIII); see MS Paris BnF heb. 1047 (copied in the 15th century,
Byzantine script), f. 87b.

2 Diametrical opposite means exactly 180 degrees around the zodiac.

3 See Chapter I1X.

4 All three versions of Abraham Ibn Ezra’s astrolabe text describe this calculation; see MSS Paris BnF heb.
1053, f. 7a (first version), BnF heb. 1045, f. 188b (second version), and Giinzburg 937, ff. 3a-3b (third version).
All three versions underscore the inaccuracy of these divisions because of the lack of an accurate correspond-
ence between the 360 divisions of the zodiac sphere and the 365 divisions of the calendar scale. However,
Abraham Ibn Ezra’s third version provides a detailed description of the calendar scales that could assist in
drawing them on an additional surface although there is no explicit mention of it; see MS Giinzburg 937, f. 3a
(also with an eccentric calendar just as Moses in 11.3, 4). See below, Appendix 5. The first version also sug-
gests the solution but very tersely; see MS Paris BnF heb. 1053, ff. 7a-7b.



SCIAMVS 22 Moses ben Abraham de Civdat — Explanation of the Astrolabe 39

WX 121 NTIPIA 2°IWA 70D IR RIT ONWA NNV T yTY T <> <.3>
DWW XM DT TN MW DR wwnow WA v 1R H]wan 1oon xinw
MWW 737 X0 R OXY <3> amen e (46a) 1mEva R Obw 09 oRy <2>

ST 02N 1992 R 2001

WAWT M1 NYTYY N9t 9ARaa o 903 waws NRYHR NYT 2vw <| >

DX WTAN WIN2 Waws YT RIT WAwn noyna a3 a0 QAN <> <. 1>
5932 Waws 2w TV X 2mnn DIPYR 1n021 X309 AT K2 IXNIw O1°2)
NoYN 710 ROW YyAn <IN wHwT [o12 a0 <25 .a5unn anIRa Mo

Ririalirly

772 MR 7RI ARG <2>.0°377 22 XA 37 waws nhyn QAR <1> <.2>
<OI>IX7 19027 RP QWY RIT NI AT 23AR <3> .<aw>71 <narys>a Rw
QY DY AOIW WINT 12 010 9V 370w 09057 19912 WY 9V 121 10020 Xp
TR IR <4> RV 0902 WA 10 OR U937 oK MInKR2 oI onw oo

291910 MDYA 1310 931 R 21 AR DY 10027 WY

L Interlineal correction, hand two: the original final letter () is crossed out (rightly) and = has been written
above the line.

2 Marginal note, hand one: "a.

3 Interlineal addition, hand two added the punctuation of vowel sere below the alef.
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(1.3 What to do if the astrolabe does not have a calendar scale)

(1) However,! if the instrument does not have the Christian months engraved on it, you
draw a circle on another [lit. a] place and divide {it) into 360 degrees. (2) Then you divide
the 360 degrees into 12 (equal) parts and give 30 degrees to each. (3) You write on them
the 12 zodiac signs. (4) After that, you draw another circle—smaller—inside the previous
circle with a centre different from its centre but close to it; it represents the eccentric circle
of the sun.

(5) Then you make one straight ruler with the edge flattened and place it on the centre of
the circle (of the zodiac), so that its end point crosses the 20th degree of the sign Pisces.
(6) You mark with a point where the ruler intersects the small circle (of the calendar) that
you did not engrave. (7) You start from here the division of the (small} circle into 12 parts.
(8) After that, you start to write from this point (46b) in the section of the 12 divisions that
corresponds to the month of March. (9) The twelve months are all placed in the twelve
divisions after this [the initial point of March] according to (their) order. (10) Then you
divide each of the divisions of the (inner) circle (you drew) into the number of days that
correspond to the month written above it. {(11) We have placed the month of March so that
it starts from the 20th degree of Pisces, for in our time the sun enters the beginning of Ar-
ies on the [10th]? day of March according to the computus. (12) You write it [the begin-
ning of March] according to what corresponds in your time.

(13) After that, if you want to know the degree of the sun, place the ruler on the centre and
on the day you want among the days written on the circle. (14) The ruler directly shows
you the degree of the zodiac sign that you are looking for, and this is enough.®

1 Marginal note: “(From here) until the end of this chapter it is an addition (that) is not in the author’s version.”
2«10th” is my correction of «20th,” written in the manuscript. It should be “the 10th day” according to what
Moses ben Abraham says in Chapters IX.2 (1) and (7), and 1X.3 (3).

3 This section (a sort of construction section inserted in a text on uses) explains that if the astrolabe does not
have a calendar scale engraved on the back, it is feasible to fabricate a calendar scale on another surface and
superimpose it on the back of the astrolabe to use the whole in the standard way. It could also be that one keeps
this diagram separate, on the side, and consult it separately when a correspondence is needed. “This is enough,”
which closes the sentence here and indicates that there is not more to say about the subject or that Moses is not
willing to do it, is a distinctive expression of Moses’ style. This expression, with minor variants ( ,77 >71 ,712 "7
12 °7, and 71 nm, once the two first and the last and six times the third one), is found throughout the treatise,
especially where the author wants to abandon a subject because the topic has been sufficiently explained. For
this expression in the treatise, see Chapters 11.3 (15); 11.4 (6); IV.5 (10); IV.7 (16); V.2 (4); VI1.3a (8); VII1.8b
(6); XXI111.8 (4); and XXV (12).
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1 Marginal note, hand three: 9an»i NRDI2 PR N R 717 WWA 90 T M.

2 1t should be momn.

3 An unnecessary dot after the word seems to have been effaced.

4 Final w in superscript.

5 1t should be "3, according to what Moses says in Chapters IX.2 (1) and (7), and 1X.3 (3). The script of '3 in
o and "2 (as in many other words of the scribe’s script) is confusing and looks like '3, which would be a
mistake.

6 Between this word and the following, hand four has introduced two dots above and below the line, whose
purpose is perhaps indicating that these are two separate words.
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(11.4 The solstices and the equinoxes on the calendar scale)

(1) Know that from the beginning of Aries the daytime increases until the sun is at the end
of Gemini, when the daytime is the longest possible. (2) From the beginning of Cancer the
daytime diminishes until the end of Virgo, when it [the daytime] and the nighttime have
the same duration. (3) From the beginning of Libra the nighttime starts to increase until the
end of Sagittarius, (when) the nighttime is the longest possible. (4) From the beginning of
Capricorn the nighttime diminishes until the end of Pisces, when the nighttime and the
daytime have the same duration.* (5) You know this from the months: when you place the
alidade on one of these zodiac signs, it directly shows you the day and the month in which
the daytime increases or diminishes. (6) You also know this by a different method, (i.e.,
by) knowing the degree of the sun; you shall understand the reason for this if you study
well; this is enough.

(I1.5 The diametrical opposite of the sun: Method one, by counting six zodiac signs)
(1) The calculation of the diametrical opposite of the sun can be done [lit. explained] by
several methods. (2) The first method consists of counting six zodiac signs from the (next)
sign in which the sun is but looking at which degree of its sign the sun is placed. (3) One
counts this number of degrees (of the position of the sun) in the zodiac sign that is the sixth
(in this counting). (4) The last degree of it (the counting of degrees in the sixth sign) is the
degree (diametrically opposite) to the sun.

(11.6 The diametrical opposite of the sun: Method two, by the meridian or the east-
west line)

(1) The second {method) consists of placing the degree of the sun {on the rete) on one
extremity of the line of the meridian or of the east-west line. (47a) (2) The degree (of the
rete) indicated by the other extremity of either of these two lines [the meridian or the east-
west lines] is the diametrical opposite of the sun.?

1 Cf. Abraham Ibn Ezra’s first version of his astrolabe text, where he explains the four quarters of the year
according to the motion of the sun in the seasons, their months, and their corresponding zodiac signs (MS Paris
BnF heb. 1053, ff. 7b—8a). The same as regards the second version, see MS Paris BnF heb. 1045, f. 189b. The
third versions does not make any explicit reference to these astronomical phenomena.

2 Methods one and two (in the same order) are referred to in Abraham Ibn Ezra’s text on the astrolabe; see MS
Paris BnF heb. 1053, f. 8a (first version). The second version only mentions it in the context of the calculation
of the evening twilight without providing any definition; see MS Paris BnF heb. 1045, f. 193a. The same goes
for the third version in which the expression (nokak ha-semes) is referred to twice in the context of telling time
by seasonal hours and a short definition is given according to Method one in Moses’ text, and also in the con-
text of the calculation of the end of the evening twilight; see MS Giinzburg 937, ff. 7a and 8b, respectively.
Moses’ third method seems to be his contribution to the Hebrew literature on the subject.
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Lo in superscript.

2 Interlineal addition, hand two.
3 Crossed out (rightly).

4 Crossed out (rightly).

5 Interlineal addition, hand two.



44 Rodriguez-Arribas SCIAMVS 22

(1.7 The diametrical opposite of the sun: Method three, by great circles. Its demon-
stration)

(1) The third method consists of placing the degree of the sun in the eastern horizon {or the
western horizon). (2) The degree indicating the western horizon or vice versa is the dia-
metrical opposite of the sun. (3) The reason for this is in Theodosius' book, who explains
that any two great circles of the sphere intersect each other in the half.? (4) The circle of
the zodiac is a great circle of the sphere as well as are the meridian, the right horizon, and
the horizon, they are all great circles of the sphere. (5) We have represented each of these
circles on the plane as if they were straight lines,? but they are great circles of the sphere
and so they bisect the circle of the zodiac.

11l CHAPTER: ON TAKING THE ALTITUDE OF THE SUN BY DAY AND OF
THE STARS BY NIGHT

(1111 The altitude of the sun by day)

(1) The purpose is to know the value of the arc between the star and the horizon from the
(great) circle of the zenith that extends from the zenith and crosses the star at that moment.
(2) The procedure consists in taking the instrument by its ring with the right hand. (3) It
should be perpendicular to the plane of the horizon and its front should face the object of
observation. (4) If it is something emitting rays like the sun, move the alidade until the ray
of the sun goes through the two sighting holes of the alidade, i.e., the ray enters the upper
sighting hole and goes out from the lower one.

1 This reference is to the Sphaerica written by Theodosius of Bithynia (circa 100 BCE), Book I, Proposition 12.
For the Arabic and Latin medieval transmission of this work, see Lorch 1996; and Kunitzsch and Lorch 2010,
50-51 (1.12, Arabic and Latin versions of Proposition 12). For the Hebrew version, see also Lorch 2014, 255—
258. For the Greek text, see Ver Eecke 1959; and Czinczenheim 2000. Kunitzsch and Lorch edited one (the
anonymous) of the two Arabic translations (the other Arabic translation is by Qusta ibn Luqa) and the shorter
(Gerard of Cremona’s version) of the two Latin versions that circulated from the 12th century (the longest is by
Abraham bar Hiyya and Plato of Tivoli). For the Latin translation of Bar Hiyya and Plato of Tivoli, see Chabas
2011, 148-149; and Millas Vallicrosa 1949, 219-262. For the medieval Hebrew tradition of this text, specifi-
cally Moses ibn Tibbon’s translation from Arabic into Hebrew, see, for instance, MS Madrid BNE 5474, ff.
191r-232v (Mm73).

2 Except for the horizon line, which is the first almucantar or circle of altitude and is represented as a curve.
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L Final n in superscript.

2 p seems to be crossed out.

3 Marginal addition, hand two.

4 Crossed out (rightly if we incorporate in the text the marginal note).

5 Interlineal addition, hand two.

6 Interlineal addition, hand two. This hand also has marked as wrong the 1 of the copyist and re-written the
former 7 as >.

" Marginal note, hand one: ‘.

8 Hand six indicated it as wrong (rightly).
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(5) On the altitude scale we count on which degree the end point of the alidade has fallen,
i.e., the extremity that directly crosses through the hub of the instrument, which is its cen-
tre. (6) | mean how many degrees there are between the east! point and the degree on
which the alidade has fallen. (7) The number of these degrees is the altitude of the sun for
that location at that moment.2

(I11.2 The altitude of any star or planet by night)

(1) If you want to know the altitude of any of the fixed stars (47b) or planets, suspend the
astrolabe from your right hand. (2) It should hang [lit. be supported] by itself perpendicu-
larly to the plane of the horizon. (3) Close one of your eyes and raise and low the alidade
until you completely cluster the light (of the star or planet) into the eye with which you are
looking at the star (or planet), (4) so that the view goes from the first to the second sighting
hole of the alidade. (5) Then count the degrees between the east point and the end point of
the alidade,® as you did to take the altitude of the sun.

(111.3 What to do on a cloudy day)

(1) You can also know the altitude of the sun when there are clouds hiding its ray. (2) In
this case try [lit. consider] to observe the solar body (rather than the solar ray) through the
sighting holes of the alidade, as you observe the stars.*

(I11.4 Demonstration of these calculations)

(1) The reason for what has been explained is that the arcs formed at equal angles between
any (number) of circles with the same centre are similar to each other. (2) In other words,
the ratio of the segment of the small arc (of this angle) to its circumference is as the ratio
of the segment of the large arc of this angle to its circumference.

! Marginal note: “That is, from the line of the instrument that corresponds (?) (nokehi) to (...) the horizon.”
There is text missing, for the manuscript was trimmed at some point. “The instrument” is written above the line.
2 Marginal note: “If the sun is before, it is going (up) to the meridian line, which is mid(day). But after the
(sun) has crossed the meridian line, it is necessary to find the degrees between the line going down from the
suspensory part of the astrolabe and the position of the (west point of the horizon) and add them to the 90
degrees of the (corresponding) quadrant that the sun have crossed (...). The result is the degrees (of the altitude
of the sun at that moment).” There are several words missing or not legible because the manuscript was
trimmed in the two borders. In the phrase “the degrees between the line,” “the degrees” is written above the
line. This explanation does not make sense, perhaps because of the missing words.

8 At this point it is clear that the author uses without distinction two words to refer to the alidade (nzy» and
m°32).

4 Abraham Ibn Ezra also refers this circumstance in two versions of his astrolabe text; see MSS Paris BnF heb.
1053, f. 7a (first version) and BnF heb. 1045, f. 189b (second version). There is nothing about this in the third
version. Moses' wording of the whole calculation follows Ibn Ezra’s first version: « 21313 77213 715 nv7% n°¥ oX
TV NAR TPV M0 NPV NYT? TXINW 22137 TA1 TID 20M 1N DWW 09D 720 2PNIwnT IR M2TAT 9373 220101 TR
2P WY XA WK TART Y1277 M2 WK VP 2P 02N IXYAT (RT) 20w DI 0w P OR RG22 papnnw
712 DY RYRT WRD VT AT DWIWIN NOIWT IRYNT AR WK NRT 1277 M2 WR NURT 2RI 11 29197 IR TV TR
NPRINA 7IN01 23232 AP DY OR WART 7213 NYT? 9910 712D 03 22157 71213 11931 771 A¥pR 119072 2N T KT Moy
TNRYA 72 YTIN 22137 N3 7IWN 0°IY MIN0TW NIV VOWND TR N1 RN PR
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! Marginal note, hand two: poxa [...]% *no1 xww [*927] 3ps 12 2™ . There is a word missing, for the manuscript
was trimmed in the middle of the line. [>>377] is written above the line with the same script as the marginal note.
2 xomn nva is added at the end of the sentence by hand two. There is a marginal note, hand two: x12 a7 ™ DX
79 9937 19NN T Ran [Mynn] [...]n2 X Dnwa X0 <wn>wa May IR DI [..] %0 R 20w N2 <wnw>n
Ny waws 723 Moy [L..] 7w [0 %0 7] p20n wewn amR 02y [LLw van mbyn 'Y amhy 92019 [L.]e0 apn
1 X777 the explanation continues but is not legible. There are several words missing, not legible, or hardly
because the manuscript was trimmed in the two borders. [m>y»] is written above the line by a different hand
from that of the marginal note and [ov77 °%n1 7v] is written above the line by the same hand of the marginal note.
3 Rightly put between parentheses on the manuscript by an unidentified hand to indicate it as wrong. This
sentence was copied by mistake, as its correct insertion two lines later on the MS shows (see I11.2 (5)).
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(3) It was already explained that the Earth does not have any noticeable size with respect
to the sphere of the sun and much less with respect to anything placed above the sun. (4)
For this reason,? there is no difference between being in the {(very) centre of the Earth or on
its surface and, hereby, the centre of the instrument is like the centre of the Earth. (5) Con-
sequently, the great circle(s) of the sphere passing through the zenith of the head and (the
nadir) of the feet [lit. foot] and the star, all have a single centre with the circle of the astro-
labe.

(6) A line extends between the centre of the instrument and the circle of the horizon and
intersects the circle of its zenith at one point, (7) and thus one line radiates from the centre
of the instrument up to the position of the sun or the star; (8) there is no difference whether
this ray (comes out) from the observer or goes out from the thing observed.? (9) According
to this, these circles become arcs through one centre and thus the arc between the east point
(48a) and the position at which the end point of the alidade has fallen on the astrolabe* is
similar to the arc of the circle of the sphere between the star and the horizon.

(10) These circles are divided into equal degrees, i.e., each one is equally divided into 360
(degrees). (11) According to this, the degrees between the east point and the end point of
the alidade are the degrees of the altitude of the sun or of any of the stars that we wanted.
(12) Know that this is the very reason why there is no difference among the instruments,
be they large or small. (13) Know that when you take the altitude of the sun when it [the
sun] is among clouds its altitude is not true, for the science of optics has already explained
that things observed when they are in the middle of a cloud are seen in positions that differ
(from their actual ones).’

! See Ptolemy’s Almagest, I, 6.

2 The expression 10 ox (lit. “if so,” “that being the case™) seems to be distinctive of Moses’ style; see Chapters
1.4 (11); 1V.4a (6); IX.4 (2); XXII.2a (7); XXI1.6 (7); XXIL7 (9); XXVIII.3 (2); XXVIIl.6a (4); and
XXVII1.6b (17).

3 This is a brief reference to the two main theories of vision that circulated in the Middle Ages. The first com-
bines the atomic theory of simulacra or eidola emanating from the visible object and penetrating the eye, or
from the object to the eye, and the Aristotelian theory that understands the emanation from the eye as a form or
quality. The second theory of vision was linked to Euclid and Ptolemy in the Middle Ages and claimed that the
faculty of perception goes out from the observer to the visible object. There was a third theory, based on Galen
and the Stoics, according to which vision takes place not because of a flow of material substance, either from
the visible object to the eye or from the eye to the visible object, but because the transparent air that fills the
space between the object and the observer mediates between both. For an overview of the complexities and
nuances of these theories and their reception in the medieval period, see Lindberg 1976, 1-146. Moses, in his
sentence in I11.4, 8 is clearly eliding discussion about the nature of the vision as irrelevant for the practical
problem he is dealing with, which is concerned not with the quality or the nature of the phenomenon but with
the measurement of angles.

4 So far, astrolab, keli ha-nehoset, and keli ha-habarah have been used to refer to the astrolabe, which indicates
the syncretism of sources for this text and points to the variety of authors and texts about astrolabes available in
16th-century Constantinople.

5 Smith (transl.) 1996, 255-256 (V, 73). Ptolemy explains changes in the size of the image one perceives when
the ray of light between the object and the eye passes through media of different densities.
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110 ox seems to be a distinctive expression in the language of the treatise and is repeated several times; see for
example Chapters 111.4 (11); IV.4a (6); 1X.4 (2); XXII.2a (7); XXII1.6 (7); XXIIL.7 (9); or XXVII1.3 (2).

2 Interlineal correction, hand two. The original word is crossed out and is not legible.

3 Hand six indicated these letters as mistake (rightly).
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IV CHAPTER: TO KNOW THE HOURS OF THE DAY AND THE DIURNAL AND
NOCTURNAL ARCS

(IV.1 Time can be measured either in equinoctial or in seasonal hours)

(1) The hours of the day are of two classes: either equinoctial hours or seasonal hours. (2)
Each equinoctial hour has 15 degrees, (3) but, for the seasonal ones, we take the complete
diurnal arc, which is the separation between the upper part of the horizon and the parallel
circle of the equator where the sun revolves during the corresponding daytime.*

(IV.2 Time in seasonal hours)

(1) We divide it [the diurnal arc] always into 12 parts and find that the value of the arc of a
(diurnal) seasonal hour, when the sun is among the northern zodiac signs, is more than 15
degrees. (2) However, when it [the sun] is among the southern zodiac signs, it [a diurnal
seasonal hour] is always less than 15 degrees.? (3) To calculate with the astrolabe the hour
of the day from the altitude of the sun, i.e., in seasonal hours, you need to know the posi-
tion of the sun in the zodiac at that moment. (4) This is known through scales [lit. circles]
engraved on the back of the instrument if you know the current day of the Christian month,
as we have explained (48b) and as the sage Abraham lbn Ezra explained it {too). (5) He
also explained a second method, (which) we also intend to explain with God’s assistance.®

(IV.3 Time in seasonal hours according to Abraham Ibn Ezra’s method)

(1) After knowing the position of the sun, place the rete over the (latitude) plate for your
location and move the degree of the sun in the zodiac (of the rete) until it falls on the num-
ber of its altitude among the almucantars. (2) If it is before noon, place the degree of the
sun among the eastern almucantars. (3) If it is after noon, place it among the western al-
mucantars. (4) Look on the part (of the latitude plate) that is below the horizon, on which
(seasonal) hour the diametrical opposite of the degree of the sun has fallen. (5) Count the
hours between the line of the western horizon and the hour where the diametrical opposite
of the sun has fallen. (6) These are the complete (seasonal) hours of the day that have
elapsed. (7) The little that is taken of the next hour is the fraction of the current hour that
has elapsed.*

! The parallel circle of the equator is absent in each of Ibn Ezra’s three treatises.

2 The arc of the seasonal hour is exactly 15° at the equinoxes.

3 Abraham Ibn Ezra’s first method will be explained in the following section of the treatise (IV.3). The second
method, which Moses ben Abraham relates to Abraham Ibn Ezra (but it is not according to the textual evi-
dence), must be the one that Moses mentions as of “the proportions” (IV.4).

4 These details suggest that Moses ben Abraham was well familiar with astrolabes and their uses. The method
described so far is standard and not specific to Abraham lbn Ezra. What is distinctive about Ibn Ezra is the set
of steps given in the next section (IV.3, 8-14), especially the use of the first, intermediate and third marks and
the first and second preservations. For more on the calculation of time in seasonal hours, using an astrolabe
according to Abraham Ibn Ezra, see Appendix 1.
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! Marginal note, hand one: 7.

2 The first words of the title of this chapter are not in bold script.

% 1t should be nnmwnr.

4 Interlineal addition (w), hand two. Hand seven mark this word with two dots and the following with one to
indicate (rightly) an exchange in their order, so that one reads 77vynnw nvws rather than aywn Tovnnw.
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(8) You know this as follows: mark (the position of the degree) with the beginning of Cap-
ricorn, which is the tool that serves to indicate on the limb; this mark is called the [inter-
mediate]* mark [M1]. (9) Turn the rete until (this) degree falls on the beginning of the hour
and mark on the limb (the position of the degree) with the beginning of Capricorn;? this is
called the first mark [M3]. (10) Turn the rete again until the degree of the sun falls on the
end of this hour and make the second mark [M2]. (11) Count the number of the degrees
between the two marks [the first and the second, M2-M3] and keep it, this is called the first
preservation.® (12) Find again the degrees between the first and the intermediate mark(s)
[M3-M1] and call it the second preservation. (13) Divide the value of the hour, which is 60
minutes, by the first preservation [the degrees of the seasonal hour]. (14) Multiply the re-
sult of the division by the second preservation [the interval of time elapsed]; the result is
the minutes of the current hour that have elapsed.

(V.4 Time in seasonal hours according to the method of the proportions)*

(1) You can also find it [the time in seasonal hours] by the method of the proportions: mul-
tiply the second preservation by 60 and divide the result by the first preservation. (2) The
quotient is the minutes of the current hour that have elapsed.® (49a) (3) Know that if you
place the degree of the sun among the almucantars, according to its altitude, and localize
on the instrument the almucantar on which the sun is placed, considering if the instrument
is medial, tertial, and so on, you do as | am going to explain in the following chapter, with
God’s help.®

! “Intermediate” is my correction of “first,” written in the manuscript.

2 “Mark on the limb with the beginning of Capricorn” is Moses ben Abraham’s literal expression, which is exactly the
same as that which Ibn Ezra uses. Cf. Moses ben Abraham’s expression >73 w&1 ay 110 (for example Chapter 1V.3 (8)—
(9)) and Ibn Ezra’s >7x w1 oy 110 (first version, MS Paris BnF heb. 1053, f. 8b), *7x wx1 oy y»°0 o°w (second version,
MS Paris BnF heb. 1045, f. 191a), and >73 wx1 av p°n2 y»°0 nwy (third version, MS Gunzburg 937, f. 5b).

3 For a similar explanation in lbn al-Samh’s text (979-1035), see Viladrich i Grau 1986, 110 (Ch. VI): “Es posible
que l'oposat del grau del sol no caigui sobre una de les linies de les hores an ses trobi entre dues d'elles. Resultara aixi
que aquella hora no haura acabat encara i hauras de determinar el temps que ha passat segons aix0 que descriure tot
seguit. Col-loca el grau del sol sobre la posicié que calgui als almucantarats en funcio del que hagis determinat amb
anterioritat. Fes un senyal sobre la corona amb I'index dels graus, que sera el primer senyal. Tot seguit, situa I'oposat
del grau del sol sobre la linia de I'hora que és en aquell moment, i fes un altre senyal amb I'index, que sera el segon.
Desplaca l'oposat del grau del sol sobre la linia de la fi de I'nora i fes sobre la corona el tercer senyal. A continuaci6
coneixeras quant hi ha entre els senyals segon i tercer, que sera el temps d'una hora d'aquell dia. Guarda-ho. Després
comptaras el que hi ha entre el primer i el segon senyal que sera la fraccio de I'nora. Desbrinaras el seu valor en temps
de les hores d'aquell dia que has guardat i el resultat sera el que ha passat d'aquella hora, si Déu vol.” Notice that Ibn
Ezra’s distinctive terminology (the term “preservation”) is not found in Ibn al-Samb’s treatise.

4 Tbn Ezra is clearly the source of what Moses refers to as the “the method of the proportions” to calculate time in
seasonal hours with an astrolabe, although Moses omits any mention of Ibn Ezra as regards this specific method. For
this method in 1bn Ezra (who does not name it in any specific way), see Appendix 1.

51V.4 (1)—(2) is attested only in the second version of Ibn Ezra’s astrolabe text. A comparison of Ibn Ezra’s three
versions of this calculation shows that Moses ben Abraham followed the second version of Ibn Ezra’s astrolabe text
(composed in Verona in 1146 and available, it seems, in Constantinople at the beginning of the 16th century).

6 Chapter XXV (see below) explains how to know the time if there is no latitude plate for one’s latitude among the
plates of the astrolabe. The procedure suggests that one calculates the time with two plates, one for a latitude larger,
the other for a latitude smaller than one’s location, and then interpolates between the corresponding values to get the
time in one’s latitude. It should be noted that in Ottoman times the practice was to tell time in equinoctial hours, but
starting the day at sunset. See King 2004, 1:207-208; and Wishnitzer 2015, 3044, 62, and 204 n. 57. Jews living in
Ottoman lands would count hours according to the local customs.
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Y Interlineal mark (two dots), hand seven; it is clearly not an indication of mistake.
2 Interlineal mark (two dots), hand seven; it is clearly not an indication of mistake.
3 It should be “venx 0.
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(IV.4a Demonstration of the method of the proportions)

(1) You already knew the reason for this, which is that the sun turns every day on circles
parallel to the equator. (2) It is already explained—to whomever understands the proposi-
tion in (Chapter) 3 of our previous sections [chapters]—that the circle of the horizon di-
vides the circles parallel to the equator, either northern or southern, according to the ratio
of their division in the sphere.? (3) You already knew that the part of the circle parallel to
the equator that is above the horizon, which embraces the diurnal arc, is always divided
into 12 equal parts. (4) Each of these parts is the arc of a seasonal hour of the correspond-
ing day.

(5) It is also apparent that the altitude of the sun above the horizon results from its progres-
sive rising from circle to circle among the circles parallel to the horizon. (6) According to
this (32 ax), when the altitude of the sun is, for example, 20 degrees, it is in the circle paral-
lel to the horizon whose altitude with respect to the horizon is 20 degrees. (7) Being this so,
the almucantars, which are the circles parallel to the horizon, intersect these circles parallel
to the equator. (8) These circles (parallel to the equator) pass through the points of the
intersections that determine the arcs of (each) hour. (9) The same holds for the points of
the intersections of every circle parallel to the equator.

(10) When you make the rete turn around the pole [i.e., the centre of the astrolabe and of
the rete] with the daily movement [i.e., rightwards or westwards], the (position of the)
degree of the sun changes on the surface (of the astrolabe) according to this circular mo-
tion, as does the (corresponding) circle parallel (to the equator) on which this zodiac de-
gree circumvolves the sphere. (11) This is apparent to whomever understands the founda-
tion of this craft. (12) When the circles parallel (49b) to the horizon intersect one of the
circles [of the sun], they also intersect it in the sphere accordingly, for it has become clear
that the division [lit. root] engraved on the surface [of the astrolabe] agrees with the corre-
sponding division of them [the circles] in the sphere. (13) For this reason, the place of the
intersection of the circle parallel to the horizon, whose altitude with respect to the horizon
is—let’s say—20 degrees is the place of the intersection of the almucantar that is 20 de-
grees away from the horizon.

