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Dissertation Abstract — Joseph Leichter

This dissertation in under contract to be published as The Astronomical
Works of Gregory Chioniades Volume II in the series Corpus des

astronomes byzantins J. C. Gieben, Amsterdam.

In 1295, a priest in Constantinople named Gregory Chioniades became in-
terested in Islamic science and astronomy. He set out for the Mongol (Ilkhani)
capital of Tabriz in modern Azerbaijan to pursue his studies. There he met
and studied with Shams al-Bukhari, who was familiar with the works of
the great astronomer, Nasir al-Din at-Tust. (Tust ’s own work was based
on that of the Hellenistic astronomer, Ptolemy, and would eventually in-
fluence even Copernicus). While in Tabriz, Chioniades began to translate
from Arabic into Greek the az-Zij as-Sanjari of al-Khazini — a mathematical
and astronomical work also based on the principles of Hellenistic astronomy.
He completed this translation in Constantinople a few years later, where
he was apparently accused of heterodoxy because of his travels and stud-
ies. Nonetheless, in about 1305 he was elevated to the position of Bishop of
Tabriz.

My dissertation is an edition and translation of this az-Z7j as-Sanjari of
Gregory Chioniades. The text and translation are about two hundred pages
each. It also includes a two hundred page Greek to Arabic glossary of the
technical terms used in the text. The text was edited from the three surviving
Greek manuscripts and the glossary was made by a comparison of the edited
Greek to the two surviving Arabic manuscripts of the az-Zij as-Sanjari.

This text helps to document the re-introduction into the West of Hel-

lenistic science through Arabic intermediaries.

I am including a short introduction to the text, which explains in greater
detail the characters involved and the texts used, a sample of the edited
Greek text, and a sample of the translation. The sample deals with the use

of tables to calculate some basic trigonometric functions
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Introduction

The Characters

Gregory Chioniades

The main sources for the biography of Gregory Chioniades — bishop, physician, and
translator of Persian and Arabic texts — are the prologue of Chrysococces’s Persian
Syntaxis, 15 or so letters written by Chioniades himself, a short text entitled the
Profession of Faith! and the Greek texts of az-Zij as-Sanjari, az-Z% al-Ala’c and
the Zij-i IIKhani . 2

In his prologue to his Persian Syntazis, written circa 13473, Chrysococces begins
by reminding his bother, John, that he had wanted to learn this Persian Syntazis for
a long time. He then states that he acquired a teacher named Manuel in the city of
Trebizond. Manuel explained to Chrysococces ‘how this Syntaxis came from Persia
and who translated it into Greek’. There was, he explained, a certain Chioniades
who, after growing up in Constantinople, fell in love with the sciences. Since he

heard that unless he travelled to Persia he would never satify his desire, he set out

!See Westerink [13] for a complete discussion of the sources, as well as for the text of the

Profession of Faith.

% az-Zj al-°Ala’t has been edited and translator by Pingree [7]. Z#-i lIKhani is lost, but was

th basis for Chrysococces’ Persian Syntazis.

3Pingree [6] p. 141, Westerink [13] p. 234
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to go there. After this Chioniades passed through Trebizond,

...in a short while he was taught by the Persians, having both con-
sorted with the King, and met with consideration from him. Then he
desired to study astronomical matters, but found that they were not
taught. For it was the rule with the Persians, that all subjects were
available to those who wished to study, except astronomy, which was
for Persians only. He searched for the cause, which was that a certain
ancient opinion prevailed among them, concerning the mathematical sci-
ences, namely, that their king will be overthrown by the Romans, after
consulting the practice of astronomy, whose foundation would first be
taken from the Persians. He was at a loss as to how he might come to
share this wonderful thing. In spite of being wearied, and having much
served the Persian king, he had scarcely achieved his objective; when, by
Royal command, the teachers were gathered. Soon Chioniades shone in
Persia, and was thought worthy of the King’s honor. Having gathered
many treasures, and organized many subordinates, he again reached Tre-
bizond, with his many books on the subject of astronomy. He translated
these by his own lights, making a noteworthy effort. There are in fact
other books of the Persian Syntaxis which he translated, those having
certain examples with the years systematically at the beginning. How-
ever, he handed on the Syntaxis alone, the best and most accurate of
all, as our teacher said, who appeared to be telling the truth. He trans-
lated seperately the commentary, which was taken from the Persians by
word of mouth alone. In this way, the Syntaxis, called the Handy, was
produced.*.

From this we learn among other things that Chioniades’ work forms the basis for
the Persian Syntazis of Chrysococces and that Chioniades went through Trebizond
on his way to study astronomy in an unnamed Persian city. It is clear from the
letters of Chioniades, however, that the city to which he travelled was the Mongol
capital, Tabriz.

