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SCIAMVS 18 (2017), 133-259

The Mathematical Scholia Vetera to Almagest 1.10-15
With a Critical Edition of the Diagrams and an
Explanation of Their Symmetry Properties

Fabio Acerbi
CNRS, UMR8560 Centre Alexandre Koyré, Paris

Abstract

The article contains a complete edition, with a translation and a commentary, of the scholia vetera
to the “mathematical” chapters of Book I of Ptolemy’s 4/magest, along with an edition of the dia-
grams that represent the geometric configurations at issue in the selected chapters. A new explana-

tion of the phenomenon of “overspecification” of geometric diagrams is finally provided.

1. Introduction

The set of scholia vetera to the Almagest (henceforth Alm.) has never been edited in its
entirety.' The best occasion to do that would have been when Heiberg prepared his criti-
cal edition of Ptolemy’s treatise: the great Danish scholar had in fact already published
and thoroughly studied over 1450 scholia to the Elements (henceforth El.), and he could
well have done the same for A/m. If Heiberg had restricted himself to the scholia pre-
served in the most authoritative witnesses—four manuscripts, as we shall presently see—
and if he had eliminated the bare references to canonical texts as he had done in the case
of El., he probably would have reached to no more than 1500 items. We may only guess
the reasons for his not undertaking this task: maybe he judged that an analysis of the
scholia was not necessary to corroborate his reconstruction of the textual tradition of

Alm..? or he simply did not have enough time.

" In particular, no one has so far redacted even a tool as simple as a concordance table of the scholia in the
oldest manuscripts of A/m. For editions limited to few specimina, see Mogenet (1975), excerpts from 5 items;
Tihon (1976), 1 item; Pingree (1994), 3 items, see n. 30 below; Jones (2003), 4 items, see n. 20 below; Chri-
stianidis and Skoura (2013), 1 item; Acerbi and Riedlberger (2014), 1 item; it is scholium 94 below; Acerbi
(2015), 3 items, two of which are sch. 77 and 87 below; and Tihon (2015), 9 items. Mogenet (1975) also gave
some preliminary indications as to the structure of the collection (see below).

% In the case of EL, the analysis of the scholia provided decisive clues in this regard; see Heiberg (1888, 236—
242 and 297-298), and Vitrac (2003). Heiberg published about 1380 scholia in his critical edition of EI.
(EOO V), about 50 in his dedicated study of 1888, and finally 33, contained in Scorial. ®.I1L.5, in the Parali-
pomena to his edition (1903, 338-344). Sigla such as EOO are explained in the Bibliography.
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In this paper, a sub-collection of the scholia vetera to Alm. is edited in its entirety,
namely, the annotations to the “mathematical” chapters of Book I. Including the tables,
these are chapters 1.10—11 and 1.13—15 of A/m., which feature Ptolemy’s construction of
the Table of Chords, his proof of the Sector Theorem, and the first application of the Sec-
tor Theorem to the construction of the Table of Declination. Among all scholia to these
chapters, I have selected those that I shall call “scholia vetera:” these are annotations in
the hand of the main copyists of the relevant manuscripts. Such a selection proves neces-
sary because A/m. was heavily annotated in these same codices by Byzantine scholars.

The choice of this sub-collection, which amounts to 107 items, has been dictated by
two criteria. First, only scholia with astronomical content have been published so far,
whereas those edited in the present paper have an exclusively mathematical character.
Second, the selected chapters of Alm. really constitute self-contained expositions, fairly
independent from the rest of the treatise.

The purpose of this paper is to provide a cross-section of Late-Antiquity scholarly
activity on Alm.: its sources, its aims, its methods. We shall also get more detailed infor-
mation on the structure of the entire collection of scholia vetera to Alm. For this reason, 1
have edited all scholia pertaining to the selected chapters, even when they are bare refer-
ences to canonical texts. We must not underestimate the kind of mathematics involved in
some of the scholia: they pertain to the domain of calculation techniques that developed
in strict connection with the adoption of the sexagesimal system in mathematical astrono-
my. Since Ptolemy is invariably reticent as to the computational techniques to be employ-
ed, these are expounded, sparsely, in commentaries in Alm. such as Pappus’ or Theon’s;
in a systematic form, in computational primers such as the anonymous Prolegomena ad
Almagestum (henceforth Prol.); occasionally, in dedicated scholia. In some scholia we
also find interesting pieces of mathematics or valuable historical information; in view of
their importance, some of these annotations have deserved a more detailed study in sepa-
rate publications.

The paper is organized as follows. Section 1.1 introduces, mainly in order to establish
a terminology, a typology of mathematical scholia. Section 1.2 outlines the structure and
the origin of the main collection of scholia vetera to Alm. Section 1.3 presents in some
detail the mathematical content and background of the selected chapters of Alm., with
special emphasis on computational techniques. The scholia pertaining to every single
proposition or argument in the selected chapters are also indicated. Section 1.4 summari-
zes the general characters of the edited scholia, providing tabular overviews of their types
and functions; the relationships between the collections contained in the main manu-
scripts of Alm. are also clarified. Section 1.5 describes the structure of the subsequent
section. Section 2 contains the edition, a translation, and a commentary on the scholia.
The Appendix presents a “critical edition” of the diagrams that represent the geometric
configurations at issue in the selected chapters of A/m., and a new explanation of the
phenomenon of their “overspecification.”
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1.1 A Typology of Mathematical Scholia

All mathematical scholia share some basic features:* their mutual disconnectedness, their
metatextual character, their paratextual position. Several categorizations can be used to
differentiate them: their script (whether majuscule or minuscule), date of composition,
date of transcription (whether first or later hand in a given manuscript), origin (whether as
extracts from other writings or not), format (length, shape, set-up), type of argument
(whether formal or informal), content (technical, historical, textual), location with respect
to the main text (liminar, marginal, interlinear). On the basis of some of these criteria, |
offer in the following list a typology of the scholia to Greek mathematical texts that
seems to me to capture the main species of this literary sub-genre:

* Liminar scholia: connected, non-marginal series of annotations placed immediately
before the beginning of a treatise and normally discussing its principles and its
deductive structure.

¢ Comment scholia: unconnected, marginal annotations containing a full-fledged argu-
ment aimed at completing, correcting, or supplementing a specific locus (ranging
from a word to an entire proposition) of the main text.

s mopaypagai (henceforth paragraphai, sing. paragraphé):* very short, non argument-
ed marginal annotations transcribing a variant reading or filling a lacuna in the main
text, or explaining a mathematical statement either by an operative indication (like
«because a tangent cuts a circle at exactly two points»’), or by a reference to a canon-
ical text (El., Data, Conica ...), such as 61d 10 18’ 100 B’ 1@V otoycimv «by the 19th
of the 2nd of the Elements»: proposition, book, treatise.

* Diagrammatic scholia: marginal annotations in the form of diagrams not accompanied
by a discursive explanation.

* Schematic scholia: small text cells organized hierarchically as a flow diagram and
offering a summary of the main text, or providing supplementary information.

¢ Tabular scholia: marginal annotations in the form of numerical tables or of calcula-
tions arranged in a tabular set-up; they can be supplemented by short textual units
such as headings, identifications of numerical values with specific magnitudes in the
main text, etc.

* Interlinear scholia: (short) interlinear annotations clarifying specific lexical or mathe-
matical points.

* In this and in the following Section I shall partly employ the material presented in Acerbi (2014).

* This denomination comes from Eutocius, in Con. IV, AGE 11, 354.8. John Pediasimos, a Byzantine scholar
well versed in mathematics, called them napacnueidoeis (see sch. X.405 in El. X.91, EOO V, 563.27).

> I shall use French quotation marks for quotes or translation from Greek, usual quotation marks to emphasize
words.
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The borderline between comment scholia and paragraphai is not as sharply defined as
those between the other categories, that are determined by requirements of format or of
location; let us stipulate that a paragraphé becomes a comment scholium when it has at
least two clauses. The scholia may be keyed to the relevant passage in the main text by
means of a signe de renvoi. The scholia may be figurata, that is, the text itself may be
written in the form of an object, such as a Latin cross, or an amphora. The disposition of
the annotations in the page can provide us with valuable pieces of information about the
mise en page of the models of the manuscripts in which we presently read them.

1.2 The Scholia Vetera to the Almagest: Their Structure and Their Origin

Heiberg knew of 36 manuscripts containing A/m. in its entirety;® he organized them into
three families,” whose best (and oldest) representatives, identified by their sigla, are

(A) Par. gr. 2389 (in majuscule, 9th c. in., siglum A, Alm.);,
(B, C) Vat. gr. 1594 [9th c. p. m., siglum B, Prol. incomplete, Ptolemy, Alm., Phaseis,
De judicandi facultate et animi principatu (Judic.), De hypothesibus planetarum
(Hyp.), Book I1]* and Marc. gr. 313 (9th c. ex.—10th c. in., siglum C, Prol. in-
complete, Alm.);’

% The codices containing only parts of 4/m. are listed and shortly described at POO II, CXLII—CXLVIL.

7 In the order of the following list, partial stemmata are given at POO II, LXXVI, LIII, CXXXVI. G is incomplete
(des. POO 1.2, 589.7 avopoiiag) and was employed by Heiberg only in tome 1.2 (= A/m. VII-XIII); he repor-
ted the variant readings of the star catalog at POO II, CXXI-CXXVL.

® This codex of 284 folios contains: Prol., ff. 1-8v; Alm., ff. 9r—263v (the books are distributed as follows:
Book I, ff. 9r—28r; Book 11, ff. 28r—57r; Book III, ff. 57r—76v; Book 1V, ff. 77r-97r; Book V, ff. 97r—122r;
Book VI, ff. 122r—145r; Book VII, ff. 145v—159v; Book VIII, ff. 160r—174r; Book IX, ff. 174r—195v; Book
X, ff. 195v—209v; Book XI, ff. 209v—229r; Book XII, ff. 229r-244v; Book XIII, ff. 245r-263v); Phaseis, ff.
264r-272r.; Judic., ff. 272v-276v; Tabula categoriarum, ad praecedens opus pertinens, f. 277r; f. 277v
vacuum; Hyp. 1, ff. 2781-283r; Tabulae variae, ff. 283v-284r; Adnotationes variae, f. 284v. A very detailed
description of B can be found in Acerbi (2018b). Here it is important to bear in mind that this codex, formerly
included in the “collection philosophique” (on the issue see Ronconi 2013) was written by two copyists, cal-
led ITa (ff. 1r—277r) and Ilc (ff. 278r—283r), and that A/m. was transcribed on two columns.