(14) Consequently, when we place the degree of the sun, according to its altitude, among
the almucantars, we place it in the circle parallel to the equator in which the sun turns (in
the arc) between the point of the intersection with the horizon and the point intersecting the
almucantar. {15) (This arc) is similar to the arc of this circle of the sphere that is delimited
between the horizon and the circle parallel to the horizon, whose distance from the horizon
is the altitude.® (16) This arc of this circle indicates the part of the day that has elapsed.

! The two small circles, parallel to the equator that the sun describes on the longest and the shortest days, are
the Tropics of Cancer and Capricorn. The sun travels on daily parallels between the Tropics, which are circles
of equal declination. The always visible circle of declination can be used as a measure of terrestrial latitude,
which is more frequently found by the height of the pole on the meridian.

2 This is the first of five specific self-references by Moses ben Abraham to “books,” which must be understood
as chapters, of his treatise on the astrolabe (1V.4a (2) and (19); X.3; XI1.2 (5); and XV.2a (2)). Here the refer-
ence is to Chapter I11.4.

8 The Hebrew passage is confusing, but the meaning is that this arc is the part of the diurnal circle the sun has
passed.
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(17) The division of the arc similar to it was already divided [i.e., the diurnal arc]. (18)
This arc is (the section) below the horizon where the degree diametrically opposite to the
degree of the sun revolves the 12 equal divisions of the (diurnal) horary arcs according to
the resulting arc of the hour. (19) We have explained these horary arcs in (one of) our pre-
vious sections [chapters].! (20) If the degree falls on the first horary arc, therefore (32 ox) it
falls on one of the 12 equal divisions into which the (diurnal) arc has been divided. (21)
(12 ox) This is the first hour of the daytime, and so on for the remaining hours.

(22) As this circle parallel to the equator shares the same centre with the circumference of
the surrounding (circle) [i.e., the limb on the astrolabe], the arc between the two marks [the
first and the second] is similar to one of the 12 arcs that divide this parallel circle below the
horizon. (23) For this reason, the number of the degrees between the two marks is the val-
ue of the arc of the seasonal hour.

(24) We have been (50a) long with this because we heard from one of the experts in the
craft that the understanding of this question [i.e., the division of the seasonal hours and
how they work on the astrolabe] is one of the most difficult parts in this science,? (25) that
not even one among one thousand {(could) deal with it. (26) Indeed we did not deal with it
except for the time it took us to write it; it is not a difficult question, as has been thought.®

(IV.5 The equinoctial hours from the seasonal ones)

(1) From what we have said, it is clear how to calculate the value of the equinoctial hours
of the day that have elapsed. (2) This is indicated by the beginning of Capricorn [i.e., the
almuri or indicator] on the limb when we place the degree of the sun according to its alti-
tude among the eastern almucantars before noon and among the western ones after noon.
(3) Then we mark with the beginning (of Capricorn) the place of the limb at which the
[solar degree]* has fallen. (4) We turn the rete in the opposite direction, i.e., from west to
east, until the degree of the sun falls on the east line (of the horizon). (5) We mark on the
limb where the beginning of Capricorn has fallen and observe the degrees between the two
marks. (6) We divide them [these degrees] by 15, which is the number (of the degrees) of
one equinoctial hour. (7) The result is the value of the equinoctial hours of the day that
have elapsed. (8) If degrees are left which do not complete (one hour, which is) 15 degrees,
we multiply them [the degrees that are left] by 4, which is the number of the minutes in
one [degree]®. (9) It is apparent that the arc of the circle parallel to it [the equator] on
which the sun circumvolves and the circle of the limb are similar, and this is enough.

! Reference to the previous section 1V.2—4 of this Chapter.

2 The Hebrew word for “craft” (melakah) and the Hebrew word for “science” (hokmah) are both being used in
this paragraph to refer to the art or technique of using and understanding astrolabes.

3 This indicates how well Moses ben Abraham thought he mastered his field.

4 “Solar degree” is my correction of “beginning of Capricorn,” written in the manuscript.

5 “Degree” is my correction of “hour,” written in the manuscript. If the sun moves 15 degrees every equinoctial
hour, then 60 / 15 = 4 minutes (of time) per degree of arc.
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(IV.6 The diurnal and the nocturnal arcs)

(1) If you want to know the degrees of the diurnal arc, place the degree of the sun on the
line of the eastern horizon. (2) Mark on the limb (the position) of the beginning of Capri-
corn and move the rete in the direction of the daily motion [rightwards] until the degree of
the sun falls on the western horizon. (3) Mark on the limb (the position) of the beginning
of Capricorn; the degrees between the two marks are the diurnal arc that you are seeking.
(4) Subtract them from 360 and the remainder you obtain is the nocturnal arc. (5) If you
divide the diurnal arc by 15, the result you get is (the number of equinoctial) hours of that
day and the same (50b) for the nocturnal arc. (6) If you know the arc of the seasonal hour
of the day, subtract it from 30, and you get the {(corresponding) seasonal hour of the night.

(IV.7 What to do if the astrolabe does not have seasonal hour divisions)

(1) Know that if your astrolabe does not have seasonal hour divisions but you want to
know the seasonal hours of the daytime that have elapsed, find the diurnal arc and keep it.
(2) This is called the first preservation. (3) Then find the (part of the) diurnal arc that has
elapsed in the following way. (4) When you place the degree of the sun among the almu-
cantars according to its altitude, mark on the limb (the position) of the beginning of Capri-
corn. (5) Move the rete in the direction opposite to the daily motion [leftwards or east-
wards] until the degree of the sun is on the eastern horizon. (6) Mark on the limb (the posi-
tion) of the beginning of Capricorn and count the degrees between the two marks; this is
the value of the diurnal arc that has elapsed. (7) Call it the second preservation. (8) The
ratio of the hours that have elapsed to 12 is the ratio of the second preservation to the first.
(9) You proceed according to the method of the proportions: (10) Multiply the second
preservation by 12 and divide the result by the first preservation;? (11) the quotient is the
hours of the day that have elapsed until that moment. (12) You can also divide the first
preservation by 12 and the result is the arc of the (seasonal) hour. (13) Divide the second
preservation by this arc of the hour (you got in the previous division), and you shall obtain
the seasonal hours of the day that have elapsed. (14) If there is a remainder of the degrees
in the division, multiply the remainder by 60 (minutes of arc). (15) Divide the result by the
arc of the hour and the quotient is (the number of) the minutes of the current hour, and this
is enough.?

1 Since the twelve seasonal diurnal hours are equal to each other, and the twelve seasonal nocturnal hours are
equal to each other, a diurnal hour and a nocturnal hour together will be 1/12 of 360°, that is, will be 30°.
Therefore subtracting one of these hours (diurnal or nocturnal) from 30° will give the length of the other one
(nocturnal or diurnal).

2 Despite the fact that the technique has precedents in Arabic sources (the already mentioned Ibn al-Samh’s
treatise), the specific reference to the first and the second “preservations” is unique in astrolabe texts and clear-
ly indicates that Abraham lbn Ezra is the source (although Ibn Ezra uses the term “preservation” in his descrip-
tions of uses other than the one described here).

8 Unusual in astrolabe treatises, but distinctive in Moses ben Abraham’s text, is his concern with the astrolabe
as an instrument to tell time, which is a use often underrated in other astrolabe texts that are more concerned
with astronomical/astrological uses.
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V CHAPTER: TO KNOW THE RISING DEGREE IN THE EAST AND THE
THREE REMAINING ANGLES

(V.1 The ascendant with a complete instrument and with one not complete)*

(1) Place the degree of the sun among the almucantars according to its altitude and observe
the degree of the zodiac that is at the east extremity [i.e., the east point of the horizon]; (2)
it is the rising degree for that moment. (51a) (3) If the instrument is complete, you have on
it all the almucantars (for every degree of altitude, i.e., 90 almucantar circles).?

(4) If the instrument is medial, tertial, etc., and the almucantar for the altitude of the sun is
not there, place the degree of the sun on the previous almucantar and mark [M1] on the
limb (the position) of the beginning of Capricorn. (5) Place now the degree of the sun on
the following almucantar and mark [M2] on the limb (the position) of the beginning of
Capricorn. (6) Count how many degrees there are between the two marks [M2-M1]; there
are, for example, 12 degrees. (7) Observe the distance between the altitude of the sun and
the preceding [almucantar]® [M1], | mean, if there is one degree, two, (et cetera between
them); let us say that the distance (between the solar altitude and the preceding almucan-
tar) is 5 degrees. (8) Also count how many degrees there are between (every two) almu-
cantars, (for example,) 6 [A] or similar [i.e., nine or ten].* (9) You take from 12 degrees
[M2-M1], according to the value that corresponds (in the proportion), for instance, if there
are 12 (degrees of difference between the marks on the limb) corresponding to {(6) degrees
between the two almucantars, then to 5 (degrees between the position of the sun and the
preceding almucantar) corresponds 10 degrees (on the limb). (10) Count 10 degrees from
the first mark [M1] to the side of the motion of the rete [rightwards]. (11) At the place
where the counting ends make the intermediate mark [M3]. (12) Move the rete in the direc-
tion of the daily maotion [rightwards], until the beginning of Capricorn falls on the interme-
diate mark [M3]. (13) The place between the two almucantars at which the degree of the
sun falls represents the degree of the altitude of the sun that you were looking for.> (14)
You do this when there is no almucantar for the specific (solar) altitude on your instrument,
and when you have done it, observe the degree (of the rete falling) on the east line {of the
horizon); it is the rising degree.

1 Another remark on the necessity of knowing the caliber of the astrolabe, not only to perform calculations, but
also to understand the accuracy of the instrument.

2 To this point, the procedure is standard in astrolabe texts; what Moses adds is how to deal with the calculation
when one does not have a plate with single-degree divisions for the ninety almucantars. Very few extant early
astrolabe plates depict ninety almucantars.

3 «“Almucantar” is my correction of “mark,” written in the manuscript.

4 1.e., the almucantar division in this case cannot be lower than 6 degrees.

SM1+Ax {(M3—-M1)/(M2—-M1)}, where A is the distance between two almucantars on the instrument (the
caliber of the instrument). The result is where to place the indicator/almuri to get the actual position of the
altitude of the sun when this falls between two almucantars.
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(V.2 The remaining three angles)

(1) (The degree) that is diametrically opposite to it [the rising degree] at the western ex-
tremity of the horizon is the descending degree. (2) The degree on the upper meridian is
the cusp of the tenth house, which is the midheaven. (3) The degree on the lower meridian
is the cusp of the fourth house, which is called the angle of the earth, and this is enough.*

VI CHAPTER: TO KNOW THE HOURS OF THE NIGHTTIME

(V1.1 Time in seasonal hours using the altitude of any fixed star)

(1) When you take the altitude of any of the (fixed) stars that you know are engraved on
the astrolabe, place the pointer of the star among the almucantars according to its altitude.
(2) If it [the star] is in the east, (51b) place it [the star pointer] among the eastern almucan-
tars, but if it is in the west, place it among the western almucantars. (3) If it [the star] is on
the meridian, leave it and take another star placed in the east or in the west.? (4) Look on
which horary arc [hour line] the degree of the sun has fallen and count their number (of
degrees) from the western line of the horizon [which is the first hour]. (5) They are the
seasonal hours of the nighttime that have elapsed. (6) The degree of the zodiac at the east-
ern extremity of the horizon is the ascendant. (7) The remaining angles are placed as we
have previously said.®

(V1.2 Time in equinoctial hours using the altitude of any fixed star)

(1) The reason of this is clear in itself, for we determine the situation of the sphere accord-
ing to what is manifest (>19132) at that (specific) moment. (2) The arc between the western
horizon and the point of the solar position is like the arc—of the sphere—below the hori-
zon (between the eastern horizon) and (the degree that is diametrical opposite of) the solar
position. (3) If you want to know how many equinoctial hours of the night have elapsed,
mark on the limb (the position) of the beginning of Capricorn after you have placed the
star among the almucantars according to its altitude. (4) Turn the rete in the opposite direc-
tion of its motion [leftwards] until the degree of the sun is on the line of the western hori-
zon. {5) Mark on the limb (the position of the beginning of Capricorn) and count how
many degrees there are between the two marks. {6) Divide the degrees by 15 and you get
the equinoctial hours that have elapsed since the beginning of the night.*

1 This calculation is also standard. See, for instance, Rodriguez-Arribas and Kozodoy 2020, Appendix 1, | at 88
(Hebrew edition) and 91 (English translation).

2 The reason is that when the star is at, or very close to, the meridian it is difficult to detect whether the star is
eastern or western and so whether the corresponding almucantar is eastern or western, so the procedure is to
use a star that is far from the meridian, either before or after.

3 See Chapter V.2.

4 Cf. the same procedure (standard) in Ibn Ezra’s three Hebrew versions of his astrolabe text. See MSS Paris
BnF heb. 1053, ff. 9a—9b (first version), Paris Bnf heb. 1043, f. 191b (second version), and Moscow Russian
State Library Giinzburg 937, f. 5b (third version). The second and third versions combine the calculation of the
seasonal and the equinoctial hours by night and use the nocturnal arc to find them, but the first version has a
section specifically dealing with the calculation of the equinoctial hour by nighttime and, like Moses’ text, does
not use the nocturnal arc.
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(V1.3 What to do when there are no seasonal hour divisions on the astrolabe)

(1) If the (seasonal) hour (lines) are not engraved on the astrolabe, find the value of the arc
of the seasonal hour of that night from the arc of the diurnal hour as you did before.* (2)
Divide the degrees that you found between the two marks by the arc of the seasonal hour.
(3) The result is the seasonal hours of the night that have elapsed. (4) If there remain de-
grees without (exact) division, multiply them by 60 (minutes, which is one hour), divide
them by the nocturnal arc of the (seasonal) hour. (5) The result is the minutes of the noc-
turnal hour in which you are.?

VIl (52a) CHAPTER: TO KNOW THE SOLAR ALTITUDE AT NOON FOR ANY
DAY THAT YOU WANT AND THE DEGREE OF THE SUN AT MIDNIGHT
(VII1.1 The maximum altitude of the sun on the meridian by day)

(1) The altitude of the sun (at noon or at midnight) means to know the maximum solar
altitude the sun can reach that day or that night. (2) If you want to know this, find the de-
gree of the sun for that day as | have showed you. (3) After that, mark the degree on the
zodiac engraved on the rete. (4) Move the rete until this degree that you have marked is on
the meridian line that goes through the suspensory part (of the astrolabe).? (5) Then mark
the almucantar on which the position [of the degree] falls when it [the degree] is on the
meridian. (6) After that, count the almucantars between the horizon and this almucantar.
(7) The number of the degrees of the sun will be the same as the number of the almucan-
tars if the instrument is complete, or its double if it is medial, and so on. (8) (This is the
maximum altitude) that the sun can reach on the meridian that day.

(VI1.2 The maximum altitude of the sun on the meridian by night)

(1) Move the rete so that the degree that you marked crosses the lower meridian, (and)
mark the almucantar on which the degree that is the diametrical opposite of the sun falls.
(2) Count all the almucantars between the horizon and the almucantar you have marked.
(3) The number of the degree (which is the maximum altitude) of the sun for that day at
midnight will be the number of the almucantars (you have counted) if the instrument is
complete; or twice it [this number] if the instrument is medial, and so on.*

! See Chapter I1V.7.

2 This problem is absent in Ibn Ezra’s versions of his astrolabe text.

3 The Hebrew words reset and sevakah are used in this paragraph to denote the rete of an astrolabe, another
indication that Moses ben Abraham is merging different sources and consequently terminological traditions for
his explanation of the astrolabe. For these terms in earlier astrolabe literature in Hebrew, see Rodriguez-Arribas
2016, 93-94, 96, and 104.

4 This calculation is not given in any of lbn Ezra’s Hebrew versions of his astrolabe text.
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1 Marginal note, hand one: .
2 The title of this chapter is not in bold script.
3 Hand seven marked this word with two dots; it is clearly not an indication of mistake.
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(VI11.3 What to do when the instrument is not complete and the degree of the sun falls
between two almucantars: Method one)!

(1) If it is not (so)—that is, the instrument is not complete—and the degree of the sun has
fallen between two almucantars [A1 and A2], mark on the limb (the position of) the begin-
ning of Capricorn; (2) this is called the intermediate mark [M3]. (3) Turn again the rete in
the opposite direction of its (natural) motion [leftwards] until the degree of the zodiac co-
incides with the previous almucantar [A1]. (4) Mark there on the limb (the position of) the
beginning of Capricorn [M1]. (5) (Do the same for the following almucantar [A2] and
mark on the limb the position of the beginning of Capricorn [M2]). (6) Then observe the
number (of the degrees) between the two marks [M1 and M2] and also between the inter-
mediate [M3] and the first mark(s) [M1]. (7) Find the ratio of (the degrees) between the
intermediate and the first (marks) [M3-M1] (52b) to (the degrees) between the two (other)
marks [M2-M1]. (8) Apply the value of this ratio to the number {of degrees) separating the
two almucantars [A2-Al] and add it to the number (of degrees) written on the (previous)
almucantar [A1].2 (9) The (result of the) addition is the number of the solar (maximum)
altitude at noon that day.®

(V11.3a Demonstration of method one)

(1) The reason is that when the sun rises in one degree any day of the year, for that day and
its (corresponding) night the sphere carries the sun in this degree of the circle parallel to
the equator until it returns to the same degree. (2) When the sun crosses the (upper) merid-
ian, which is directly above our heads [i.e., the zenith], it is the highest it can be, then it is
the midday of that day. (3) But when the sun crosses the meridian that is below the horizon,
then it is midnight; this is because the instrument represents the sphere. {4) For this, when
we move the degree of the sun on {the rete of) the instrument, it is as if the sphere in our
hands moved, (5) when the degree of the sun crosses the meridian, it is as if the sun
crossed the meridian; (6) and when it crosses the angle of the earth [the lower meridian], it
is as if the sun crossed the meridian that is below the horizon.*

1 This section, as the previous provision of solutions for hypothetical situations such as “what to do when ...,” clearly
fits with Ibn Ezra’s distinctive concern to provide solutions for every possible situation in which one has to use the
astrolabe and a component, a feature, or a parameter, essential for the calculation, is missing in the instrument. See
Rodriguez-Arribas 2014, 242-244 and 247. This is certainly a problem that Moses ben Abraham shared with Ibn Ezra
or took from him and so he is realistic about the availability and about the actual state of the instruments that existed
and were circulating in Ottoman lands among Jews interested in astronomy/astrology.

2 Some astrolabes display numbered almucantars but others do not.

3 This method (interpolating the value), very frequently found in Ibn Ezra’s texts for other calculations, is referred to
for the calculation of the meridian altitude of the sun only in Ibn Ezra’s second version (MS Paris BnF heb. 1045, ff.
189b-190a), see Appendix 6. Ibn Ezra considers it approximate because of the way of calculating.

41 consider the use of yeted ha-ares to denote the lower meridian as an indication of Moses ben Abraham’s involve-
ment with astrology (as shown also by his translation of the astrological text about eclipses), but also evidence of the
overlapping of certain terms in the astronomical and astrological uses of astrolabes (in Hebrew and in other medieval
languages). There were Hebrew terms to explicitly distinguish between the meridians (the upper and the lower), i.e.,
the great circle crossing the zenith of the horizon and the pole of the earth, and their corresponding equivalents in the
horoscope (the midheaven and the angle of the earth, i.e., the cusps of the tenth and the fourth houses respectively),
but they were not systematically used. For the same overlap in Joseph ben Solomon Taitasaq’s treatise on the con-
struction of an astrolabe, see Rodriguez-Arribas and Kozodoy 2020, 91 n. 184.
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(7) This is apparent when you conceptualize (7n7n) it properly, and this is enough.

(VI1.4 Method two)

(1) There is another method, which is approximate and it is used when you do not have the
(latitude) plate of your location in your astrolabe. (2) It consists of checking that the alti-
tude [of the sun] increases until it reaches its maximum that day; this is the point of midday.
(3) You need this method in the following chapter.*

VIII CHAPTER: TO KNOW THE LATITUDE AND LONGITUDE OF ANY
PLACE

(VI11.1 The latitude for any oblique horizon with the meridian altitude of the sun at
the equinoxes)

(1) The meaning of the latitude of a place is the distance of its zenith from the circle of the
equator measured on the circle that crosses the pole of the world and the pole of the hori-
zon. (2) If you want this, find the altitude of the sun at noon as we did before. (3) If the sun
is at the beginning of Aries or Libra, subtract the altitude you have taken (from 90). (53a)
(4) The remainder is the latitude of the place.? (5) The reason for this is that the altitude of
the sun above the earth on the horizon of the equator is 90 degrees when the sun is at the
beginning of Aries [i.e., at the equinoxes].?

(6) As regards the oblique horizons, whatever be the inclination of the southern pole,* you
subtract from 90 degrees the (meridian) altitude (of the sun) at the beginning of Aries. (7)
In this way if one knows the maximum solar altitude at the beginning of Aries and subtract
it from 90, the remainder is the inclination of the southern® pole from the horizon. (8) The
inclination of the southern pole (from the horizon), which the circle of the horizon of the
equator crosses, is like the distance between the pole of the horizon and the pole of the
equator.®

! There is no need to say that this method is not accurate. Moses is facing here another possible circumstance:
one is calculating the meridian altitude of the sun on the local horizon when there is no latitude plate for one’s
horizon.

2 A is the altitude, L is the latitude, so L = 90—A.

8 Cf. the third (of four) methods to find the latitude of a plate (subtracting from 90° the altitude of the vernal
equinox, i.e., the meridian altitude of the sun at the beginning of Aries or Libra on the local horizon) in lbn
Ezra’s first and third versions of his astrolabe text; see MSS Paris BnF heb. 1053, ff. 4b—5a, and Moscow
Russian State Library Gulnzburg 937, ff. 4a—4b, respectively. Of course, the ways to find the latitude of an
unidentified plate (which represents a local horizon) and the actual latitude of a local horizon are identical.

4 Lit: “the inclination of the southern pole with respect to the oblique horizons.”

51t is unusual that Moses ben Abraham uses the southern rather than the northern pole.

6 For this and the following calculations (VII11.1-5) in lbn Ezra’s astrolabe texts in Hebrew (finding the local
latitude using the local meridian altitude of the sun at the solstices and equinoxes), see MSS Paris BnF heb.
1053, ff. 13b-14a (first version), BnF heb.1045, f. 192a (second version), and Moscow Russian State Library
Gunzburg 937, ff. 4b—5a (third version).
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(VI111.2 The latitude when the sun is at the winter solstice)

(1) If you take the maximum solar altitude at the beginning of Capricorn, subtract from 90
the [solar] declination, which is according to Zargali 23 degrees and 33 minutes, and ac-
cording to Ptolemy 23 degrees and 51 minutes.* (2) If one subtracts from the remainder the
solar altitude at the beginning of Capricorn, this remainder will be the latitude of the place
(am).2 (3) The reason for subtracting the (solar) declination from 90 is that this number
[the solar declination] is the difference in the {local) horizon between the altitude of the
sun at the beginning of Capricorn and at the beginning of Aries.

(VI111.3 The latitude when the sun is at the summer solstice)

(1) If you take the maximum solar altitude at the beginning of Cancer, add the declination
to 90 and subtract the (maximum) solar altitude at the beginning of Cancer from the total;
the remainder is the latitude of the place. (2) The reason is that the distance between the
southern pole and the beginning of Cancer is approximately 114 degrees.® (3) This is the
(meridian) altitude of the beginning of Aries on the horizon of the equator plus the declina-
tion of the beginning of Cancer. (4) This is (also) the distance between the beginning of
Cancer and the horizon of the equator in the southern part (of the sphere).

(5) According to this (3o oR), the latitude of the place is the difference between the
(maximum) altitude of the beginning of Cancer on the oblique horizon and the distance
between the point of the southern horizon and the straight horizon.* (6) For this, when we
subtract the maximum (solar) altitude at the beginning of Cancer from 114 degrees, the
remainder is the latitude of the place. (7) Or (if) we subtract the maximum altitude from 90,
the remainder is the distance between (53b) the zenith and the circle of Cancer. (8) Then
we add the (solar) declination to the remainder and the result is the latitude of the place.®

1 As regards the value 23;51° in Ptolemy, see Almagest, I, 12. The value attributed to Azarquiel but found in the
Toledan Tables is 23;33,30°; see Toomer 1968, 30. For the value of 23;30° found in the Almanac of Zargali,
see Millas Vallicrosa 1943-50, 174. Abraham lbn Ezra uses in his three astrolabes treatises a rounded off value
of this inclination (24°), just as Moses does below (V111.2, 2).

2| = (90-D) —A, where D is the solar declination when the sun is at the beginning of Capricorn (the winter
solstice).

3 l.e., 90 + 24 degrees. Notice the rounded-off value of the inclination of the ecliptic in this demonstration, in
spite of the very accurate values he just referred to in the previous section (V111.2, 1).

4L = (90 + D) —A, where D is the solar declination when the sun is at the beginning of Cancer (the summer
solstice).

5L =(90 ¥ D) —A, where D is the solar declination. Again, a clear indication that the author feels completely at
ease dealing with these calculations and is eager to show how the same result can be achieved in different ways,
just like A. Ibn Ezra does in his astrolabes treatises. See Rodriguez-Arribas 2014, 227 and 254.
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(V111.4 The latitude when the sun is in any other degree of the zodiac: Method one)
(1) Regarding their difference you do as you did regarding the beginning of Cancer and the
beginning of Capricorn. (2) If you know the {meridian) solar altitude when it [the sun] is in
a degree different from these [i.e., different from either of the two solstices or the equinox-
es], find the declination of this degree. (3) Then observe if it, i.e., the degree of the sun, is
northern or southern. (4) If it is southern, subtract that (solar) declination from 90. (5) If it
is northern, add the (solar) declination to 90. (6) Subtract the altitude of the sun on the
meridian from the result; (7) the remainder is the latitude of that place.

(VI11.5 The latitude when the sun is in any other degree of the zodiac: Method two)
(1) Another general method: find the declination of the (solar) degree: if it is northern,
subtract it from the (meridian) solar altitude. (2) If it is southern, add it to the {meridian)
solar altitude. (3) The result you get is the altitude on the horizon of the beginning of Aries.
(4) Subtract it from 90 and the remainder is the latitude of the place.

(VI111.6 How) to calculate the longitude of (one’s) location {(using lunar eclipses and an
astrolabe)!

(1) The longitude of the place is its distance either from the eastern or from the western
extremity of the inhabited world.? (2) The exact method in use is finding the hour of the
lunar eclipse in any of the tables arranged for another city (in which the eclipse takes place
at another moment).2 (3) Find the moment of the night at which the eclipse starts there [in
that city]. (4) Then find on the astrolabe the hour of the night at which the eclipse starts in
your location.

! This calculation of the longitude using lunar eclipses and an astrolabe (VI11.6), and that using the conjunction
of the moon or a planet with a fixed star (V111.7) are not found in lbn Ezra’s astrolabe texts. Montalto explains
the calculations using the solar eclipse by daytime and the lunar one by nighttime and gives a practical example
for the first case (by daytime with an astrolabe); see MS Paris BnF heb. 1047, f. 88a.

2 The prime meridian for geographical longitude in Ptolemy and in many tables of the Middle Ages passed
through the Canary Island (the Fortunate Islands). See for instance Chabas Bergdn and Goldstein 2014, 365.
For a description of Ptolemy’s geography, see Berggren and Jones 2000. Moses ben Abraham does not give
any information that allows us to establish his specific meridian.

3 If the eclipse takes place at the same time in both cities, then the logitude is the same.
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(5) Observe if the eclipse takes place in your location prior (to the other location). (6)
Then your location is as much east as the number of the hours separating (your eclipse
from the eclipse in the other city). (7) If it [your eclipse] takes place later, it [your location]
is more western (than the other according to the same difference of the hours). (8) Take 15
degrees for every hour and one degree for every 4 minutes of an hour.* (9) This is the dif-
ference in longitude between the two locations. (10) Know that the difference of the hours
that you find when you observe the time of the eclipse indicates the time of the eclipse
after midday. (11) It is the same for an eclipse calculated according to tables, for the rising
and the setting change in every location depending on the latitude, even if (54a) they share
the same longitude. (12) However, the moment of midday is the same for all the cities with
the same longitude; (13) it is the same for the length from midday to midday (for these
cities).

(VIIL.7 How to find the longitude using the conjunction of the moon or a planet with
one of the fixed stars)?