The letters® of Chioniades which are important for a reconstruction of his life are

“The translation of this paragraph is from Mercier [4] pp. 35-36

® These are collected in I. V. Papdopoulos, ['pnyoptou Xtoviddou to0 dotpovéuou “Entotoad,
"Emotnuovue) *Enetnple thic @hocopixiic Lyohfic To0 Havemotuiov Oeoocalovixic, I (1927), pp.
151-205.



summarized in Westerink as follows:%

e Letter 4. This was written in Constantinople to Constantine Lucites. It states
that thanks to the warm reccommendations of Chioniades, many students from
Constantinople were able to go to Trebizond to follow the courses of Lucites.

e Letter 5. This was written in Constantinople to the emperor Alexis IT (1297
— 1339) of Trebizond. In this letter Chioniades states that the emperor of
Constantinople (Andronicus II Palaeologus 1282 — 1328) and the Synod had
made him archbishop of Tabriz, and so he was asking for permission to cross
the territory of Trebizond on the way to his diocese. He promises to pay back
the emperor in services.

e Letter 6. This was also sent to to the emperor Alexis II (1297 — 1339) of
Trebizond. Chioniades received the requested permission.

e Letter 7. This was written to Lucites of Constantinople. In this letter Chioni-
ades denies having calumnied or insulted his correspondant.

e Letter 8. This was sent to Lucites from Trebizond. Lucites has gone into
campaign with the emperor. The date of the expedition is September 1301.

e Letter 9. This was written in Tabriz to the partriarch. A patriarchal letter has
been read to the Christian people. The precarious position of Chioniades in
the midst of the barbarians is described. He apologizes for not being able to
do a canonic visit to the patriarch, citing his old age and the dangers of travel.

e Letter 10. The otpatnywdtatog to whom Lucites will give the letter is un-
doubtedly the emperor himself. Alexis is on campaign, and he should come
back quickly for the feast of the Martyrs (Eugene and his companions, 21
January).

e Letter 11. This is written to an archbishop. Chioniades excuses himself for not
being able to travel because of his health and becasue of Lent.

e Letter 12. This is written to Lucites. Chioniades must make a demand that he
finds embarassing. Westerink suggests that it might be a request for money.

e Letter 15. This was written to a certain John — 6 yAuxig “Iwdvvng. This is
perhaps the emperor John Glykus (before his patriarchate of 1315 -1319).

Another important biographical document is the Profession of Faith, ‘Ouoloyia

ol latpocogiotol Xwoviddou, dated to about 1305. After spending so many years

among the Persians, the Chaldaeans and the Arabs, Chioniades had apparently been

SWesterink [13] pp. 235 - 236.



accused of heterodoxy and of astrological superstition, and wrote the Profession in
defense of himself.” It is also possible that it was written as a result of Chioniades’
nomination for the episcopate of Tabriz, since it was in 1304 that the Mongolian
Ilkhans, whose capital was Tabriz, opted definitively for Islam.® The Profession,
Westerink notes,” could have been a way for Chioniades to distance himself from

that conversion.

The following is a summary of the Profession:*°

Submitting with filial piety to the direction of the patriarch, Chioni-
ades wants to repeat publicly the profession of faith that he has already
committed during a private interview with his patriarch. Some suspect,
he says, that because of his long stay among the Arabs he has been pol-
luted by their beliefs. If such a thought ever came to him, he should
share the punishment of Judas, his body should be devoured by the ani-
mals and the birds of prey and the worm that never dies. He declares as
anathema 1) those who believe that Moses and the prophets relied upon
astrology for their predictions and miracles, 2) the fatalists and 3) those
who regard Chaldaean theology as superior to that of Moses. If he has
ever expressed any Jewish, or Ismaelite doctrine other than to expose its
fallacies, his name should be erased from the book of life. He declares a
curse against those who do not accept the seven Ecumenical councils.

Based on the evidence presented above, as well as on some other documents,

Westerink provides the following tentative sketch of the life of Chioniades:

e 1240 or 1250 - Chioniades is born. (Letter 9, in which he speaks of himself as
an old man, can probably be dated between 1310 and 1314. This would place
his birth 65 to 75 years earlier according to Westerink. )

e 1294 - He begins the study of astronomy and of the Arabic and Persian lan-
guages, perhaps in Trebizond!!.

"Westerink [13] p. 236. The Profession of Faith is reproduced in Greek ibid,. pp. 243 — 245
8Westerink [13] p. 240.

%ibid.

10Westerink [13] p. 242.