? This codex of 370 folios (ff. 1-2 and 6 are missing) is written on full page and contains: ff. 1r-30v, preli-
minary material; ff. 31r-370v, Alm. 1-XIII, mutilated in fine (des. POO 1.2, 593.23 8mov). According to N.
Wilson (per litteras on 5/2/2005), it can be assigned to the 9th ex.—10th c. in. The sporadic accentuation, that
Wilson took as a clue to anticipate the date «saec. X med.» proposed in Mioni (1985, 24), had prompted B.
Fonki¢ (2005, non vidi) to assign this codex to the beginning of 9th century; see also Agati (1992, 141-142).
The only known apograph of C is Marc. gr. 311, ff. 1, 3—11 26-58, 60-65, 67-112, 113 pars superior, 118—
123, 125-165, 169-170, 172—184, 186—191 (it is the ancient part of the codex, in oriental paper); the rest
belongs to the family of G, but presents earlier layers of text. The Greco-Latin translation of A/m.—made
within the Sicilian school of translation, which flourished during the third quarter of 12th century (Haskins
and Lockwood 1910; Heiberg 1910 and 1911; Haskins 1912) and to which we also owe the Greco-Latin
translations of Euclid’s Data and El. and of Proclus’ Elementatio physica—derives from C. The two copyists
of Marc. gr. 311 and the Greco-Latin translation share corrections with respect to the text of Marc. gr. 311
(Heiberg 1911). C, that contains some annotations in Latin assigned by Heiberg to the 14th century, was also
the model of the Greco-Latin translation of Prol., made by the same translator as that of 4/m. Of this trans-
lation of Prol., only the initial segment has so far been uncovered, containing the isagogic section and Zeno-
doros’ treatise on isoperimetric figures; the latter is edited in Busard (1980), the former in Acerbi, Vinel, and
Vitrac (2010, 90-91). This edition is based on the Florence, Bibl. Naz. Conv. Soppr. A V 2654, f. 120v,
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(D, G) Vat. gr. 180 (10th c., siglum D, Alm.)"’ and Vat. gr. 184 (13th c. p. m., siglum
G, varia arithmetica et astronomica, Prol., scholia ad Alm., Alm.).11

Heiberg notes that the tradition represented by the third family, although less correct and
often interpolated, allows very old textual layers to be reached. Overall, the structure of
the stemma proposed by Heiberg makes it possible to go very far back in the tradition of
Alm. As for the scholia, the situation can be summarized as follows.

(A) A is a de luxe exemplar and has no scholia vetera.
(B, C) A large amount of scholia transcribed by the main copyists can be found in B

and C." The sets of scholia contained in these two codices are almost identical.
As a consequence, the two manuscripts are independent witnesses of a single
collection, in the same way as they are of A/m. itself. These annotations were
eliminated en bloc from all apographs of B.

(G) G is an apograph of B as for Prol. The earliest marginalia ad Alm. were
transcribed by the main copyists themselves."> As the script of the main text in
G is quite dense, the scholia are keyed by means of signes de renvoi; they are
organized in clusters of often unrelated annotations; these are often separated by
the standard graphic marker “dicolon + paragraphos + short blank space,” but it
frequently happens that the scholia in the cluster follow each other without
separating marks. A preliminary assessment shows that the bulk of these anno-
tations is a subset of those in BC. Their text shows strict affinities with the read-
ings of C, and I take it as certain that G, or a model of it, is an apograph of C as
far as these scholia are concerned (details in Section 1.4)."

owned by Antonio Corbinelli. The preliminary material is not contained in the other witnesses of the Greco-
Latin translation of 4/m. (Vat. lat. 2056, owned by Coluccio Salutati; Pal. lat. 1371; Guelf. Gud. lat. 147).

19 On the structure of this codex, written by four copyists, see POO 1I, LXXVI-LXXVIII and LXXX—LXXXIL
Heiberg’s analysis has been completed in Orsini (2005, 317-322 and 340-342). The ff. 1r—2r and 280v of
Vat. gr. 180, in a hand of the 11th century, contain excerpts form Theodoretus’ Commentarius in Psalmos.

" This manuscript (notes of one of the copyists dated 1269-1271; for the structure of the codex see Bianconi
2004, 330-331) contains annotations and corrections by John Pothos Pediasimos, John Catrarios, Nicolas Eu-
daimonoioannes (Tihon 2003). Bianconi (2005b, 150—151) identified one of the hands singled out by Tihon
with that of John Catrarios; the identification of Pediasimos (o/im Turyn’s R, to be found also in Bodl. Dorv.
301: B. Mondrain, unpublished—and in Vat. gr. 2326: Bianconi 2014, 467-468) is in Pérez Martin (2010).

'2 There are just a handful of first-hand scholia to Prol., nevertheless they provide us with one interesting
piece of information: a possible alternative title of Pappus’ Collectio (but see the subscription of Book 1V at
Hultsch 18761878, 303.18 app.). The text is iotéov 611 0 péyag Ianmog tadto énédeiev Euperii év i) €'
Bipre TV avOnpdv npopinudtev (C, f. 3v, and B, f. 51, in minuscule, edited in Acerbi, Vinel, and Vitrac
2010, 132.24 app.).

13 See Bianconi (2004, 331, n. 59): hand A both copied the text of, and apposed a few annotations to, 4/m.
1.10 (ff. 86r-87v); hand C copied all scholia to Alm. 1.13—15 (ff. 90v—93r; f. 92 only contains scholia, f. 93r
has the Table of Declination; the main text at ff. 90v—91v is due to hand B).

' On the fact that the copyists of G certainly had access to B see POO II, XXXII-XXXIII and CXVII-CXXL.
Apparently, B was used as a reference manuscript in Constantinople’s scholarly circles: extensive lacunae in
A were supplied by one of the copyists of Theodoros Metochites, who directly relied on B; see ibid., XXXVII—
xxxviil, and Pérez Martin (2008, 436, and n. 177); the lacunae in A are at POO 1.2, 10.5-28.8, 250.1-332.22
and 599.5-608.10. As to C, Heiberg surmised that the model of G was collated with C (POO 11, CXXI).
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(K) A further select collection of scholia was transcribed in Vat. gr. 184, before
Alm. itself, at ff. 25r—80v, with the title @éwvog dre&oavipéwe: oyoio TavL
ypowo €ig TV peyéAnv obvtafw ITtorepoiov.” This collection, that will
receive the siglum K, was certainly drawn from B since it also includes many
annotations by a very active hand of the 12th century apposed in B itself (see
point 6 below). Hence, we sometimes find that the same annotation is found
twice in Vat. gr. 184, both in the margins of A/m. (for which siglum G will
again be used) and in K. Scholia or groups of scholia in collection K are
normally preceded by an appropriate citation from Alm.

(D) One of the main copyists'® of D found in its model a rich scholiastic apparatus,
totally disjoint from that of BC. As regards the chapters of Alm. in which we are
interested, this corpus is made of 84 annotations: 41 comment scholia and 43
paragraphai. The former include 3 extensive excerpts from Theon’s commen-
tary, preceded by the indication £k tdv ®@éwvoc.!” Of the paragraphai, 31 are
simple citations by proposition, book, treatise (mostly El.) or references to pre-
vious results of 4/m. Taking into account also these annotations would have
made this article too long and complex; diis faventibus, 1 shall present this ma-
terial in a future study. The later annotations we presently read in D were tran-
scribed selectively, repeatedly and always by collation from B, by a series of
hands arriving until as late as the 14th century. In particular, a rich scholiastic
apparatus was transcribed, after collation of B, by a hand of the end 11th —
beginning 12th century.

As a consequence of all of this, the denomination scholia vetera will be used in this paper
to designate the huge collection transcribed by the main copyists of B and C; these scho-
lia were surely contained in their common model. We shall presently see that we can also
set a lower bound to their date of composition: the redaction of Theon’s commentary in
Alm., about 360. We are thus presented with a collection of scholia assembled not before
Late Antiquity and contained in independent (albeit belonging to the same family) wit-
nesses of the main text. But the situation is even more favorable, since we can both lower
the upper bound and increase the lower bound. In order to see this, let us consider first
some of the main features of this corpus as we have it in B, by far the best witness.

15 Mogenet (1975, 307) asserts that, for A/m. 111, these are in all 121 annotations, of which 46 were originally
written by the first hand of B, 75 by a second hand. The hand that transcribed in K the scholia here edited is
that of copyist D: see Bianconi (2004, 331, n. 59).

' This very likely coincides with hand ¢ in Heibergs’s classification (POO II, LxxX). Hand b is responsible
for most of the folia containing the chapters of A/m. we are interested in (ff. 15-24); hand a transcribed the
beginning of 4/m. 1.10, on f. 14.

17 The excerpted passages, to be found at ff. 16v, 17v, 23r, are at in Alm. 1.10, iA, 486.15-487.4 and 501.4—
502.5, in Alm. 1.13, i4, 560.11-20, respectively; they present almost no variant readings with respect to the
text edited by Rome. Theon is also mentioned in a further scholium.
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1))

2)

First-hand scholia in majuscule. First-hand scholia are either in a majuscule of small
module or in a minuscule identical with that of the main text but of reduced module:
over the same length, the scholia contain about two-thirds of the signs of the main
text. Scholia in majuscule'® can be found at ff. 6r, 9r epigram (in Auszeichnungs-
majuskel, of the same size as the titles of the chapters of Alm.), 12r (short schematic
summary), 16r, 191, 19v, 22v, 23r, 23v, 24r, 251, 25v, 36r, 37v, 38v, 39r, 40r, 421,
42v, 43r, 43v, 44r, 44v, 451, 46v (schematic summary), 47r, 47v, 48r, 48v, 57v, 61v,
64v, 68v, 71r (short schematic summary), 75v, 81v—82r (annotations to the tables of
the mean motions of the Moon), 92r, 97v, 100r, 102v, 106v, 110r, 116r, 118r, 120v,
122v, 123r, 123v, 125r (annotations to the tables of conjunctions), 126r, 127r, 128v,
132v, 133r, 138v, 140v, 141v, 148v, 154r, 155-164 (annotations to the star catalog),
168r, 168v, 169r (schematic summary), 169v, 170r (schematic summary), 174v, 176r,
178r, 179v, 181r, 18v, 184r (annotations to the tables of the mean motions in
longitude and anomaly of the five planets), 185v, 193r (data concerning the Moon and
Mercury, in tabular form), 196r, 196v, 197r, 199r, 2071, 208r, 209v, 211v, 213r, 215v,
216v, 217r, 221r, 222r, 222v, 223v, 224r, 228v, 229r, 257v. Schematic scholia
normally have the first categorization in majuscule (see item 3). Numerical tables
normally are in majuscule (see item 4).

First-hand scholia in minuscule. These can be found on almost every page, and
sometimes are of considerable extent; as regards their content, see infra. Starting from
f. 113v (4/m. V.4), a later hand marked these scholia selectively (the selection crite-
rion appears to be related to length) by a slashed majuscule gamma. Starting from f.
140r (4Im. VI1.10), the scholia are also numbered by a more recent hand, which at the
beginning adds on(ueimoar) to the numeral letter, again selectively, and in fact over a
subset of those receiving the first marking: numbers range from a’ to y' in Book VI
(but including a p’ and a B'), from o’ to ¢B’ in Books VIII-IX, from o’ to k¢’ in Book
X, from o’ to B’ in Books XI-XII, from o' to ¢’ in Book XIII: 274 scholia in all.
Exactly the same numbering is apposed, only for Book XIII and by the same hand of
the 14th century that transcribed the scholia, in D. Some scholia in minuscule have a
“title” in majuscule. A small number of scholia are figurata: ff. 10v (amphora), 18v
(Latin cross), 24v (altar), 26r (Latin cross having an amphora as basis, but only the
final portion of the scholium, which begins in the upper margin), 36r (Latin cross),
36v (amphora with pointed basis), 38r (amphora), 68v (Latin cross having an ampho-
ra as basis), 205v (amphora having a Latin cross as basis). Even when they are not
figurata, many first-hand scholia in minuscule have their last line(s) centered and
showing progressively reduced length. Two long scholia at the end of A/m. V.7 and
V.17 (ff. 106r and 117v) are set out, preceded and followed by decoration, as if they
had a truly textual status, although they are still written with a script whose module is
intermediate between that of the text and that of the marginal annotations.

18 Short numerical scholia are excluded.
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3) Schematic scholia. These can be found at ff. 1v,"” 12r (entirely in majuscule), 12v,
24r, 46v (in majuscule), 47r, 71r (in majuscule), 119r, 145r, 169r (in majuscule), 170r
(in majuscule), 260v. The schemes in majuscule are usually more condensed. All
these schemes, except for the one at f. 145r, have portions in majuscule, normally the
first row.