(1) One can find the longitude using the conjunction of the moon with one of the fixed
stars close to the ecliptic, like the star called the Heart of Leo [a Leonis, i.e., Regulus] or
the star called Simaq al- ‘4z ’al [a Virginis, i.e., Spica)].? (2) It is the same for the conjunc-
tion of one of the planets with one of the fixed stars. (3) We have to find the conjuntion of
the planet (and the star) in the tables and look (for it) in our horizon at the moment of their
conjunction. (4) We find the difference between the two places from the fractions of an
hour, although it is hard to ascertain this with accuracy.*

(VI11.8 The latitude using the fixed stars)

(1) There are also methods to find the latitude of the city using the fixed stars, either the
stars that rise and set or the stars that do not set at all [i.e., the circumpolar stars]. (2) You
have to look at the star at the northern pole that does not set below the earth [i.e., the hori-
zon] at all. (3) Find the limit of its maximum altitude above the horizon and the limit of its
minimum altitude. (4) Look how many degrees there are between the maximum and the
minimum altitude(s). (5) Take its half and add it to the minimum altitude of the star. (6)
The result is the altitude of the northern pole above the horizon. (7) This is the latitude of
the location.®

1 As we have previously said, the sun moves one degree every four minutes in its daily motion.

2 This calculation is in neither Ibn Ezra’s astrolabe texts nor Montalto’s text.

3 These are the names of two stars close to the ecliptic. The Arabic name of the second is J3& %) <llawdl (“the unarmed
Simak”), the meaning of Simak is not sure, see Kunitzsch 1959, 146-147 (no. 66); and Kunitzsch and Smart 2006,
59-60.

4 Here we find a concern with accuracy of the calculation that was characteristic of several authors (A. lbn Ezra
among them as previously indicated) and indicates how aware they were of the limitations of their instruments, even
in the 15th/16th centuries when excellent workshops of astronomical instruments had been established in different
parts of Europe (Paris, Leuven, Nirnberg, and elsewhere ...). In this specific calculation, which involves the positions
of planets and fixed stars, accuracy is even more difficult to attain due to the slow motions of the planets.

5 This calculation is found in two of Ibn Ezra’s Hebrew texts on the astrolabe; see MSS Paris BnF heb. 1053, f. 14a
(first version) and BnF heb. 1045, f. 192b (second version); there is nothing about this calculation in the third version.
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(8) You need to know that this (circumpolar) star must necessarily be at the beginning of
the night either around (> 71m0) its maximum altitude and eastern or (around) its minimum
altitude and western. (9) If it is not so, when this is about to happen, (i.e.) when it [the
circumpolar star] is about to reach its maximum or its minimum altitude, you need to per-
severe more, | mean many nights, until this happens. (10) Even if the star is close to its
maximum or its minimum altitude at the beginning of the night, this must happen in one of
those long nights that are longer than 12 hours,* but you can finish (your) search (54b)
(just) in one night.?

(VI11.8a The latitude using a fixed star that rises or sets on the horizon)

(1) If you want to know this from one of the fixed stars that rise and set on the horizon and
the star crosses in its rising the meridian that is south for us, we take its maximum altitude
and find its declination with respect to the equator. (2) If it is southern, we add it to the
(meridian) altitude; if it is northern, we subtract it from it [the meridian altitude]. (3) The
remainder is the altitude of the beginning of Aries. (4) We subtract it from 90 and we get
the latitude of the location.?

(VII1.8b The latitude using a fixed star that has no declination with respect to the
equator)

(1) If the star does not have declination with respect to the equator, its maximum altitude is
the altitude of the beginning of Aries. (2) However, if the star crosses in its rising north-
ward for us, it crosses between the pole of the horizon and the pole of the equator. (3)
Then take its maximum altitude and subtract it from 90; (4) the remainder is the distance
between the point of the zenith and the point west of the star when it is on the meridian. (5)
So we subtract this remainder from the value of the (solar) declination and the result is the
distance [latitude] of the location, and this is enough.

! This means that the observation must be performed around the winter solstice, when the nights are longer
than the days. This could be any night between the autumn equinox and the spring equinox but trying to remain
separate from the equinoxes when nights and days have the same length (12 hours).

2 All these procedures try to attain as much precision as possible.

3 Compare this procedure with that presented in sections VII1.4 and VI111.5 (methods one and two, respectively,
to find the latitude of the location when the sun is in any degree of the zodiac except for the solstices and the
equinoxes).
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IX CHAPTER: TO KNOW FOR ANY DAY THE POSITION OF THE SUN IN THE
ZODIAC BY ANOTHER METHOD [METHOD ONE]*

(IX.1 The position of the sun in the zodiac by method one)

(1) If you want to know the degree of the sun with truth, you need to know in which quar-
ter of the year you are and also (to use) a complete instrument. (2) When you want to
know the solar position, observe close to midday, and do not move until the sun (starts to)
incline to the west, that is, until the degrees of [its] altitude start to decrease. (3) After you
know the solar altitude on the meridian, check in which quarter of the year (you are).?

(IX.2 The path of the sun in the zodiac and the four quarters of the year)

(1) The sun in this our time goes from March 10th to June 12th through the signs of Aries,
Taurus, and Gemini, which is the first quarter [of the year, i.e., the spring]. (2) During this
time the sun goes up in the north, that is, it comes closer in latitude {to us, in the north). (3)
From June 13th (55a) to September 14th it passes through the signs of Cancer, Leo, and
Virgo, which is the second quarter [i.e., the summer]. (4) During this time the sun goes
down in the north. (5) From September [15th]®to December 12th it passes through the
signs of Libra, Scorpio, and Sagittarius. (6) This is the third quarter and (during this time)
the balance of the sun* goes up in the south [i.e., it is the autumn]. (7) From December
[13th]® to March [9th]® it passes through the signs of Capricorn, Aquarius, and Pisces. (8)
This is the fourth of the quarters and (during this time) the sun goes down in the south [i.e.,
it is the winter].”

! Method two was explained at the beginning of the treatise, see Chapter I1.2. This first method to calculate the
position of the sun with accuracy (1X.1-4) is also in Ibn Ezra’s treatises; see MSS Paris BnF heb. 1053, ff. 7b—
8a and BnF heb. 1045, f. 189b.

2 This implies the season of the year, which is related to the position of the sun. Section 1X.1 follows the sec-
ond version of Abraham Ibn Ezra’s astrolabe text, see MS Paris BnF heb. 1045, f. 189b: opnn an ny7 oxy
7 OX DR WHwa DA DYTY 931N PR A DY nwnai 292 mb T2 WY MW PR PN PR RIT nd avem 02 anRw
WHW 7213 MYY 2MW ORINY TV QLM 27N TXY WAW Auw 7Y 1IN KDY 210 X 217 Pononw ,a%w nwnl v 0
TIWA NPYP27 AT R YON0T 01 PXN2 WAw 720 713 YN WK ;NYIAAT 13 INRY ND0INT KT 217 XA TV P2 23 on°
wpaNW 01 X

3 «15th” is my correction of “14th,” written in the manuscript, because of what is said in Chapter 1X.2 (3) (and
assuming this number is right).

4 If I understood it correctly, this is an interesting image of the equinoxes as the balances of the year, when the
two pans of the balance are levelled at the moment of the equinoxes.

5 «13th” is my correction of “11th,” written in the manuscript, because of what is said in Chapter 1X.2 (5).
6<«gth” is my correction of “10th,” written in the manuscript, because of what is said in Chapters 1X.2 (1) and
1X.3(3).

" 1bn Ezra also refers to the months of the year in the second version of his astrolabe text (MS Paris BnF heb.
1045, f. 189b, composed in Verona in 1146) but does not mention any days and so does not give the specific
dates of the solstices and equinoxes as Moses does, but refers to the dates of the equinoxes (March 14 and
September 16) on f. 192a. Ibn Ezra’s first version (composed in Lucca in 1146) gives March 14 and September
16 as the dates of the equinoxes (see MS Paris BnF heb. 1053, f. 13b), while the third version (composed in
Béziers in 1148) gives March 15 and September 16 (see MS Moscow Russian State Library Gunzburg 937, f.
3a). Montalto refers to the spring equinox as March 13 (see MS Paris BnF heb. 1047, f. 84b).
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! Marginal note, hand one: 'o.

2 7 written in superscript.

8 Crossed out (rightly).

4 It should be 1"vm because of what is said in Chapter 1X.2 (3).

5 There is no indication here of an abbreviation.

6 Hand six marked the word as a mistake, but it is not clear whether it is. Moses might have given an image of
the solar path as a balance that twice a year, at the equinoxes, is perfectly balanced and all other days inclines
northward or southward. However, this remains debatable for the image is not attested anywhere else.

7 1t should be 3™ as in 1X.2 (5) and 1X.3 (3).

8 1t should be "v according to 1X.2 (1) and 1X.3 (3).
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(IX.3 Using the quarters to place the position of the sun among the almucantars)

(1) When you know the quarter of the year, count the almucantars from the first horizon
line [i.e., the first almucantar] until the altitude of the solar degree that day. (2) Mark this
almucantar and move the rete in the direction of the daily motion, i.e., from the eastern
horizon to the western horizon [rightwards]. (3) If you are in the first quarter of the year,
which is from March 10th to June [12th],* move the rete so that three signs—Aries, Taurus,
and Gemini—cross the meridian line. (4) The degree (of any) of these three signs that falls
on the almucantar placed on the meridian line is the degree of the sun that day. (5) Identify
its (zodiac) sign which is the (zodiac) sign in which the sun is located.

(IX.4 Relevance of the knowledge of the right quarter of the year to localizing the
sun)

(1) We (truly) need to know the quarter of the year, because the altitude of the sun above
the horizon at midday is the same twice a year, except for the points of (the beginnings of)
Cancer and Capricorn, the former being its maximum altitude and the latter its minimum
one. (2) According to this (3o ox), the almucantar that the first degree of Taurus (in the
rete) intersects, is (also) intersected by the 30th degree of Leo (in the rete) for the distance
of each of these two degrees from the equinoctial points is the same.2

(IX.5 What to do when the instrument does not have an almucantar for the altitude of
the sun)?

(1) If the instrument does not have an almucantar for (the exact degree of) the altitude of
the sun, first find if the instrument is medial, tertial, and so on [i.e., find its caliber]. (2) Let
us say that it is quintile and that the altitude of the sun is, for instance, (55b) 33 degrees
[A3] at midday. (3) The instrument has almucantars for 30 [A1] and for 35 [A2] degrees.
(4) Turn the rete to place, for instance, the degree 22 of Taurus on the almucantar of 30
degrees [A1]. (5) Mark on the limb (the position) of the beginning of Capricorn [M1] and
(repeat the calculation for the almucantar of 35 degrees [A2] also marking the result [M2]);
observe how many (degrees) there are between the two marks [M2-M1]; (6) let us say that
there are 9 degrees (of difference on the limb). (7) You do according to the method of the
proportions, if 9 degrees of the surrounding circle [the limb] correspond to 5 degrees {of
difference among the two almucantars), 3 degrees [A3-Al] (of the almucantars) correspond
to 3/5 of them [the nine degrees of the limb], which gives approximately 6 [M3-M1] de-
grees. (8) Count six degrees from the first mark [M1] toward the position [lit. side] of the
second one [M2] and mark there the intermediate mark [M3].

1«12th” is my correction of “13th,” written in the manuscript, because of what is said in Chapter IX.2 (1) and
according to Chapter 1X.2 (3).

2 Cf. Chapters 11.4, VI111.2, and 1X.2 of this treatise.

8 This is consequently an approximate method. lbn Ezra refers to this circumstance only in the second version
of his astrolabe text, solving the problem by interpolating between two calculations and indicating that the
result is only approximate. See MS Paris BnF heb. 1045, ff. 189b—190a (in Appendix 7 of this monograph).
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1 Hand seven marked this word with two dots and the following with one to indicate an exchange in their order,
so that one reads 1721 n9vn rather than nY9vn man.

2 Hand seven marked this word with two dots, it is not an indication of mistake.

8 Hand seven marked this word with two dots, it is not an indication of mistake.

4 It should be 2™ as in 1X.2 (1) and according to 1X.2 (3).

5 There is a sentence missing here necessary to complete the meaning. | have introduced it in my translation
between ().

6y written in superscript.
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(9) Place the beginning of Capricorn on the intermediate mark [M3] and check which de-
gree of the zodiac is on the meridian. (10) It is approximately the degree of the sun [A3].

X CHAPTER: TO KNOW THE ALTITUDE OF ANY (FIXED) STAR IN THE
MIDHEAVEN, (THAT IS) WHEN IT IS ON THE MERIDIAN

(1) Place the pointer of the (fixed) star that you know is (engraved) on the rete on the me-
ridian line and pay attention to what almucantar falls on it [i.e., on the position of the star].
(2) (This) is the highest altitude the star reaches in your location.? (3) If the pointer of the
star falls between two almucantars, mark on the limb (the position) of the beginning of
Capricorn as we mentioned in Chapter Seven regarding the altitude of the sun (and so on),’
it is enough with what we mentioned there.

Xl CHAPTER: TO KNOW THE ALTITUDE OF THE SUN USING THE
KNOWLEDGE OF THE HOUR AND THE POSITION OF THE SUN*

(1) Place the degree that is the diametrical opposite of the sun on the hour division in
which it [the sun] is. (2) Observe on which almucantar the degree of the sun has fallen. (3)
Consider the number written on it:® it is the altitude of the sun at that moment.®

X1l (56a) CHAPTER: TO KNOW THE ASCENSION OF THE ZODIAC ON THE
RIGHT AND ON THE OBLIQUE HORIZONS

(XI1.1 The ascension of any zodiac sign in the sphaera recta)

(1) If you want to know the ascension of any of the zodiac signs on the right horizon [the
sphaera recta], place the beginning of the sign on the eastern side of the right horizon line
that extends from east to west. (2) Mark on the limb (the position) of the beginning of
Capricorn and move the rete in the direction of the daily motion [i.e., rightwards], until this
complete sign rises on the (east) line {of the right horizon). (3) Mark on the limb (the posi-
tion of the beginning of Capricorn). (4) The degrees between the two marks are the de-
grees of the ascension of this sign on the right horizon [sphaera recta].’

! This calculating method is widespread in the treatise. See, for example, 111.4 (2), IV.7 (8), VII.3 (7)—(8),
XI1.3 (6), XXIV (4) and (7), XXVIII.1 (4), (10), (12)—(13), and (16), XXV1I1.2 (4)—(5), XXVI1I1.4 (3)—(5), (7),
and (9)—(11), XXVIIl.4a (2), XXVIIL5 (5), XXVI1I1.5a (5)—(6), XXVIII.6 (3)—(4), 6, XXVIIl.6a (4)—(5), and
XXVIIL.6b (5) and (7)—(17).

2 This calculation appears only in Ibn Ezra’s second version of his astrolabe text (see MS Paris BnF heb.1045, f.
192b) but there is no mention of what to do with this calculation if the position falls between two almucantars
on an astrolabe that is not complete (Chapter X (3) in Moses); of course the solution is interpolating between
two calculations, one with the lower almucantar and the other with the higher.

3 See Chapter VI1.3—4, which deal with finding a solution by the interpolation between two calculations, name-
ly, what to do when the instrument is not complete and the degree of the sun falls between two almucantars.

4 This calculation is a little odd, for the degree of the sun must be known if one wants to know its diametrical
opposite. Knowing the degree of the sun one requires finding the time using the altitude of the sun, so this
chapter seems to be redundant.

5 If the latitude plate displays numbered almucantars.

6 This calculation is just the inverse of telling the time using the altitude of the sun and placing it on the rete
according to its almucantar, see Chapter 1VV.2-1V.3 (1)—(6).

" This calculation is found in lbn Ezra’s three Hebrew treatises on the uses of astrolabes; see MSS Paris BnF
heb. 1053, f. 12a (first version), BnF heb. 1045, f. 191b (second version), and Gunzburg 937, f. 7b (third ver-
sion).
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1 Marginal note, hand one: .

2 Crossed out.
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(XI11.2 The ascension of any zodiac sign in any oblique horizon)

(1) If you want to know the ascension (of any sign of the zodiac) in your location, place
the beginning of the sign on the first eastern almucantar [lit. the line of the eastern horizon]
of the (latitude) plate of your location and mark on the limb (the position of the beginning
of Capricorn). (2) Move the rete until this sign (completely) rises and mark on the limb
(the position of) the beginning of Capricorn. (3) What is between the two marks is the
number (of the degrees) of the ascension of the sign on the east line of the horizon in your
location.! (4) The scholar already explained in {(one of) our previous sections [chapters]
(the relation of) what is represented on the plane to what is in the (actual) sphere [i.e., the
stereographic projection].?

(X11.3 What to do when there is no plate for one’s latitude)®

(1) If you do not have the (latitude) plate of your location [L3], find the ascensions of the
zodiac [A3] above your location in the following way. (2) First find the ascension of a sign
[A1] on a horizon [i.e., latitude plate] whose latitude is lower [L1] than the latitude of your
location. (3) Also find the ascension of this sign [A2] on a horizon [i.e., latitude plate]
whose latitude is higher [L2] than the latitude of (your) location. (4) Find the difference
between them and call it the first preservation [A2-Al]. (5) Afterwards, find how many
degrees there are between the latitude of your location and the location whose latitude is
less [L3-L1]. (6) Multiply the first preservation by the ratio of (the differences of) the lati-
tude(s) [(L3-L1)/(L2-L1)]; (7) this is called the second preservation.*

(8) If the zodiac sign you want is between the beginning of Capricorn and the end of Gem-
ini, which are the signs of short ascension—the ascension of any (zodiac sign) going
northward gets short{er)—(56b) subtract the second preservation from (the ascension of
the zodiac sign on) the plate whose latitude is lesser than (the latitude of) your location. (9)
If it [the zodiac sign that you want] is one of the signs between the beginning of Cancer
and the end of Sagittarius, whose ascensions are long—any (zodiac sign) going down
northward increases its ascension—add the second preservation to the ascension of the
sign (in the location) whose latitude is lesser than (the latitude of) your location. (10) The
result is the ascension of that sign in your location.

! The same calculation appears in lbn Ezra’s three Hebrew treatises; see MSS Paris BnF heb. 1053, f. 12a (first
version), BnF heb. 1045, f. 191b (second version), and Gunzburg 937, f. 7b (third version).

2 Moses’ explanation implies that the great circles become straight lines on the stereographic projection. See
Chapter 11.7, where Moses refers to Theodosius of Bithynia’s explanation on the great circles of the sphere. As
Theodosius did not treat stereographic projection, | have not been able to identify the scholar referred to in this
sentence. See also Chapter 111.4.

3 This circumstance is not considered in Ibn Ezra’s treatises, but as in similar situations, the solution is found
by interpolating between two calculations.

4 Ibn Ezra was the only writer using the expressions “first preservation” and “second preservation” in the ex-
planation of the uses of astrolabes. Moses’ terminology makes apparent the influence of Abraham lbn Ezra’s
text on the astrolabe in this section. Furthermore, one can confirm that Moses ben Abraham used either the first
or the second versions, where these two terms are used in the same context. For Ibn Ezra’s versions of his
astrolabe text and their differences, see Rodriguez-Arribas 2014, 237-249.
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X111 CHAPTER: TO KNOW THE POSITIONS OF THE PLANETS!

(XI11.1 Method one: When any of the superior planets or the moon is rising)?

(1) You can know the position(s) of Saturn, Jupiter, Mars, and the moon by three methods.
(2) First (method), when the planet is rising. (3) (In this case) take the degrees of the alti-
tude of one of the (fixed) stars (at that moment) and find the rising degree (according to
what has been explained before). (4) The planet is there.

(X111.2 Method two: When any of the superior planets is setting)

(1) Second (method), when the planet is setting. (2) (In this case) take the degrees of the
altitude of one of the [fixed stars].? (3) In the same way you know the (position of the
planet when it is) rising (by method one), you {can also) know the (position of the planet
when it is) setting (by the same method).

(X111.3 Method three: When any of the superior planets is on the meridian)

(1) Third (method), when the planet is on the meridian. (2) Observe what is the altitude of
the planet. (3) After knowing the quadrant of the zodiac in which the position of the planet
is situated, move the rete (to the position of the altitude of the planet). (4) The degree that
falls on the almucantar that corresponds to the altitude of the planet (and on the meridian)
is the position of the planet, as was done before for the sun.

(X111.3a Conditions under which method three is the most accurate)

(1) This method is more correct than the previous ones, (because with them) you cannot
estimate the moment of the rising or the setting (of the planet) with accuracy. (2) In spite
of this, all the methods are approximate when the planet has ecliptic latitude.*

! The Hebrew word mesartim (“planets”) is distinctive of Abraham lbn Ezra, who introduced it in the 12th
century to denote the planets in his astrological, astronomical, and exegetical writings (although it was already
used in the Baraita di-Shmuel). For Ibn Ezra’s technical terminology in his astrolabe treatises, see Rodriguez-
Arribas 2016, 93-94 and 96-105. Mesartim is used only in the second version of Ibn Ezra’s text on the astro-
labe (see MS Paris BnF heb. 1045, ff. 188b, 189b, 190a, 192b, et cetera), which confirms that Moses might
have used this second version rather than the first or the third.

2 These three methods to calculate the position of the planets and the moon using an astrolabe are described in
several manuscripts; see Abraham Ibn Ezra’s three versions of his astrolabe text and the similar methods de-
scribed to find the position of the moon (by method one and two) and the planets (by method three) in the
anonymous Hebrew version of the astrolabe texts associated to Hermann of Reichenau, MS Oxford Bodleian
Libraries Opp. 579, f. 61a (Appendix 2 of this monograph). A consideration of these methods makes apparent
that Moses ben Abraham is following Abraham Ibn Ezra’s description of the three methods (XI11.1-3 and
Xll11.4—-4a) according to the second version of his astrolabe text. Moses quotes the first and the second methods
literally and the third more freely introducing some differences in the wording and skipping technical infor-
mation that Ibn Ezra provides. For instance, Moses omits the instructions to improve the calculation of the
positions of the superior planets when they have ecliptical latitude and are rising (adding to or subtracting from
2/3 of the corresponding latitude of the planet when it is southern or northern, respectively) and does not men-
tion the specific values of the elongations of Venus and Mercury, about 47° and 29°, respectively.

3 “Fixed stars” is my correction of “superior planets,” written in the manuscript.

4 He means that in this circumstance all three methods are approximate.
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(3) This [i.e., the optimal conditions to get most accuracy] happens when the planet (is in
the ecliptic but) neither rises nor sets with its (zodiac) degree, and culminates neither with
it nor with another (zodiac) degree in any of the three positions, except with the degrees of
the solstices as we are going to explain more (below).

(X111.4 What happens when any of the inferior planets are in the ecliptic)
(1) However, when the planet does not have latitude, which happens when it is either at the
Head or at the Tail [i.e., its nodes],* you can know the position of Venus and Mercury
when they are rising (57a) or setting. (2) Yet, it is not possible to know them by the meth-
od of the meridian [the third method], because Mercury does not depart from the sun ex-
cept by only half the diameter of its deferent circle. (3) The same for Venus.?

(X111.4a Exception: Venus at noon in the seventh clima)

(1) If (the location) is in the seventh clima,® which Ptolemy calls Small Britannia [i.e.,
Ireland] and is (placed) after In(g)laterra [i.e., England] in the west,* and the sun is in Cap-
ricorn and Venus around the end of Scorpio, you can know its position at noon, for the
extremity of the circle of the beginning of Capricorn on that horizon is very close (to the
meridian at noon).5 (2) For this reason, it can happen that the sun sets and Venus is on the
meridian, or that Venus is on the meridian and the sun has not risen yet.

! Like the moon, the planets also cross the ecliptic in two places: the south node, when the planet crosses the
ecliptic going southward, and the north node, when the planet crosses the ecliptic going northward.

2 In the geocentric medieval system of the universe, the sun turns around the centre of the motionless Earth on
an eccentric path; the remaining planets move around the stationary Earth on an epicycle with its centre on a
circumference (the deferent), the centre of which is a stationary point separated from the centre of the Earth.
The angular velocity of the planet is uniform not with respect to the Earth or the centre of the deferent but with
respect to the equant, a point placed inside the deferent but not necessarily coinciding with its centre. This was
not understood as a physical system (with a few exceptions), but rather as a model that worked rather well in
predicting quantitative positions most of the times although it underwent several criticisms and modifications
before the time of Copernicus. For an overview of the system, see for instance Grant 1996, 104-112; for some
of the criticisms of the model, see Goldstein 1985, 2-9.

3 Another Hebrew term that is characteristic of Abraham Ibn Ezra, who used it to denote any of the climas; see
Sela 2019, 358-359, which repeats in a concise form his previous study in Sela 2003, 107-112.

4 Britannia Magna and Britannia Parva (or in Greek Megalé Britannia and Mikré Britannia) respectively in
classical sources, see for instance Ptolemy, Geography, II, 2.

5 In Moses ben Abraham’s text, the fact is that in this situation the latitude of the location is very close to the
meridian altitude of the sun at the beginning of Capricorn. As the elongation of Venus is known, its position
can be calculated. See the same remark in lbn Ezra’s second version of his astrolabe text, MS Paris BnF heb.
1045, f. 193a.



SCIAMVS 22 Moses ben Abraham de Civdat — Explanation of the Astrolabe 89

<D>MWI AV VXN KDY A0V YpwS XY N5V OV AnX RY 2007w nvah an <3>
W N2 1RO Msbnnn mBYn av P Mmpna A DAnR 77Yn av X7

nYTH 99IM 217 W PINT 2NARA N1AA AN 20N 2037 PRYD AR <> <4>
100 RY D7AWR XN Y7 P <2> .oypwa ox (57a) anara gnn 2991 M opn
ORI PADA WP XA MW 1D PO WARTA A0 290 PRN° XY 9D Mava anyy

J1312 77991 <3> 720

MR RO TI0PA RV OPADL ORIV T 21RO oRY <1> <.R4>
PR NYVT? 9N ,1010 DER 2PV FAIY OTA PIN2 WA 299n DRDA TLRDIR
<2> TR? LY RIT RIIT POINA T3 WRI DNYR 700 7AW DT 20w C¥na
K7 1979 20w OX2 731 700 IR Q7AW VXA 31 T WA YpRiw o0 199

wnwn nar

15 written in superscript.
2 It should be wx"a.



90 Rodriguez-Arribas SCIAMVS 22

XIV CHAPTER: TO KNOW THE HOUR OF THE RISING OF ANY ZODIAC
DEGREE YOU WANT OR ANY OF THE (FIXED) STARS ENGRAVED ON THE
RETE (WHOSE RISING) IN THE EASTERN HORIZON OR WHOSE SETTING
YOU WANT (TO KNOW)

(X1V.1 The rising and the setting of any degree of the zodiac on the local horizon)!

(1) When you want to know this, place the degree or the pointer of the star you want on the
line of the eastern horizon. (2) If the degree of the sun is above the earth, the moment of
the rising of this degree is in the daytime. (3) Observe in which hour of the (nocturnal) arc
the diametrical opposite of the sun has fallen, it is the hour of the rising of this degree. (4)
If the degree of the sun is below the horizon, the rising of this degree is in the nighttime at
the hour on which the degree of the sun has fallen. (5) The same happens if you place this
degree on the western horizon.

(X1V.2 The culmination of any degree of the zodiac on the local horizon)

(1) If you want to know the moment at which it [the degree of the zodiac] culminates,
place the degree on the line of the (upper) meridian. (2) Observe where the position of the
solar degree has fallen and do as (you did) before.?

XV (57b) CHAPTER: TO KNOW THE DECLINATION OF ANY DEGREE OF
THE ZODIAC WITH RESPECT TO THE EQUATOR

(XV.1 The declination of any degree of the zodiac)

(1) When you want this, place the degree whose declination you want to know on the me-
ridian line, find on which (degree) the altitude (of the degree) has fallen, and keep it. (2)
Also find the altitude of the equinox.® (3) The difference between (the degrees of) the two
altitudes is the declination of that degree.

(XV.2 The declination of any fixed star)

(1) You know in the same way the declination with respect to the equator of any of the
(fixed) stars (engraved) on the rete. (2) You place the pointer of the star on the meridian
line and this is the (meridian) altitude of the star. (3) The degrees (of the difference) be-
tween its altitude and the altitude of the beginning of Aries is its distance (from the equator
and hence the declination of the star).*

! The specific calculation appears only in the first version of Ibn Ezra’s Hebrew treatise on the astrolabe (see
MS Paris BnF heb. 1053, f. 11a-11b) but the calculation to find the zodiac degree with which a fixed star rises
or sets is in the three Hebrew versions; see MSS Paris BnF heb. 1053, f, 21a (first version), Paris BnF heb.
1045, f. 192b (second version), and Giinzburg 937, f. 8b (third version).

2 The culmination of zodiac degrees is not found in Ibn Ezra’s Hebrew treatises.

8 According to what has been explained in Chapter VI1II.8a.

4 These calculations (XV.1-2) appear only in lbn Ezra’s Hebrew first version of his astrolabe text; see MS
Paris BnF heb. 1053, f. 11a.
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(XV.2a Demonstration of this calculation)

(1) The reason is apparent to whomever understands the foundation of the craft. (2) We
already explained in (one of) our previous sections [chapters] that the almucantars are
placed so that they intersect two circles parallel to the equator.! (3) The distance between
the circles of these almucantars is one degree when the instrument is complete. (4) We
already measured the altitude (of the corresponding fixed star) using the almucantars.? (5)
The degrees between the two altitudes (the altitude of the star and the altitude of the begin-
ning of Aries) are the distance (2n1ni) (of the star from the equator and so these are the
degrees of its declination).