11 See the discussion of some of Chioniades’ early notes on the subjects on ff. 113-115 of Smith
Western Add. in Pingree [7] pp. 18 ff.



e 1295 — 1297 - He studies in Tabriz with Shams al-BukharT and does preliminary
work on the zjes.'?

e 1297 or 1299/1300 - He returns to Trebizond (He is already a priest at this
time).

e 1301 -1302 - He is in Constantinople®?
e 1305 - He is ordained a bishop (letter 5) and writes the Profession of Faith.
e 1310 - 1314 - He is again in Tabriz (letter 9).

e After 1315 - He stepped down and lived as a monk. (Letter 11, in which
Chioniades is referred to as a monk, might belong to this period)

al-Khazini

Abt Mansur “Abd al-Rahman al-KhazinT was the Greek slave of Shaykh al-*Amid
al-Qadi Abu al-Hasan “Alr ibn Muhammad, al-Khazin, who resided in Merv, the

modern Mary in Turkmenistan'®.

al-Khazin1’s floruit is given as ca. 1115. After he
was given an education in mathematics, the philosophical disciplines and geometry,
he was employed by the Seljuk court as a mathematician, most likely at Merv. It was
here that Sanjar ibn Malikshah ruled and that al-Khazint composed az-Z7j as-Sanjary
in his honor.

al-Khazinl’s two other known works are the Risala fi’ l-alat (Treatise on In-
struments) and Kitab mizan al-hikma."> The Risala is found in codices 682 f.1 and

681, pp 1-32 of the library of the Sipahsalar Mosque in Teheran and has not yet

been published.'® Tt is a short work concerning several astronomical instruments,

12Here Westerink assumes Chioniades is the author of the Greek az-Z3j as-Sanjari, az-Z%j al-° Ala’y
and the Zij-i [IKhant , an assumption which will be discussed shortly. See Pingree [7] p. 21 for the
dating of these texts.

13 Pingree [7] p. 22 notes that the tables of the various zijes were put in their final form by
Chioniades in Constantinople.

14The following description of al-Khazini is adapted from Hall[3].
15 See Hall [3]p. 338 ff. for a complete bibliography of these two works.

16See Sayili [10].



including the astrolabe. The Kitab has been published as the Kitab mizan al-hikma
(Hyderabad, Deccan, A.H.1359 [A.D. 1940-1941 ]) and as the Mizan al-hikma, Fu’ad
Jami‘an, ed. (Cairo, [1947]). This text deals with weights and the construction of

balances.

Shams al-Bukhart

Shams is described in full in Pingree [7], pp. 16 - 17. He was born 11 June 1245
in Bukhara. His references to Nasir al-Din at-Tust indicate that he may have had
contact with the famous observatory at Maragha!”’. Shams was also the author
of several astronomical treatises, Greek translations of some of which have come
down to us in the same manuscripts as Chioniades’ work. These include On the
Genethlialogical Computation, which concerns the horoscope of a certain Fakhr al-
Din born in Tabriz on 25 August 1268'® and a treatise on the astrolabe dedicated to
Andronicus Palaeologus (Andronicus II, Byzantine Emperor 1282 — 1328).! Shams
al-Bukhart was in Tabriz in the 1290’s, as is clear from example computations in
az-Zij al-“Ala’s *° Tt is also clear that he was Chioniades’ teacher, since Chioniades
himself mentions the “oral teaching” of Shams in the Revised Canons of az-Zij al-

1

“Ala’t — and goviic Tol Baudp Mrovyoef,?! as well as in the second appendix of

az-Z1) as-Sanjart — ano Qwvic tol Xaud .

"Pingree [6] p. 143.
18Pingree [7] p. 16.

9Pingree [7] p. 17 notes that this is found in v ff. 237 — 245v, Vaticanus graecus 210, ff. 3-7v,
and Marcianus graecus 309, ff. 154-160v. A large fragment is also found in Parisinus Coislin 338,

ff. 259-261v, he states.
20Pingree [7] p. 17.

21 Pingree[7] p. 306-307.



History of az-Z1j as-Sanjary

The text of az-Zij as-Sanjari ( the Astronomical Handbook of Sanjar ) has had a
complex history??. The Zij was originally composed in Arabic in Iran by Abu Mansur
¢Abd al-Rahman al-Khazin1 and dedicated to the Sultan, Sanjar ibn Malikshah, who
ruled from 1118 to 1157. This version exists, at least partially, in two incomplete
manuscripts: Oriental 6669 of the British Library, dated by the scribe to 26 July
1223 A.D. and Arabo 761 of the Vatican Library. Each of these manuscripts of the
Z1j has 13 chapters, or magalat, ten of which are devoted to the central astronomical
material of the Zij(though the London manuscript omits all of magala 10). There
are also about 145 astronomical tables that belong to this version of the Zij but
neither of the two manuscripts contains all of them.

In 1131 AD an Arabic epitome of this first version of the Z7j was made by Khazint
himself, and was named the Wajiz. This summary exist in two essentially complete
manuscripts: number 859 in the Hamadiye Collection in the Suleymaniye Library
in Istanbul, and number 682 in the Library of the Sipahsalar Mosque in Teheran.
The date of copying of the former is given in the manuscript as between 8 December
1268 and 5 January 1269. The date of the copying of the latter is given as between
31 May and 29 June 1234. The Wayjiz covers the same material as the 10 central
maqalat of the first version of the Zij but in 12 magalat. As for the astronomical
tables, the Wajiz contains only 45, of which 30 are related to material in the Z7j.