4) First-hand tabular scholia. Numerical tables (always without justification lines) can
be found at ff. 27v, 37v, 38v, 42r, 44v, 45v, 48v, 59r, 62r, 70r, 74v, 75r, 75v, 76r,
76v, 78v, 79r, 81v, 82r, 86r, 86v, 87r, 88r, 89v, 92v, 93v, 951, 95v (marg. sup., these
are data from Hipparchus), 99r, 100r, 101r, 101v, 111r, 113r, 113v, 114v, 1151, 115v,
122v, 1231, 126v, 1271, 127v, 128r, 128v, 129r, 129v, 130r, 132v, 133r, 133v, 143r,
143v, 174r, 176v, 182v, 184r, 186r, 192r, 193r, 201v, 209v (comparison of the dates
of observation reports by Dionysius and Ptolemy),20 210r, 216v, 217r, 222v, 235r,
235v, 236r, 236v, 245v (incomplete), 261r. Tabular calculations (normally fourth-
proportional schemes required in interpolations or in applications of the Sector Theo-
rem) can be found at ff. 23v, 26r, 27r, 29v, 30r, 42v, 44v, 46r, 48v, 70r, 71r, 76r, 90r,
90v, 91r, 94v, 102r, 102v, 103r, 103v, 104r, 104v, 105v, 108r, 108v, 111r, 111v,
112r, 114r, 114v, 115, 116r, 116v, 1171, 121v.

5) First-hand diagrams attached to scholia. They can be found at ff. 45r, 64v, 651, 68,
68v, 75v, 76r, 79v, 87v, 98v, 99v, 103v, 119r, 120r, 127v, 128v, 129r, 131r, 134r,
135r, 172r, 188r, 255r. The systematic presence of these diagrams shows that they
were drawn at the same time as the scholia.

6) Second-hand scholia and correctors. These can be found at ff. 2r—5r (see n. 24
below), from f. 16v to f. 91r (4/m. 1.9-1V.6), and at f. 112v (4/m. V.14). Heiberg
identified four hands of correctors.”’ The hand of the first corrector (end 10™ or begin-
ning 11th century), whose ductus is nervous and angular, strongly bent on the right,
supplements short pericopes omitted, usually by saut du méme au méme, by copyist
Ila at ff. 18r—v, 19r—v.* By far the most frequent hand goes back to the 12th century™
(an attentive reader: note the title at f. 169r): it also supplied ff. 66—67 and drew most
of the diagrams omitted by the main copyist, relying for its interventions on a manu-
script of the family of D and G.**

' Edition in Acerbi, Vinel, and Vitrac (2010, 78.3 app.).

% The scholia edited in Jones (2003) report observations of passages of planets by bright stars, by the calen-
dar “according to Dionysius” and by the calendar “according to the Chaldeans.”

2 POO I, XXXI-XXXIIL.

2 The supplemented passages are at Alm. 1.10, POO 1.1, 37.11-12, 37.15, 38.14, 39.16-18, 43.7, 43.13-16,
45.6-7. All these passages are also absent in C. Other interventions of this corrector are ibid., 13.9 (corr.
peifovar in ywpfi), 15.17 (restoration of the order of three words by means of superposed apices), 19.21
(trivial correction), 38.18 (add. te 0Ok marg. et ras.), 44.6.13 (correction of denotative letters). Therefore, this
hand only checked for the text of 4/m. 1.3-5 and 1.10.

» Expertise of P. Canart apud Mogenet (1975, 303). Tihon (2015, 15-16) follows Giannelli (1950, 224), and
assigns the hand to the late 13th century. Upon my request, Canart’s expertise has been confirmed by 1. Pérez
Martin. The lacuna in B extends over POO 1.1, 224.14-228.20.

* The first scholium written by this hand is of the utmost importance: in the margins of Prol. at ff. 2r5r, it
provides us with crucial pieces of information on the relationships between Byzantine and Arabic astronomy.
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Both first-hand and second-hand scholia to A/m. can be divided into four categories
(Mogenet 1975):

a) extracts from Theon’s commentary in Alm.;

b) extracts from the “same” commentary but containing additions (or presenting vari-
ants) to be found nowhere else;”

¢) annotations referring to periods after Theon’s times;

d) annotations, often of minor import, whose date and origin cannot be determined.*®

The first-hand scholia of categories a) and b) constitute almost the whole of the indirect
tradition of Theon in Alm., and Mogenet, in his article of 1975, had already set up
comparisons to the detriment of the editorial practices of A. Rome. Now, while looking at
these scholia is partly made useless by the fact that Books I-IV and VI of Theon’s
commentary are transmitted by the vetustissimus Laur. Plut. 28.18 (9th c. in.; these are
the books edited in i4, where the scholia vetera to Alm. were not collated), the only
witness of Theon in Alm. VIII-X and XII-XIII*’ not containing a Byzantine recension
happens to be a portion, dated to the end of the 13th century, of Vat. gr. 1087.% As for in
Alm. VIII-X and XII-XIII, then, the earliest indirect tradition of Theon in Alm.,
represented by the first-hand scholia of B, is more than four centuries older than the direct
tradition of the same work—the direct tradition being only available in a form in which
we have every reason to suspect interventions of the renowned Byzantine scholar
Maximus Planudes.”

Redacted ca. 1032 and transcribed in B from unknown sources, this scholium was therefrom copied in the
margins of Vat. gr. 2326, ff. 26r—28r, and of Par. gr. 453 (Mogenet 1962, for the latter).

A tempting hypothesis (cf. Mogenet 1975, 307) on the origin of these extracts is that they come from
Pappus’ commentary in Alm., by all evidence the (very close) model of Theon’s (see id, LXXXII-LXXXVI).
Only Books V and VI of Pappus’ in Alm. have survived, whereas Theon’s equivalent commentary has been
transmitted almost in its entirety (see below).

% According to Mogenet (1975, 307), for Alm. 111 the collection K gives the following figures: of the 46 first—
hand scholia, 31 belong in one of categories a) and b), whereas only 8 of the later scholia have this origin.

¥ Book XI of Theon in Alm. is lost, Book VII can only be read in a Byzantine recension.

% The relevant portion is at ff. 123—147. This manuscript must be completed with Par. gr. 2396 (Rome 1927),
which contains Theon in Alm. 1, II, IV and whose ff. 1-86 date back to the Planudean period and actually are
in part (ff. 33v—76v) an autograph of Planudes himself (Mondrain 2002). The copyist of Par. gr. 2396, ff.
77r-86v, and of the said folios of Vat. gr. 1087, was an anonymous collaborator of Nicephoros Gregoras
(Bianconi 2006, 147-151). Both codices also contain annotations by Gregoras (Bianconi 2005a, 414415 and
417). On Vat. gr. 1087, see in the first place Pérez Martin (1997, 83), and, most recently, Menchelli (2013).

¥ A proof of this is a calculation that Theon performs at in Alm. XIIL3, first 816 TV &k TV YPapUK®OY
€00dmv Emloylopdv, then dia tiig Tdv dropavteiov apBudv dywyic. We read this passage as an unassigned
extract at B, f. 248v, and at D, f. 268r (copied from B: in both codices, it is marked by ordinal k¢’; see item 2
above), written by a hand of the 14th century (starting exactly from A/m. XIIL.3, the lower margin of each
folio of C has been cut off, but what remains bears no annotations)—and obviously as a part of Theon’s
commentary at Vat. gr. 1087, ff. 145r—v, where it is followed, in the main text, by a carefully arranged tabular
set-up of the diophantine-style solution, identical in form to those displayed in Planudes’ commentary on
Diophantus’ Arithmetica. An edition of this text is published in Christianidis and Skoura (2013).
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As far as the first-hand scholia belonging to category ¢) are concerned, an analysis of
three such scholia led D. Pingree to conjecture that they were the membra disiecta of a
commentary redacted between 537 and 637, probably by a representative of the Nestorian
community based in Nisibis, now Nusaybin in south-eastern Turkey.*® Pingree even ven-
tured to propose a chain linking this unknown scholar with Theophilus of Edessa and his
pupil Stephanus the Philosopher, who might have carried the model of B to Constan-
tinople just before 775. As a matter of fact, Pingree’s argument rests on poor evidence:
the first scholium, from which he draws the window between 537 and 637, appears to
forge fictitious data for the sake of example; the second scholium is a précis of Hyp. I,
transmitted only in Arabic translation but probably available in its original form to
Proclus and Simplicius;*' the third scholium, of theological content, focuses on a point of
doctrine (divine things are invisible to us only because of our weakness) that is not
extremely specific—and Syria was not the only place where Nestorian ideas could be
professed at the beginning of the 6th century.

A different suggestion as to the origin of the first-hand scholia in B come to the fore if
we examine them more closely from a structural point of view. First of all, these scholia
could not possibly have been composed or gathered by the copyist: as noted above, we
find the same collection, with variations that will be studied in detail elsewhere, also in C,
belonging to the same textual family of Prol. and A/m. as the Vatican codex.

A second, and crucial, remark is that the copyist of Prol. and Alm. in B apparently
found two different layers of scholia in his model, which he differentiated by means of
the graphic dichotomy majuscule/minuscule.*® The most likely explanation for this is that
the scholia he transcribes in majuscule could be identified as less recent in the model, the
scholia he transcribed in minuscule being perceivably more recent, and perhaps traced in
a more informal hand.”

A first clue corroborating this reconstruction comes from the epigram transcribed in a
quite formal majuscule script in B, f. 9r marg. inf., whereas C, f. 30v (in a very formal
majuscule; it is not clear whether the copyist intended to have the epigram in the text or

0 See Pingree (1994); the scholia can be read at B, ff. 169r (4/m. VIIL.3), 174r (4im. IX.1), and 10r (4/m.
I.1); the first and the third have been recently edited, in order to refute Pingree’s thesis, in Tihon (2015, texts
2 and 5), whose counter-arguments I have summarized in this paragraph. Other manuscripts carrying anno-
tations to A/m. can prove useful for reconstructing ancient writings. Mogenet (1975) has shown that those of
B can assist in filling lacunas in Book III of Theon in Alm. Tihon (1987) found Book V of the same treatise in
the margins of Vat. gr. 198 (14th c. p. m.), after Rome (1953) had identified a long extract included in the
main text of the same manuscript (ff. 421v—424v).

31 proclus, in R. 11, 230.14—15 Kroll, and in Ti. 111, 62.22-24 Diehl; Simplicius, in Cael., 456.22-27 Heiberg.
These passages are also printed in POO 11, 110. See, however, the reservations expressed in Bowen (2013,
211-212), as to the possibility that Proclus and Simplicius had access to a complete text of Hyp.

32 The evidence shows that the argument in Irigoin (1957, 9-10), concerning the presence of majuscule vs.
minuscule script in the scholia as a dating criterion, could not be right, simply because it was based on too
reduced a sample (for instance, Irigoin does not mention Vat. gr. 190, whose scholia are all in minuscule).