(6) Know that the southern signs always subtract their altitude from the altitude of the be-
ginning of Aries, which is their declination. (7) However, the northern (signs) add their
altitude to the (altitude of the) beginning of Aries, which is their declination. (8) This hap-
pens in locations whose latitude (oannw) is higher than (their) declination; be aware of
this. (9) Know that the accurate declination is easily found with the tables, but there is no
accuracy in this using the astrolabe.®

XVI CHAPTER: TO KNOW WITH WHICH ZODIAC DEGREE ANY OF THE
(FIXED) STARS—NOT ON THE ECLIPTIC—RISES, CULMINATES, AND SETS

(1) When we want to know this, (58a) we place the pointer of the star on the line of the
eastern horizon and observe which degree of the zodiac is there. (2) This is the zodiac de-
gree with which that star rises above that horizon. (3) If you want to know with which
degree it sets, place the pointer of the star on the western horizon. (4) It is the degree with
which the star sets. (5) If you want to know the degree with which it culminates, place the
pointer of the star on the meridian line. (6) The zodiac degree on the meridian line on the
side of the upper midheaven is the degree with which the star culminates. (7) All this is
clear as regards the projection onto the plane, which represents the (actual) sphere that is
not visible (\ya), and whose understanding is not in your depiction.*

XVII CHAPTER: TO KNOW THE DIURNAL AND THE NOCTURNAL ARCS OF
THE STAR (OR PLANET)

(1) Know that the diurnal arc of the star is the time of its [i.e., the star’s] standing above
the earth, while its nocturnal arc is {the time of) its standing below [the earth]. (2) When
you want the diurnal arc, place on the line of the eastern horizon the degree {of the zodiac
in the rete) with which the star rises. (3) Mark on the limb (the position) of the beginning
of Capricorn and turn the rete in the direction of its (natural) motion [rightwards]® until the
degree with which the star sets is on the line of the eastern horizon.

1 Refence to Chapters 111.4 and 1V.4a (1)—(4).

2 See Chapter 111.2 (calculation of the altitude of any fixed star).

3 More concern by Moses ben Abraham with the accuracy of the instrument and the approximative character of some
calculations; see also VI1.4 and XI11.3a.

4 Part of this calculation (rising and setting) is found in the three Hebrew versions of Ibn Ezra’s astrolabe text; Paris
BnF heb. 1053, f. 21a (first version), 1045, f. 192b (second version), and Giinzburg 937, f. 8b (third version).

5 Which is the direction of the daily motion for the observer.
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(4) The degrees between the two marks is the diurnal arc of the star. (5) If you subtract this
from 360, the remainder is the nocturnal arc of the star.!

XVIII CHAPTER: ON (THE IMPOSSIBILITY OF) KNOWING THE POSITION
[I.LE., THE LONGITUDE] OF ANY FIXED STAR IN THE ZODIAC (WITH AN
ASTROLABE)

(1) We already said in the first part (of the treatise) that,? according to the true method of
engraving (np>pr) the stars on the rete,® the position of the (fixed) star cannot be found,
neither with the method of the sage rabbi Abraham Ibn Ezra* nor with the method of the
great sage (58b) Rabbi Mordechai (Comtino), may his rest be in the Garden of Eden.® (2)
We are left with the task of studying how to find the position [the longitude] of the star. (3)
| say that, in my view, there is no method to find the position [the longitude] of any fixed
star with the astrolabe. (4) Moreover | did not find in Ptolemy’s explanation of the instru-
ment any method to find this.®

! This calculation appears in the three versions of Ibn Ezra’s astrolabe text; see MSS Paris BnF heb. 1053, ff.
21a-21b (first version), BnF heb. 1045, f. 192b (second version), and Gunzburg 937, f. 8b (third version).

2 There is no mention of this topic in Chapter | of Moses’ treatise on the astrolabe. This allusion implies that
Moses wrote about the construction of the astrolabe, which is the context for any explanation of methods for
placing star pointers in the rete. Should we assume that Moses wrote a treatise explaining the construction of
astrolabes and that this text has not survived? | have not been able to answer this question.

3 What is this method that is being referred to here? Is Moses referring to another part of this codex or to a
previous work that remains unnamed and unidentified for his readers? This unidentified text must have been
about the construction of the astrolabe, given that the construction of the pointers of the stars is described in it.
4 For Abraham Ibn Ezra’s remarks on the longitude of stars and how to update them using tables, see Appendix
3 of this monograph (first and second versions). It is not clear which version Moses ben Abraham is using.
5“May his rest be in the Garden of Eden” is only used after the name of a deceased person. The use of this
expression to refer to Comtino means that Comtino (died in 1482) was already dead when Moses ibn Abraham
mentioned him and that perhaps Moses had met him or was addressing readers who had met him. For Comti-
no’s approach to the construction of star pointers on the rete, see his treatise on the northern astrolabe, MS
Paris BnF heb. 1095, ff. 135b-138b. It is not clear why Moses is putting side-by-side Ibn Ezra’s text, on calcu-
lating stellar positions with an astrolabe, and Comtino’s text on the construction of the star pointers with no
reference at all to their use in calculations with astrolabes. Might Comtino have written a text on the uses of
astrolabes that is not extant but was still available in Moses' times? Or perhaps this is a reference to an oral
teaching by Comtino?

6 This might refer to Ptolemy’s Planispherium; see Sidoli and Berggren 2007, 109 [20.2] (the text) and 136
(explanation): “It follows from this that we can draw the stars in the locations found in the measure with re-
spect to the equator, without drawing all circles, with only a division of the equator and a ruler divided accord-
ing to the ratios of the circles parallel to the equator. As for the locations found in the measure with respect to
the circle through the signs, this is not possible. We must, rather, draw every circle, or most of them, in order to
be guided by them regarding the positions in which the stars must be set out.” There is a medieval Hebrew
version of this text, apparently based on a Latin translation from the Arabic. For the Latin version of Hermann
of Carinthia, see Kunitzsch 1993; and for the Hebrew one, see Lorch 1995, 276, n. 11: MS London, British
Library Alm. 96 Il (1002 in Margoliouth’s catalogue) and MS Oxford Bodleian Libraries Opp. Add. 4° 175
(2582 in Neubauer’s catalogue). But Moses’ reference also might be to a text on the construction of astrolabes
attributed to Ptolemy, the one | have referred above as using the construct expression keli habasah to name this
instrument. | have inspected the Oxford MS and there are two works attributed to Ptolemy in it: Moftei keli ha-
habasah (ff. 1a-12b) and Ma‘aseh keli ha-habagah ha-nigra aszurlab ve-hu le-Bazalmius le-sive‘ah aglimim (ff.
13a-19a); they both deal with the construction of an astrolabe.
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(5) In the explanation of the instrument in 42 chapters by one of the great Muslim sages, in
which he explained all the remaining questions, he also did not give us any method to find
the position [the longitude] of any fixed star.! (6) It seems that there is agreement that we
do not have any method to find this using the astrolabe.?

XIX CHAPTER: TO KNOW THE LATITUDE OF ANY FIXED STAR WITH RE-
SPECT TO THE ECLIPTIC

(X1X.1 The ecliptic latitude of any fixed star)

(1) When you want this, place the pointer of the star on the meridian line. (2) Observe on
which degree this pointer falls, i.e., look the number written on the almucantar on which
the pointer is;® it is the altitude of the star. (3) Observe on which almucantar degree is the
zodiac degree on the meridian. (4) The difference you find between the two degrees is the
ecliptic latitude (of the star). (5) If the degrees of the star are more than the zodiac degree,
it is northern. (6) If they are less, it is southern.*

(X1X.2 Refutation of Abraham Ibn Ezra’s and Mordekai Comtino’s methods)
(1) Know that this way [lit. question] of (calculating) the latitude is also according to the
method of rabbi Abraham Ibn Ezra, of blessed memory.

! This reference must be to Abii al-Qasim Ahmad ibn al-Saffar (d. 1035), who wrote a treatise on the use of
astrolabes (extant in three Arabic versions) that was translated into Hebrew at least twice, first by Jacob ben
Makir ibn Tibbon (1271-1275) and almost three centuries later by Moses ben Baruch Almosnino (1518-
1579/80); see Zonta 2011, 34; and Robinson and Melammed 2007,19:712 (both in relation to Ben Makir); and
Sheynin 2015), 343-350 (this article contains some imprecisions). In relation to Ibn al-Saffar’s treatise, see
Millés Vallicrosa 1955, 3549 (study in Spanish) and 4776 (edition of Ibn al-Saffar’s text in Arabic); 1931,
29-48 (Catalan translation of Ibn al-Saffar’s text); and Kunitzsch 1989, 48 (chapter X). Here Kunitzsch refers
to the 42 chapters of the Arabic version of Ibn al-Saffar edited by Millas Vallicrosa (MS Escorial 964) and the
32 chapters of the unedited longer version (MS London British Library Add. 9600, ff. 262v—-280v). According
to Kunitzsch there exists another third version of Ibn al-Saffar’s text by ‘Abdallah ibn Muhammad ibn Sa‘d al-
Tugibi (MS Berlin Staatsbibliothek Ahlwardt 5805, ff. 68v—81r). | heartily thank Taro Mimura for this refer-
ence and for providing me with a copy of Kunitzsch’s article. There is no reference to the longitude of the stars
and its calculation with an astrolabe in Ibn al-Saffar’s Arabic version published by Millas Vallicrosa. For lbn
al-Saffar’s method of localizing the stars with an astrolabe, see Appendix 4 of this monograph where the meth-
ods referred to concern (1) the altitude of any star on the meridian or (2) the recognition of an unknown star
engraved on the rete using another star whose position is already known.

2 He gives up the problem because the only way to know the longitude of the star is with updated tables indi-
cating this coordinate of the stars. Ibn Ezra discusses this situation in the first and second versions of his astro-
labe text, where he refers to tables and the method to update them when they are outdated; see Appendix 3 of
this monograph.

3 If the latitude plate displays numbered almucantars, otherwise one has to count and calculate.

4 For Ibn Ezra’s method, which he is following (either in the first or the second versions, Moses has much
reduced his source so the identification of the version is not easy; it might be either of them), see Appendix 4 of
this monograph (first and second versions). Ibn Ezra’s explanation in the two versions is much longer and gives
alternative methods (for these calculations) that Moses omits.
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(2) However, according to our method,! this is not the ecliptic latitude of the star, because
the degree with the star in the midheaven is the degree of the star insofar as the latitude (of
the star) is related to the degree on which the almucantar falls. (3) | am astonished that the
great sage rabbi Mordekai (Comtino), may his rest be in the Garden of Eden, did not clari-
fy how to find the ecliptic latitude of any star except according to his own method [Comti-
no’s].2 (4) Yet this is not the latitude of the star either. (5) Perhaps he was not interested in
getting further in this.?

XX (59a) CHAPTER: TO KNOW THE AZIMUTH OF THE SUN BY DAY AND OF
ANY STAR BY NIGHT

(XX.1 The four quadrants of the horizon)

(1) The meaning of this is that the horizon is divided into four quadrants [lit. parts] by the
circle {(crossing) the zenith and the circle of the meridian, which on the astrolabe is the
vertical line. (2) The first quadrant [lit. part] is from the angle of the midheaven to the east
and is called eastern-southern. (3) The quadrant [lit. part] from the angle of the earth to the
east is called eastern-northern. (4) The quadrant [lit. part] from the angle of the midheaven
to the west is called western-southern. (5) And the quadrant [lit. part] below (from the
angle of the earth to the west) is western-northern.*

(XX.2 The quadrant of the sun or any visible star or planet by day)

(1) You want to know in which of these quadrants the star is visible and how many degrees
of the horizon there are between the central point of the east and the west [i.e., the true east
and west] and the point at which the horizon intersects the circle of altitude crossing the
zenith and the star at that moment. (2) Find the altitude of the sun at that moment and place
the solar degree among the almucantars according to its altitude. (3) If (the sun) is in the
east, {place it) among the eastern almucantars, but if it is in the west, (place it} among the
western ones.

! This method remains unexplained in Moses ben Abraham’s treatise. It might refer to some oral explanation
previously given in a teaching context.

2 Moses’ mention of Comtino’s is surprising given that there is no extant text on the uses of astrolabes (and so
on the calculation of stellar positions with it) by Comtino, only texts on the construction of two forms of the
instrument (northern and southern). The reference might be to a text on the uses that has not survived.

8 Moses ben Abraham is harshly critical of the two main authors of astrolabe literature in Hebrew who worked
in the Sephardic tradition and drew mainly from Arabic sources. Ibn Ezra and Comtino were themselves very
critical in their respective approaches to the instrument (we have already quoted Ibn Ezra’s remarks), and as
regards Comtino, despite being a passionate admirer of Ibn Ezra’s works, he criticised Ibn Ezra’s texts on the
astrolabe and tried to improve them with his own work. See the introduction of his Treatise on the northern
astrolabe (MS Paris BnF heb. 1095, f. 123a).

4 Notice again the overlapping of astrological and astronomical terminology (yeted ha-ares rather than any
other expression meaning the lower meridian or the line of the midnight). For the four quadrants in Ibn Ezra’s
Hebrew astrolabe texts, see MSS Paris BnF heb. 1053, ff. 2b—3a (first version), BnF heb. 1045, f. 188a, and
Gunzburg 937, f. 4b (third version).
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(XX.3 The azimuth of the sun or any visible star or planet by day)

(1) Look on which of the azimuthal lines the degree of the sun has fallen.! (2) If it is in the
east, count how many azimuthal lines there are between the central point of the east [i.e.,
true east] and the (azimuthal) arc on which the sun is. (3) These are the degrees of the
horizon between the centre of the east [i.e., true east] and the circle crossing the zenith and
the star. (4) If it (the star or planet) is northern-eastern, it (the azimuth) is also northern-
eastern with the same value. (5) If it is eastern-southern, it is (so) according to the corre-
sponding degrees. (6) This works if the instrument is complete, but if it is medial, multiply
by two the lines of the azimuth. (7) If it is tertial, (multiply them) by three. (8) The result
is the number of the degrees on which the star is either eastern-northern or (eastern-)
southern. (9) Do the same if the sun is western.

(XX.4 The azimuth of any fixed star by night)

(1) You can know by this method the azimuth by night of any of the (fixed) stars engraved
(59b) on the rete. (2) Place the pointer of the star among the almucantars according to its
altitude and observe in which of the quadrants of the horizon it falls. (3) Do as {you) pre-
viously (did) in relation to the sun.?

(XX.5 The azimuth of the sunrise or of the rising of any fixed star)

(1) When you want to know the azimuth of the sunrise or of the rising of any of the (fixed)
stars engraved on the rete, place the solar degree or the star pointer on the line of the east-
ern horizon. (2) Pay attention to the azimuth that corresponds to it (the rising degree) in the
guadrant in which the rising has fallen; it is the azimuth of the rising. (3) The same works
for the azimuth of the setting and the corresponding quadrant, which is either northern or
southern but on the western side. (4) When you understand the reason that we explain in
the next chapter, you shall (also) understand (the reason for) this.?

1 The Hebrew expression that denotes the azimuthal lines (797p »p) was coined and introduced in the Hebrew
language by Abraham Ibn Ezra in the second and third versions of his text on the astrolabe (it is not in the first
version); see Rodriguez-Arribas 2016, 94, 100-101, and 105.

2 See Chapter XX.2.

3 See Chapter XXI.2b. The calculation of azimuths is not relevant in Ibn Ezra’s Hebrew astrolabe treatises. For
Ibn Ezra’s treatment of the azimuth, see MSS Paris BnF heb. 1053, f. 5b (first version, where he says that he
does not explain them because they are not accurate), BnF heb. 1045, f. 189a (second version, where the same
remark is made about their inaccuracy), and Giinzburg 937, ff. 4b and 11b (third version). In Ibn Ezra’s astro-
labe texts the four quadrants of the horizon serve to find the direction in a very broad sense, but there is no
actual use of the azimuthal lines in any of the three Hebrew treatises.
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1 Hand five wrote several dots above the word to mark it as a mistake (rightly). This word is misplaced here
and unnecessary, even if the explanation is about certain divisions of the local horizon.

2 Crossed out (rightly).

8 Hand seven marked this word with two dots and the following with one to indicate an exchange in the order
of the words, so that one reads >nnm »1ox rather than *n9x >mam.

4 Written 33.
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(XXI) CHAPTER: TO KNOW THE CENTRAL POINT(S) EAST AND WEST,
NORTH AND SOUTH IN ANY PLACE AND AT ANY TIME BY KNOWING THE
AZIMUTH AND VICE VERSA; TO KNOW THE ALTITUDE OF THE SUN
FROM THE AZIMUTH; AND TO KNOW THE SOLAR DEGREE FROM THE
ALTITUDE AND THE AZIMUTH ALREADY KNOWN!

(XXI.1 Preliminary steps to find the four points of any horizon with the azimuthal
lines of the astrolabe)

(1) When you want this, find the azimuth of the sun for that moment. (2) Then place the
front of the astrolabe on the ground with its back facing the sky; it will lay completely
horizontal with respect to the plane of the horizon. (3) Place the extremity of the suspenso-
ry part to the south and count the number of the degrees of the azimuth, if the sun is in the
east, from the point east in the quadrant of the horizon corresponding to the quadrant on
which the azimuth is, or, if the sun is in the west, from the point west. (4) Place the end
point of the alidade on the degree on which the counting ends. (5) You must do this imme-
diately after having taken the azimuth, so that the (value of the) azimuth of the sun does
not change noticeably.

(XXIl.1a The four cardinal points of any horizon by day)

(1) Then rotate [lit. move] the instrument in all the directions but keeping the alidade fixed,
until (60a) the shadow of the sighting vane of the alidade falls directly on the alidade. (2)
Then observe the line that extends from the beginning of the suspensory part to the angle
of the earth [the lower meridian line on the back]; (3) it delimits for you the point north
and the (point) south. (4) The line perpendicular to it delimits for you the central points of
the east and the west in your location.

(XXI1.2 Preliminary steps to find the four cardinal points of any horizon by night)

(1) When you want to know this by night, take the altitude of any of the (fixed) stars en-
graved on the astrolabe and find its azimuth according to what was (said) before.? (2) Af-
terwards, turn the astrolabe and place the cane [i.e., fiducial line] of the alidade according
to the corresponding degrees and the corresponding quadrant,® as you did by day with the
azimuth of the sun.*

! There is nothing on this (XX1.1-5) in lbn Ezra’s Hebrew treatises on the astrolabe. However, Montalto de-
scribes in his astrolabe text a similar procedure to find the gibla by day and by night in which the astrolabe
must be placed on the ground and oriented according to specific instructions; see MS Paris BnF heb. 1047, ff.
88b—89a. This procedure fits very well the gazetteer engraved as concentric circles on the womb of the mater in
many Islamic astrolabes. This gazetteer displays the longitude and latitude of different cities as well as, very
frequently, other coordinates to find the gibla, such as the inclination of the azimuth of the gibla, the direction
of the azimuth of the gibla in relation to the four cardinal points of the compass, and the distance from Mecca.
For these gazetteers and their forms, see King 1999.

2 See Chapter XX.4.

8 The fiducial line is the line running down the middle of the alidade.

4 See Chapters XX.2 and XX.3.
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! Crossed out (rightly).

2 It should be nmpn.

3 Crossed out (rightly).

4 Interlineal addition, hand two.

5 Hand six seems to have marked this letter as a mistake, which it is not.

6 Hand seven wrote two dots between the previous word and this to indicate a separation between the two
words.
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(XXI.2a The four cardinal points of any horizon by night)

(1) After that, hold the astrolabe flat on your hand with its front facing the ground and with
the sighting vane of the alidade,* the end point of which is on the number of these [almu-
cantar] degrees, facing the star whose altitude you have measured. (2) Raise the astrolabe
until you get a clear sight of the star through the two sighting holes of the sighting vanes.
(3) The end point of the alidade (must) stand on the number on which you placed it. (4)
When you have done this, place the astrolabe on your hand laying on its front and prevent
it from moving to any side. (5) Observe the lines that intersect at right angles. (6) (The
line) extending from the beginning of the suspensory part delimits for you the south and
the north. (7) The (line) perpendicular to it (delimits) the east and the west, as you did with
the azimuth of the sun.?

(XXI1.2b Demonstration of this calculation)

(1) The reason of this is that the sun always revolves in circles parallel to the equator,
which change the day of its conjunction [of the sun] {(with the equator at the equinoxes).
(2) Hence the point of rising or setting always changes and it does not occur on the same
point of the horizon. (3) When the sun moves along the circle of the beginning of Aries,
the point of the rising on the horizon is then intermediate (60b) between the point of the
horizon where the sun rises when it is in the beginning of Cancer and (the point) where it
rises when it is in the beginning of Capricorn.

(4) We consider the altitude circle on the back of the astrolabe as if it were the circle of the
horizon in order to find this point and the three other points derived from it. (5) The centre
of the instrument is like the point of the pole of the horizon. (6) When the sphere is pro-
jected onto the horizon, the azimuthal lines all become straight lines. (7) For this reason,
when you place the alidade to represent the distance of the azimuth degrees from the east-
ern horizon, the (fiducial) line of the alidade represents the azimuth.

(8) When you turn the alidade so that its shadow is aligned with it [the alidade], you know
that the end point of the alidade is facing the same point of the horizon that the azimuth of
the sun crosses. (9) The situation of the instrument represents the situation of the circle of
the horizon and the alidade represents the azimuthal line that is not visible (\3°v2). (10) The
lines intersecting at right angles represent the azimuth crossing the central point(s) of the
east and the west and the central (points) of the north and the south,® which are the cir-
cle(s) crossing the poles of the equator and the horizon. (11) This question is clear for the
expert.

! This (nxynnn 777, lit. “the sighting vane of the alidade™) clearly reflects the influence of a Romance language
that has replaced the construct state (1xy»n 77) characteristic of Semitic languages. However, | have detected
no further examples of such Romance imprint on this text.

2 See Chapter XX.1.

8 As in XX.3, the meaning of the expression “central point” of the east, west, south, and north, is the corre-
sponding true cardinal point.
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! Crossed out (rightly).

2 Crossed out (rightly).

3 The word is followed by an illegible isolated character with no apparent meaning; it must be a mistake of the
copyist.

4 Hand seven marked this word with two dots, the word is not a mistake.

5 Interlineal correction, hand two. The original letter () is crossed out by the same hand.

6w written in superscript.

7 x written in superscript.

8 Interlineal correction, hand two. The original expression (v m>) is crossed out (rightly) by the same hand.

% Hand five indicated (rightly) the initial letter as a mistake (with a dot above and below the character).

10 Hand seven marked this word with two dots and the following with one to indicate (rightly) an exchange in
the order of the words, so that one must read X177 7317 rather than >5577 .

1 The n is a correction of the copyist of what he had previously written (o).

12 Hand seven marked this word with two dots and the following with one to indicate (rightly) an exchange in
the order of the words, so that one must read 51y 2¥» rather than 2xn 5w,
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(XXI1.3 Preliminary steps to find the azimuth of the sun using the cardinal points)
(1) You want to know the azimuth of the sun by knowing the central point(s) of the east,

the west, the north, and the south. (2) If you understand the reason of what was said
(before), it becomes clear that you need to perform the following (steps). (3) Take the
instrument with its front downward and place the end point of the (fiducial) line (of the
alidade) extending from the suspensory part {of the astrolabe) to the central point of the
south. (4) The diameter perpendicular to this line is on the midpoint of the east and the
west.

(XXI1.3a The azimuth of the sun with the cardinal points of the horizon)

(1) Move the alidade, while the instrument remains fixed, until {the shadow of) the sight-
ing vane of the alidade falls directly onto the alidade. (61a) (2) When you do this, if the
sun is eastern, observe in which of the quadrants of the horizon the end point of the alidade
facing the east falls and how many degrees there are between the centre of the east and it.
(3) This is the azimuth (line) where the sun is.

(XXI1.4 The altitude of the sun with the azimuth)

(1) If you want to know the altitude of the sun at a specific moment using the azimuth,
observe the quadrant where the azimuth of the sun is on the (latitude) plate of your loca-
tion. (2) Place the solar degree on the azimuth; the almucantar on which the degree of the
sun falls is the altitude of the sun at that moment.

(XXI1.5 The degree of the sun in the zodiac with the azimuth)

(1) If you want to know the degree of the sun using the altitude and the azimuth (already)
known, observe the almucantar on which the sun is and which point of it [the almucantar]
this azimuth intersects. (2) Also find in which half of the zodiac the sun is, if it is in the
half from Cancer to Sagittarius or in (the half from) Capricorn to Gemini.! (3) Move the
rete so that it crosses the whole half of the zodiac—on which the sun is—on the side of
that azimuth. {4) The zodiac degree crossing the point at which the azimuth intersects the
almucantar of the altitude of the sun is the degree of the sun that day.

! These two halves of the zodiac are symmetrically divided by the axis of the solstices, so that all degrees equi-
distant from the two solstices are equivalent and have identical “power.” Abraham bar Hiyya in his Sefer
hesbon calls these degrees (for instance, 10° of Capricorn and 20° of Sagittarius) ma‘alot maskimot ‘al koah
ehad (“degrees that agree according to one power”); see Millas Vallicrosa 1959, 101 (Spanish) and 109 (He-
brew).



SCIAMVS 22 Moses ben Abraham de Civdat — Explanation of the Astrolabe 107

29YNT TR VAR NTIPI NYOT XN whawn nno nvTe axon ON) <> <.3>
<3> 12 WYNY TIRW 77 NN <>NRIW 32 D20 PN O <2> 0177 90X
YIAR NTIPI OV 77907 WRIA NNAT 90 OXP NTIRI 2O 017 17191 9900 PN

209N 1T VXAR MTIPI DY AT DY 2X%37 0pm <4> 01177

(61a) W2 RYRT HY IXYAT AT IDW TV 0P 90 TRyna vIm <> <.k3>
901 POINAN <O>'WATA 1T N2 R AR Wawa OR T WY wR) <2>
RIT <3> 17V AR VXKD MPYR 00 TN 70 9¥Rw xvan g ()

2 WnwIw nnon

TXR M92 RD 20n0T C19n X0 YR wawn g nvTe xan OR) <1> <4>

nPyn DI/AW WA NN waw Novn oW <2> .2 XIW Y272 X0 Do
RWIT DYY WAwT 720 X 10V wawn

WAT IR DT NN0M T TR wawsa nhyva nyTe nox OR) <1> <.5>
T OR2 WAWS YT 03 <2> K10 NN0S QY TN 1A O R 9V 12 wnwnw
YIM <3> 0NN TV TR IR DWR TV 10100W XA RIT AR X7 0%0 Smbmnn
YN <4> RVIT N0 TN 2 waAwnw NRman Oxma 9D Mayw nwon
noyn RO 12 WAWR S AT O¥ Dnoa INM AnTipl By Mavnw mbmann

X177 210 wnwn

! Crossed out (rightly).

2 n written in superscript.

3 Hand seven marked this word with two dots and the following with one to indicate (rightly) an exchange in
the order of the words, so that one must read m>mamn >xi rather than >xn momann.

4 n written in superscript.
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XXI1l CHAPTER: TO KNOW THE AZIMUTH CROSSING YOUR ZENITH AND
THE ZENITH OF ANOTHER LOCATION; TO KNOW THE LONGITUDE AND
THE LATITUDE; AND HOW YOU MARK ON YOUR LOCATION THE LINE
THROUGH THE ZENITH OF THAT LOCATION!

(XXI1.1 The azimuth crossing one’s zenith and the zenith of another location)

(1) This what the Muslims always want to know is called al-qgibla, i.e., the alignment of
your location with another specific location.? (2) The meaning is the arc line crossing the
surface of the terrestrial sphere that corresponds to the arc (of the great circle) of the sphere
crossing your zenith and the zenith of the (other) location. (3) When you want this, find
the latitude of the (other) location by counting on the meridian line—between the point of
the equator and the north— the almucantars (61b) corresponding to the number of the lati-
tude of the (other) location. (4) This location is usually north, for the inhabited part of the
world is in the north. (5) If it (the other location) is in the south, count the degrees of that
latitude from the equator to outside and make a mark on the meridian line.

(6) Afterwards, turn the rete until a part of it—either any star pointer or any degree of the
zodiac—falls on this mark. (7) Mark this position on the rete and find the degrees between
the longitude of your location and the longitude of the other location. (8) If it is east of
your location, move the pointer of the beginning of Capricorn [the almuri or indicator]
from its position eastward (by) these number of degrees, or if it (the other location) is west
(of your location, move the almuri) westward. (9) After doing this, note on which of the
azimuthal lines the mark that you made on the rete has fallen. (10) It is the azimuth passing
through the zenith of your location and through the zenith of the other location.

(XXI1.2 The quadrant of the azimuth that you have found)

(1) Look in which of the quadrants this azimuth is (located) and its distance from the cen-
tre of the east or the west. (2) The location you are looking for is (placed) at these number
of degrees, either southern-eastern with respect to you or northern-eastern, and so on. (3)
The reason of this is clear; the distance from the equator of the point that you marked on
the meridian line is the latitude of the place. (4) If the plate was constructed for your loca-
tion, it is apparent that this point has to be the point of the zenith.

(XXI1.2a Demonstration of this calculation)

(1) If it [the point marked on the meridian line] intersects a circle parallel to the equator
crossing the pole of that horizon, it crosses the meridian line of your location at a point that
corresponds to the point you marked.

! There is nothing about the calculation of the gibla (XXII. 1-4) in Ibn Ezra’s Hebrew treatises on the astro-
labe; however, as noted, Montalto explains how to find it in his astrolabe treatise; see MS Paris BnF heb. 1047,
ff. 88b—89a.