Gregory Chioniades translated this Wajiz into Greek in Tabriz in the 1290’s,
with the help of his teacher, Shams al-Bukhari?®. There are three manuscripts of
this version: Vaticanus Graecus 211, copied before 1308; Laurentianus 28, 17 Flo-

rence, copied in 1323; and Vaticanus Graecus 1058%*, copied in the middle 1400’s.

22The following textual history of the Z#j is adapted from Pingree [9].
Z3Pingree[6]

24Vaticanus Graecus 1058 is clearly a direct copy of Vaticanus Graecus 211.



With the exception of a few passages, some clearly attributed to Shams al-Bukhart,
Chioniades’ translation is a fairly faithful rendering of the Arabic of the Wajiz. There
are forty-one astronomical tables in Chioniades’ version, but they are preserved only
in the two Vatican manuscripts. Thirty three of these tables are similar to tables in

the Wajiz.

Nature of the Text
Authorship

Pingree [6, 7, 8] suggested that Chioniades was the author of the Greek of az-Zij
al-cAla’t and az-Z#j as-Sanjart. In short, he has argued, ?® we have the testimony of
Chrysococces, who states that he is basing some of his work on a set of astronomical
tables which were translated into Greek by Chioniades.?® Some of these tables to
which Chrysococces refers are found in the Greek version of az-Zij as-Sanjari. This
Greek version was made in Tabriz, which we know from his letters 27 that Chioniades
visited. Pingree then concluded that it was likely that Chioniades was the author of
these texts.

Mercier, however, has argued somewhat unconvincingly, that since some of the
material in Chrysococces’s work is taken from the Zzj-i IIKhani of Nasir al-Din
at-Tusi, Chioniades cannot be the author of those two Greek zijes. Pingree®® has
pointed out that while some of Chrysococces’s material is taken from Nasir al-Din
at-Tust’s Zij, most of the material is in fact taken from az-Z1j al-°Ala’s and az-Zj as-
Sanjart. In addition, Mercier’s suggestion seems to ignore completely Chrysococces’s

own words as to the authorship of the source of his work.

2 The following argument summarizes Pingree [8] p. 436
26See page 3 of this introduction and following.
27See page 4 of this introduction and following.

Z8Pingree [8].
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What is perhaps another indication that Chioniades was the author of az-Z# as-
Sanjary is the way Muslims and the Islamic faith are described in that work. Time
after time* they are referred to as the impious (ol doefeic.). Their daily prayers
are referred to as ‘an accursed cry’. The author calls down God’s wrath on the
city of Mecca. It could be the case that this was the way Muslims were usually
refered to in Constantinople at that time. It could also be the case that the author
was trying to distance himself from Islam. We must recall that in 1305 — about
the time these z7jes were put in their final form 3°— Chioniades was called upon to
write the Profession of Faith, a work in which he refers to unbelievers as tév an’
alédvog doefdv?l. These disparaging remarks made in az-Z7j as-Sanjari are perfectly
consistent with an author who had been trying to defend himself against a possible
charge of heterodoxy — the very position in which Chioniades found himself in in the
early 1300’s.

It also seems fairly clear that az-Z7j al-“Ala’t and az-Zij as-Sanjari are works
of the same author. They have come down to us as a group in the manusrcripts.

The authors of both mention Shams al-Bukhari as a teacher.3?

Neugebauer has
noted® that “this [mention of Shams al-Bukhart in both zijes] shows that it is not
accidental that the text and table of the az-Z7j al-*Ala’t are combined in the same
manuscript with text and tables of the az-Z7j as-Sanjari” Both zijes not only use

the same technical terminology,®* but also the same incorrect technical terminology.

For example, in chapter forty-one of az-Z% al-°Ala’t , the author writes nepl tfig

29Gee 1.5 of the text of az-Z% as-Sanjart for a few examples
30Pingree [7] p. 22.

31 Mercier [4] p. 244 1.39

32Gee page 7 of this introduction.

33Neugebauer [5] p. 31 .

31See Neugebauer [5].
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éxPBolfic The ToYMS® “on the extraction of the fortune”, when he clearly means not

t.35 This type of repeated egregious error would suggest

fortune (toym), but ascendan
that rather than being the work of a “school” of Greek scholars working in Tabriz,

these texts are the work of a single individual.

The Method of Translation

Unlike az-Z7j al-Ala’ , which seems to have been composed by Chioniades in Greek
via a Persian intermediary (i.e., Shams would orally translate Arabic into Persian,
which would then be translated into Greek by Chioniades®?), az-Z7j as-Sanjari seems
to have been composed directly from Arabic with the help of a small Arabic-Greek
dictionary. That this was the method of translation seems clear from the fact that
there are far fewer transliterations of Arabic technical terms in the text than in
Chioniades’ version of az-Zij al-*Ala’i 3, and there are seemingly no Persian terms.3’
The size or rather complexity of the dictionary Chioniades used is perhaps best
indicated by the fact that dpy7 is used to translate such varied terms as (3!, dais,
J& 2, CMM, uj) and i.,u.. This lack of transliterations of Arabic technical terms
— transliterations which abound in az-Z7j al-°Ala’c — would also seem to indicate

that az-Z1j as-Sanjari was composed later than az-Zij al-°Ala’s , during which time

35Pingree [7] p. 184.