33 In particular, some schematic summaries could be older than others, the copyist having kept the majuscule
only for the first line of the most recent ones. To the scholia in majuscule to A/m., four annotations in majus-
cule to Judic. must be added.
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to keep it in the margins, since it partly occupies both; the presence of a decoration
between summary and epigram suggests that the former alternative holds), and D, f. 3r,
have it in the main text, just after the summary of Alm. 1.>* It is quite clear that the epi-
gram was present in the form of a scholium in the common model of B and C, and that
the incertitudes as to its placement in C must come from the fact that its copyist shifted
the format from two columns to full page. Now, the epigram can also be read in Synesius,
De dono 5 (no ascription; it is qualified as dapyoiov), as Anthologia palatina 1X.577
(Heidelb. Palat. gr. 23, page 455, lemma IltoAepaiov €ic éavtdv), in G, f. 82r (minuscule
script, in the intercolumnar space, no ascription and after an indication éniypoupa), in
Leid. B.P.G. 78, f. 145r (Ptolemy, Tabulae manuales), where the epigram, written by the
main copyist in a early 9th century majuscule, is included in the last table (!) of the
catalog of the fixed stars, preceded by the title &niypappa 6 einev ITtolepoiog eic EovTdv.
All these testimonies had only access to a debased text, marred by three conspicuous
lectiones faciliores. Thus, the best version of the epigram has only been transmitted by
the model of BC, the debased version being witnessed by as early as Synesius. This
suggests that the epigram was already contained as a scholium in an ancestor of the
model itself: the formal Auszeichnungsmajuskel adopted in the surviving apographs of
this codex can be taken to reflect this fact.

A second clue is that the scholia to Prol., a treatise which was redacted not before the
end of the 5th century as we shall see, are all in minuscule, including the highly
symmetric schematic summary on f. 1v.

A third clue, corroborated by what we shall argue about the origin of the hyparchetype
of the textual family of 4/m. led by B, is that the scholia in minuscule have the structure
of a running commentary, made up of extracts from other commentaries: it is the work of
a specialist, finding its natural milieu in well-organized scholarly circles, most notably
from the point of view of access to sources.

A fourth clue suggesting the ancient origin of all first-hand scholia in Vat. gr 1594 is
the notational practice of the signs representing sexagesimal parts: on the one side is the
evidence of Prol.: apices; on the other stands the evidence of the main text of A/m. and of
the scholia thereon in all the oldest manuscripts: bars. It seems as if our documents testify
to a notational change that took place in the period between Theon (4th c. p. m.), whose in
Alm. was the basis of the excerpted scholia, and the circles in which Prol. was redacted
(6th c. in.), and the change may indeed have been triggered by these very circles. What is
paradoxical is that in the same codex (B) one finds two different notations for the sexage-
simal parts, and that one (apices) is systematically adopted in a work (Prol.) that was
intended as a technical primer for the algorithmic practice of the treatise (4/m.) where the
other (bars) is adopted (cf. Acerbi 2013, 148—150 and 156—159).

3 But in D the epigram is transcribed by the same hand of the end 11th—beginning 12th century that collated
the scholia of B. The epigram is edited in POO 1.1, 4.5 app. and, for the variant readings of the recentiores,
POO 11, cxLvII-CXLVIII; an edition taking into account the entire tradition is in Boll (1921/1950).
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The strongest argument in favor of assigning the model of BC to the Alexandrine
Neoplatonic school of the late Sth— early 7th centuries, is what we may call “preliminary
material” (scil. to Alm.). This resource is made up of four texts, given in the following
order: Prol., the Inscriptio Canobi (a work by Ptolemy!), a list of seven observation
reports of astronomic phenomena, the Septem astrorum epitheta of Dorotheus of Sidon
(1st c.). Now, only the initial one-third of Prol. remains in B, but the original presence
there of the preliminary material in its entirety is beyond doubt: two quires after the first
quaternion have surely been lost in B, and we find the same material in its complete form,
and immediately followed by A/m., in direct apographs of B such as Par. gr. 2390 and
Vat. gr. 2326; what is more, we also find it in C, an independent copy of the same model
of B.

Now, six of the observation reports contain the name of the observer: it is Heliodorus,
son of Hermias and brother of Ammonius,” the Neoplatonic philosopher who held the
chair of the School of Alexandria. To these six observations, expressly dated between 498
and 510, another was added, made in 475 in Athens, preceded and followed by the
indication to® Ogiov thHpnoic.’® The reports are worded in the first person and begin with
gidov ‘HModmwpog. In one of them, made on 21 February 503, it is specified that «the
beloved brother» of Heliodorus was also present (éy® 1€ Kol 6 @IA®TOTOC AOEAQOC)—that
is, Ammonius.”’

Heliodorus’ observations provide us with one crucial piece of information about the
history of the text. In fact, the incipit of this short tract is tadta dnd 0 dvrrypdpov T0d
@ocopov Eypawya: it is the remark of a copyist, and the fact that, both in C and in the
apographs of B, we find these words in isolation at the beginning of the text (still not
identified as a title by some Auszeichnungsschrift) shows that they were contained in the
common ancestor of the Vatican and Venetian codices. The rhetorical device of antono-
masia and the fact that the epithet pildcopog was, among contemporaries, exclusive to
the chairholder of the Neoplatonic school make it almost certain that this unnamed
«philosopher» is Ammonius or one of his immediate successors. Moreover, it goes with-
out saying that the «exemplar of the philosopher» was a copy of Alm.: one is thus led to
conclude that Heliodorus and Ammonius were an active part in the revision that has
consigned to us a whole branch of the manuscript tradition of Ptolemy’s magnum opus,

35 See Zintzen (1967, 100.7-8, 101.2, 109.7-11) = Photius, Bibliotheca, codex 242, 341a7-9, and Suda E
3035,11, 412.22, and A 79, 11, 162.13—17 Adler, respectively.

36 Heiberg (POO 11, xxxvIl) surmised that that «divine» was Proclus; Westerink (1971, 20, n. 27) recalled
that in Late Antiquity 0glog may simply mean «uncle» (this is the origin of the Italian word “zio”). From
different sources (but they all can be traced back to Damascius’ Vita Isidori), we know that the name of
Hermias’ brother was Gregorios (Zintzen 1967, 104.5 and 105.7 = Photius, Bibliotheca, codex 242, 341a33,
and Suda I 453, 1, 543.8 Adler, respectively).

37 Editions in POO II, xxxv—xxxvir; Jones (2005). An analysis of the astronomic content can be found in
Neugebauer (1975, 1038—1041). The observations are: 1st May 498, conjunction Mars-Jupiter; 21 February
503, lunar occultation of Saturn; 18 November 475, lunar occultation of Venus; 27 September 508, conjunc-
tion Jupiter-Regulus (= o Leonis); 11 March 509, lunar occultation of the «bright [star] of the Hyades» (= a
Tauri); 13 June 509, conjunction Mars-Jupiter; 20-21 August 510 (date not specified in the text), missed
conjunction Venus-Jupiter.
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enriched with the preliminary material. In this perspective, it is likely that the common
model of B and of C was closely linked with the «exemplar of the philosopher». It should
also be recalled that no more than 350 years passed between Heliodorus and the creation
of B, and that a copy of Alm. was extremely expensive.”® Consequently, Heiberg puts the
hyparchetype of this branch of the tradition directly in the 6th century, arguing that this
codex coincides with the exemplar of Heliodorus/Ammonius or—though he sees this as
less likely—with an immediately subsequent copy.*’

That Prol. was also produced in Neoplatonic circles is beyond doubt: it presents Alm.
according to the isagogic schemes developed by late Neoplatonism;™ it attaches the epi-
thet «divine» to some of the authorities it names.*' A terminus post quem is set by the
ascription to Syrianus (died ca. 437) of a specific computational algorithm: Aéyetat 8¢ 1
gbpeoig Xvplavod tod peydiov eiriocdéeov. The dubitative shade of meaning suggests
that there was no strict doctrinal continuity between Syrianus’ discovery and its mention
in Prol.: it is therefore reasonable to shift our gaze from Athens to Alexandria and let a
couple of generations pass. The text of Prol., which—given the syntactic evidence and
the types of arguments adduced—was in all probability based on lecture notes taken from
oral teaching (redaction amd @wviic) that were never the object of a final redaction in
view of their £ékdoo1g, was thus composed in the Alexandrine Neoplatonic circles in order
to serve as an introduction and a technical primer for the algorithmic practice of the
recension of A/m. that circulated among Ammonius’ pupils.

To sum up, the model of the model of B can probably be identified with the
avtiypagog tod @iocéeov (Heliodorus’ observation reports), which must have been a
relatively clean exemplar (sparse first-hand scholia in majuscule in B). The model itself
was at the same time the working exemplar of a top-level scholar (abundant and
technically refined first-hand scholia in minuscule)” and an official copy, intended to
assist teaching in the Alexandrian Neoplatonic school (preliminary material and recension
of Alm.) but without the features of a de luxe exemplar (unfinalized state of Prol.).”

38 For the cost of a copy of a text in the times of Arethas (end 9th century) see Follieri (1973—-1974).

¥ See POO 11, XXXIV-XXXVII, and the stemma ibid., LIII.

0 For a first orientation on this exegetic format, best exemplified by Simplicius’ introduction to his in Cat.,
8.9-20.12 Kalbfleish, see Hadot (1990, 2147 and 138-160), and the synthesis in Hoffmann (2006). A
treatise was presented by clarifying in succession its goal, usefulness, position in the canonical sequence of
readings, title, authenticity, division into “chapters,” and assignment to a specific branch of Aristotelian
philosophy.

*I Eudoxus and Archimedes: oi Ociot 6ivdpeg keivor; Ptolemy: o Ogiov ITtolepaiov and 10D peydiiov
IItolepaiov. We may add the epithet of Syrianus as tod peydAov @ihocépov and that of Theon as 1od
PLAOGOPOV.

2 A further indication of this is that these scholia are seldom accompanied by signs directing to the portion of
text they are intended to clarify. As a consequence, only the circle of scholars who made a unitary collection
of these annotations could profitably use a manuscript containing them. Accordingly, the scholia were
eliminated from all apographs of B, while being copied selectively, surely on the initiative of scholars well
acquainted with A/m., in D, a manuscript belonging to another branch of the tradition.

> But the scholia to Prol. were composed within well-informed circles (see n. 12 above), and Prol. itself
contains a version of Zenodoros’ treatise on isoperimetric figures that is different from those we read in
Pappus, Coll. V, and in Theon, in Alm. 1.10.
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Some factual data suggest that B is a (partially) conformal-—and therefore direct—copy
of this model (unlike C, in which all these characters disappear): the mise en page on two
columns, the presence of a tabula ansata at f. 20v, the differentiation of the layers of
scholia by means of the graphic dichotomy majuscule/minuscule.* Overall, the impres-
sion one draws from a careful study of B is that its content must be taken as a well-
thought-out whole: Prol. and the rest of the “preliminary material,” recension of Alm.,
scholia to Alm., other treatises of Ptolemy, all belong to a unitary exegetic enterprise,
performed by a skilled and well-documented (circle of) scholars. The above discussion
makes it almost certain that this project was carried out to assist the teaching activities
within the Neoplatonic school of Alexandria.

We may proceed a step further in this argument and, in order to achieve a more exact
indication of the date of redaction of Prol., discuss the pieces of information concerning
the astronomic inclinations of the main scholars of the Neoplatonic school of Alexan-
dria.”” As we have seen, the «exemplar of the philosopher» was most likely the working
copy of an Alexandrian diadochus, and by implication of someone giving official classes.
We are thus left, in order of dwadoyia, with Ammonius, Eutocius,* Olympiodorus and
Stephanos of Alexandria.

Damascius asserts that he was taught by Ammonius «the composition of the astrono-
mic books of Ptolemy»," and a passage in Simplicius depicts Ammonius who, in the
presence of Simplicius himself, observes Arcturus with an armillary sphere, in order to
determine the longitude of the star and thereby confirm the constant of precession given
by Ptolemy.”® A passage from a téyvn paénpotci of some Stephanos (who quotes
Simeon Seth and is therefore later than the mid 11th century) mentions a «table» by
Ammonius which, like those of Theon and Heraclius, employed the era of Philip and the
Egyptian months. It may be that the text refers to a commentary by Ammonius in Can.*”
Finally, John Philoponus mentions, at the very beginning of his own treatise on the
subject,” a work on the astrolabe redacted by Ammonius—and we have every reason to
think that as in many other cases, Philoponus simply took up and reformulated lecture

notes taken during a course held by Ammonius.