2 The presence of the gibla in this Hebrew treatise suggests that either the treatise was “inspired” by an Arabic
text on the astrolabe (Arabic treatises on the subject always discuss the gibla) or the concept was so widespread
in Moses’ surroundings (a Muslim society) that he felt compelled to integrate this common calculation, devoid
of its religious connotations, into the context of azimuth calculations, of which the gibla is a special case.
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(2) As the arc of longitude changes from one location to another, it [the arc of longitude] is
estimated with the arc(s) of the equator; these arcs (of the equator) delimit equal arcs radi-
ating from the pole of the equator and each of them crosses (62a) the zenith of the (two)
location(s) determining (the degrees of longitude) between them. (3) These arcs become
straight line(s) in the plane.

(4) If we move the rete with the difference in degrees between the (two) longitudes indi-
cated on the scale [lit. circle] of the limb, the point that you marked on the rete crosses the
same number of degrees in the circle—parallel to the equator—crossing the pole of the
location and the meridian circle of your location, and cross it at the point that you marked
on the circle of the equator . (5) Also the line extending from the centre of the equator and
crossing the point that you marked on the arc is like the arc extending from the pole of the
equator and crossing the pole of that location. (6) The pole of this place has to fall on this
point on the plane according to the experts of the craft. (7) According to this (30 ox), the
azimuth crossing it [the pole of the place] on the plane represents the azimuth crossing the
invisible (1v2) sphere.

(XXI11.3 The degrees of the difference between the two zeniths)

(1) If you want to know the degrees between your zenith and the zenith of another location,
observe on which almucantar number the mark (you made) on the rete has fallen. (2) We
subtract (it) [the degrees indicated by the almucantar] from 90 (and get the altitude of the
pole in your location. 3 We do the same for the latitude of the other location to find the
altitude of its pole. 4 Then we find the difference in degrees between the two altitudes of
the pole)! and the remainder is the degrees between your zenith and the zenith of the
(other) location.

(XXI11.4 The gibla)

(1) If you want to know the gibla, find the {(central) points east, west, north, and south at
your location. (2) Put the instrument on the ground with its front downwards and the top of
the suspensory part aligned with the point south. (3) Move [lit. place] the alidade on the
degrees of the altitude scale to the number of the azimuth that you found, either (in) the
eastern or the western side [lit., point]. (4) The line that the alidade directly indicates is the
direction in longitude of your location that you were seeking.

11 have completed this passage with sentences that are not in the Hebrew text in order to make sense of the
explanation.
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XXI111 CHAPTER: TO KNOW THE SHADOW FROM THE ALTITUDE OF THE
SUN AND VICE VERSA (USING A GNOMON AND USING AN ASTROLABE)!
(XXI11.1 Astrolabe: The shadows—Definitions)

(1) First know that the craft (of the astrolabe) uses two shadows. (2) One is called the
straight shadow and the other the inverted shadow.? (62b) (3) The straight shadow, (which
is parallel to) the plane of the horizon [i.e., to the horizontal diameter on the back of the
astrolabe], starts from the vertical line (7my) that is perpendicular to it [the plane of the
horizon]. (4) The inverted shadow is perpendicular to this line (1) [the line of the
straight shadow] and starts from the other line (71¥) [the horizontal] that is perpendicular
to the vertical one, for this reason it is called inverted. (5) We are going to completely ex-
plain how this question works. (6) As we have not seen any text (dealing) with this
(question), we will present these shadows in a demonstrative way.®

(XXI11.2 Gnomon: The straight shadow)

(1) We say that these shadows work as follows. {2) The straight shadow takes place from
the moment the sun rises above the horizon. (3) It [the shadow] advances and spreads over
a long distance on the surface of the earth until one finds that, when the altitude of the sun
above the earth is one degree, the measure [lit. the divisions] of the shadow of a gnomon
placed perpendicularly to the surface of the horizon and divided into 12 parts is 687 digits
26 minutes.* (4) We explain later more about how one knows this.

! There is nothing about shadows with a gnomon or calculating the altitude or azimuth of the sun with a gno-
mon (Chapter XXI111.1-8 and XXIV, respectively) in Ibn Ezra’s Hebrew treatises, but Montalto explains how to
calculate the height, depth, and distance of an object (i.e., land survey applications of the shadow square) with
an additional tool that is not an astrolabe (a triangle made of an unspecified material); see MS Paris BnF heb.
1047, ff. 90b—91a. Unlike Moses ben Abraham, Montalto does not use trigonometrical calculation, just ratios
as does A. Ibn Ezra in his land surveying calculations, although Ibn Ezra uses it at the end of the second ver-
sion of his astrolabe text, while explaining how to correct planetary tables; see MS Paris BnF heb. 1045, f.
196a.

2 In Latin texts, these are usually known as the umbra extensa or umbra recta (“extended shadow” or “right
shadow”) and the umbra versa (“reversed/inverted shadow™). In the shadow square on an astrolabe the
“straight shadow” runs horizontally from the vertical axis, but below the horizontal axis, while the "inverted
shadow" runs down from the horizontal axis to the end of the “straight shadow.” This forms a square and the
corner where the two shadows meet is diametrically opposite the corner of the square at the centre of the astro-
labe.

3 This seems to imply that he was following a standard or pre-established arrangement of the chapters and at
this point he departs from this plan to explain the topographical uses of astrolabes that must not have been
properly explained in the sources he consulted when writing his astrolabe treatise.

4 See Diagram 1: The gnomon (H7) is divided into 12 parts/digits, the solar ray is Z7B, and the angle at Z is 1°.
When this angle is 1° its cotangent is 57,29 = ZH/HT, being H7=12. Then the cotangent of 1/12 of HT is
ZH/(HT/12) = 12(ZH/HT). As ZH/HT=57,29, so 12cot 1° = 687;28,46digits. As 26/60 = 43,3333, Moses ben
Abraham deviation with respect to the exact value is only 0.0067%. One “digit” is here equivalent to one “part”
and one “minute” is 1/60 of a digit.
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(XX111.3 Gnomon: The evolution of the shadow until midday)

(1) The straight shadow (works) in this (way): Every time the sun goes up above the earth,
its shadow diminishes until the sun reaches its maximum altitude, which happens when it
is in the [meridian].! (2) In (those) locations where the sun passes through the zenith,? the
gnomon does not display any shadow at all. (3) When the altitude of the sun is 45 degrees,
the shadow of any object is equal to its height, as we are going to explain.? (4) The rule
(vown) of the inverted shadow is the opposite to it (the straight shadow).

(XXI11.4 Gnomon: The evolution of the shadow according to the daily solar path)

(1) At the moment of sunrise it [the gnomon] has no shadow at all, for the upper end point
(of the gnomon) is aligned with the ray of the sun.* (2) When the sun increases its altitude
above the horizon, its shadow [decreases]® until the shadow is equal to the gnomon (71y)
at the moment when the sun reaches an altitude of 45 degrees (and keeps decreasing until
reaching its minimum at noon). (3) Then (from the meridian) this shadow increases until,
when the sun reaches its (minimum) altitude [i.e., at one degree before sunset], the
[straight]® shadow is 687 (digits) 26 minutes, which are the 12 (parts) of the gnomon.

1 “Meridian” is my correction of “zenith,” written in the manuscript. The sun reaches the exact zenith only
twice per year at locations on earth between the Tropics of Cancer and Capricorn and straight shadows only
occur when the sun can reach the zenith. The less precise use of the word “zenith” to indicate the point where
the sun is highest in the sky (rather than precisely overhead) on any particular day (i.e., at noon, when it crosses
the meridian) is common in medieval astronomical texts.

2 The sun is exactly in the zenith (i.e., directly overhead when it crosses the meridian) at the equator at the
equinoxes. On other days of the year at the equator the sun will not rise so high—it will only reach 66.5 degrees
altitude at the solstices. On the other hand, for latitudes within 23.5 degrees of the equator the sun will reach
the zenith on days other than the equinoxes. The point being made is that a gnomon will not only have no
shadow to the left or right when the sun is at the true zenith, but also it will not have a shadow in front or be-
hind.

3 When the sun is at 45 degrees, the shadow forms a right-angle isosceles triangle and therefore the length of
the shadow equals the height of the perpendicular gnomon. The object is standing perpendicular to the ground.
4 Then the straight shadow would start to be infinite, but decreases as the sun rises until the shadow is 687
digits 26 minutes when the sun is one degree above the horizon, as the author has previously explained in
Chapter XI11.2.

5 “Decreases” is my correction of “increases,” written in the manuscript.

6 «Straight” is my correction of “inverted,” written in the manuscript. It should be “straight,” given that the
inverted shadow tends to zero as the sun sets.
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A
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Diagram 1 (MS Paris BnF heb. 1030, f. 63a, on the upper part of the left margin and within a space
left blank by the scribe). The ray of the rising sun (B7Z) is projected on the ground at the endpoint
of a gnomon (7H) that projects its shadow (ZH) on the ground. H is the centre of the world and the
location where this is taking place, which can be any place in the Earth, for the size of the Earth is
so small in relation to the size of the solar body, that it is considered to be a point on the projection.
The lines of the manuscript drawing were made with brownish ink and the letters with bright red ink.
Letter Z' has been added to facilitate the description and calculation, but it is not found in the manu-
script.

(XXI11.4a Demonstration of the straight shadow: Diagram 1)

(1) The relation of the inverted shadow (79777 Tnv:) to the zenith point of the horizon is
like the relation of the (straight) shadow to the east or west point (63a) of the horizon, (2)
and this is how these shadows work. (3) To clarify, we copy* how one knows the length of
the shadow, either straight or inverted, for any degree of altitude. {4) Let us consider the
quadrant of the circle of altitude ABG, (in which) A is the point of the zenith, G is the point
east, H is the centre of the earth, and H7 is the gnomon.

1 Moses ben Abraham uses here the Hebrew word (pnyn) meaning “to copy” or “to translate”; this means that
he is now copying/translating, something he was not doing before. This is confirmed because, starting here,
Abraham’s text changes and becomes much more geometrical (he quotes Euclid and works out Euclidean
proofs) than the rest of the text.
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DIAGRAM 1: MS Paris BnF heb. 1030, f. 62b. Photo courtesy of the Bibliotheque nationale de
France
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(5) The Earth is (very) small in relation to the body of the sun and has no perceptible size,
so on the projection (w>pnn) it is considered smaller than a point.! (6) Thus, when the sun
rises, even just one minute, the (solar) ray goes through point T of the projection (w>pnin)
and determines an acute angle. (7) For this reason, the ray ends touching the plane of the
horizon [at Z] on the other side of the gnomon.

(XX111.4b Practical example: Diagram 1)

(1) We put the altitude of the sun one degree above the earth, which is arc GB, and then
one ray of the sun, (line) BT, ends at point Z on the plane of the horizon. (2) Triangle ZHT
is formed and line BD, which is the sine of arc BG—or the opposite (side to its angle), is
drawn.? (3) Take BH—the sine of arc AB—which is left to complement the (solar) altitude
(up to the zenith).

(4) Triangle ZHT is formed by the line of the (solar) ray [B7Z] and the {projected) shadow
[HZ]. (5) Due to the smallness of the projections and their shadows in relation to the sky,
triangle ZHT is considered like a point. (6) For this reason, there is no perceptible
(difference in) value at all (either) between line ZD and (line) HD, {or between) line HB
and line HD,® because the angle at /7 [BHT] is right like the angles at H [THZ] and at D
[BDZ].

(7) Surface [BDH]* has a right angle (at point D). (8) For this reason the two opposite
sides {of the parallelogram that it forms, BDHH) are equal [i.e., DB and HH], as it is clear
from Book 1 of Euclid, Proposition 34.° (9) And for this reason (too), lines #B and HD are
(also) equal. (10) It is apparent that triangles ZHT (and) ZBD are similar.

! See 111.4, 3 above.

2 Al-Battani tabulates the sine for the same arguments that Ptolemy uses for the chords. The sine of an arc is in
al-Battani’s terminology “the semichord of the double arc,” an expression that is close to Moses ben Abra-
ham’s expression throughout his treatise, who uses meitar mehusah (lit. “semi-chord”) to denote sine; see
Nallino 1899-1907, 3:15 (I. 12), n. 146. Abraham bar Hiyya explains this concept in his Sefer hesbon ma-
halekot ha-kokavim; see Millas Vallicrosa 1959, 30 (Spanish), 122 (table of semichords from 1 to 90 degrees in
Spanish), and 15 (Hebrew); and uses it (meitar mefusah) several times, see ibid. 4, 15, 16-17, 19-20, 24, and
34 (Hebrew text).

3 There is a real approximation here (HD ~ ZD) and, although it seems odd that it is associated with an exact
identity in the diagram (B = HD), the author has explained that the difference is of no importance because of
the tiny size of triangle ZHT.

4 “BDH” is my correction of “BH,” written in the manuscript.

5 Heath 1926, 1:323: “In parallelogrammic areas the opposite sides and angles are equal to one another, and the
diameter bisects the areas.” For the medieval tradition of Euclid in Hebrew, see Lévy 1997a and 1997b; and
Elior 2021.
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(63b) (11) This implies that the angle at Z is common (for two triangles, ZHT and ZBD)
and the right angle at D is equal to the angle at H.

(12) According to this, BD, which is the sine of the arc of the solar altitude found from the
table of arcs, is known because its ratio to line ZD is as its (ratio) to line HD.* (13) This
found, (the ratio of line BD) to line AB, whose arc is also known, is as the ratio of the
gnomon HT, which is known to be 12, to its unknown shadow, which is ZH. (14) As ex-
plained in Euclid’s (Book) 6, (Proposition 16),2 four values [i.e., four line segments] relate
the multiplication of HA by BD with the multiplication of HB by BG.2 (15) We multiply
line HT, which is the gnomon and is known,* by line HD [= HB], which is (also) known.®
(16) We divide the result by line BD, which is (already) known, and what results is line ZH
[i.e., the shadow of the gnomon], which was unknown.®

(XXIIL.5 The altitude of the sun and the shadows are interrelated)

(I) By this method, one can know the altitude of the sun at any moment if one knows the
straight shadow at that moment. (2) For this we multiply the sine of the (arc of the) com-
plement of the altitude [BH] by the length of the gnomon [HT]. (3) We divide the result by
the sine of the arc of the altitude and the result is the shadow that is unknown.’

(4) 1t becomes clear that when the altitude of the sun is 45 degrees the straight shadow is
equal to the other shadow. (5) This is because the sine of the arc of altitude is equal to the
sine of the complementary arc of altitude [= 90°-solar altitude].

! Because, as previously said, HD ~ ZD.

2 Heath 1926, 2:221: “If four straight lines be proportional, the rectangle contained by the extremes is equal to
the rectangle contained by the means; and, if the rectangle contained by the extremes be equal to the rectangle
contained by the means, the four straight lines will be proportional.”

3 The meaning of this sentence ("four values ... HB by BG") is not clear (for instance, BG is an arc, not a line).
We could understand that the proposition moves on from the four line segments in proportion that were previ-
ously identified (BD/HB = HT/ZH) to the calculation of ZH = (H7-HD/BD). For us, this is just a rearrangement
of the ratios, with the substitution #B = HD. But to justify it geometrically we need to know that BD/HB =
H7/ZH implies that rectangles ZH-BD = HT-HD. The text might also argue that #B is known, because arc AB
is known (it is 90° — the known arc BG), as in XXI11.4b (13). Then we have BD/HB = HT/ZH [= BD/HD, since
HD = HB], also as in XXII1.4b (13).

4 Its height is assumed to be 12 parts, i.e., digits (according to the definition in XXI11.2).

5HD (or HB) is not known as a magnitude, but—as it is approximately equal to the radius of the circumfer-
ence—it is taken as the base circumference (on the basis of which the table is made), i.e., 60 parts; however, as
HB = HG, its value is only approximate.

6 Since H7/ZH = BD/HD then ZH = HT(HD/BD), where HD/BD (each term already known) is the cotangent of
the angle of the altitude of the sun and is known, so that we can find the value of ZH (assuming, as previously
said, that HD ~ ZD).

7 Sin a = cos (90-a). Given a as the angle of the altitude of the sun, the straight shadow is 12cos a/sin o, and the
inverted shadow is 12sin alcos a, as in Abraham bar Hiyya’s Sefer hesbon, see Millas Vallicrosa 1959, 47-48
(Spanish), 41-42 (Hebrew), and nn. 74-75. But this statement repeats the previous proposition about finding
the unknown shadow from the altitude. It should have said that since B/ ~ DZ then BD = BH-TH/ZH.

8 Abraham bar Hiyya uses this technical term (meitar se’arit) once in his Sefer hesbon mahalekot ha-kokavim;
see Millas Vallicrosa 1959, 41 (Hebrew text).
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! Crossed out (rightly).

2 Interlineal correction, hand two.

3 Crossed out (rightly).

4 This is a mistake because '7'2 is not an arc, as the previous sentence makes clear.

5 Hand five indicated it as wrong (rightly) with a dot on top of each of the three central characters.
6 Interlineal addition, perhaps hand two.

7 1t should be anxa Ty,
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(6) Therefore, when one multiplies the length of the gnomon by the sine of 45 degrees of
the complementary altitude and divides it [the result] by the sine of the arc of altitude at
that moment, which is 45 degrees, the result is the length of the (straight) shadow; or vice
versa if it is the inverted shadow.*

<D> Y4
H K

G

Diagram 2 (MS Paris BnF heb. 1030, f. 63b, on the lowest part of the right margin and within a
space left blank by the scribe). The ray (BZK) of the rising sun is the projection from the tips of two
gnomons: the vertical gnomon (ZH) projects shadow HK and the horizontal gnomon (7H) projects
shadow 7Z. H is the centre of the world and can be considered any location on the Earth given that
this is so small in relation to the body of the sun that has no perceptible size. Letter D is not in the
manuscript but has been added according to Diagram 1, where it is at the same position. The lines of
the drawing in the manuscript are made with bright green ink and some of the letters with brown ink
(A, G, H, Kand 7) and the remaining with bright red ink.

(XXI1l.5a Example: Diagram 2)

(1) Arc ABG corresponds to the quadrant of the altitude circle, the altitude of the sun is 10
degrees, which is arc BG. (2) [HZ]? is the gnomon perpendicular to the plane of the hori-
zon. (3) TH is the horizontal [lit. inverted] gnomon parallel to the plane of the horizon. (4)
Line ZHB is the (solar) ray. (5) BD is the sine (64a) of the arc of altitude. (6) LB is the sine
(of the arc) of the complementary altitude. (7) Given the small size of the projections
(o>wpn) and their shadows, as well as their arcs and their chords, in relation to the sky, line
LZ is considered approximately like line LH, which is equal to line BD. (8) As angle L is
right, 7'is also right, and the angle at Z is common.

1 The author means that both the tangent and cotangent of 45° are equal to the length of the gnomon.
2 My correction of “H7,” written in the manuscript. HT is effectively the gnomon, but any segment can work as
a gnomon, so that HZ, which is a segment of the gnomon, can work as a gnomon.
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DIAGRAM 2: MS Paris BnF heb. 1030, f. 63b. Photo courtesy of the Bibliotheque nationale de
France
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1 Hand six marked x as wrong.
2 Hand seven marked this word with two dots and the following with one to indicate (rightly) an exchange in
their order, so that one reads '1'> p rather than 1p 'n™
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(XXI11.5b Demonstration of the example (Diagram 2))

(1) Triangles ZTH and ZLB are similar. (2) For this reason the ratio of ZL, which is like
BD, which is the sine of the arc of the solar altitude already known, to LB, which is the
sine of the arc of the complementary altitude (already) known, is as the ratio of the invert-
ed shadow [7Z] to the unknown, that is, 7Z to the (horizontal) gnomon T7H, (already)
known.

(3) For this reason we multiply the sine of the altitude [i.e., BD] by the {(horizontal) gno-
mon TH, the value of which is always 12;! they both are the two extremes (of the ratio),?
(4) and divide the result by the mean (of the ratio) that is known, which is BL, and the
result is 7Z, which is the value of the unknown inverted shadow. (5) Alternatively, we
multiply the sine of the [altitude]® [BD] by the length of the (horizontal) gnomon and di-
vide the result by the sine of (the complement of) the altitude [BL]; the result is the value
of the inverted shadow at that moment.* It is the same demonstration.

(XX111.6 How one shadow is calculated from the other (Diagram 2))

(1) In order to realize how one knows one of the shadows from the other, let us assume
that line HZ is on this diagram the straight [vertical] gnomon [lit. projection (w>pni)], for
whichever the value it is always divided into 12 (digits). (2) The value of its shadow [of a
gnomon] is in its divisions like the value [of <the> gnomon]® in its divisions. (3) A ray BZ
extends in a straight line until K, which is on the plane of the horizon. (4) KH is the
straight shadow and 7Z is the inverted one. (5) As opposite angles [KZH]® (and) 7ZH are
equal and the angles at T and at H are right, triangles KZH and 7ZH are similar. (6) There-
fore, the ratio of TH, which is like the {(horizontal) gnomon, to the inverted shadow, which
ison 7Z, is as the ratio of KH, which is the straight shadow, to ZH, which is the (vertical)
gnomon.

(7) If this is so, it is clear that if you know the inverted shadow and want to know the
straight one from it, you multiply the gnomon 7H by the gnomon ZH; (64b) they both are
the extremes (of the ratio). (8) The value of each one [of the gnomons] is 12 and the prod-
uct of both is 144. (9) Divide this {(number) by the inverted shadow [7Z] and you get the
straight shadow [KH]. (10) If you know the straight (shadow) and want to know the in-
verted one from it, divide 144 by the straight shadow and the result is the value of the in-
verted shadow.

1 As regards this question, see Chapter XX111.6 (7). Since both the gnomon and inverted gnomon are always 12,
one would expect ZH and 7H should be the same length (see Diagram 2). However, the diagrams in medieval
texts rarely show equal lines as equal; see Saito and Sidoli 2012 (for Greek texts).

2BD/BL = TZITH.

3 «Altitude” is my correction of “complementary altitude,” written in the manuscript.

4 Or we multiply the sine of the complementary altitude by the inverted shadow and divide by the sine of the
altitude to give the (unknown) inverted gnomon.

5 [Of <the> gnomon] is my correction of “of the shadow of a gnomon,” written in the manuscript.

6 [KZH] is my correction of “KZH,” written in the manuscript.
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Ly written in superscript.

2 Marginal addition, hand nine indicated its insertion with two dots written in the interlineal space above the
line.

3 This word must be a mistake and should be omitted (the comparison is between the value of the shadow and
the value of the gnomon).

4 It should be "7'r'>.

5 Hand six marked the word as wrong.

6 This group of letters is not clear.



126 Rodriguez-Arribas SCIAMVS 22

(XXI11.7 How to find the altitude using either of the two shadows (Diagram 2))!

(1) When you know all this, we need to explain how to find the altitude from either of the
two shadows. (2) We come back to the previous diagram [Diagram 2]: line KH is the
straight shadow (already) known. {(3) As we already explained that triangle KZH is like a
point (by comparison to the actual size of the heavenly sphere), then angle ZKH is as if it
were on the centre of the world. (4) We already explained in the first section how to know
line KZ,%2 which is opposite to the right (angle), if lines KH and ZH, already known of tri-
angle KZH, form a right angle. (5) We add [lit. we take] the squares of lines KH and HZ
and find the (square) root (of their sum, which is the value of the unknown line KZ. (6) If
you know the triangle, the angles of (its) lines are also known, because when we place line
BZ—(equal to BH because triangle KZH is like a point),® which is opposite to the right
(angle at D and is) 60 part(s),* we know by the same ratio we used in the first part, what
(shadow) line ZH, which is the gnomon, casts. (7) Then we find its arc, that is, the [sine]®
of angle ZKH.®

(8) The angle at the centre of the circle, which is the centre of the world, is known and the
chord of the arc BG has as many divisions of the 360 (degrees of the circle) as HKZ, (and
the angles at) B [DBL] (and) D [BDH] are (both) right (angles) of arc BG, which is the arc
of the altitude of the 360 (degree) circle. (9) For this reason (3o ax), we always take the
square of the shadow, which is the square of HK, and 144, which is always the square of
the gnomon [ZH], add the two squares, and find its (square) root; this is the value of line
KZ.

(10) Then we say that the value of line BZ [= BH = 60 = the radius of the circle] is equal to
the number of the divisions in the radius of the circle (and) line ZH has its 12 divisions.”
(11) We multiply 12 by 60 [BZ] and divide the result by the value of line KZ; the result is
the value of the line [lit. gnomon] [BD].2 (12) This is also the method of (Abraham bar
Hiyya ha-)Nasi—of blessed memory—(65a) in the seventh chapter of his book Calcula-
tion of the motions (of the planets).°

L A short clarification regarding the shadow square of an astrolabe that may help to understand Moses ben
Abraham’s explanation of the shadows from this section on. The straight shadow side (umbra recta) and the
inverted shadow side (umbra versa) are set 12 digits out from the centre so that they form a square, 12 x 12,
with markings for measurement only on the sides away from the vertical and horizontal diameters of the astro-
labe. Thus there is a square, and if the ray is coming (normally) from the upper left quadrant, it passes through
the centre of the astrolabe and crosses the shadow lines along either the bottom or the right-hand side of the
square. One reads shadows cast from sunrise to 45° on the inverted shadow; from 45° to straight overhead
(noon) on the straight shadow; from straight overhead/noon to 45° (as the sun sets) still on the straight shadow;
and from 45° to sunset on the inverted shadow.

2 See Chapter XXII1.4—4b. In this previous chapter there is no mention of how to determine KZ, although it is
explained how to determine KH and ZH. The author shows how to determine KZ in Chapter XXII1.7 (5) using
the Pythagorean theorem (and with examples in XXII1.7 (6)-(12)).

8 BH = BK because K and H are assumed to coincide.

4 As BH is a radius of the circumference, its length is 60 parts.

5 “Sine” is my correction of “chord,” written in the manuscript.

6 This means that instead of taking the arc, one takes the sine of the arc.

" Now he continues on the basis that the ratio of BD to BZ (which is also BD to BH) is as ZH to ZK.

8 Line BD is the sine of the solar altitude and is not the gnomon.

9 Cf. Millas Vallicrosa 1959, 41-42 (Hebrew text) and 47—48 (Spanish transl.).
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! Marginal addition, hand nine indicated its insertion with two dots written in the interlineal space above the
line.

2 n written in superscript.

% 1t should be ;1 AN,

4 Hand seven wrote two dots between x>w and '1'>'71, but there is no apparent mistake in them.
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(XXI111.8 Calculating the altitude with the straight shadow )

(1) These are his [Bar Hiyya’s] words: “If you know the shadow of the gnomon placed
perpendicularly, which is called the extended [horizontal] shadow [KH], and you want to
know the altitude corresponding to this shadow, you multiply the digits of this shadow by
itself and add the result to 144, which is the square of the length of the gnomon. (2) Calcu-
late the square root of the sum of these two squares; divide 720 by the square root you
have found, the former being the result of multiplying the length of the gnomon [12] by the
radius [60]. (3) The quotient of this division is its arc [of the altitude] and is the value of
the altitude corresponding to the straight shadow,” end of quote.! (4) You do for the in-
verted shadow what you did with the straight one; this is enough.

(XXI111.9 Calculating with shadows now using an astrolabe)

(1) After knowing this, we come back to explain this question with the astrolabe. (2) We
say that the shadow of any object when the sun is at 45 degrees of altitude is like its length.
(3) For this reason, they engrave on the astrolabe the point at which the straight and the
inverted shadows meet at 45 degrees in the quadrant of the circle of altitude that is the
diametrical opposite to the quadrant in which altitudes are measured.

(XXI111.9a Description of the shadows engraved on the back of an astrolabe)

(1) The line (mnyn) perpendicular to the plane of the horizon starts from the centre of the
instrument and goes down to the angle of the earth. (2) The inverted line (7nyn) starts
from the centre of the instrument and extends to the west. (3) These lines, (which frame
the shadow square), do not have any graduation to calculate distance(s). (4) It does not
make any difference to measure an extension of land with the line going from east to west
or with the one {(extending) above it or below it. (5) As the alidade always crosses the(se)
two lines after they have intersected each other at the centre of the instrument, its crossing
and falling on the (straight or inverted) shadow (graduated line)s indicates the value of the
(corresponding) shadows. (6) So that this happens, the shadow (line)s must have been
previously drawn in the quadrant that is diametrically opposite to the quadrant through
which the solar ray (starts) to cross (the instrument). (7) Each line of the (two) shadows is
divided into twelve equal parts [digits]; (and the inverted shadow is used in the morning
until the sun reaches 45 degrees). (8) The straight shadow is (used after the sun has
reached an altitude of 45 degrees before midday and) until the sun reaches {(again) (65b) 45
degrees of altitude (after midday when its straight shadow) exceeds 12 digits;

1 Millas Vallicrosa 1959, 41-42 (Hebrew text) and 47-48 (Spanish trans.). There is no mention of calculating
the solar altitude with the shadow square in Abraham Ibn Ezra’s Sefer ha-middot; see Lévy and Burnett 2006,
164-172 (measuring height).
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L Interlineal addition, hand two.
2 Hand six marked the word as wrong (rightly).
3 Crossed out (rightly).
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(9) then (we use) the degrees of the inverted shadow [from]* the moment the (solar) alti-
tude is 45 degrees (after midday until sunset). {10) (We use) the straight shadow from 45
degrees upwards of (solar) altitude (before midday), for (the shadow) decreases progres-
sively until midday.>

(XXI11.9b Finding the shadow of the altitude of the sun)?