36See page 11 of this introduction for a discussion of the (mis)use of oy for the term ’ascendant’
in az-Zij as-Sanjart.

37See Pingree [7] p. 17.

38Gee Pingree [7] pp. 395 - 401. See also the glossary of the az-Zzj as-Sanjart.

39The one notable exception is perhaps Chioniades’ use of ténoc tfic oy —place of fortune- for

the Arabic term dL\u,m’sing time. dL\o in Persian means luck, which may explain Chioniades’ use

of terminology involving the word t0yn. This, however, is a mere guess.
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Chioniades had improved his Arabic!*

Technical Commentary

Neugebauer [5] provides an extensive discussion of the technical terms and techniques
used in Chioniades’ az-Zij as-Sanjari. A full technical commentary, however, will be

provided with the edition of the Arabic Wayiz.

Notes on the Present Text

The Edition of Chioniades’ az-Z%) as-Sanjari
The sigla for the edition of Chioniades’ text of az-Z7j as-Sanjari are as follows:

e VV — Vaticanus Graecus 211, ff. 38-106, copied before 1308.

e v — Vaticanus Graecus 1058, ff. 273v-316, copied in the middle 1400’s and a

direct copy of V.

e [ — Laurentianus 28, 17, Florence, ff. 81-167, copied in 1323.

A complete list of the other contents of these manuscripts is given in Pingree [7] pp

23 — 28. What follows is a partial list of the contents of the manuscripts:

—L—

Ff. 1r - 74r. The Persian Composition of Astronomy.

Ff. 74r - 79v. On the Genethlialogical Computation.

Ff. 169r-178r. “Ilm al-hay’a text.
Ff. 179r- 201r. Revised Canons.

Ff. 201r- 223v Short astronomical texts based on Shams al-Bukharl, az-Zij
as-Sanjari.

10This is consistent with the dating for the two texts proposed by Pingree [7] p. 21 ff. on internal

evidence.
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o Revised Canons.

o Ff. 37r. Arabic-Greek glossary preceeding chpater 23 of The Persian Compo-
sition.

e Ff. 38r-106r. az-Z7j as-Sanjari.
e F'f. 106v-115r. “Ilm al-hay’a text.
e Ff. 122r-159v. Tables of az-Zij as-Sanjari.

e Ff. 161v-234r. Tables of the Persian Composition (az-Zij al-Ala’t ).

e Ff. 92r-118v. George Chrysococces’s Introduction to the Persian Composition.
e Ff. 237r-245v. Shams al-Bukhart’s On the Use of the Astrolabe.

o Ff. 261-272v. Revised Canons.

e Ff. 273v-316r. az-Z7 as-Sanjari.

o F'f. 316r-321r. “Ilm al-hay’a text.

o F'f. 332r-369v. Tables of az-Zij as-Sanjari.

e Ff. 370r-440v. Tables of az-Zij al-Ala’r .

The English Translation of Chioniades’ az-Z%7) as-Sanjar?

The works referred to in the translation are as follows:
e A1 — 859 in the Hamadiye Collection in the Suleymaniye Library in Istanbul
e A2- 682 in the Library of the Sipahsalar Mosque in Teheran.
e A — areading in the Wajiz where both A1 and A2 agree.

e Biruni — Chronology of Ancient Nations. See Albiruni [1]
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e Ginzel — Handbuch der mathematischen und technischen Chronologie. See

Ginzel [2]

e Neugebauer — “Studies in Byzantine Astronomical Terminology”. See Neuge-

bauer [5].

Greek - Arabic Glossary to Chioniades’ az-Z%) as-Sanjart

The glossary was made by comparison of the Greek of the edition of az-Zij as-Sanjary

to the Arabic of the two manuscripts of the Wayiz.

Software

This text was typeset with various flavors of Donald Knuth’s TEX, including em TEX
teTEX and MiKTEX. ArabTgX and IbyGreek were employed for the critical edition,
as well as a version of EDMAC modified to produce an apparatus criticus consistent
with that of the first volume of this series. Perl and Java were used extensively, as

was the macro package LaTEX. The text editor used was Emacs.