* For such arguments of “kodikologische Stemmatik,” see in the first place Kresten (1969), and the
considerations in Cavallo (1999). A. Stramaglia pointed out to me the importance of the tabula ansata.

* Analysis of the technical aspects in Neugebauer (1975, 1037-1051).

* That Eutocius was the successor of Ammonius is suggested by the fact that, according to Elias, he gave
classes on Porphyry’s gicaymyn: €l pépog fj 6pyavov 1 Aoywn priocopioc, Evtdkiog pev Cntel tiig icaymyfig
apyopevog, in Westerink (1961, 134.4-5), within a fragment of a commentary of Elias on Aristotle’s 4Pr.,
contained in the composite manuscript Par. suppl. gr. 678, ff. 131-138 (13th century this quire).

*7 Photius, Bibliotheca, codex 181, 127a8-10 = Zintzen 1967, 199.5-6.

* See in Cael., 462.20-30 Heiberg.

4 The edition (by F. Cumont) of the passage is in Kroll and Olivieri (1900, 182.12-20); a discussion is in
Tihon (1976, 178-179).

® De usu astrolabii, in Jarry (2015, 3.6-13).
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Eutocius shows himself well at home with Alm. and its commentaries;”' most notably,
he mentions, in his commentary in Conica, his own non-inductive treatment of the theory
of compounded ratios, developed in oyoha to Alm. 1.

Between May and August 564, Olympiodorus held classes on Paul of Alexandria’s
eloaywyn; we read a redaction of these lecture notes in incomplete form.” Other passages
in Olympiodorus’ Aristotelian commentaries show that he had remarkable astronomic
skills.>

Stephanos of Alexandria, if we agree to identify® him with a number of other homo-
nymous scholars circulating between end of the 6th and beginning of the 7th century,
wrote ca. 619, in Constantinople, a commentary in Can.>® duplicating Theon’s “Little
Commentary” but adapting it to the Byzantine world.”” He also gave classes on several
Aristotelian treatises (/nt., maybe de An. 111, the redactions of which are extant, Cat., and
APr.); he may have written a tract on arithmetical matters® and, again if the identification
is reliable, commentaries on Hippocrates and Galen. He taught first in Alexandria and
then moved to Constantinople, where he became oikovpevikog d1ddokarog, perhaps un-
der the emperor Heraclios (regn. 610—641)—whose name is also attached to Stephanos’
in Can.—and definitely before 617, when Alexandria was seized by the Persians.

The issue of the exact scholarly circles in which Prol. was redacted is not settled by
this quite scanty evidence, but I would surmise that in Prol. we read the beginning of
Ammonius’ lecture notes on A/m. If we accept this, and the reconstruction of the ances-
tors of B given above, the model of B must have passed from Alexandria to Constan-
tinople between the end of the 6th century and the mid 9th century, and we cannot help
thinking of Stephanos of Alexandria as the likely vector.” This model was available for

some decades after its arrival in Constantinople (transcription of C).

*! See AOO 111, 260.1-5 and 232.13-17.

 See AGE 11, 218.6-12.

>3 Edition in Boer (1962), attribution and discussion in Westerink (1971).

> See for instance in Mete., 19.20-20.3, 52.24-53.2, 68.20-27, 72.14-16, 188.34-189.10, 261.34-262.13
Stiive. This commentary was redacted after 565.

55 Wolska-Conus (1989), but see contra Roueché (2011 and 2012).

%6 See Lempire (2011): analytic study and discussion of the attribution issues, with overview of the other writ-
ings ascribed to Stephanos; and (2016): edition of the text. Stephanos’ text contains some additions (chapters
1 and 28-30), whose author is the emperor Heraclios.

7 That is, by changing latitude (the tables were recalculated for the latitude of Byzantium, taken as the arith-
metic mean of the 5th and of the 6th k/ima) and by resorting to Julian months.

%% See Philoponus (?), in de An. III.1, 457.24-25 Hayduck. Some manuscripts ascribe Book I1I of Philoponus’
commentary to Stephanus: status quaestionis in Giardina (2012, 475-476).

% See Rashed (2002, 717), for the same hypothesis applied to Marc. gr. 226.
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1.3 Mathematical Background
1.3.1 The Construction of the Table of Chords

The “Table of Chords” is a double list, organized in tabular form, of numerical values
associating the size of an arc of circumference (first column) with the size of the chord
subtending it (second column); all these values are expressed in the sexagesimal system
(whose main features are outlined in sch. 2-3). The arc of circumference is the tabulation
value, tabulated by increments of 150 from '4° to 180°: in the table there are 360 lines. A
third column contains the coefficients of linear interpolation within each half-degree.
Each coefficient is calculated by dividing the partial increments between consecutive
chords in the table by 30 minutes (= '4° = the difference of consecutive arcs in the table).
This division simply amounts to taking the double of such a difference; actually, Ptolemy
enters the 60™ part of this quotient as the tabulated value (the heading of the column is
«sixtieths»). The values of the chords are provided up to the second sexagesimal order,
those of the partial increments up to the third order.

The Table of Chords is derived, described, and set out™. The derivation takes most of
Alm. 1.10: 15' pages in Heiberg’s edition; the description takes 11 lines, including the
instructions for the use of the third column; the table itself extends over 16 pages.®’ The
original mise en rouleau was different: as Ptolemy himself explains in his description, the
360 lines were distributed over 8 consecutive sub-tables of 45 lines each. The medieval
manuscripts of Alm. respect this layout, the 8 sub-tables extending over 4 pages.”” Given
the reduced dimensions of a page of a Teubnerian volume, Heiberg was forced to split
each sub-table: since 45 is odd and because of the presence of the critical apparatus, his
Table of Chords does not retain anything of the original symmetry.*

In order to calculate the entries in the table, Ptolemy expounds seven self-contained
mathematical arguments. I now describe these arguments, each according to the configu-
ration adopted by Ptolemy;* see the Appendix for the associated diagrams.

5 1 use here the denominations introduced in Sidoli (2014, 19). The “derivation” consists in the sequence of
geometric and algorithmic arguments Ptolemy expounds in order to calculate the numerical values contained
in a table. The “description” and the “setting-out” together make the “representation” of the table. It is irre-
levant to our purposes the fact that Ptolemy did not calculate any of his tables using only the sequence of
geometric and algorithmic arguments he expounds to this purpose: see in the first place Newton (1985); best
analysis and discussion in Van Brummelen (1993 and 1994). What is important is that everyone in antiquity
thought he did so; accordingly, I shall formulate my commentary as if he really did.

' 4Im.1.10, POO 1.1, 31.10-46.20, 47.2—13, Alm. 1.11, ibid., 4863, respectively.

62 We find them in A, ff. 17r—18v; B, ff. 20v—22r; C, ff. 46r—47v; D, ff. 18v—20r; G, ff. 88r-89v.

5 The original layout is instead preserved in Toomer’s translation.

5% The descriptions of the seven arguments are repeated in the commentary on the relevant scholia. I shall use
the sign g(AB) to denote the square on straight line AB, #(AB,I’'A) to denote the rectangle contained by
straight lines AB, I'A, ch(AE) the chord subtending arc AE, arch(EZ) the arc subtended by chord EZ.
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1))

2)

3)

4)

3)

6)

7)

Calculation of specific chords (POO 1.1, 32.10-36.8). In a semicircle on diameter AT’
having a radius AB perpendicular to it, take the midpoint E of radius AI' and join
straight line EB; cut off from EA straight line EZ equal to EB. Then ZA is the side of
the decagon inscribed in the full circle, BZ that of the pentagon. This result allows
Ptolemy to calculate the chords associated to the arcs of 36° and 72°. The chords
associated to the arcs of 60°, 90°, and 120° are also given by simple geometric argu-
ments. Since the chord subtending an arc that is complementary to a semicircle of the
arc subtended by a given chord is also given by El. 1.47, one also gets the chords
associated to the arcs of 144° (the complementary in the said sense of 36°) and 108°
(complementary of 72°). See sch. 4-15 and Fig. 1.

The so-called “Ptolemy’s Theorem” (ibid., 36.9-37.18). A quadrilateral ABI'A is in-
scribed in a circle of center E; diagonals AI', BA are joined. Then one proves that the
rectangle contained by the diagonals is equal to the sum of the rectangles contained
by the two pairs of opposite sides: #(AI',BA) = r(AB,I'A) + r(AA,BI'). This result pro-
vides the crucial step in the subsequent theorems 3 and 5. See sch. 16-18 and Fig. 2.
Theorem “by difference” (ibid., 37.19-39.3). It is formulated in the “language of the
givens” (Acerbi 2011b). In a semicircle on diameter AA, if two chords AB, AT hav-
ing a common endpoint A are given, the chord BI' subtending the difference of the
arcs subtended by the given chords is also given. This allows Ptolemy to perform the
calculation of ch(72° — 60°) = ch(12°). See sch. 19-20 and Fig. 3.

Theorem “by bisection” and its consequences (ibid., 39.4-41.3). The theorem is part-
ly formulated in the “language of the givens.” If chord BI is given in a semicircle on
diameter AI" and arc BI is bisected at A, chord AI" subtending half of arc BI is also
given. By successive bisections from c/(12°), this allows Ptolemy to calculate both
ch(1'4°) and ch(*4°). See sch. 21-25 and Fig. 4.

Theorem “by composition” and its consequences (ibid., 41.4-42.17). The theorem is
formulated in the “language of the givens.” In a circle with diameter AA and center Z,
if two chords AB, BI" having a common endpoint are given, the chord AI" subtending
the sum of the arcs subtended by the given chords is also given. This allows Ptolemy
to calculate chords of arcs which are a multiple of 1/4°. See sch. 26-30 and Fig. 5.
Approximation Lemma (ibid., 42.18-45.8). In order to complete the table, one needs
ch(*4°). Now, since trisection of an angle cannot be done by geometric methods, one
must resort to an approximation. If in a circle ABI'A two unequal chords BI' > BA
having a common endpoint are drawn, chord I'B to chord BA has a lesser ratio than
arc BI" to arc BA, that is, 'B:BA < arcBI":arcBA. See sch. 31-37 and Fig. 6.

A double application of the previous lemma provides the estimate (ibid., 45.9-46.20)
(A)eh(1'4°) < ch(1°) < (V5)ch(CA40). Since ch(1'4°) = 1;34,15 and ch(}4°) = 0;47,8, mul-
tiplying by the coefficients and truncating to second sixtieths gives 1;2,50 both as a
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lower and as an upper bound of c/(1°);*° this entails that c4(1°) = 1;2,50 up to second
sixtieths. By means either of theorem 3 or of theorem 4, one also gets ch('4°). See
sch. 38-44. The Table of Chords can in this way be completed. See sch. 45-46 and
47-53, and Fig. 7.

1.3.2 The Sector Theorem

The most celebrated result of Greek spherical trigonometry is the Sector Theorem, known
also as “Menelaos’ Theorem” because of its being contained in Sph. (proposition III.1 in
Abt Nasr’s redaction). It is a powerful mathematical tool, devised to determine arcs of a
great circle on the surface of a sphere. It is the keystone of some of the most important
technical results of A/m., where it is applied seventeen times. It comes as no surprise,
then, that the Sector Theorem is also proved in A/m. 1.13 and, with many more cases on
offer, in Theon, in Alm. 113, iA, 535.10-570.12.%
The Sector Theorem is proved by Ptolemy last of a series of seven propositions.