(1) When you have found the altitude of the sun and you want to know its shadow, if the
altitude is less than 45 degrees, the alidade shall fall among the digits of the inverted shad-
ow. (2) Observe how many digits there are between the point from which the alidade has
fallen and the line going from the centre of the instrument to the west [the east-west line];*
they are the digits of the inverted shadow. (3) If the altitude (of the sun) is more than 45
(degrees), the shadow shall fall among the digits of the straight (shadow). (4) Count how
many digits there are between the lower meridian [lit. the angle of the earth] and the posi-
tion where the alidade has fallen; they are the digits of the straight shadow for that mo-
ment.>

(XXI11.9¢c Finding the fractions of the digits of the shadow)

(1) If the alidade falls between two digits and you want to know the fraction with accuracy,
mark the position where the alidade has fallen on the altitude circle; this is the intermediate
mark [M3]. (2) Place the alidade at the beginning of the digit and mark on the altitude
scale [lit. circle] the position where (the alidade) has fallen; this is called the first mark
[M1]. (3) Place again the alidade at the beginning of (the next) digit and mark the position
on the altitude scale where (the alidade) has fallen; this is the last mark [M2]. (4) Find the
ratio (71v) of the degrees between the first and the intermediate marks [M3-M1] to the
degrees between the first and the last marks [M2-M1]. (5) Multiply this ratio by 60 [lit.
take this value in relation to sixty], which is the value of the fractions of one digit. (6) The
result is exactly the fractions of the digit of the shadow. (7) If you want to know one of the
shadows from the other, do as has been previously explained.®

L “From” is my correction of “until,” written in the manuscript.

2 This sentence is superfluous since it repeats one of the situations previously noted in XXI11.9a, 8.

8 Two calculations of this Chapter (XXI11.9b and XXI111.9d) are in two versions of lbn Ezra’s Hebrew treatises
on the astrolabe; see MSS Paris BnF heb. 1053, ff. 13a—13b (the altitude with the shadow, first version), and
Gunzburg 937, ff. 7a-7b (the solar altitude with the shadow and the shadow with the solar altitude, third ver-
sion).

4 Since an astrolabe is engraved as if looking up into the sky, the west would be to the right (south being at the
top).

5 The line going down from the throne and across the centre on the back of the astrolabe works as the upper and
the lower meridian lines given that the outer 360° scale (often a 90° scale in each quadrant) on the back of the
astrolabe is used to measure altitude and so is an altitude scale. The same line works also as the line of the
solstices, for in the calendar scales this line indicates upwards the summer solstice in the corresponding degree
of the zodiac and the corresponding day of the corresponding month and downwards the winter solstice simi-
larly.

6 Chapter XXI11.6 (with a gnomon).
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L All the script from the beginning of this folio until this word is written in larger size than the rest.
2 Hand six marked 7 as a mistake (rightly).
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(XXI111.9d Finding the altitude of the sun using the shadow)

(1) When you want to know the altitude of the sun from the shadow, if the shadow is in-
verted, place the alidade on the number (you have) of the digits of the inverted shadow. (2)
If the shadow that you get is the straight, place the alidade on the number (you have) of the
digits of the straight shadow. (3) The degrees of the altitude scale on which the end point
of the alidade falls are the degrees of the altitude of the sun at that moment.

(XXI111.9e Finding the fractions of a digit of the altitude of the sun)

(1) (66a) If you have fractions of a digit, find its ratio to 60 and place the end point of the
alidade at the beginning of the digit. (2) Mark (the position of) the end point of the alidade
on the altitude scale [M1]. (3) Place the alidade on the beginning of the (next) digit and
mark (the position of) the end point on the altitude scale [M2]. (4) Observe {how many)
degrees there are between the two marks [M2-M1] and apply to them the ratio of the frac-
tions of digit with respect to 60. (5) Count th(is) result, from the first mark [M1] to the
second mark [M2], and place the end point of the alidade on the position where (your)
counting ends. (6) The distance between the place where the {end point of the) alidade has
fallen and the digit of the shadow is the value of (the fraction of) the digit equivalent to the
minutes that you have.

(XXIV) CHAPTER: TO CALCULATE THE AZIMUTH WITH THE SHADOW
(WITHOUT AN ASTROLABE)

(1) Find the points of the east, the west, the north and the south in your location and extend
from them two lines that intersect at right angles on the plane of the horizon.! (2) Place the
centre on the place at which they intersect (and draw a circle). (3) Divide the circle into the
360 degrees of the sphere (placing) a gnomon [lit. needle] at a right angle (in the centre).
(4) When you want to know the azimuth and the sun is in the east, observe on which of
these [degrees]? the [north-western]® shadow falls. (5) Count how many degrees there are
between the point of the west and the azimuth; this is the distance of the azimuth from the
point east. (6) If it falls in the north-western quadrant, the azimuth is in the east-southern
(quadrant) and its distance from the (point of the) east is the distance (of the azimuth) from
the (point of the) west.

1 This is done according to the explanation in Chapter XXI.1-2b.
2 “Degrees” is my correction of “lines,” written in the manuscript.
3 “North-western” is my correction of “north-eastern,” written in the manuscript.
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(XXV) CHAPTER: TO KNOW THE TIME IF THERE IS NO PLATE FOR YOUR
LATITUDE AMONG THE PLATES (OF THE ASTROLABE)!

(1) Take two latitudes among the (latitude) plates (of your astrolabe). (2) One of them
must be (for a latitude) larger than the latitude of your location and the other (for a lati-
tude) smaller than yours. (3) Find the difference between the latitude of your city and the
latitude that is the closest to it. (4) Find its ratio [of the previous difference] with respect to
the difference of the two latitudes that you have taken; keep this ratio. (5) Then you calcu-
late with the two (latitude) plates the time for the same (solar) altitude that you took. (6)
Find the difference between the two times (66b) of the two places and keep this difference.
(7) Apply to this difference (in time) the ratio of the difference between the two latitudes
that you kept. (8) Keep the hour and the fractions of hour that you get. (9) After that ob-
serve if the number of the hours of the closest latitude is less than the number (of the
hours) of the other latitude; add these fractions of the hours to the number of the hours of
the closest (smaller) latitude that have elapsed since midday; if it [the closest latitude] is
larger, subtract it. (10) The result after adding or subtracting is the hours of the day that
have elapsed (since midday) in your city using the altitude that you took.? (11) You shall
do the same to know the hours of the night using the (fixed) stars and the azimuth of the
sun by day and of the stars by night, and so on.

(XXVI) CHAPTER: ON THE CALCULATION OF MORNING AND EVENING
TWILIGHTS®

(1) The ancients learnt by experience that the light of the sun is visible until the sun is 18
degrees of the altitude scale below the horizon in the evening. (2) When you want to know
the evening twilight, which is the moment when darkness starts, place the degree diametri-
cally opposite to the sun at 18 degrees of altitude among the eastern almucantars. (3) Ob-
serve on which of the divisions of the hours and fractions of the hour the degree of the sun
falls. (4) It is the number of the hours of that night that have elapsed from the sunset to the
occultation of its light. (5) Find the time of the night using the altitude of any (fixed) star
as you did before and you shall know the time.

! There is nothing about this calculation in lbn Ezra’s texts, but the procedure is very familiar employing two
calculations and an interpolation between them, a method that Ibn Ezra presents as general (not in the specific
context of this calculation) in the first Hebrew version of his astrolabe treatise; see MS Paris BnF heb. 1053, ff.
23a-23b.

2 The tables display parameters for the meridian. At midday any two locations, whatever their latitude, if they
have the same longitude, share the parameters at the meridian.

8 This is a standard calculation and so it is found in lbn Ezra’s three Hebrew versions of his astrolabe text; see
MSS Paris BnF heb. 1053, ff. 12a-12b (first version), BnF heb. 1045, f. 193a (second version), and Gilinzburg
937, f. 8b—9a (third version).
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(6) If you want the morning twilight, which is the moment when the light of the sun starts
to spread in the atmosphere,! place the degree diametrically opposite to the sun on the alti-
tude 18 degrees among the western almucantars. (7) Observe on which arc of the hours the
degree of the sun has fallen, these are the hours that have elapsed from the night to the
moment you are seeking.

(XXVII) CHAPTER: TO FIND THE TWELVE (ASTROLOGICAL) HOUSES
(XXVII.1 The division of the four angles)

(1) Know that the circle is always divided into four parts [quadrants] by two circles (67a),
which are the circle of the horizon and the circle of the meridian. (2) For this reason the
degrees of the zodiac at these four points are the cusps of the four houses that are called
angles. (3) The first (angle) is the ascendant, which is the cusp of the first house. (4) The
second is the angle of the earth, which is the cusp of the fourth house. (5) The third {angle)
is the descendant, which is the cusp of the seventh house. (6) The fourth {(angle) is the
degree on the midheaven, which is the cusp of the tenth house. (7) We have (already) de-
voted a chapter above to their calculation.?

(XXVI1.2 The division of the six astrological houses below the horizon using the sea-
sonal hour divisions and a thread (the fixed rete method))

(1) The astrologers® divide what there is between each pair of these points [i.e., the angles]
into three parts so that the circle is divided into 12 parts, six below the horizon and six
above it; (2) this is the method to do it. (3) We take a thread, place (it) on the centre of the
instrument, and make it cross the horizon at the point of the ascendant. (4) We make a
mark (on the position) of the indicator [i.e., the beginning of Capricorn] and move (the
thread) downward, that is, to the side of the angle of the earth until the indicator [i.e., the
thread] falls far from the horizon on the (horary) arc that is the beginning of the eleventh
hour.

1 Moses ibn Abraham’s description of the light in the twilights resounds with the anonymous Hebrew translator
of MS Oxford Bodleian Libraries Opp. 697, f. 17a, who writes also in the 15th century but in an Ashkenazi
context: “The degree of the sun when it reaches the circle of the twilight, which is 18 degrees before sunrise, is
called the morning twilight. Then the sun is approaching the (visible) heavenly dome; (as) sunrise is
(becoming) a little visible on the horizon, the night is not completely dark. In the same way, the light of sunrise
[i.e., the light of the sun] in the (heavenly) dome disappears (completely) at night after sunset only after the
degree of the sun reaches the circle of the twilight; this (period between sunset and the circle of twilight) is
called the evening twilight.”

2 This question has been raised previously in Chapter V (the calculation of the ascendant or rising degree and
the three remaining angles at one’s latitude).

8 The term ha-istagninim is not frequent in astronomical texts; this is the first time that | have found it in an
astrolabe treatise. Bar Hiyya uses this term (o»1xwxxn), among other places, in his Sefer hesbon; see Millas
Vallicrosa 1959, 52 (Spanish) and 46, line 13 (Hebrew), which Millas Vallicrosa translates as “astronomers” in
the specific context of Bar Hiyya’s passage. (In any case, the terms for “astronomers” and “astrologers,” like
their activities, overlap).
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(5) We observe what degree of the zodiac (in the rete) the thread crosses; it indicates the
cusp of the second house.!

(XXVI1.3 The division of the six astrological houses below the horizon by the moving
rete method)

(1) To make the method easier, we place the rising degree on the angle of the earth and
move the rete in the sense of the daily motion [rightwards] until the rising degree falls on
the arc that is the beginning of the ninth hour. (2) The degree of the zodiac that is on the
angle of the earth is the cusp of the second house. (3) Move the rete again until the rising
degree falls on the (horary) arc that is the beginning of the eleventh hour. (4) The degree
that is on the angle of the earth is the cusp of the third house. (5) Move again the rising
degree to the line of the (eastern) horizon and the cusp of the fourth house shall return to
the angle of the earth; (6) then the cusp of the seventh house is at the beginning of the
western horizon. (7) Take this descending degree and move the rete until the setting degree
(falls) on the [horary arc]? of the beginning of the third hour. (8) The degree on the angle
of the earth is the cusp of the fifth house. (9) Move the rete again until (67b) the setting
degree falls on the (horary) arc that is the beginning of the fifth hour. (10) The degree on
the angle of the earth is the cusp of the sixth house.

(XXVI1.3a The division of the six astrological houses above the horizon)

(1) When you find the six houses (below the horizon), you shall (also) know the six re-
maining (houses) that are above the horizon. (2) This is because the cusp of the first house
is separated from the seventh by six zodiac signs. (3) And the same for the second house
and the eighth, the third and the ninth, the fourth and the tenth, the fifth and the eleventh,
and the sixth and the twelfth.

! The thread is a tool to facilitate the reading of the hours on the zodiac scale of the rete aligned with some
specific hour divisions. The method keeps the rete fixed and the intersections of the zodiac scale of the rete
with the endlines of the even-numbered hour divisions (or the beginning of the uneven-numbered hour divi-
sions) determine the cusps of the houses below the horizon. Each house above the horizon is determined with
the diametrical opposite of the degree of the zodiac that is the cusp of the corresponding house below the hori-
zon. The cusp of the fourth, tenth, first, and seventh houses are given by the degrees of the zodiac intersecting
the lower and upper meridians and the eastern and western horizons, respectively. This method using the hour
lines and a thread is the exact equivalent of the fixed rete method to calculate the houses; see, for example,
Joseph ben Solomon Taitasaq’s explanation of this method in Rodriguez-Arribas and Kozodoy 2020, 92-93.
Ibn Ezra does not use a thread but gives exactly the same method (the fixed rete method) in the Hebrew ver-
sions of his astrolabe text; see MSS Paris BnF heb. 1053, ff. 15b—16a (first version), BnF heb. 1045, f. 194a
(second version), and Gilinzburg 937, f. (third version). Ibn Ezra clearly favored the fixed rete method (the only
one he refers to), although he also refers in the first and second versions to a disagreement among the experts
regarding the division of the houses that are not the angles; see ibid. Montalto, however, refers only to the
moving rete method; see MS Paris BnF heb. 1047, f. 86a.

2 “Horary arc” is my correction of “rete,” written in the manuscript.
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(XXVI11.3b A simplified form to find the houses above the horizon by the moving rete
method)

(1) If you want (to find) this without calculation, know that when you place the rising de-
gree on the angle of the earth, the descendant is on the midheaven. (2) And when the cusp
of the second house is on the angle of the earth, observe the degree on the midheaven; it is
the cusp of the eighth house. (3) When the cusp of the third house is on the angle of the
earth, the [ninth house]* shall be on the midheaven. (4) And so on with the remaining ones.

(XXVI1.3c Demonstration of the moving rete method)

(1) The reason for this is that the circle is always divided into 12 parts [houses], six of
them toward the horizon’s east and six of them toward the horizon’s west. (2) The power
of the eastern side changes into the power of the western side and the visible part in the
east is the ascendant.?

(XXVI1.3c Demonstration of the moving rete method)

(1) The reason for this is that the circle is always divided into 12 parts [houses], six of
them toward the horizon’s east and six of them toward the horizon’s west. (2) The power
of the eastern side changes into the power of the western side and the visible part in the
east is the ascendant. (3) For this reason the eastern houses are divided according to the
value of the seasonal hours, two (hours) per house. (4) The same happens for the descend-
ant, that is, the western side is divided according to the seasonal hours. (5) One needs to
divide the eastern side below the horizon by the seasonal hours of the night and what is
above the horizon by the diurnal ones, and the same for the western (side). (6) This is be-
cause of what has been described, that the rising degree produces one circle of those paral-
lel to the equator.® (7) The part of this circle below the horizon is the nocturnal arc, while
(the part) that is above the ascendant and above the horizon is the diurnal (arc). (8) You
already know that the diurnal arc is divided into 12 seasonal hours so that from the ascend-
ant (68a) to the meridian there are six seasonal hours. (9) As this quadrant is divided into
three parts, each part has two seasonal diurnal hours. (10) For this reason, when we move
the degree diametrically opposite to the ascendant two hours, the (hours) are diurnal with
respect to the ascendant, just as when you calculated the time with the position of the sun.
(11) The quadrant diametrically opposite to the quadrant between the ascendant and the
midheaven is also divided into three parts, each one consisting of two seasonal [nocturnal]*
hours. (12) We divide the quadrant between the ascendant and the angle of the earth using
the seasonal nocturnal hours, for we already moved the rising degree through the horary
arcs that are nocturnal.

L “Ninth house” is my correction of “descendant,” written in the manuscript.

2 For the concept of “power” (koak) and its relevance in medieval astral sciences, see Rodriguez-Arribas 2015.
I assume that the presence of this term in Moses ibn Abraham’s treatise on the astrolabe means that he was
familiar with astrological works in which this term was used, perhaps those of Ibn Ezra. The term, with an
astrological meaning, is not found in Abraham Ibn Ezra’s treatises on the astrolabe.

3 See Chapter 1V .4a.

4 “Nocturnal” is my correction of “diurnal,” written in the manuscript.
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(13) Just like the expert understands what has been said above, it is (also) clear for those
who understand the craft that the diurnal seasonal hours are related to the ascendant as the
nocturnal ones are to the [descendant],! and the nocturnal ones (are related to the descend-
ant) as the diurnal ones to the ascendant.? (14) For this reason, according to what has been
said above, the division of the houses is correct according to the requirement of the art, i.e.,
the art of (the astrological) judgement(s).

(XXVIIl) CHAPTER: TO KNOW THE MEASURE OF WHICHEVER OF THE
THREE DIMENSIONS?

A
D
al
Z G
First
B T

Diagram 3 (MS Paris BnF heb. 1030, f. 68a, on the lower half of the right margin and indenting into
the text). An outline of the shadow square of an astrolabe and the angle of the visual ray of the agent
when he is calculating the height of an object (BA) and the alidade falls on the side of the straight
shadow of the shadow square. GT is the stature of the person (from feet to eyes) who is measuring
the object with the astrolabe. The drawing in the manuscript was made with the lines in bright red
ink, letters with green ink, and the perimeter of the small circumference that represents the astrolabe
with brown ink. The original drawing shows the shadow falling on the straight shadow, which right-
ly corresponds to the description in the text.

1 «“Descendant” is my correction of “ascendant,” written in the manuscript.

2 This explanation means that the diurnal hours start and progress from the ascendant just as the nocturnal ones
start from the descendant and that each diurnal hour is diametrically opposite to the corresponding nocturnal
hour and vice versa.

3 Instructions to measure the height and depth of objects and the distance between two points are given in Ibn
Ezra’s three Hebrew treatises on the astrolabe, but none of them uses diagrams or examples; see MSS Paris
BnF heb. 1053, f. 33a—34a (first version), BnF heb. 1045, f. 188a (second version, briefly mention of the calcu-
lation without instructions), and Gilinzburg 937, f. 12b—13b (third version).
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DIAGRAM 3: MS Paris BnF heb. 1030, f. 68a. Photo courtesy of the Bibliothéque nationale de
France
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(XXVI11.1 Measuring the height with the shadow square (Diagram 3))

(1) First of all we consider the height AB, whose measure we want to know. (2) The visual
ray is at point G and we look at point A (through the alidade) of the astrolabe, in the same
way that we observe the altitude of any star, {(3) until the ray of light through the sighting
holes of the astrolabe—line GDA*—falls in the first diagram [i.e., Diagram 3 here] on the
straight shadow and delimits on it the length of line HAH. (4) | say that the ratio of line HH
to 12 is as the ratio of the distance between you and the base of the high object [GZ or TB]
to the line of the height [AZ]. (5) Always know that when we say the height, we mean (the
height of the object) [AB] minus the value of the stature [ZB];? (6) the proof is that DA,
perpendicular to the plane of the horizon, is parallel to line AB. (7) Angle HDH (68b),
which is exterior, is equal to angle HAZ, which is interior (and) opposite to it,® according
to (Proposition) 29, Book 1 of Euclid.* (8) Line GZ goes out from the eye (to the object);
(9) the angle(s) at Z and at A are right and, according to (Proposition) 4, (Book 6) of Eu-
clid, triangles AGZ and HDH are similar.® (10) The ratio of HH to HD, which is 12 digits,
is as the ratio of GZ to AZ. (11) For this reason we measure (the distance) between us and
the high object, because line GZ is like 7B, and we keep the result. (12) We shall find the
ratio of line HAH to 12 (with the instrument), and the ratio between the cubits of line 7B and
line AZ is as this ratio. (13) We multiply the cubits of line GZ by (the reciprocal of) this
ratio and the result is the cubits of line AZ.® (14) Alternatively, we divide the cubits of line
GZ by the digits of line HH and multiply the quotient of the(ir) division by 12; (15) the
product is the cubits of line AZ.” (16) Alternatively, we multiply GZ by 12 (digits)—the
mean (of the ratio)— and divide the result by HZ; the result is line AZ.# (17) We measure
the value of our stature, that is, the number of cubits between the eyes and the ground,
which is line GT, which is equal to BZ, and add these cubits to the cubits of line AZ. (18)
The result is the total of the cubits of the height (of the object) with accuracy.

1 The order of the letters should be ADG, which is the direction of the ray.

2 As Moses ben Abraham explains later (XXVIII.1, 17), “stature” means actually “the number of cubits be-
tween the eyes and the ground.”

3 They are two equal angles of two similar triangles.

4 Heath 1926, 1:311: “A straight line falling on parallel straight lines makes the alternate angles equal to one
another, the exterior angle equal to the interior and opposite angle, and the interior angles on the same side
equal to two right angles.”

5 Heath 1926, 2:200: “In equiangular triangles the sides about the equal angles are proportional, and those are
corresponding sides which subtend the equal angles.”

6GZ x (12/HH) = AZ.

7(GZ/HH) x 12 = AZ.

8 1t is highly significant of the possible teaching context of Moses ben Abraham’s text on the astrolabe that he
repeats the same thing (GZ/HH x 12) three times in three different ways (XXVII1.1, 13-16), just ordering the
elements and functions differently.
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A
H
D
z G
Second
B T

Diagram 4a (MS Paris BnF heb. 1030, f. 68b, on the lower half of the right margin). An outline of
the shadow square of an astrolabe and the visual ray of the agent when he is calculating the height
of an object (BA) and the alidade falls on the side of the inverted shadow on the shadow square. GT
is the stature of the person who is measuring the object with an astrolabe. The drawing in the manu-
script shows the lines in green ink, letters in red (with an alternation of green-red-green-red in the
word now, “second”, at the lowest part of the image), and the perimeter of the circumference of the
astrolabe in brown ink. The original image shows the shadow falling on the side of the inverted
shadow, which agrees with the description in the text.

(XXVII11.2 Calculating the height with the inverted shadow (Diagram 4a))

(1) On the second diagram [Diagram 4a] the ray falls on the inverted shadow. (2) Trian-
gles HHD and AZG are similar, for line(s) HH and AZ are parallel. (3) Angles AHH* and
ZAH, which are alternate [lit. exchanged], are equal and the angles at A and Z are right. (4)
Because of this, the ratio of HH, which are the digits of the inverted shadow, to HD, which
is 12 digits, is as the ratio of AZ to GZ, which is the distance between the eye and the ob-
served thing.? (5) For this reason, we count the number of the cubits on line GZ, which is
equal to line 7B and take from it as much as [i.e., multiply it by] the ratio of the inverted
shadow to 12; (6) the result is the (number of) cubits of the height [AZ]. (7) Alternatively,
we divide the cubits of line GZ by 12 and multiply the quotient by the digits of the inverted
shadow [HH]; (8) the result is the value of line AZ. (9) We add to this the cubits of the
stature, which is the value of line ZB; (10) the result is all the cubits of the height with
accuracy.

L1t would be more correct if this angle were defined as “DHH,” but there is no mistake in Moses’ text.
2 HH/HD = AZIGZ.
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DIAGRAM 4: MS Paris BnF heb. 1030, f. 68b. Photo courtesy of the Bibliotheque nationale de
France
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1 n written in superscript.
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(XXVI11.3 Calculating the height when the angle is 45 degrees)*

(1) Know that if the alidade falls on the point that the straight and the inverted shadows
share, which happens when the height (falls) on 45 degrees, (69a) the distance between
you and {the basis of) the object adding the value of your stature is the height of the object.
(2) So if you place the alidade at 45 degrees of altitude, get nearer or farther with respect to
the height until seeing its top through the sighting holes of the alidade. (3) Keep it in its
place—I mean, the alidade—for the distance between you and the basis of the object add-
ing your stature is the height of the object.

(XXVII1.4 What to do when the base of the height is not accessible for the observa-
tion)

A
Dy D
Hy Hg
z K G
B T

Diagram 4b (not in the MS). An outline of the shadow square of an astrolabe and the visual ray of
the agent when he is calculating the height of an object (BA) and the base of the object is not acces-
sible for the observation (the agent cannot measure BT). Then he measures from two different posi-
tions (K and G) whose separation can be measured and he calculates the height relating the distanc-
es between the two points of observation and the different values of the measured angles (reflected
by the number of the digits of the corresponding shadow). Diagram 4b is not in the MS and | have
included it to clarify the specific calculation that Moses ben Abraham is explaining.

(1) If you want to measure a high object, (but) you cannot reach its base because of some
obstacle like a mountain or because (the object) is placed in the middle of water, you pro-
ceed as follows.

1 The calculation of the height of an object using the shadow square in different circumstances (XXVII11.3-
XXVII1.4) is also found in two of Ibn Ezra’s Hebrew versions of his astrolabe text; see MSS Paris BnF heb.
1053, ff. 21b—22b (first version) and Giinzburg 937, ff. 12b—13b (third version). There are neither examples nor
diagrams in Ibn Ezra’s texts.
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1 Crossed out (rightly). It looks as if someone had partially effaced the two words and only the upper part of the
letters remain.
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(2) Observe the top of the object from a position that is called the first position [K]. (3)
You observe on which digits and shadow the alidade has fallen. (4) If it falls on the
straight (shadow), the ratio of the digits of the straight shadow to 12 is as the ratio of the
distance between you and the base of the object to its height; keep this ratio. (5) If {the
alidade) falls on the inverted shadow, the ratio of the inverted shadow to 12 is as the ratio
of the height to the distance between you and the base; keep it. (6) After that, you get near-
er or farther (in a straight line) from the object toward a second position [G] and observe
from it the top of the object a second time. (7) Observe if the alidade has fallen on the
straight or on the inverted (shadow) and consider the ratio as you did before.

(8) Given the difficulty of th(is) calculation, we give an example so that it is understood.
(9) In the two observations, the alidade [when at position K] fell first on the straight shad-
ow and the ratio of the distance between us and the base to the object was as the ratio of 8
to 12. (10) When we got farther [from the object, i.e., when at position G], the ratio of the
distance between us and the base of the height was as the ratio of 10 to 12. (11) We have
calculated the difference between the two ratios and it is one sixth. (12) We measured the
distance between the (two) positions, that is, the first and the second (positions) on which
we stood, and it was 10 cubits. (13) The distance between the first position and the base is
4/6 of the height and the distance between the second position and the base is 5/6 of the
height. (14) As the difference between them is 1/6 of the height, we measured this sixth
and it was 10 cubits. (15) When one multiplies it by 6, the product is the value of the
height.! (16) One has added the value of the stature (to this product) and the result is the
complete height (of the object).

(17) If the alidade falls (69b) both times on the inverted shadow, the height is 4/6 (of the
distance from the first (and furthest) position G to the object). (18) For this reason, the
distance between the first position [G] and the base is as the height and its half. (19) When
we go nearer [to the object], the height was 5/6 of the distance between the second position
[K] and the base {of the object), so it [the distance between the second position and the
base] is as the height and 1/5 of it [the height]. (20) We subtract 1/5 from the half (of the
height) to find that the difference between the largest and the smallest distances from the
base is as 1/2 of the height minus 1/5 of it [the height]. (21) The remainder is 1/5 and 1/2
and this 1/5 and 1/2% is the distance that we measured between the two positions and was
10 cubits.

1 The distance between the first and the second positions is 10 cubits. The formula can be expressed as in
XVIIL1, (10): (HcH / HD)AZ — (HkH / HD)AZ = (10/12)AZ — (8/12)AZ = (5/6)AZ — (4/6)AZ = (1/6)AZ = 10
cubits. If we multiply by 6, then AZ = 10 x 6 = 60 cubits.
2<1/5 and 1/2” does not mean that 1/5 is added to 1/2, rather it is (1/2—1/5); they are separated numbers that
Moses is going to use in the next sentence (XXVI1.4, 22).
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(22) We [subtracted]* 1/5 (of the height from) 1/2 (of the height) and the result is 3/10 (of
the height).2 (23) As 1/5 (of the height) is equivalent to 6 cubits and 2/3 of one cubit,® we
multiply this [6 and 2/3] by 5 and the product is the value of the height, 33 cubits and 1/3
of a cubit. (24) We have added to them the value of the stature and the result is the true
[complete] value of the height (of the object).