Chrysococces’s Prologue to the Persian Syntaxis

Tob owpwtdtou latpol xupiov I'ewpyiov 100 Xpuooxdxxn EEnynoig el Ty
obvtalw 6V Ilepoidy éxtebelon npog tov adtod adehpov xvpoy “lwdvvny tov
Xapoavitny
Méhat wou xal adtol, b oloba & giktate “Iwdvvn, ty 10l Ilepowold toUde
npoyelpou omouddlovtog udhnoty, didaoxdiw yewUuévou Tt lepel , & Gvoua Mavouhh,
nohews 6vtt the TpaneloUvrog xal adtog 3¢ Uol TOAAAXLS oLVGY Xal Tolg AEYOUEVOLS
Aduevoc xal téppw T ToVTWY Xatalfidews elvar uf dveyduevoc Hidw utv tol yabfuatoc,

guol &’ énétpedog uebodwdtepov Onoderyuatioaobot & Aeydueva: Euol tdg TovTwY

2L

gp6douc Phdc mapatifévioc ol @Y SBAOHINKEGY ExElveV Puviy bOc oldv te Oro-
utuvoxovtog dxove. Ilpdtov tolvuv d€ov énuvnebijvar tév éxelvou twvbe, dnwg éx
[epoidog éxoulotn altn f obvtalic xal napd tivog elg TV ENNASa UeTNVEYON YAGTTOY.
gheye Tolvuv €xelvog 6Tt Xioviddng Tic év Kwvotavtvourdher tpagele xal méviwv v
xataAfdeL TéV uabnudtwy yevouevog elg Epmta teohy Xl ETépag Uabnoens StaAéxtou,
3¢ fc ooplav moploatto xal tatpwmy dxplBids EZaoxroeley, ENELd Topd Tvwy fixoucey,
o¢ el un elc Iepotda dpixotro, To0 Tohouvuévou 0l tebietal, TAVIEY XATAUPEOVHCUS T
Tdyoug elye thc 6800 elyetor el Toanelolvia 8’ dg év napddw ENBGOY xal 16 Yeydiw
Kouwynvé outkfoog ypdvov alyvov, etta xat & 100 TpdyUatog Xowwoduevos ueylotng
AELOON xndeyoviag mohkd yap map’ éxelvou Aafav dvaioduoata eig Hepolda dpixeto.
gv ohiyw d¢ & llepodv modeulelc xal 1@ toUtwv Bactkel dulfioag mpounbeiag te
mop’ éxelvou TeTUYMNUDS, EMEWN TO ThE dotpovoulag uovbdvew EBoveto uév, odx elye
3¢ tov dwdZovta. (véuoc Yép év Hepoldt, mdvta uev & pabiuata toic Bovhouévols
éZelvaw wovBdvey, dotpovoulav 8¢ udvols tolc [époaig, 6 B¢ thy altlav éZetdouc xal
uaBov d6Zav etval tvar mokowdy énxpationoay mop’ advtole, G [pdaproecfaut] Ty
exelvov Baokelav Ono "“Poualwy tf) téyvn tiic dotpovoulag ypwuévwy, mop’ éxelvev
npbtepoy Taltng Aofévies dgopuds, dinropeito nés &v tol Tololtou Uetdoyol xahol).
Suwg ToA& uoyBrioag xal Tohkd Souleloag 6 Baohel Tlepadv udhig 100 mobouuévou
TeTOynxe" TpooTdyuatt Ydp Bacthixd Tolg ddaoxdloug cuvayay®y €v Ohlyw uéyag
év Ilepoldt Xioviddng épalveto xal twihic REwolto Bacthixiic. ypfjuato 3¢ TOAL GUA-
Ae€duevog xal moAholg Umnuéous xtnoduevog elc v Tpanelolvta ndAwv dpixeto,
mol& BBAla tol g dotpovoulag ualfuatog ueh’ Eautol- oixela 8¢ yvodun tadta
éZelnvioag uviung 8Ztov Epyov énolnoev. elol uev odv xal Etepa BB THe cuvtdEeng
&y lepadv, 8nep adtog EZehhrivioey Umodetyuotd Tva ueBédua €v dpyf) Exovta Enoy&v:
TadTny 8 UbVny T olvtadly, Ny xal dg xpeittova ntacdy xal dxpBéotepay TUpédwXEY,
&g 6 YUY dwdoxarog Ereye xal dANBedwy Epaiveto, ywpels Epunvetag é€elhivioey, obtw
Tavtny deddueove €x Ilepodv id Lidong udvng Epunvevouévny puviic: obtwg éxoulotn
abtn f ovvtolic, §j xol mpdyetpoc AéyeTan. 4!