1) First rectilinear lemma, “by composition” (POO 1.1, 68.23-69.20). From the end-
points B, I' of two mutually intersecting straight lines AB, A", two lines BE, I'A are
drawn across, meeting at Z and intersecting straight lines AI', AB at points E, A,
respectively. This I shall call the “base” configuration. It is required to show that
T'A:AE = (TA:AZ)*(ZB:BE).”” The proof draws a suitable parallel to one of the
straight lines and readily argues by similar triangles and substitutions in compounded
ratios. See sch. 55 and 5658 and Fig. 8.

2) Second rectilinear lemma, “by separation” (ibid., 69.21-70.16). In the same confi-
guration as the first rectilinear lemma, one also has that 'E:EA = (I'Z:ZA)°(AB:BA).
See sch. 59-62 and Fig. 9.

3) First cyclic lemma (ibid., 70.17-71.13). In a circle ABI' of center A, mark two
consecutive arcs AB, BI', any of which is less than a semicircle, join AB and AET’
intersecting at E, draw from A, I' perpendiculars AZ, TH to radius AB. Then
ch(2AB):ch(2BI')::AE:ET". See sch. 63—65 and Fig. 10.

6 Using the assumed values of ch(1'4°) and ch(},°) as if they were exact, the lower bound is exact; the non-
truncated upper bound is 1;2,50,40.

5 See Neugebauer (1975, 26-30) for a clear exposition of the mathematics involved; Krause (1936) for Aba
Nasr’s redaction of an Arabic translation of Menelaos’ Sphaerica; Bjornbo (1902) and Sidoli (2006) for dis-
cussions of the issue of authenticity.

57 The sign ° stands for “composition™ of ratios: see Acerbi (2018a) on this notion. The two compounding
ratios, in fact, are not “multiplied:” what is multiplied, iuxta El. V1.def.5, are the tnAikdtnteg «[numerical]
values» of the two ratios, namely, the fractions corresponding to them (see further below). For simplicity’s
sake, the sign will sometimes be omitted in the commentary on the scholia. One must also note that even the
sign “=" is misleading: a ratio is said to be «compounded» of two or more ratios, it is never said to be “equal
to” or “the same as” something like their “composition.” There is no operation of “composition” of ratios; on
the other hand, the “inverse” operation of «removal» does exist, as we shall see at the end of this section.
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4)

3)

6)

7)

Second cyclic lemma (ibid., 71.14—72.10). The theorem is formulated in the “langua-
ge of the givens.” Partly adopting the configuration of the first cyclic lemma, from
center A draw a straight line AZ perpendicular to AET. It is required to show that,
once arc Al and ratio ch(2AB):ch(2BI') are given, each of arcs AB, BT is also given.
See sch. 66—73 and Fig. 11.

Third cyclic lemma (ibid., 72.11-73.10). In a circle ABI" of center A, mark two
consecutive arcs AB, BT, any of which is less than a semicircle, join AA and I'B
intersecting at E once produced, draw from B, I" perpendiculars BZ, I'H to radius AA,
possibly produced. Then ch(2I'A):ch(2AB)::T'E:BE. See sch. 74-75 and Fig. 12.
Fourth cyclic lemma (ibid., 73.11-74.8). It is formulated in the “language of the
givens.” Partly adopting the configuration of the third cyclic lemma, from center A
join BA and draw AZ perpendicular to EBI. It is required to show that, if arc I'B and
ratio ch(2I'A):ch(2AB) are given, arc AB is also given. See sch. 76-81 and Fig. 13.
The Sector Theorem (ibid., 74.9-76.9). From the endpoints B, I' of two mutually
intersecting arcs AB, A" of great circles on the surface of a sphere, two arcs BE, I'A
are drawn across, meeting at Z and intersecting arcs AI', AB at E, A, respectively; all
these arcs must be less than a semicircle. Then

ch(2TE):ch(2EA) = [ch(2T'Z):ch(2ZA)]°[ch(2AB):ch(2BA)] (“by separation”),
ch(2TA):ch(2AE) = [ch(2TA):ch(2AZ)]°[ch(2ZB):ch(2BE)] (“by composition”).

The proof introduces the configuration of a suitable rectilinear lemma (1 or 2 above):
from the center H of the sphere, radii HB, HZ, HE are joined; HB is produced to meet
AA produced at ®; I'A, T'A are joined and they meet HZ, HE at K, A, respectively;
one shows that points ®, K, A are on one and the same straight line. Applying the
preceding lemmas to the rectilinear configuration in which from the endpoints ®, I of
two mutually intersecting straight lines A®, AT, two lines ®A, I'A are drawn across,
meeting at K and intersecting straight lines AT, A® at A, A, respectively, one readily
obtains the result. There is, however, a case of the theorem “by composition” that
cannot be covered by this proof; we shall take up the issue in the commentary on sch.
77 and 87. Contrary to Ptolemy, both Theon® and Sph. III.1 derive the theorem “by
composition” from that “by separation,” by using the obvious fact that the same chord
subtends the arc double of a given arc and the arc double of its complement to a semi-
circle. Sch. 82-91 refer to the configuration “by separation;” see Fig. 14.

8 Atin Alm. 113, id, 567.1-570.12.



152 Acerbi SCIAMVS 18

The main technical ingredients of the Sector Theorem can be summarized as follows.

a) the relevant chords are those subtending the double of the associated arcs; this is the
reason why the Sector Theorem can only be applied to arcs on the surface of a sphere
that are less than a semicircle;

b) six chords are involved, distributed among three ratios; as we have seen, one of the
ratios is said to be «compounded» of the other two;

c) the “path” in the compounded ratio from the first endpoint of the antecedent to the
second endpoint of the consequent through the common endpoint almost always
univocally determines the endpoints of the arcs in the compounding ratios,” as well
as their order;

d) the relationship between an arc and the chord subtending it is provided by the Table
of Chords.

The Sector Theorem is immediately applied, in Alm. 1.14 (see sch. 92-104 and Fig.
15), in order to find the numerical values to be inserted in the Table of Declination 1.15
(sch. 105-107). The assumed geometric configuration is as follows. In a representation of
the celestial sphere whose circular outline ABZI'A is the circle through pole Z of the
equator and that of the ecliptic, arc AEI is the equator, arc BEA the ecliptic (and hence B
and A are the winter and summer solstices, respectively, and E is the spring equinox). Arc
ZH® is drawn across from Z, meeting the ecliptic at H and the equator at @. It is required
to find HO (the declination of point H of the ecliptic with respect to the equator)’ given
EH (the distance along the ecliptic of point H from the spring equinox).

In any application of the Sector Theorem, five of the six arcs are numerically given,
and one must find the sixth. The procedure, never worked out in detail by Ptolemy,
amounts to using the Table of Chords to derive arcs from chords and chords from arcs,
and to performing the operation of dpaipeoig «removal» of a ratio.

Since Ptolemy never explains how to remove a ratio from a ratio, taking it as a matter
of course (cf. Alm. 1.1, POO 1.1, 8.8-9), the gap was filled by the commentators on A/m.
and by all subsequent generations of scholiasts.”’ This scholarly material is of two kinds:
either general expositions trying to unify under a unitary treatment the several cases of
the operation,® or applications to a specific configuration of the Sector Theorem.” The

59 A trick to identify the endpoints of the compounding ratios is explained by Theon, in Alm. 1.13, iA, 539.17—
25; we shall take up the issue in the commentary on sch. 55.

1 translate the term A0Emoig with «declination» when it designates the arc between a specific point on the
ecliptic and its projection, along the meridian through the point, on the celestial equator; I translate AoEwoig
with «inclination» when it designates the angle between the planes containing the ecliptic and the celestial
equator. The only exception will be in sch. 104, in order to preserve a linguistic feature of the original.

""'See Acerbi and Pérez Martin (2015) for the scholia of Manuel Bryennios on the subject.

2 See Acerbi (2018a) for a complete survey of ancient Greek and Byzantine evidence.

™ See Theon, in Alm., id, 575.8-578.5 (Alm. 1.14), 578.17-579.10 (Alm. 1.14), 591.5-594.7 (Alm. 1.16),
595.18-596.4 (4Im.1.16), 619.14-620.7 (Aim. 11.2), 622.5-623.7 (Alm. 11.3), 624.3—13 (4Im.11.3).
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unitary treatment we shall find in one of the scholia (sch. 94) can be summarized as
follows.

A ratio is said to cvykeicOat «be compounded» of two ratios when the aniikotnTeg
«[numerical] values» of the compounding ratios (that is, the fractions associated to them),
if multiplied to each other, give the numerical value of the compounded ratio (EL
V1.def.5, surely spurious). As a matter of fact, no one before Byzantine times applied the
definition: composition and removal was always performed on ratios. Moreover, it was
tacitly assumed that the “normal form” of a compounded ratio has the two compounding
ratios sharing a common term (the verb cuvtifévor «to compound» is used both in the
active and in the passive voice). Accordingly, the operation of «removaly is always
performed on ratios that are explicitly provided in compounded form. Therefore, if from
a:b = (a:d)°(d:b) we want to remove ratio d:b, it is enough to literally doaipelv «remove»
it from the right-hand side; ratio a:d is, in a most concrete sense, the «remainder».

The problem is that, in the applications, a given compounded ratio is never presented
in its “normal form.” Two ratios are instead assigned, one of which must be removed
from the other: as a consequence, the ratio from which the removal is going to occur must
preliminarily be written in a suitable compounded form. This is done by operating a
«fitting» (the related verb is évapuodlewv). A ratio is «fitted» to a second ratio by pro-
ducing a ratio identical to the first and having the npéioyog «antecedent» or the vVTOLOYOG
«consequent» equal to the antecedent or to the consequent of the second; one has only to
calculate the remaining term. For instance, let it be required to remove 4:3 from 12:6.
Now, «to fit» 4:3 to 12:6 amounts to find a ratio identical to 4:3 with the following
constraints:

a. either 12 is the new antecedent; thus one must calculate the new consequent by means
of proportion 4:3::12:x, yielding as a result’ x = (12x3)/4 = 9;

b. or 6 is the new consequent; thus one must calculate the new antecedent by means of
proportion 4:3::x:6, yielding as a result x = (4x6)/3 = 8.

In case a, 4:3 «fitted» to 12:6 gives 12:9, which is a ratio identical to 4:3 but whose
antecedent is the same as that of 12:6. In case b, instead, the ratio obtained by «fitting»
4:3 to 12:6 is 8:6.

Conversely, «to fity 12:6 to 4:3 amounts to find a ratio identical to 12:6 with the
following constraints:

c. ceither 4 is the new antecedent; thus one must calculate the new consequent by means
of proportion 12:6::4:x, yielding as a result x = (6x4)/12 = 2;

™ Of course, this is nothing but a taking of a fourth proportional. Contrary to what is suggested by the
qualifier «fourthy, the position in the proportion of the number to be determined is immaterial.
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d. or 3 is the new consequent; thus one must calculate the new antecedent by means of
proportion 12:6::x:3, yielding as a result x = (12x3)/6 = 6.

In case ¢, 12:6 «fitted» to 4:3 gives 4:2; in case d, it gives 6:3.