(XXVIIl.4a A more inclusive method for the same situation)

(1) Another more inclusive short method. (2) Find the difference of the digits between the
two (shadows), the ratio of this difference to 12 is the ratio of the cubits (of the distance
between the two positions). (3) If the alidade falls once on the straight shadow and once on
the inverted, for instance first on 10 digits of the straight (shadow) and, getting farther
(from the object), on 11 {(digits) of the inverted (shadowy), (4) we know that between the
first position and the base there are [5/6]° of the height, and between the second position
and the base there is as much as the height and 1/11 of the height. (5) The distance be-
tween the two positions is as 1/6 and 1/11 of the height. (6) We shall divide 6—the number
by which we divided the height at the beginning—by 11—the number by which we divid-
ed it later.® (7) This [lit. each] (fraction)’ receives 6 divisions of 11 in 1/6. (8) The distance
between the two positions is 1/6 of the height and 6 divisions of 11 in 1/6, which is 17(/11
in 1/6) of (the height), which are 8 degrees of the 360 of the altitude (scale)®*—(equivalent
to) 10 cubits®—which is what we measured between the two positions; each part [each
11th of 1/6] receives 10 of the 17 divisions in one cubit. (9) We shall multiply this [17/11
in 1/6 of the height] by 11, which is the number by which we divided the sixth. (10) We
divide the product by 17 and the result is 1/6 (70a) of the height, (which is equivalent to) 6
cubits and 8 parts of 17 in one cubit. (11) We shall multiply this (quotient) by 6 and the
result is the value of the height, (that is,) [38]* cubits and 14 parts of 17 in one cubit.!

! “Subtracted” is my correction of “added,” written in the manuscript.

2 The Hebrew of this sentence is problematic and there are several words crossed out in the MS.

3 Moses has converted fractions whose denominator is 10 into a fraction whose denominator is 5 multiplying
each term of the equation by 2/3.

4 The distance between the first and the second position is 10 cubits. The formula can be expressed as in
XVII.2, (4): (HD / HcH)AZ — (HD / HkH)AZ = 10 cubits = (12/8)AZ — (12/10)AZ = {1+(1/2)}AZ —{1 +
(2/10)}AZ = {1 + (1/2) — 1 — (2/10)}AZ = {(1/2) — (1/5)}AZ = (3/10)AZ = 10 cubits. Hence AZ = 10(10/3) = 33
+ (1/3) cubits.

5 “5/6” is my correction of “4/6,” written in the manuscript.

6 The meaning is not clear; he seems to be making the denominators of the two fractions equal by multiplying
the first by 11 (= 11/66) and the second by 6 (= 6/66).

"le., 1/11.

810 digits of the straight shadow correspond to 50° of the altitude scale and 11 digits of the inverted shadow
correspond to 42° of the altitude scale (both, approximately). The difference between these two measures is 8
degrees.

9 {(1/6) + (1/11)}AZ = 10 cubits.

10«38 is my correction of “39,” written in the manuscript.

1 For the first measurement we apply the formula used in XVII1.1, (10) and for the second we apply the for-
mula used in XVII1.2, (4). So (HD / HKH)AZ — (HcH / HD)AZ = 10 cubits = (12/11)AZ — (10/12)AZ = {1 +
(1/11)}AZ — (5/6)AZ = {1 + (1/11) — (5/6)}AZ = (1/6 + 1/11)AZ = {(11/6)(1/11) + (6/11)(1/6)}AZ = {11 +
(6/11)(1/6)}AZ = (17/11)(1/6) AZ = 10 cubits. If we multiply by 11 then 17(1/6)AZ = 110. If we divide by 17
then (1/6)AZ = 110/17 = 6 + (8/17) cubits. If we multiply by 6 then AZ = 38 + (14/17) = 38.824 cubits (approx-
imately).
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(12) We have added the value of the stature to it [the product] and the result is the value of
the true [i.e., complete] height (of the object).

(XXVI11.5 Measuring depth with the shadow square)*

(1) If you want to measure the depth of a pit or something else that is placed lower than
you, this must be done necessarily with the shadow square engraved {on the back of an
astrolabe). (2) (You) equally (need) the eastern-northern quadrant of the astrolabe and [lit.
or] to hold the astrolabe from your left hand. (3) When you want to know the depth of a
well, stand on its edge and observe the surface of the water through the sighting holes of
the alidade on the side (of the well) that is opposite to the side on which you are standing.
(4) Look how many digits of (one of) the shadows the alidade intersects. (5) If they are
from the digits of the straight (shadow), the ratio of the digits of the shadow to 12 is the
ratio of the diameter of the well to the height between your eyes and the surface of the
water.?

(XXVIIl.5a Example: Diagram 5)

Diagram 5 (MS Paris BnF heb. 1030, f. 70a, on the lower half of the left margin). It shows an out-
line of the shadow square of an astrolabe and the visual ray of an agent who is measuring with it the
depth of a well. BG is the diameter of the depth and HB is the distance between the observer’s eye
and the surface of the water in the well. The drawing in the manuscript shows the lines in green ink
and the letters in bright red ink. The perimeter of the circumference that represents the astrolabe, not
in the original drawing, has been introduced in my diagram following its presence in previous dia-
grams (see Diagrams 3 and 4a). The shadow falls on the side of the straight shadow, which agrees
with the text.

! This calculation (XXVII1.5) is also in two of Ibn Ezra’s Hebrew versions of his astrolabe text; see MSS Paris
BnF heb. 1053, ff. 22b—23a (first version) and Giinzburg 937, f. 13b (third version). There are neither examples
nor diagrams in lbn Ezra’s texts.

2 ZHITZ = BG/HB (in Diagram 5).
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DIAGRAM 5: MS Paris BnF heb. 1030, f. 70a. Photo courtesy of the Bibliothéque nationale de
France
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(1) The well is the surface ABGD and line BG is on the surface of the water. (2) The visual
ray (M7 yiva) (starts) at point H and the optic ray (vann yix) is line HHG. (3) The ali-
dade intersects line ZH of the straight shadow. (4) As the line ZH is parallel to {line) BG,
then angle ZHT is equal to angle HGB,! which is opposite to it,2 and the angles at Z and
[B]? are right (angles). (5) Triangles ZHT and HGB are similar and for this reason the ratio
of ZH to ZT, whose value is 12, is as the ratio of BG, which is the diameter of the well, to
HB. (6) Then let us multiply the cubits of the diameter of the well by 12, which are both
the means (of the ratio). (7) We divide the result by the value of the digits (of the straight
shadow) and the quotient is the distance between the eyes and the surface of the water. (8)
We shall subtract the value of the stature from it [the quotient] and the remainder is the
depth of the well. (9) This explanation also serves for the calculation with the inverted
shadow.

(XXVI111.6 Measuring the width of something with the shadow square)*

(1) When you want to know the width of a river or firth, stand on one bank of the river and
observe the opposite side through the sighting holes of the alidade. (2) If the alidade falls
between the straight and the inverted shadow(s), the width of the river is exactly like your
stature. (3) If it falls on the digits of the straight shadow, the ratio of the digits to (70b) 12
is as the ratio of the width of the river to your stature. (4) Then let us multiply the digits (of
the straight shadow) by the cubits of the stature; they (both) are the extremes (of the ratio).
(5) We shall divide the result by 12 and the quotient is the width of the river under consid-
eration. (6) If the alidade falls on the inverted shadow, the ratio of the digits to 12 is as the
ratio of your stature to the width of the river.

! Rather, it is the exterior angle (HGB) that is equal to the opposite and interior angle (ZHT); see Heath 1926,
1:311 (Euclid's Elements, Book | Propositon 29).

2 It is opposite because one is interior (BGH) and the other exterior (ZHT).

8 «“B” is my correction of “H,” written in the manuscript.

4 This calculation (XXVI11.6) is also in two of Ibn Ezra’s Hebrew versions of his astrolabe text; see MSS Paris
BnF heb. 1053, f. 23a (first version) and Giinzburg 937, f. 13b (third version). There are neither examples nor
diagrams in Ibn Ezra’s texts.
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1 Interlineal correction, hand two. It should be 'a.

2 Hand six marked it as wrong (rightly).

3 Hand nine marked two dots between 32 and an1 as an indication for the insertion of an interlineal addition ,or
(of hand two?).
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(XXVIIl.6a Example: Diagram 6)

! :

Diagram 6 (MS Paris BnF heb. 1030, f. 70b, on the upper half of the right margin). An outline of the
shadow square of an astrolabe and the visual ray going out from the observer standing on one bank
of a river to the opposite bank of the same river. BG is the width of the river and the observer’s
stature is AB. The drawing in the manuscript shows lines in bright red ink and letters in green ink.
The perimeter of the circumference that represents the astrolabe is not in the original but has been
introduced following previous diagrams (see Diagrams 3 and 4a). In the original drawing, the shad-
ow of the object falls between the two sides of the square (at the position of an angle of 45°), which
is wrong. | have corrected this in my diagram to fit the explanations in the text; the shadow must fall
on the side of the inverted shadow.

(1) The example is in this diagram in which BG is the width of the river, the stature is AB,
and the digits of the inverted (shadow) are HZ. (2) Triangles DHZ and ABG are similar,
given that AB and HZ are parallel (lines). (3) For this reason, angles BAG and DZH are
alternate [lit. exchanged] and equal and the angles at B and H are right. (4) If this is so, the
ratio of HZ to HD, which is 12 (digits), is as the ratio of AB to BG. (5) For this reason we
shall multiply 12 by the cubits of the stature, which are (both) the means (of the ratio), and
divide the result by the digits of the inverted (shadowy); the quotient is the unknown width
of the river. (6) You (can) also know by this method the distance between you and any
place. (7) If we want to know the width of a river without standing on one of its banks, but
(standing) far away from them, you find by the previous method the distance between the
base of your feet and the other bank of the river; keep it. (8) Find again the distance be-
tween your feet and the bank of the river on which you are standing and subtract it from
the first. (9) The remainder is the width of the [river].:

L “River” is my correction of “city,” written in the manuscript.
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DIAGRAM 6: MS Paris BnF heb. 1030, f. 70b. Photo courtesy of the Bibliotheque nationale de

France
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130 written in superscript.
2 It should be =man.
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Diagram 7 (MS Paris BnF heb. 1030, f. 70b, on the lower half of the right margin). An outline of the
shadow squares on two astrolabes that reproduces the respective positions and relations of the visual
ray of the agent when he changes his position between the first and the second observation. His first
position is near point K, his second is near point M. N is an intermediate position between K and M.
Letters 7 and N' (a point placed further with respect to M) are not in the original drawing of the
manuscript but | have introduced them to complete the explanation and facilitate the calculation.
The drawing in the manuscript shows lines in green ink and letters in bright red ink. The perimeters
of the circumferences that represents the two astrolabes are not in the original but have been intro-
duced following previous diagrams (see Diagrams 3 and 4a). The shadow of the object falls on the
side of the straight shadow, which fits the text.

(XXVII1.6b More on the previous calculations and their indirect proof (Diagram 7))

(1) Now is explained the question we intended to explain above.! (2) Let us assume height
AB; the position of (your) first standing is point K and the (position of your) second
(standing) is point M. (3) The line of the straight (shadow) that the alidade intersected the
first time is [HD]? and (the value intersected) the second (time) is line 7H. (4) It is already
explained in an easy way that triangle ZHT and triangle ALM are similar, and likewise
triangle GDH and triangle AKL. (5) As the ratio of DH to HG is as the ratio of KL to AL,
the (corresponding) value [MK]? is added to each—KL and DH. (6) DH with the addition
(of the corresponding digits) was the value of the total [TH]. (7) (The ratio of) 7H to HG
[= ZH] is as the ratio of KL plus the difference of their addition [KM], which is LM, to AL.

! This sentence may refer to Chapter XXVI1l1l.4a and, more likely, to XXVII1.6a.
2“HD” is my correction of “D,” written in the manuscript.
3 “MK” is my correction of “MH,” written in the manuscript.
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DIAGRAM 7: MS Paris BnF heb. 1030, f. 70b. Photo courtesy of the Bibliotheque nationale de
France
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L1t should be 17
2 1t should be "2'.
3 Crossed out (rightly).
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(8) | say that the ratio of the excess of DH [= TH-DH] to HG [12 digits] is as the ratio of
the excess of KL [= ML-KL], which is MK, to AL.1
(9) The proof:? if this were not so, the ratio of the excess of DH [= 7H-DH] to HG would
be either larger or smaller than the ratio of MK to AL.2 (10) (If), to begin, it is smaller,
(71a) like MN, then the ratio of the excess of DH [=TH-DH] to HG would be as the ratio of
MN to LA, with the ratio of DH to HG being equal to the ratio of KL to LA.* (11) Accord-
ing to (Proposition) 24, Book 5 of Euclid, the ratio of DH and its excess together
[DH+TH-DH], which is TH, to HG, equals the ratio of MN and KL together to LA.> (12)
But the ratio of ML to LA is as the ratio of 7H to [HG].5
(13) According to (Proposition) 11, (Book) 5 (of Euclid), the ratio of MN and KL added
together to LA is the smaller.” (14) The other value [(7H-DH)/HG]? is the larger ratio of
[MK]°® to that value [i.e., LA], and that is false from (Proposition) 8, (Book) 5 (of Euclid's
Elements).1° (15) So it is explained that the ratio of the excess of DH to HG is not as the
ratio of a value larger than MK to AL.
(16) It is clear that being that the case, the ratio of the excess of the digits over the digits to
12 is as the ratio of the distance between the first and the second positions to the height,
what was to prove.™ (17) The inverted shadow is explained in the same (way). (18) There
is no need for more diagrams.

It is finished.

From heaven may they have mercy (on me/us).*?

1 Moses calculates height AL by subtracting two ratios: (1) TH/ZH = ML/AL and (2) DH/HG = KL/AL. As HG
=ZH =12, subtracting (2) from (1), one gets (7TH-DH)/12 = (ML-KL)/AL.

2 We could call it an "indirect” proof in modern terms.

3 The author proves XXVII1.6b, (8) by arguing that if the above equation were incorrect, then (7H-DH)/HG
would be either larger or smaller than MK/AL. First, the author pursues the smaller ratio (XXVI11.6b, (10)—
(13)): if the ratio is smaller than MK/AL, then MK is smaller, like MN. Then he continues with the larger one
(XXV111.6b, (14)—(15})).

4 DG/HG = KL/LA (by the relationship between similar triangles).

5 Heath 1926, 2:183: “If a first magnitude have to a second the same ratio as a third has to a fourth, and also a
fifth have to the second the same ratio as a sixth to the fourth, the first and fifth added together will have to the
second the same ratio as the third and sixth have to the fourth.”

6 “HG” is my correction of “AL,” written in the manuscript. So: ML/AL= (KL/AL) + (MK/AL), and since KL/AL
= DH/HG, and since MK/AL = (ML - KL)/AL = (TH - DH)/HG, then KL/AL + MK/AL = DH/HG + (TH -
DH)/HG = TH/HG # (MN + KL)/AL. Hence, the smaller value, MN, will not work based on what follows from
the ratios of the small triangles to the large triangles.

7 Heath 1926, 2:158: “Ratios which are the same with the same ratio are also the same with one another.”

8 As in XXVI11.6b, (9) referring to the larger value of the ratio.

9 “MK” is my correction of “ML,” written in the manuscript.

10 Heath 1926, 2:149: “Of unequal magnitudes, the greater has to the same a greater ratio than the less has; and
the same has to the less a greater ratio than it has to the greater.”

1 There is a relationship between the distance from the person to the observed thing and the height of the
observed object that the alidade indicates on the shadow square. When the person moves, the ratio of the dif-
ference of the distance through which the person moved to the height of the object is the same as the ratio
between the two corresponding values indicated by the alidade.

12 Talmud Bavli, Avodah zarah 18a.
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L1t should be mnna.

2 1t should be s,

3 5 written in superscript.

4 It should be ">".

5 An illegible expression in abbreviated form was added by a tenth? hand to indicate the end of the treatise and
something else. The four final Hebrew characters are not clear. | propose a possible reading.
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Appendix 1: Abraham Ibn Ezra and Al-Saffar on Telling the Time
in Seasonal Hours with an Astrolabe when the Position of the Sun
or its Diametrical Opposite Falls between Two Hour Divisions (cf.

Moses ben Abraham 1V.3, 7-18 and 1V 4, 1-2)

Ibn Ezra’s
first version

If the diametrical opposite (of the sun) falls somewhere between the two divi-
sions of an hour and you want to find the fraction of the hour, when you place
the position of the sun according to (its) altitude, mark on the limb the posi-
tion of the beginning of Capricorn [or almuri]; this is called the intermediate
mark. Place the diametrical opposite of the sun at the beginning of the hour
and also mark on the limb the position of the beginning of Capricorn; this is
called the first mark. Again place the position of the diametrical opposite of
the sun at the end of hour and likewise mark on the limb (the position of the
beginning of Capricorn); this is called the last mark. Observe how many de-
grees [the first preservation] there are between the first and the last marks and
between the intermediate and the first marks [the second preservation]; find
its ratio to the total number of degrees (of the hour) and you will know the
fraction (of the hour).!

Ibn Ezra’s
second
version

Moses ben
Abraham’s
source

If you want to know how much of the hour has elapsed, mark on the limb (the
position of) the beginning of Capricorn when you calculate the rising degree;
this is called the intermediate mark. Take the number of the degree of the sun
on the seventh house [i.e., the nadir or diametrical opposite of the sun], al-
ready marked, and place it at the beginning of the hour division; mark (the
position of the beginning of Capricorn on) the limb [i.e., the first mark]. Do
likewise with the end of the hour (and mark the positon of the beginning of
Capricorn on the limb). Calculate how many degrees there are between the
first and the second marks and keep them [this is the first preservation]. Then,
calculate the distance between the intermediate and the first marks [this is the
second preservation] and take from the hour what corresponds to this differ-
ence.

If you want (the elapsed time), divide the distance you have found between
the first and the intermediate marks [the second preservation] by sixty and
divide [it should be multiply] the quotient by the arc of the seasonal hour.
You can calculate it by observing how many degrees there are between the

1 MS Paris BnF heb. 1053, f. 8b (treatise composed in Lucca in 1146): > nyT> XM aywi y¥nRa 19117 7531 X
0T YW NN Y WA 7311 2201 YEAK 12°0 KR AN 72T PV Wi Dpn 2WNwD 2T WRI OV KN2 100 8w i
RIP> 71 RN <P>2 <0>3 J10Y YW A0 5V waw 111 <j>D <0>3 2201 WK 12°0 KIpY AN OTA WRY QY KRN2 <> <o>)
7R2 YT MPYNT 93 DR ITOMM PRI 1 PN VAR 500 RN NNRD WRIT 172707 192 M2YR 7R ARIM 0K 1970
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first and the second marks [= the first preservation]; these degrees are called
the arc of the seasonal hour. Whatever it be, take its ratio to sixty.!

Divide the arc of the day or the arc of the night by twelve; the quotient is the
arc of a (seasonal) hour. If the quotient is not (completely) divisible, find the
ratio (of the remaining) to twelve and take proportionally from sixty, for the
Ibn Ezra’s |hour is divided into sixty (minutes). Add the result to the number of degrees
third ver- | of the hour. [...]

sion Another way to know how many seasonal hours have elapsed. Place the de-
gree of the sun in the eastern side (of the horizon) and mark the degree that is
(its diametrical opposite) in the western side. Also mark on the limb (the
position of) the beginning of Capricorn [almuri] and rotate the mark on the
western line until you place it at the end of the first hour. Mark on the limb
(the position of) the beginning of Capricorn and observe the number of de-
grees between the two marks of the beginning of Capricorn; it is the number
of the seasonal (hours).2

Chapter: On the accurate knowledge of the fractions of the hour that have
elapsed.
If a part of an hour has elapsed and we want to know how much exactly, we
Ahmad ibn | mark the position of the almuri on the limb. Then we place the nadir (of the
al-Saffar’s |sun) at the beginning of the hour and observe how many degrees the almuri
method |has moved with respect to its previous position. We find the ratio of these
degrees to the degrees corresponding to one hour, either diurnal or nocturnal,
this proportion is the fraction that has elapsed of the hour, if God wills.
If we want to know the degrees of the hour that are left, we also mark the
position of the almuri (on the limb) and then place the almuri at the end of the
hour. The ratio of the degrees that the almuri has moved to the degrees of the
hour gives with accuracy what is left of the hour.®

1 MS BnF heb. 1045, ff. 191a-191b (treatise composed in Verona in 1146): oW nywi 12 772y 70 NYT> 1°%7 OX)
2OV 1A°0 POV W1 3 YW N°22 WAwT 1YY 00N MR YA 10 RIPY RIT NANNT TOUAT TROYIN KN 073 WRY OV 1°0
¥T 19 MR MR AT PRI PR PWRT 12700 1°2 W1 D Y AYWE 9102 TWYN 19 03 .RNT A0 YWE P NN Y mR
NWRIT 72207 "2 R¥ANW PRORT W A8I0 ORY .AYWAD TV IR NIATI AP WK 127000 PN YRR 12205 RIT 0D
107 12 07 MY A3 YaN0Aw ANYT? 931 .ANIYRR YW nwp 9y 2w (2191) pom L,ooww By SYIRRT 12000 P
SO IR D AR PTW T ,INNYAT VWA DWR IR MPYAT 798 ,IONRT 12°07 P IR

2 MS Moscow Russian State Library Giinzburg 937, f. 5b (treatise composed in Béziers in 1148): arn nwp pom
T IR MIATI AR WY 2w DX 19 an YT ,PR00Y ROW IRWS ORY VWO DWR RO RIVM WY 001w Y 37°97 Dwp R
W .MINMYAT MYW 193 DYT2 NINR 737 [L..] AR mYyn 9901 oY 119°0I0 KX DWW NpYn1 YW 03 20whw Nwnn
7Y 27V P2 RIW 12°07 22107 OTA WK QY P2 12°0 WY O3 .279R P2 XNW T9YNA 120 WY [T P2 WRwn novn
9507 171931 ,°73 WRI DW PIAON W P2 2w MOYAT 1907 IR OTA WRI Y PN 10 AWy ANWRIT IYwh 5102 Wwnw
mnmyna

3 «“Capitol sobre el coneixement exacte de les fraccions passades d'una hora. Si ha transcorregut quelcom d'una
hora i volem saber quée és exactament, posarem un senyal sobre el lloc ocupat per I'almuri al limbus; després
posarem el punt del nadir sobre el principi de I'nora, i mirarem quants graus ha variat I'almuri respecte de I'an-
terior lloc; veurem la proporcié que guarda amb els graus corresponents a una hora, diurna o nocturna, i
aquesta proporcio és el que haura transcorregut de I'hora, si Déu vol. Si és el que resta de I'hora el que volem
saber, posarem també un senyal al lloc ocupat per I'almuri i posarem després I'index a la fi de I'hora, i els graus
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Appendix 2: Abraham Ibn Ezra’s and an Anonymous Treatise on
Finding the Positions of the Moon and the Planets with an Astro-
labe by Three Methods (cf. Moses ben Abraham XI111.1-XXI11.4a)

Ibn Ezra’s
first version

Calculation of the (position of the) moon and the positions of the five planets.
Whenever you want to know the position of the moon in the zodiac in an
approximate way (at night), take its altitude and also the altitude of one of the
(fixed) stars engraved on the rete (that is close to it). This must be at a mo-
ment when (both) altitude(s) do not change. Place the star pointer among the
almucantars according to its altitude. If (the star) is eastern at the moment of
taking its altitude, place it among the eastern almucantars; if it is western,
place it among the western almucantars. Observe the degree on the almucan-
tar of the altitude of the moon or the planet; this is its position. Pay attention
that when you find the moon or any planet in the east, you have to look for
(its) degree according to its altitude among the eastern (almucantars), but if
you found it in the west, you have to look for (its) degree according to its
altitude among the western almucantars. In this way you find its approximate
position. You can also find the position of the moon during the day if you
care to take its altitude and also the altitude of the sun. Do everything as |
already explained with regards to the fixed star, but take the two altitudes at
the same moment.*

Ibn Ezra’s
second
version

Moses ben
Abraham’s
source

You can calculate the position of Saturn, Jupiter, Mars, and the moon by
three methods. The first (method), when the planet is rising, you take the
degree (of longitude) and the altitude of one of the superior planets; find the
rising degree (according to what has been explained before) and the planet
will be there. The second method, when the planet is setting, you take the
degree of the altitude of one of the superior planets. As you know the rising
(by the method already explained), you (can also) know the setting (of the
planet by the same method).

The third method, when one (of the superior planets) is on the (upper) merid-
ian, observe the altitude of the planet. After knowing the quadrant (of the
astrolabe) where the planet is located, (move the rete to the position of the

que hagi recorregut I'almuri en proporci6 als d'una hora, ens donaran exactament el que resta de I'hora,” Millas
Vallicrosa 1931, 33-34.

1 MS Paris BnF heb. 1053, f. 14b: nioman 23232 omipn nvT2 780w .A21237 202 Awan 21pn DY T 7700 DIpn nYe T
WY .72 7210 XYW DAX NV 7 I ,NWNA 20000 0220157 32 IR 2910 7213 <P>D <0>3 1p) Onaa [p Ay 17 oY
MR DO 2797 P ORI 200 DAL MR W 123 NPRY DA NI R <oX> .00WAR 12X 19T DY 07p0 20100 W
DNRYA ORW WD .31 KA TI2IT 22157 IR 7797 DREAW 7207 70T O¥ DWW RXANW THYRT 0N .01 2wl
27912 1723 1PRT PV 7m0 WRaN 278 T8 INIR IRYA ORI T2 1723 1907 DY 79950 Wpan 1am T8 P 29197 R 1700
92 wYN . wnaws 723 <P>2 <0>3 PN 1123 TpNWw IR AR 012 777 00 <P>2 <0>3 nvT? 931 .21p2 1P R¥HN IR
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altitude of the planet). Observe the degree of the rete that falls on the (upper)
meridian; this is the position of the planet. This method is more correct than
that previously mentioned, although all these calculations are approximate
when the planet has (ecliptic) latitude, especially if the latitude is large. Only
if the planet does not have (ecliptic) latitude is the calculation always accu-
rate. This only happens when the planet is at its northern or southern nodes.

If the planet has latitude, you can correct (the calculation) a little if you know
the latitude. Observe if the latitude is northern; take two thirds of (the lati-
tude) and subtract them from the degree of the planet; then you get the degree
rising with the planet. If the latitude is southern, take two thirds of (the lati-
tude) and add them to the degree of the planet, so you get the degree rising
with the planet. You can know the position(s) of Venus or Mercury when
they rise and when they set. However, you cannot calculate (them) by the
meridian method, for Mercury elongates from the sun less than 29 degrees.
Likewise, Venus elongates from the sun less than 47 degrees. However, if
(the location) is in the seventh clime, which Ptolemy calls Little Britania and
is below Inglaterra in the west, and the sun is in Capricorn and Venus in
Scorpio at the end of the angle, you can calculate (the position of) Venus by
(the method of) the meridian, but you cannot in the remaining places (of the
world).!

Ibn Ezra’s
third ver-
sion

The positions of Saturn, Jupiter, or Mars. Observe when the planet is on the
(upper) meridian line. The reason is that you observe its altitude until the
moment when it starts to decrease. Look for the almucantarat that is on the
(upper) meridian line; this is the position of the planet when it is in the eclip-
tic. You can do likewise at the moment of the rising (of the planet). The rea-
son is that when it rises in the eastern line (of the horizon), you calculate the
altitude of one of the superior planets, find the rising degree, and the planet is
there. You can do likewise with the setting of the planet. You can also know
its position at any hour. Calculate the altitude of one of the three mentioned
(superior) planets or of one of the three inferior planets, which are Venus,
Mercury, and the moon. Find whether the planet is eastern or western. Calcu-

1 MS Paris BnF heb. 1045, ff. 192b-193a: npn nwni mAra TARA .00 " 73390 02780 PIRY "Naw pn Ny 99N
TR M2 MR APNW 22137 MIPWA CIWa 1T 22107 WY DARIXT A9YAT XXM 221DV 0°20197 TR M2 mbyn
NWAT YINW AR ,22107 N2 723 250077 0w OXA2 N2 AT T YR VIN DA TNVTAY 2219V 20201000
<O>R 0°M21377 0237777 71101 N VT AN .22107 OW ,0°RW OXA2 AN 102 7T X DWW MYYRa 9oN0i X107 NP0 17 XA
TN 277 NAWAY 77 KD AR PO .37 12077 1770 00 AR 2072 29109 17770 OR 72179 17 9V 07 20270 A9R 20w <o>p <>y
SONDNW 12777 3 DY 200112 3P0 0K DYA TPNY DI 1237 IR 1PN WRI QY DOWnT W P 107 XY AN DR
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late the degree rising with one of the superior planets as | showed you. Place
the zodiac (of the rete) on the (almucantar) degree of the planet in which you
are interested and you will find its position. This is correct if the planet does
not have latitude; if it has latitude, its position changes. If the planet is in the
(upper) meridian, it does not change either. Likewise regarding the positions
of the superior planets, you can always calculate them by placing their marks
[lit. pointers] on the (upper) meridian line; (the position of) the superior plan-
et in longitude will be there.

If Saturn or one of its companions [i.e., Jupiter or Mars] are in the rising de-
gree and have latitude, this changes little. If Saturn has northern latitude, it
rises two degrees before, and the opposite if the latitude is southern, for in
these circumstances the time of its rising is delayed. If Jupiter has northern
latitude, it rises about three degrees before its degree, and the opposite if it is
southern. If Mars is northern, it follows the rule of its companions (and rises)
about four degrees (before or after depending on whether) its latitude is either
northern or southern. Like Mars, Venus rises about five degrees (before or
after its degree) and Mercury two degrees (before or after its degree depend-
ing on whether their corresponding latitudes are either northern or southern).’

Hebrew
anonymous
version of
De utilitat-
ibus astro-
labii

If you want to know the zodiac sign and the degree that the moon is ap-
proaching, | am teaching you how to do this in three (different) ways.