41 Usener [12] pp. 356-357
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neptoods. el Ot O of mhelwy, O Pfipoc Evevoe mpodg dgalpecsty. obtog ol O
fipog TEY u€owy xavoviny éatly, énel O ThHe dpyfic del npdg TAéoy yweel.
"Enel ypelo yevéohar thv Eépyaciav tadtny, elnep Aentd olx elow eig
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elol Aenta elg TOV Yoy MUY, xat’ évaviiov TV uwolpdy Tol xpatovuévou
nap” NUGY PAgou ano g dpytic Tol xavoviou yivetal eloéleuolg, xal dno
g puéong 1ol xavoviou xpateitar O ebpelelc | Pfipog xal tnpeital. Emcura
7 mepooeia TovTou Qavepoltal, xal éxelvn N neplooela el T Aemtd TOU
xpatouuévou map’ MUy PRgou tneeltal. €l tu cOpebff, ueplletan eig Ty
neplooetlay thg dpyfic Tol xavoviou. €l Tt €EENOY, éav O dfjpog 6 dno THg
uéong tol xavoviou tol xpatnhévtog xal tenbévrtog | ywef] Teog TO TAEov,
éxeivo 10 €€elfov évoltal todte. el 8¢ mpog 10 Elattov, dgaipeital tva
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Auwipeotlg
Einep éxelvog 6 xpatnielc nop’ Huédv Piigdc Eotv dno tol dno tol uéoou
xavoviou Prgou, xal defoet yevéohal anod Todtou dfhov Tov and The dpyfic

ToU xavoviou Pijgov, oltog 6 Tap’ UGV xpatoduevos Pfigog {nteitor uécov
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Ot dpyatot éxeivol, onolog dGpa xal €ott xxhog eig TV ogalpay, eig T
1Z éuéploay, eig o yevéohar Exactov Letd Tob dMhou loov, xal & Tepudyta

éxeiva éxdhecay yolpac. xal thv diduetpov 8¢ 0l xUxhou elg px Uolpag

10 uwowvL 11 B L jJ1a B L 16 xdxhog post oo L

%)

f283rv

f102rL



10

15

Z1j as-Sanjart
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TAéov EoTl TEV pT UoLpdY, éxelvo dgatpeital dno Tév & wopdyv. €l T oy
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abtn éxelvou tol t16&ou T0b er €otiv.

| Awalpeots. Ilepl tob eidévar v tpayniatay and tol té6&ou, xal T 6oV
anod the Teaynialas.

Bovhouévewyv Nuév towoal épyactiay, yivetat eloéheuoig xat’ évavtiov tod
60U eig TO dxpov T dpyiic ThHe Teaynhalag. xal xat’ évavtiov éxelvou ano
uéoou ol xavoviou 1 tpaynhaia | éxBdihetat. €nel odv yetd tol té6&ou 0d
elyouev Noav Aentd, éxelvn N tpaynhaio teleia yivetal | uetd tic 6pbdoeng
100 u€coL TBV P xavoviey. obtwg Oc éppéhn eic THY dpy Ay Tol o Tuatog. &l
TL eLPeDT), Tpaynhaid Eotwy éxeivou tol téou. xal &v yévntan yeeia yevéobhau
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Awlpeots. Ilept T xatarfdens the oayltag and tol t6&ou xal tol t6&ou
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4 yivetow post Ao L |5 odv om. Vv

58



Zij as-Sanjarl

Tufjua v Ilepl Tol oxidouatoc.
Eic t0 mhdywov 1ol xavoviou tig tpayniaiag €téln dud Todg daxtiAoug
xal T& yvomoda. xoat’ évavtiov obv tic avaPdoens yivetal eloéhevols xal

xpateltal T0 oxlooua.

59



Joseph Leichter

Dissertation Sample

Chapter 2 of the Z7) as-Sanjar?

English Translation



Book 2

On the Comprehension of
Interpolation, Sine, Arc, The
Sagitta, and Tangent'—Things
Which are Very Useful for the
Astronomical Composition

This book is divided into 3 chapters.

2.1 On Interpolation

It is necessary to know the nature of a table. That number which has been
placed at the edge of a table is a gate, as it were, into calculations involving
that table. That number which is the difference of (two adjacent) entries in
the table and that number at the edge of the table are always precise with

respect to (calculations involving) tabular difference. That tabular difference,

Hit. shadow

49



20 BOOK 2. TRIGONOMETRY

however, which involves values (intermediate) between two (adjacent) table
entries, is not always precise (with regard to such calculations). If this tabular
difference (of adjacent entries) in the table has been written down for this
table, and the zodiacal signs go (in order) from the top of the table down,
then the tabular difference is reckoned opposite that number (with which you
enter the table). If the zodiacal signs go (in order) from the bottom of the
table up, the tabular difference is reckoned opposite the next number (after
the one with which you enter the table). If the tabular difference has not
been written down in this table, the number with which entrance was made
into the table is examined. The number after it is examined, and the smaller
(of the two) is subtracted from the larger. If the second number is greater,
that column? is said to be increasing. If the first is greater, that column is
said to be decreasing. This is a column of entries in the body of the table,

since a column at the edge (of the table) is always increasing.

When it is necessary to engage in this labor, if the number we have reck-
oned does not have a fractional part, there is no need for (further) labor. The
(desired) result is reckoned opposite that number. If, however, our number

does have a fractional part, entrance is made (into the table) from the edge

2lit. number
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of the table opposite the degrees of our reckoned number, and the (desired)
number is found and reckoned in the body of the table and examined. Then
its tabular difference is made clear, and that tabular difference is multiplied
by the fractional part of our reckoned number. The result is divided by the
tabular difference (of the two corresponding entries) at the edge of the table.
If anything comes out, if the column in the body of the tables — after reck-
oning and examination — is increasing, this result is added to it (i.e., the
number in the body of the table opposite the integer part of our number). If
(the column) is decreasing, it is subtracted, so that the interpolated number

may be complete.