If we want to remove 4:3 from 12:6, let us choose for instance procedure a: «fity 4:3
to 12:6 to give 12:9; insert the middle term 9 between the terms of ratio 12:6 in order to
write it as the compounded ratio (12:9)°(9:6);” «remove» 12:9 and the «remainder» is
9:6. Since the ratio has been removed that contains the antecedent of ratio 12:6, the
operation of removal is said to be performed «with respect to the antecedent»; otherwise,
it is said to be performed «with respect to the consequent». Procedures a and ¢ can only
give rise to the first type of removal, b and d to the second.

Finally, it always happens that one is interested in calculating one of the terms of the
«remainder», the other being given:’® if the given term does not match the homologous
term of the remainder calculated by any of the above procedures, a further taking of a
fourth proportional must be performed. Suppose, as above, that we want to remove 4:3
from 12:6 in order to calculate the antecedent of the remainder, its consequent being
given as 8. The operation of removal according to procedure a yields 9:6, that must be
reduced to a ratio with consequent 8. This is done by setting out the proportion 9:6::x:8,
yielding as a result x = (9x8)/6 = 12.

The distribution of the scholia among the several arguments just listed is summarized in
the following table.

Table of Chords Sector Theorem
introductory 1 introductory 54-55
sexagesimal system 2-3 first rectilinear lemma 5658
specific chords 4-15 second rectilinear lemma 59-62
Ptolemy’s Theorem 16-18 first cyclic lemma 63-65
theorem “by difference” 19-20 second cyclic lemma 66-73
theorem “by bisection” 21-25 third cyclic lemma 74-75
theorem “by composition” 26-30 fourth cyclic lemma 7681
approximation lemma 31-37 Sector Theorem 82-91
estimate of ch(1°) 38-44 specific declinations 92-104
Table of Chords 45-53 Table of Declination 105-107

™ And in fact, resorting to TmAikdtnteg iuxta El. VIdef.5 and inserting number 9, we get '% = (‘%)(%),
where we are entitled to write the anAucotnteg of the ratios as fractions.

7 This is the reason why a «fitting» has four cases and not two (a, b or ¢, d): the position of the term to be
calculated in the remainder can make it necessary to «fit» either of the assigned ratios to the other.
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1.4 General Characteristics of the Edited Scholia

The main characteristics of the edited scholia can be described as follows.

)

2)

3)

4)

3)

37 scholia out of 107 are taken more or less verbatim from Theon’s commentary. The
variant readings discussed by Mogenet (1975) are not found in our collection; it is
also impossible to determine to which of the two ancient branches of the textual tradi-
tion of Theon in Alm. the scholiasts had access. The most interesting scholia are not
excerpts from Theon, their content being sometimes at variance with his commentary.
B appears to reproduce the model more faithfully than C, as regards both the correct-
ness of the transcription and the location of the scholia. There are just a handful of
signes de renvoi in B, and none in C: therefore, the model was written on two col-
umns, and that the scholia were not systematically keyed to the main text.

At least two, and maybe three, layers of annotations were present in the model of B
and C. 15 scholia are in fact in majuscule in B and/or C; among those in minuscule,
there are some that could not possibly have been written by the same reader (contrast
for instance sch. 2 with 3, 4 with 5, 11 with 29, 28 with 29, and 33 with 34).

Among the 107 annotations, there are 55 comment scholia, 48 paragraphai, 1 sche-
matic scholium, 3 tabular scholia. 12 paragraphai are concise “bookish” references to
a proposition (number, book, treatise in the case of El.); 9 comment scholia simply
provide denominations of the theorems of A/m. they are related to; 5 scholia set out
exclusively numerical values.

Four scholia are passages that other branches of the tradition of 4/m. have in the text.

All these data are summarized in the following table.

comment scholia

1,2,3, 4,11, 15, 16, 19, 21, 22, 26, 28, 29, 30, 31, 33, 39, 40, 41, 42, 43, 44, 46, 47,
49, 50, 52, 53, 55, 56, 59, 62, 63, 66, 67, 69, 72, 76, 77, 78, 80, 82, 83, 84, 86, 87, 94,
97, 98, 100, 101, 104, 105, 106, 107

5%, 6%, 7%, 8%, 9%, 10, 12, 13, 14*, 17, 18, 20, 23, 24, 25, 27, 32, 34, 35, 36, 37*, 38,

paragraphai 45,51, 54,57, 58, 60, 61, 64, 68, 70, 71, 73, 74, 75, 79, 81, 85, 88, 89, 90, 91, 92, 93,
95, 96, 103

schematic scholia 65

tabular scholia 48, 99,102

bookish 6,7,8,9,14, 20, 37, 38, 88, 89, 90, 91

denominations 16, 19, 21, 26, 31, 56, 59, 63, 82

numbers 39,41, 42,43, 44

from Theon’s
commentary

10, (11), (12), 13, 15, 25, 28, 32, 33, 34, 35, 36, 42, (47), 49, 50, 52, 53, 57, 58, 61,
64, 67, 68, 69, 72, 74, (75), 78, (80), 92, 96, 100, 101, (104), 106, 107

most interesting

2,3,40,47,55,77, 83, 84, 87, 94, 98

in majuscule

12, 16, 31, 38, 45, 56, 59, 63, 82, 88, 89, 90, 91, 93

main text

12,17, 85, 95
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In the table of the preceding page, the non-verbatim excerpts from Theon’s commentary
are within parentheses. The references to E/. are marked by an asterisk, those to previous
results of 4/m. are underlined. The upper half of the table realizes a partition of the scho-
lia, the lower half does not; the two halves are kept distinct by a double separating line.

For the convenience of the reader, I give here a short description of the most inter-
esting scholia; see the associated commentaries for further details.

¢ Sch. 2 summarizes the main features of multiplication and division between sexage-
simal orders treated as Diophantine numerical species, that is, as indeterminate pow-
ers: i) degrees, when multiplied by any species, give the same species; if) multiplying
two species amounts to adding the numbers associated to their denominations (first,
second, ... sixtieths); iii) definition of division between species as the inverse opera-
tion of multiplication; iv) dividing one species by another results in a species whose
denomination is the difference of the original denominations. The scholiast also adds
a remark to the effect that greater (that is, with smaller denomination) species cannot
be divided by lesser species.

¢ Sch. 3 explains that, if numbers are multiplied, the result is greater than any of the
factors; if parts are multiplied, it is lesser than any of them. Examples are 2 times 3
making 6 and Y, times % making V.. The scholium also contains the characterization
of the degree as the identity element in the multiplication of species, the sum-of-
denominations rule for multiplication, and the definition of division between species.

¢ Sch. 40 repeatedly applies and quotes E/. V.8. The goal is to provide deductive steps
omitted in, and to outline the rationale behind, Ptolemy’s use of inequalities and
lower/upper bounds in the calculation of c/(1°). The scholiast implicitly charges Pto-
lemy with a mistake in his dealing with the inequalities, and holds that the mistake
has to be corrected by adopting more accurate numerical values of one of the chords
at issue: 1;2,50 < ch(1°) < 1;2,50,12.

* Sch. 47 explains how to interpolate between the tabulated numerical values of
arcs/chords. This is a basic procedure of linear interpolation (set out in tabular form in
sch. 48) that resorts to the numbers listed in the third column of the Table of Chords,
namely, the coefficients of linear interpolation within each half-degree: in order to
find the sought chord (arc), it is enough to multiply (divide) by this coefficient the
difference of the assigned arcs (chords) and add it to the lesser assigned chord (arc).

* Sch. 55 provides an a priori reckoning of the number of different configurations of
the rectilinear lemmas pertaining to the Sector Theorem, and of the ways they can be
proved. The parameters taken into account by the scholiast are the following: First,
the number of ratios associated to each punctuated straight line in the “base” configu-
ration of each lemma (that is, without the parallels introduced in the auxiliary con-
struction): four ratios including trivial inversions in the case “by composition,” two
ratios in the case “by separation;” since four punctuated straight lines are involved,
one gets sixteen and eight configurations, respectively. Second, the number of
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parallels to straight lines of the base configuration that can be drawn in the auxiliary
construction of each lemma; there are four of them in any instance, as the scholiast
shows: two points are available for drawing parallels, two parallels can be drawn at
each of these point.

¢ Sch. 77 shows that the result of the fourth cyclic lemma is also valid when AA and
BT are parallel; this fact will prove crucial in the proof of the “parallel” configuration
of the Sector Theorem.

* Sch. 83 points out the main differences between the configurations “by separation”
and “by composition” of the Sector Theorem. The scholiast claims that the straight
lines involved in the ratios that feature in corresponding rectilinear and spherical
configurations hold the same position only in the configuration “by separation.”

¢ Sch. 84 describes in the most general terms the construction of the rectilinear confi-
guration associated to a generic case of the Sector Theorem.

¢ Sch. 87 characterizes the “parallel” configuration as a limiting case of the configu-
ration actually assumed by Ptolemy. The scholiast also summarizes a correct proof in
that case, not treated by Ptolemy and declared dovctotog «unsolvable» by Theon.
Sch. 77 and 87 constitute the first direct evidence that a proof of the “parallel”
configuration of the Sector Theorem was elaborated in Greek (see Acerbi 2015).

* Sch. 94 provides general rules for performing the operation of removal of ratios. This
is the Ur-text of the short treatise on the same subject ascribed to Domninus of
Larissa (see Acerbi and Riedlberger 2014).

¢ Sch. 98 works out the first removal of ratios used by Ptolemy. It does so by de-
scribing a tabular arrangement allowing one to perform this operation in an orderly
way. The tabular arrangement coincides with sch. 99 and amounts to a modification
of the standard X-shaped scheme of calculation of a fourth proportional. The gist of
the description in sch. 98 resides in the general indications about the places to be as-
signed, in the tabular set-up, to the relevant terms of the given ratios.

The main features of the exegetic work of our scholiast(s) can be summarized thus:

¢ Contrary to what happens with the scholiastic apparatus accompanying E/. in some
manuscripts (as for instance in Par. gr. 2344) and with the A/m. scholia in D, the
“bookish” paragraphai are quite infrequent: 7 references to E/., 5 of which are related
to the calculation of specific chords; 6 to previous results of A/m., 4 of which are
attached to the proof of the Sector Theorem. Note the absence of “bookish” para-
graphai in the frequent references to Data: for instance, the enunciation of Data 7 in
sch. 72 is entirely quoted.

* The oldest layer of annotations present in the model of B and C (15 scholia, as seen
above) only provides short annotations, mainly consisting in paragraphai and deno-
minations of theorems.
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* As for the more recent scholia, most of them supply single deductive steps or short
deductions. The longest annotations provide summaries of the deductive structure and
expansions on specific points: computational issues such as the main features of the
sexagesimal system and the operations of interpolation and of removal of ratios; de-
ductive issues such as the complex case-structure of the Sector Theorem. Of particu-
lar interest is the scholiasts’ insistence on the numerical values of the lower and upper
bound in the approximation of ck(1°).

* The only identifiable source is Theon’s commentary. The extent of these excerpts is
quite variable: sometimes they are very short, even a single clause; sometimes they
are modifications to paragraphai of more articulated references (as in the case of
some of those to El.); sometimes they are centos of clauses, possibly permuted. There
is just one long verbatim extract, namely, sch. 107. Still, one must insist that the most
interesting scholia are not excerpts from Theon, their content being sometimes at
variance with his commentary.

* The style of the longest annotations is quite formal, but this does not mean that a lost
source (such as for instance Pappus’ in Alm.) is to be postulated for them.

As for the scholia in the apographs of BC, the distribution of those in collection K (=
Vat. gr. 184, ff. 27v—33r), which is as said above a direct transcription from B, is set out
in the following table.”’