The first {method): take the altitude of the moon, you shall find it among the
almucantars. Take also the altitude of one star that you know and is engraved
on your rete and place it among the almucantars according to its altitude.
Observe the zodiac sign and the degree approaching the point of the altitude
of the moon; this is the degree in which the moon is.

The second method: take the days of the moon, i.e., the days elapsed since the
new moon, and multiply them by two. Add one to them and divide them by 5.
Add to (the position of the new moon) one zodiac sign and 6 degrees per unit
(of the number that you have). The place at which the counting ends is the
position of the moon. This number has to start from the zodiac sign and the
degree in which the sun is (at the day of the new moon).
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The third method: if you want to know the zodiac sign and the degree in
which any of the planets [the moon among them] is located, take the altitude
of the planet when it is very close to the meridian line, and keep it. Take the
degree (of the equator) rising with one of the stars that is engraved on the
instrument and also take the hour at which you are making this calculation.
Wait until the star [i.e., the planet] leaves the meridian and reaches the alti-
tude that you have kept. Take again the rising degree and the hour with one of
the stars. Take the middle between the first rising and the second rising
(degrees) with the tooth [the almuri] on the degrees of the mater [i.e., the
limb]. The zodiac degree that crosses the meridian line with it is the position
of the planet.?

Appendix 3: Abraham Ibn Ezra on the Longitude of the Stars (cf.
Moses ben Abraham XV111.1-6)

Calculation of the positions of the large stars in the zodiac. | am writing for you
the (stellar) positions as they were in the year 4906 [1146] of the world. Every
star shifts its position {(according to the tables) one degree every seventy years,
Ibn Ezra’s|that is, they shift fifty-one seconds and twenty-six thirds every year.? If you
first ver- |want to know their position in the future, take for every year 51 seconds and 26

sion |thirds and add them to the position of the star as it is written. But if you want to
know its position in a moment that is past, take for every year 51 seconds and
26 thirds and subtract them from the position of the star as it is written, then
you get its position (at that moment). | write the positions for you and am also
giving you a method by which you can recognize them in the sphere. | already
let you know that they do not engrave (stars positions) on the rete except for
stars of the first or second magnitude. Thus | mention (when) the star (is) of

1 MS Oxford Bodleian Libraries Opp. 579, f. 61a: 'a2 a1 Yyon 72°0wn 127p2 m12%0 WX 72w Y vt nwpa ox
72X DY AR TOWNA VIR T2 IR TAR 2997 720 03 1Y <OR0IPSIMORT DY avTm g12%0 mMax np RO .00
<7RYT>T 713297 0 0P 27 00297 L13297 72 WK T9VaT RO 71290 MR DTIRI NYAIT T2Uam D AR .<UIRLIp>ImhRa
aw 7950 WK PR .NPYR "N IR 237 AR 21 A7 101 .12 aphnm TR amhy 5201 .02700m 1w 1 1avw <nr>h
72 WK 79YAM 210 NYTY NEOM OR AT 0 .WAwi 72 WK T9Ynm a1 9hna? W R0 10007 13297 R 1001
TR 223 QY NMAINT T9YAT aARY NRwnD <I>IMIM N0 NI P PR 127PN02 2537 720 A0p MNAT 2°3037 1 DR
YPWN WK TY INAT RO 2907 712 HYN WK AW 03 1R 2937 Y wR (SIC) XTI 2T O¥Y Y X2 MIXNT 21pn 2930
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LRI 2997 199 772 MM P 9¥ XA WK T2YRM 0K <n>199n3

2 These are sexagesimal divisions of the degree as they are explained in Abraham bar Hiyya’s Sefer hesbon
mahalekot ha-kokavim; see Millas Vallicrosa 1959, 27 (Spanish) and 7 (Hebrew). For Abraham lbn Ezra’s
Sefer ha-mispar, see Silberberg 1895, 42. For a discussion of this precession of 1°/70 years, see Nothaft 2017,
230-232.
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first magnitude, but if nothing is said about the magnitude of a star, then it is of
second magnitude [...].1

I write for you now the position of the stars in the year of the world 4906
[1146]. It is known that any fixed star shifts its position a degree every seventy
years, so it shifts (about) 51 seconds every year. Then, if you want to know the
position of a star at a certain moment of the past, look how many degrees there
are between the years that elapsed and the year that | mention [1146]. Take 51
Ibn Ezra’s | seconds, 26 thirds, and 9 tenths for every year; the total is subtracted from the

second | position of the star written (in the tables). If the sought position is after the year

version |that | mention, add the total to the position of the star (in the tables). You
should know that the number added or subtracted concerns the longitude; the
latitude is always the same. Only the degree of the altitude of the pole changes
depending on the longitude; if the star is between the beginning of Aries and
the end of Gemini, its altitude increases in the future, but decreases in the past.
Between (the beginning of) Cancer and the end of Virgo, (the star) decreases
its altitude in the future, but increases it in the past. From the beginning of Li-
bra to the beginning of Capricorn, (the star) decreases its altitude in the future,
but increases it in the past. From the beginning of Capricorn to the end of the
zodiac, it increases its altitude in the future, but it decreases in the past.?
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Appendix 4: Abraham lIbn Ezra and Ibn al-Saffar on Calculating
Stellar Positions with an Astrolabe Using the Star Pointers of the
Rete (cf. Moses ben Abraham XI1X-XX)

Whenever you want to know the degree that is the position (in altitude) of any
of the fixed stars (engraved) on the rete and its latitude, place the pointer of
the star in the upper meridian and observe the (almucantar) degree of the rete
in the upper meridian; the star of your astrolabe is there. The degrees between
the pointer of the star and the zodiac is the ecliptic latitude of the star. If the
degrees of the rete are more than the degrees of the star, (the star) is southern.
If the degrees of the star are more than the degrees of the rete, then (the star)
is northern; this is called the ecliptic latitude of the star. The number of de-
grees it inclines from the equator is called the declination of the star [...].
If you know one of the stars and want to find its position, after finding also its
latitude, take its altitude when it is in the upper meridian. This means that you
see it go up until it cannot go higher and starts going down; then it is on the
upper meridian. Take its altitude (at this moment) and find its latitude; if it is
northern, subtract the latitude from the altitude; if it is southern, add the lati-
Ibn Ezra’s |tude to the altitude. Move the zodiac [the rete] in the (corresponding) quad-
first ver- | rant the number of degrees that results after subtracting from or after adding
sion to; you find the quadrant by the position of the sun. The degree that according
to the latitude is on the upper meridian after adding to or subtracting from is
its position [of the star].
You can also find the position of many stars when they are in conjunction
with the planets. You find the position of the planets from the tables; this will
also be the position of the star (given that) it is joining (the planet) in con-
junction. In this way you can identify the stars when you do not recognize
them: consider any large star that you see (engraved on the rete) as if it were
one of the visible ones (in the sky). Take its altitude when it is on the (upper)
meridian and make the rete turn (accordingly). If the pointer of the star that is
similar (to the one visible in the sky) reaches the same altitude, it is the actual
star (you see in the sky).
If you identify one star, you can identify others. Take the latitude of the star
that you know and place its pointer among the almucantars according to its
altitude. If the star is eastern at the moment of taking its altitude, place it
among the eastern almucantars. If it is western at the moment of taking its
altitude, place it among the western almucantars. Take the altitude of one of
the large stars that are visible in the sky; if you find the pointer of any star at
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the same altitude, it is the same star, but take the two altitudes at the same
time so that the altitude does not change.!

If you know the major stars of the zodiac, you can calculate their positions
when they are on the (upper) meridian, once you have calculated their lati-
tude, i.e., their distances from the ecliptic, either northward or southward. If
they are northern, subtract the latitude of the star from its altitude when it is
Ibn Ezra’s |on the (upper) meridian; if they are southern, add the latitude to the altitude of
second |the star. Move the ecliptic (of the rete) the number of degrees you got after
version | the subtraction or the sum, from the midheaven to the quadrant on which the
star is, then you get its position. If you do not have a complete astrolabe, do
as | taught you regarding the position of the sun.
You can also calculate the position of many of the stars if you know the posi-
tion of the planets when they [the planet and the star] are in conjunction, even
if the latitude of the fixed star and the latitude of the planet are small. Howev-
er, if one of the latitudes is large, you cannot calculate the true position of the
fixed star but with much calculation and effort. You can accurately know the
position of the planets from the Book of the Tables.?

We do likewise to know the altitude of any fixed star on the meridian; we
Ahmad ibn |place it on the lower meridian and observe what almucantar of altitude it oc-
al-Saffar’s |cupies.

method | Chapter: On the knowledge of the stars that are unknown and are engraved on
the rete, based on those known.
To know this, we take the altitude of a known star and place it in the corre-
sponding (quadrant and almucantar) according to its altitude. This done, we
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3 “Igualment procedirem per a saber l'altura meridiana d'una estrella, posant-la a la linia de mitja nit i veient
quina porcio6 d'altura ocupa a I'almucantar,” Millas Vallicrosa 1931, 35.
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pay attention to the position and almucantar of the star we are looking for and
to the corresponding azimuth according to the quadrant in which it falls. We
keep these data and adjust the alidade according to the corresponding altitude
indicated by the almucantar. We suspend the astrolabe from the hand and
observe through the sighting vanes of the alidade in that direction. The star
we see, when we observe in this way without moving the alidade, is the
sought star.*

Appendix 5: Abraham Ibn Ezra on the Calendar Scale on the Back
of an Astrolabe (cf. Moses ben Abraham’s Chapter 11.3)

Ibn Ezra’s
third ver-
sion

There are also astrolabes on which they inscribe circles on the back of the
mater to know the position of the sun in the zodiac every day of the year.
They do it in this way. They inscribe two circumferences close to each other
(and one inside the other). There is a small gap between them and the first
circle, which is the edge (of the mater). They inscribe on the two circles as
many divisions as the degrees of the circumference, i.e., 360, and draw a
longer division at the thirtieth (division). They write over them the names of
the zodiac signs and start from the west line writing Aries, then Taurus, and
then Gemini at the side of the suspensory chain, and so on until the end of the
zodiac. They also leave a gap and engrave two [other] circles inside the men-
tioned circumferences and put 365 divisions between them, the number of the
days of the solar year. The counting starts from the line aligned with Aries, at
the beginning of the west line, on March 15. Likewise they divide this quad-
rant, which is southern, until the upper meridian line, on September 16, and
the lower one, which is the lower meridian, (on) half December [December
16]. When they want to know in which degree of the zodiac the sun is, they
place the endpoint of the bar called the alidade (which is the long tool whose
(longitudinal) half is aligned with the sighting vane on the number of the day
they want—for they engrave the names of the months according to the num-
ber (of their respective days), 30, 31, or 28, which is the month of February)
and observe the zodiac degree the bar indicates on the circles; this is the posi-
tion of the sun. They do the opposite if they want to know what is the day and
the month and already know the position of the sun. This is the custom among

1 «Capitol del coneixement de les estrelles que hom ignora i que estan inscrites a l'aranya, a base de les que
hom coneix. Per a saber aix0, prendrem l'altura d'una estrella coneguda i ho posarem a la part que li correspon-
gui segons la seva altura, i, en fer aixo, ens fixarem en quin lloc o altura ocupa en l'almucantar I'estrella que
busquem, i l'azimut a qué correspon en el quadrant en el qual cau; guardarem aquestes dades i graduarem I'ali-
dada segons l'altura (que ens hauria indicat lI'almucantar); penjarem de la ma l'astrolabi i mirarem a traves de
les pinules de I'alidada vers aquella direccio, i l'estrella que veiem, aixi observant, sense moure l'alidada, sera
I'estrella buscada,” Millas Vallicrosa 1931, 36.
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the artisans from Sepharad and it is needless, for no craftsman can ever make
the(se) divisions properly. If we say that he has the capability to divide it into
equal parts, this is something impossible, because of the excess of the
(divisions of) the days over the (divisions of) the degrees. (The solar position)
moves a degree because of the intercalation of the Gentiles and also because
the sun retrogrades one degree every one hundred and thirty years, for the
computation of the year as a (certain) number of complete days and one com-
plete quarter (of day) is not exact, as I will explain in the Book of the Tables.

Appendix 6: Abraham Ibn Ezra on the Calculation of the Meridian
Altitude of the Sun when the Instrument Is not Complete and the
Sun Falls between Two Almucantars (cf. Moses ben Abraham’s
Chapter VI1.3)

If you do not have a complete astrolabe and do not find, on the degree divi-
sions of the (190a) zodiac of the rete, the division at the upper meridian corre-
sponding to the degree of the (solar) altitude, seek the closest division at the
upper meridian that is lower than (your) solar altitude. Identify the zodiac de-
gree and mark (the position of) the beginning of Capricorn, which is the point-
Ibn Ezra’s | ed tooth, among the degrees of the limb as I explained; this is called the first

second |mark. Afterwards seek the division at the (upper) meridian whose number is
version | (closest and) higher than the degrees of your solar altitude. Mark (on the limb
the position of) the beginning of Capricorn; this is called the last mark. Calcu-
late how many degrees there are between the two marks, observe how many
degrees there are between your solar altitude at noon and the division whose
(altitude) degree is lower than your solar {(altitude) and take according to the
ratio corresponding to the divisions of the zodiac (that you marked); this is the
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position of the sun. However, | have to say that this value is approximate, for it
is difficult (to calculate it).!

Appendix 7: Abraham Ibn Ezra on the Calculation of the Position

of the Sun when There Is no Latitude Plate for the Local Horizon

of the Observer (cf. Moses ben Abraham’s Chapter 1X.5 about a
Latitude Plate with no Almucantar for One’s Latitude)

If you know the latitude of your location, but you do not have a latitude plate
calibrated according to it and still want to know how the sun rises in every
zodiac sign in your horizon, take a plate for a latitude higher than yours and
Ibn Ezra’s |find the difference of the degrees between the latitudes of the two locations.

second |The degree that you find at the meridian is the number of the zodiac degrees

version |resulting from this subtraction. You can also calculate this with a plate whose
latitude is lower than the latitude of your location, but then you have to add the
total degrees of the two latitudes and proceed as | showed you.?
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P 772 WO TV MR MIATO AN ,TWAY T2 MIND XIAW PR P TAY PRA2 WA MPYA 3213 12 W R 9oN0M 0%n0n
LRI AWR 9D TN AT MRTI 70 WIOR TV .wRwa 03pn awl NY9man Db nhvn

2 MS Paris BnF 1045, f. 190a: %22 aw 2y TR WAwS 21pn DYTY A8IM 1P9Y 7Y M2 T2 57 821 XK 2m0 NYT oR)
950N DPRWIT OXM P2 RYXAN WK LNIPAT AN CIW PR WO MR 15012 10M IR M0 NV I M2 ap Lom 2
W D270 W 12 WOW MIPYAN 9P0INW TRIN 27757 NIND 1M W M2 WY 9310 o3 .M A v IRwIw
STPORAT WK
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Appendix 8: Hebrew—English Glossary of Technical Terms Related
to Astrolabes in Moses Ben Abraham?’s Treatise

horizon PO
(ofeq)

sphaera recta W POIR
(ofeq yasar)

obligue horizon 7011 PN

(ofeq noreh)

ecliptic

moTan 19

(ofeq ha-mazzalot)
Mo IR

(ezor ha-mazzalot)
M2 NTIOR

(afudat ha-mazzalot)

first eastern almucantar or eastern horizon

ITAn PO

(ofeq ha-mizrah)
AT PO

(ofeq mizrahi)

local horizon

29YM A POIR
(ofeq mizrak u-ma‘arav)

first western almucantar or western horizon

27V POIR

(ofeq ha-ma‘arav)
2V POIR

(ofeq ma‘aravi)

horizon of the equator or straight horizon

MW PR
(ofeq ha-sivui)

longitude [astronomical or terrestrial] TR
(orek)

back [of the mater] R
(ahor [em])

2

(9av)

gibla Rymlplyh
(al-gibla’)

mater [of an astrolabe] ox
(em)

cubit [unit of measure] TR

(ammabh)
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true south [in a local horizon], i.e., the upper meridian

0177 VXA
(emsa“ darom)

DNY YINR

(emsa’ samayim)

17 NP

(nequddat darom)

D°NY X1 NP3

(nequddat hesi Samayim)

true east [in a local horizon]

mm yenx?

(emsa‘ mizrah)
mATA NP
(nequddat mizrah)

straight horizon

VA1 7T YEAR
(emsa‘ mizrak u-ma‘arav)

true west [in a local horizon]

29Yn VYRR
(emsa‘® ma‘arav)

true north [in a local horizon]

1D¥ YXNKR
(emgsa“ safon)
119% NTIPA
(nequddat safon)

mean [terms 2 and 3 of a ratio]

YN
(emsa‘i)

digit [unit of measure in the shadow square]

YILNR
(esha’)

astrologers

aRARADYGRE
(isragninim)

astrological house / place

nm
(bayit)

alidade

72
(beriah)
RK4ifa)
(ma‘esar)

altitude [of the sun, a fixed star, or a planet]

miax
(gavhut)

clima

2123
(gevul)

altitude / height

72N
(govah)

! Points east and west of the horizon are diametrical opposites of each other, and the same as regards the points

north and south.
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circle / sphere 2393

(galgal)
zodiac moInn a9

(galgal ha-mazzalot)

sphere of the sun

wnw 9o
(galgal ha-semes)

eccentric circle [of the sun]

7971 KXY 7393
(galgal yose* merkaz)

deferent circle

9P 9393
(galgal haggafah)

almucantar Wi
(geser)
eastern almucantar AT WA

(geSer mizrahi)

western almucantar

227Yn WA
(geSer ma‘aravi)

pinnule or sighting vane of the alidade

qXYNIN A7
(daf me-ha-ma‘esar)

limb

DErla
(ha-maqgqif)

external angle

nXen N
(zavit hisonah)

alternate angle

hanlalaBall
(zavit mumeret)

common angle

namwn N1
(zavit mesotefet)

opposite/contrary angle

nTann N

(zavit mitnaggedet)
T N

(zavit negedit)

acute angle nMmT N
(zavit nido/kat)
right angle naxi noy

(zavit nissevet)

internal angle

o ot
(zavit penimit)
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rising [of the sun, a planet, or a fixed star]

1l
(zarah)
mar
(zaruah)
ikl
(zerihah)

southern planetary node

an
(zanav)

conjunction

T1an
(hibbur)

optics

mvaTa nnon
(hokmat ha-habarot)

division of the ecliptic into the twelve astrological
houses

o°nan pon

(hillug ha-battim)
o°’nan NI
(le-hasvot ha-battim)

noon / meridian / midday o1 XN
(hesi yom)

midnight % oxn
(hesi lailah)

radius TN VP VXN

(hesi qorer ‘agullah)

midheaven / upper meridian

DNY VXN
(hesi samayim)

lower meridian

hesi

POIRTT NMNW QAW XN
ha-samayim Se-tahat ha-)
(ofeq

TORT 7

(yeted ha-ares)

centre

"2v
(rabur)
15
(merkaz)

ring of the astrolabe [a component of the suspensory
part]

nvav
(raba‘at)

inhabited world

LAk

(yisuv)

angle / cardo

7
(yated)

angle of the earth / lower meridian / fourth astrological
house

TORA TN
(yeted ha-ares)
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angle of the midheaven / tenth astrological house

Qnwa In’
(yeted ha-samayim)

sphere (heavenly or of the Earth) N7
(kaddur)

power (astrological notion) g
(koah)

fixed star / planet nioa)
(kokav)

planet 7205
(kokav ras)

fixed star MMP 20
(kokav gayyemi)

astrolabe "3
(keli)

291708 9D

(keli aszrolabl/istrolab)
fal7ighikps)

(keli nehoset)

7037 92

(keli habazah)

Al luptes
(asgrolabl/istrolab)

medial astrolabe (incomplete astrolabe)

Rsrilo)
(keli hasi)

tertial astrolabe (incomplete astrolabe)

(ralriiricivle)
(keli selis)

complete astrolabe

aow 7
(keli salem)

latitude plate

m>

(luah)

PR MY
(luaZ ares)

eclipse

mp°
(lequt)

indicator (almuri) = tooth at the beginning of Capri-
corn in the rete

m
(moreh)
T3 WK
(ros Gedi)

zodiac sign

oM
(mazzal)
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zodiac sign of long ascension [those placed between
the beginning of Cancer and the end of Sagittarius]

VXA TR 91
(mazzal aruk ha-mis‘ad)

southern zodiac sign

M7 o
(mazzal deromi)

northern zodiac sign

110X 711
(mazzal sefoni)
BRI 21N
(mazzal semoli)

zodiac sign of short ascension [those placed between
the beginning of Capricorn and the end of Gemini]

TYXNT LR 9
(mazzal gasar ha-mis‘ad)

chord ann
(meitar)
sine ke islalnlakia

(meitar mehusah)
nwp OR 70
(meitar mehusah el geset)

sine of the complementary arc

PIRY DWPS %I NN
(meitar mehusah le-geset se’erit)

diametrical opposite of the solar degree or nadir

wnwa NoYnS nonol ahvn
(ma‘alah nokehit le-ma‘alah
ha-semes)

wnwa noyn nol

(nokak ma‘alat ha-semes)
wnwa no

(nokak ha-semes)

rising degree or ascendant

nnmx
(somehet)

falsta) k' dhaipliza
(ma‘alah somefhet)

solstices

mannn mbyn
(ma‘alot mitkallefot)

to culminate with a degree (of the ecliptic)

2/0y O WK WEnA

(masse‘u ha-samayim ‘im/be)
pripdifalalilipiga

(masa’ ‘im ma‘alah)

projection wpn
(magqis)
diagram praflaly
roposition temunah
prop




182 Rodriguez-Arribas SCIAMVS 22
[shadow] square jmhinia)
(meruba®)

akipX'oalbimh il
(meruba“ ha-selalim)

celestial latitude with respect to the zodiac or the equa- ann
tor (merhav)
latitude [of a location] PN

(merhaq)
equator —
circle of the equator (masveh)
similar triangle! mINn WHwn

(mesullas mitdemi)

planet

nawvn
(mesaret)

declination [of the sun or any degree of the zodiac]

™
(netiyyah)

zenith [of any horizon]

[gioh}

(nokah)

WNA 1123
(nokah ros)
WX NTIPI
(nequddat ros)

straight alignment/direction (equivalent to gibla)

mn2al
(nokehut)

parallel

121
(nokehi)

visual ray

0N 7N
(nisus mabbay)

optic ray

MR PRI
(nisus re’ut)

sighting holes in the pinnules of the alidade

220K 2201
(negavei astrolab)
qX¥yR 3]
(negavei ma‘esar)
203

(negavei beriak)

equinox

mwna NPl

(nequddat ha-masveh)

MY "MNMwa DRl

(nequddat ha-sivui saveh)

! Similar triangles have all their angles equal and their corresponding sides have the same ratio.
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morning twilight

oy qul
(nesef yom)

evening twilight

7979 qwa
(nesef lailah)

azimuth (use as a sing. even if the Hebrew word re-
produces the Arabic plural form)

mno
(samut pl.)
nno

(samt sing.)
nmo

(sumt pl.)
o

(simt pl.)

circle

i AbY
(‘agullah)

great circle of the sphere

T TNY

(‘agullah gedolah)

72172 NPT A

(‘agullah ha-yoter gedolah)

circle parallel to the horizon

PDIRY N1 771
(‘agullah nokehit la-ofeq)
POIRD NPMo1 Y
(‘agullah nekohit la-ofeq)

circle parallel to the equator

TIWNY N°Ia1 39
(‘agullah nokehit la-masveh)
TIWNS M1 ANy
(‘agullah nekohit la-masveh)

circle of the horizon

POINT NNV
(‘agullat ha-ofeq)

circle of the right horizon

MW PR NOVY
(‘agullat ofeq ha-sivui)

altitude scale (on the back of an astrolabe)

i b e bAbYY
(‘agullat ha-govah)

circle of the meridian

avn R NNy
(‘agullat %esi ha-yom)
avn XN My

(‘iggul hesi ha-yom)

circle of the equator or equator

TIwnRT NNY

(‘agullat ha-masveh)
MW DAY

(‘agullat ha-sivui)
Twn DY

(“iggul masveh)
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equinoctial colure

v mwn Ny

(‘agullat masveh ha-yom)
770 WX DY

(“iggul ros Taleh)

circle of the zodiac or ecliptic

moma nony
(‘agullat ha-mazzalot)

circle of the zenith

WRAT 01 NPV
(‘agullat noka/ ha-ros)

zodiac or ecliptic [of the rete]

motn My
(‘iggul ha-mazzalot)

Tropic of Capricorn or winter Tropic [lit. the circle of
the beginning of Capricorn]

T3 WR DY
(‘iggul ros Gedi)

superior planet (any of those placed above the sun: Moy
Mars, Jupiter, and Saturn) (‘elion)
rise oy
ascension (‘aliyyah)
oY

(ma‘aleh)

gnomon [proper meaning] Y
shadow [another meaning in Moses’ text] (‘amud)
horizontal gnomon (related to the inverted/vertical 07 TN
shadow) (‘amud hafuk)
vertical gnomon (related to 21 Y

the straight/horizontal/extended shadow)

(‘amud nissav)

front of the astrolabe

27170¥RT 21D
(penei ha-assrolabl/istrolab)

shadow

XS
(sel)

inverted shadow or umbra versa

71977 9%

(sel hafuk)
707 TNV
(‘amud hafuk)

straight shadow or umbra recta or horizontal/extended
shadow

mi7alieds

(sel yasar)
w91 9%

(sel nifras)
AW TNY
(‘amud yasar)

first eastern almucantar

TN PO P
(qav ha-ofeq ha-mizrahi)
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line of the horizon or first almucantar

POINT P
(qav ha-ofeq)

line of the straight horizon [i.e. the east-west line of

the latitude plate]

29y AT VYRR P

(gav emsa‘ mizrah u-ma‘arav)
WO POINT P

(gav ha-ofeq ha-yasar)

kil yinlalalal AR 7

(qav holek me-mizrak le-ma‘arav)

first western almucantar

2YnT POINT WP
(gqav ha-ofeq ha-ma‘aravi)

first almucantar

TWRIT PO P
(gqav ha-ofeq ha-rison)

upper meridian line or midheaven

DNWA YXAR P

(qav emsa‘ ha-samayim)
v NN W

(qav hesi ha-yom)

MW XN P

(gav hesi ha-samayim)

azimuthal line

IR P
(gav godgod)

limb

20p
(qav sovev)
RN

(ta)

east line [of the horizon on the latitude plate]

T P
(gav misrahi)

fiducial line [of the alidade]

YN P

(qav ma‘esar)
q¥Yn P

(qanah ma‘esar)

pole ap
(qozev)
pole of the horizon POIRT Q0P

(qorev ha-ofeq)

pole of the straight horizon

MW POINT 0P
(qorev ha-ofeq ha-sivui)

southern pole [of the horizon]

MINT 2P
(qozev deromi)

pole of the equator

mwn ap
(qotev masveh)
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northern pole [of the horizon] 119X 2P
(qorev sefoni)

pole of the world bl falely)
(qorev ha-‘olam)

east point [of the horizon] A xR
(gesah mizrah)

TN X

(qaseh mizrahi)

extreme [terms 1 and 4 of a ratio]

mxp
(qaseh)

arc

nwp
(geset)

diurnal arc

or nwp
(geset yom)
nnY nwp
(geset yomit)

nocturnal arc

72°%0 nwp
(geset lailah)
mYh nwp
(geset leilit)

similar arcs

DnThn MNP
(gesetot mitdamot)

cusp of an astrological house

ma WK

(ros bayit)
nanonn
(tehilat bayit)

equinox [lit. the beginning of Aries or Libra]

DOITRM IR 7720 WK
(ros Taleh o Moznayim)

winter solstice [lit. the beginning of Capricorn] T3 WK
almuri or indicator (ros Gedi)
summer solstice [lit. the beginning of Cancer] 7070 WRA

(ros Sartan)
quarter [each of the four quarters into which the year is ¥°2
divided according to the solstices and equinoxes] (revi‘a)

7w n°Yean
(revi‘it ha-sanah)

quadrant [each of the four quarters into which the Rk
horizon projected on an astrolabe is divided] (revi‘i)
quadrant [each of the four delimited on the latitude ¥am
plate by the east-west and the meridian lines] (rova’)
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latitude [of a place]

2"
(rokav)

rete

nwA
(reset)
702w
(sevakah)

descendant

nypw
(Soga‘at)

setting, descending [of the sun or a planet]

nypw
(Soga‘at)
Pw
(Segi‘ah)
P
(Sigqu‘ah)

projection [onto a plane]
surface
plane

now
(Serah)

to project [circles onto a plane]

muwn
(histiah)

star pointer of the rete

20 W
(Sen kokav)

equinoctial hour

W AYw
(Sa‘ah yasar)
mw avw
(Sa‘ah Savah)

seasonal hour

myn w
(Sa‘ah me‘uvat)

diurnal seasonal hour

nnY Y Y
($a‘ah me‘uvat yomit)

nocturnal seasonal hour

N mvna ayw
(Sa‘ah me‘uvat leilit)

minimum altitude [of the sun or any star on the hori- mYw
zon] (Sifelut)
suspensory part [of an astrolabe] 790

(teliyyah)

general motion [of the heavens] or daily motion

9% nyin
(tenu‘ah kelalit)

northern planetary node

I
(tannin)
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