2.1.1

If the number we have reckoned is a (type of) number in the body of the
table, and if it is necessary that the (corresponding) number at the edge of
the table be made clear from this (number of ours), the number we have
reckoned is sought in the body of the table. If a number is found there equal
to ours, the number at the edge of the table is reckoned opposite ours, and
there is no need for anything else for this calculation. If, however, a number
equal to ours is not found there (i.e., in the body of the table), the greatest

number less than the number we have reckoned is sought in the body of the
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table. Then the number at the edge of the table is reckoned opposite this
(found) number and examined. Then that number found in the table —
opposite which entrance was made into the table — is subtracted from the
number we reckoned. The result is multiplied by the tabular difference of
the number at the edge of the table and the result is divided by the tabular
difference (of the corresponding numbers) in the body of the table. The
resulting sexagesimal firsts and seconds are added to the number reckoned
at the edge of the table so that the number reckoned at the edge of the table

may be complete.

2.2 On the Comprehension of the Arcs of Sines
and the Sagitta

The ancients divided the circle on the sphere into 360 equal parts. They
called those parts degrees. They divided the diameter of the circle into 120
units. Each of their degrees was divided into 60 parts, and they called each
of them a sexagesimal first. Each of those (sexagesimal firsts) was in turn
divided into 60 parts, each of which they called a sexagesimal second. This
process of division was continued in the same way on the successive parts (of

the circle) until (they reached) sexagesimal tenths.
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It is necessary to know that the Sine is a base-point for the comprehension
of its arcs. Astronomers employ the Sine for all their computations. The
maximum value of the Sine is half the diameter, the length of which (half)

1s 60 units.

It is necessary to find the Sine of an arc given the arc. If the arc is less
than 90, the Sine is reckoned opposite that arc. If the arc is greater than
90 and less than 180, the difference between that arc and 180 is reckoned,
that is, the smaller value is subtracted from the larger value. The Sine is
reckoned opposite that result. If that arc is greater than 180 degrees, its
value is subtracted from 360 degrees. The Sine is reckoned opposite this

result.

If it is necessary that the sagitta be reckoned opposite the arc, if the arc
is less than 180 degrees, the sagitta is extracted opposite that (arc). If the
arc is greater than 180 degrees, its value is subtracted from 360. The sagitta
is reckoned opposite the result. The maximum value of the sagitta is the
(length) of the diameter of the circle, and this is 120 units. This (i.e., 120)

is the sagitta of an arc of 180 degrees.

The Sine

Given an Arc
to Find its Sine

Given an Arc
to Find its Sagitta
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2.2.1 On Knowing the Sine from the Arc and the Arc
from the Sine

When we wish to engage in this labor, entrance is made into the table oppo-
site the arc at the top of the beginning of the Sine values. The Sine is ex-
tracted from the body of the table opposite this value. If there are fractional
parts to the arc in question, that Sine becomes complete with interpolation.
This was discussed at the beginning of the first chapter (page 49). The result
is the Sine of that arc. If it is necessary that the Sine be of the complement
of that arc, the arc is subtracted from 90. The result is the complement of
the arc and the Sine is reckoned from this. The result (of that calculation)

is the Sine of the complement of that arc.

Whenever we have reckoned a Sine, that Sine is sought in the body of
the table of Sines, and its arc is reckoned opposite it (going down) from the

top of the table, as was discussed in the beginning of the second chapter?

( page 53 ).

3lit. “the section of the first chapter”—but this is incorrect
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2.2.2 On Comprehending the Sagitta from the Arc
and the Arc from the Sagitta Using the Sine Ta-
ble

Whenever we have reckoned an arc, and we wish to know its sagitta, the arc
is examined. If it is less than 90, the Sine of the complement of that arc is
subtracted from 60. If the arc is 90 degrees, the sagitta is 60 units. If the
arc is greater than 90, it is subtracted from 90. The Sine of this result is
reckoned and added to 60. The result is the sagitta of that arc.

Whenever we have a sagitta and we wish to extract its arc from the table
of Sines, the sagitta is examined. If it is less than 60, it is subtracted from
60. The result is a Sine. Its arc is reckoned and the result is subtracted from
90. That result is the arc of the sagitta. If the sagitta is 60 units, it is right
and its arc is 90 degrees. If the sagitta is greater than 60, it is subtracted
from 60. The result is a Sine. Its arc is reckoned. The result is added to 90

and the arc of the sagitta is found.
2.3 On the Tangent®

(A tangent table) in fingers and feet has been set down along side the Sine

table. Entrance is made opposite the altitude and the tangent is reckoned.

41it. shadow