27v 28r 28v 29r 29v 30r
*2.3 3EI1**22,28% (¥),29%* %40 40 *47,50* (*)S2E Kk EE kkkk k55

30v 31r 31y 32r 32y 33r
(*)57***69,66,67*** (¥)*72% (*)*77,78,84 84,87,86,83,94 94, 98 106,107 107

These are 57 scholia, of which 26 originally were in the first hand of B.

I also provide some details on the scholia found in Vat. gr. 184, ff. 86r—87v (4/m. 1.10)
and 90v—93r (4lm. 1.13—15), and written by the main copyists (= G). Those coinciding
with scholia in BC, and in fact directly transcribed from C as we shall presently see, are
distributed as follows.

861 86v 87r 87v 90v 91r
6,7,8,13,11 19 29-32-33 noscholia 55,63-62,59,60 72, 66-67,69,78-80-81, 65

91v 91v-92r 92r 92r—v 92v 93r
86, 83-84 94 929 98 102,104 105,106, 107

7 An asterisk * stands for a scholium in the 12th-century layer of annotations of B. Repeated numerical
values indicate that the referred to scholium extends over both pages; when this occurs to scholia in the 12th-
century layer, a bracketed asterisk (*) is added.
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The scholia connected by dashes in the previous table follow each other as if they were a
continuous text. Sch. 19 is followed by a further explanation, probably a gloss to the orig-
inal scholium. Sch. 94 is incomplete (des. line 27 dpaipeoig). In sch. 99, the denomi-
nations of the three ratios involved are separated from the tabular set-up, which in its turn
is disintegrated by the copyist. In sch. 69 and 80 (both excerpts from Theon), G has the
same text as BC; this shows that the scholia coinciding with extracts from Theon’s
commentary were not drawn directly from the original work. Excerpts from Theon’s
commentary in G not reproduced as scholia in BC are at ff. 87r, 91r (bis), 91v, 92v; they
come from in Alm. 110, iA, 486.15-17, in Alm. 1.13, i4, 558.3-16 and 557.27-558.3,” in
Alm. 1.14, iA, 571.12-14 (heavily modified, and a subset of the subsequent excerpt) and
571.12-572.11, respectively. Scholia in a first hand of G that do not coincide with any of
those in BC, nor with passages in Theon’s commentary, are at ff. 86v (4 items), 87r (1),
90v (7), 91r (1), 91v (2 + 3 paragraphai), 92v (1).

A look at the apparatus shows that G, or a model of it, is a copy of C as far as the
scholia are concerned;” unquestionably conjunctive variant readings are for instance
those in sch. 8 (a paragraphé missing in B), 32, 55 (missing &youev at line 19), 65
(omission of a key clause), 69 (aberrant denotation IA), 72 (omission of two articles), 84
(one denotation by letters and a couple of related wrong terminations), 94 (if we take into
account an omission in G fully justified by the layout of C, G ends exactly where C
passes from the lower to the upper margin: see line 27 app.), 99 (repetition of one
denomination, in such a way as to include a seeming variant reading of C), 102 (several
numbers are missing), 107 (meaningless variant for numeral 90). Since G is not an
apograph of C as far as Alm. is concerned, this means that the copyist of G, or an
antigraph of it, changed its model when he came to transcribe the scholia to Ptolemy’s
treatise. The presence in G of scholia that follow each other as if they were a continuous
text decidedly suggests that the transcription took place, as Heiberg surmised, on a model
of G; the copyist of G itself slavishly copied the marginal annotations without under-
standing their structure, thereby making a patchwork out of some of them.

As said above, one of the main copyists of D found in its model a scholiastic apparatus
totally disjoint from that of BC: 84 annotations on A/m. 1.10-11 and 1.13—15, of which 41
are comment scholia® and 43 are paragraphai (31 of these are “bookish” quotations). A
hand of the end 11th—beginning 12th century transcribed by collation from B some of the
scholia here edited: these are sch. 94, 98, 107, to be found at ff. 23v—24v of D (sch. 99 is
also present, but written by an even later hand). This hand started its work at f. 22v; it
transcribed no scholium for A/m. 1.10-11; it also added two fairly articulated deductions

" These are the general enunciation of the Sector Theorem (not provided by Ptolemy) and the clause intro-
ducing this very enunciation, respectively. In G, they are transcribed in this order, the one under the other in
the outer margin.

™ But note the anomaly of sch. 19, witnessed by G but not by C.

% These include three extensive excerpts from Theon’s commentary (see n. 17 above) and—preceded by
£E(flg) and written as if it were a part of the main text (cxo’” marg. add. m. 2) at f. 18r, lines 4-14—one
scholium on the structure of the Table of Chords.
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in the upper margins of ff. 22v and 23r (these were in their turn later transcribed in C, ff.
50v and 51r, respectively, and by the 12th-century hand of B, f. 25r), and two long texts
on removal of ratios and on linear interpolation at ff. 24r and 24v, respectively (the latter
is placed beside the Table of Chords).

1.5 Preliminaries to the Edition

For each scholium, its text, a translation, and a commentary are provided. The scholia are
numbered, the sequence is ordered according to their placement in B.

The Greek text is edited according to modern conventions in matter of punctuation
and accents; all compendia are tacitly resolved; scholia comprising one single clause will
not have a full stop at the end. With the exceptions of value A’ «/4¢» and of the names of
the books of El. and of theorems or lemmas in Alm., the ordinals are written in full even if
the manuscripts usually have them as numeral letters: I shall write Tp@®tog instead of a'.
Denotative letters are in majuscule; numeral letters are in minuscule and are not marked
by a macron; the sexagesimal parts are followed by an appropriate number of apices.
Relevant variant readings are recorded in a critical apparatus attached to the Greek text.
The lines of a scholium are numbered whose text takes more than four lines and for
which an apparatus is provided.

The translation is literal. Terms integrated in translation are included in brackets. The
noun gvBeia (lit. «straight liney) is translated «chord» when it designates a chord in a
circle. Possible awkwardnesses of the translation reflect a contrived syntax of the Greek
text, and are explained in the commentary.

The commentary provides the following information. @) Exact location in the manu-
scripts of the scholium. b) Transcription and translation of the passage of Alm. to which
the scholium refers (called “the relatum”), further identified by page.line(s) of the first
tome of vol. I of POO. It is also specified whether the relatum coincides with the citation
(if any) in K or not. In case it is possible to identify exactly the terms to which the scho-
lium refers, or if the scholium is purposely (for instance, by means of a marginal sign)
located beside a line of the text in B, the terms or the line are underlined. The translations
of passages of A/m. are Toomer’s, with modifications if necessary. ¢) Discussion of tex-
tual issues and of the mathematical context, with identification of likely sources or of
similar passages in other authors. d) Graphic and codicological features. e) Lexical and
syntactical remarks.

Except for point @ of the commentary, the manuscripts are designated by the sigla
assigned by Heiberg, namely, Vat. gr. 1594 = B, Marc. gr. 313 = C, Vat. gr. 180 =D. I
shall instead distinguish between Vat. gr. 184, f. 81r sqq. = G, and Vat. gr. 184, ff. 25r—
80v = K; the last three witnesses are strictly necessary only when B proves difficult to
read because of its faded ink, nevertheless all their variant readings are recorded. These
codices have been collated on color 300 dpi digital reproductions. Occasional references
are made to Par. gr. 2389 = A. The variants with respect to Theon’s commentary, mainly
originating from the scholiasts’ efforts to make an excerptum out of a continuous text, are
followed in the apparatus by the siglum Th.



10

SCIAMVS 18 Scholia Vetera to Almagest 1.10-15 161

2. Edition, Translation, and Commentary

Text. cuvTopiQ YOp Kol capnveig dgl KExpnTOL
Transl. For he has always made use of conciseness and clarity
Comm. a) Vat. gr. 1594, f. 16v marg. int., Marc. gr. 313, f. 40v marg. ext. b) Ad Alm.

1.10, 31.16-19 mpodtepov deilopev, TS dv O vt pddota o dAlyov Kal TdV avTdV
Oeopnuitov edpedddevtov Kal Tayeloy TV EMPOANV TV TPOC TOC TNAKOTNTOG VTV

nmoloipeda «first we shall show how one can undertake the calculation of their [scil. of the
chords] [numerical] values by a simple and rapid method, using as few theorems as possi-

ble, the same set for all». ¢) It approves of Ptolemy’s statement, by paraphrasing the un-
derlined terms. Sch. 1-51 refer to Alm. 1.10. d) In B, sch. 1 is located beside the relatum;
in C it is placed two lines before it (but the relatum lies in the subsequent page). As often
happens, this short annotation is nicely shaped in B: it extends over 7 lines (correspon-
ding to 4 lines of the main text), has them centered and showing progressively reduced
length; this entails that the last three lines contain 2, 3, 2 characters [that is, ké[ypn|t(ar)],
respectively. The scholium is further enriched by an ornamental motif, placed just below
the last two signs. e) Theon calls Ptolemy @iloctOvtopoc at in Alm. 1.10, iA, 487.16, and
in Alm. 1l1.1, iA, 834.14. The substantive capnvela is a key term in the ancient exegetic
lexicon: see for instance Manetti and Roselli (1994, 1558-1559) and Decorps-Foulquier
(1998). The expression capeotépa Epunveio features in the definitions of oyoAlov, obvi-
ously stemming from a common source, contained in the three Etymologica; these defini-
tions are conveniently collected in Lundon (1997, 76).

Text. | poipa, ép° d av €idoc moAlomAaciocOf, 10 avtd €id0¢ molel, olov poipa &mi
poipag: opoimg 0¢ koi poipa éni TpdTo £ENKOoTA Tolel TpdTo EENKOCTA, Kal £l devTEpQ
Tolel devtepa, Kol EERC Opoime: — miv eldog &mi mdlv £100¢ TOATAUGIALOUEVOV EKETVO TO
£160¢ TOIET TO €K THC GLVOECEMC TV OVOUATOV ATV YIVOUEVOV: 0lov TpdTa &Ml TP@HTA
TOLET devTEPD, TPADTA £l dgVTEPU TOLEL TPiTa, OeVTEPA £ML dEVTEPQ TETAPTA, SEVTEPO €T
Tpito, mEUmTO, Tpita émi Tpita Exta: — T peilova €idn mopa €ldtTovo pepilecHot
advvatov, €medn O UeEPIGUOC &YYoV T®V HOp®Y @EpeTol TO pepllopevov: &l yap T
TpdTO TOpa mpdTa pepilopev, TolEl poipag mapd To devtepa pepilechal avTh TMOG
dvvartar; Erattov meceiton Yop Kol Tfi¢ poipag. miv €100 mopd 100¢ pueptldpevov EKeivo
10 £160¢ molel dmep, morramiactalopevoy petd Tod map’ O yivetor O peplopdc, motel o
peptlopevov: olov tpita mopd devTEPA TOET TP@MTA, Emeldn mpdTA £l devTepa TOlEl
Tpita. | Kol oVTeG Emedn T peptlONEVE LEYOADVOUDTEPH €0TLY, BEELE TOD GVOUATOC
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avTAV TO dvoua Tod wap’ OV yivetal O peplopds, Kol eDpNoelg To dvopa tod gig Ov yivetat
O pepiopdc: otov el déot mépumta mopd devepo mopaPoleiv, dpeke o P Amd TdOV €, Koi
Aéye a1 Kk 10D pepiopod yvopeva tpita elva.

1 poipa] comp. ubique BC 2 post poipog expect. motei poipag | &Enkootdr'] e&fic € 3—4 10 £idog motsd]
motel 10 €idog K | dvopdrmv] dvopa— comp. & BC : om. K spatio 2 litt. relicto 7 &yylov tédv poipdv] &yyde
W K 8 mpdta’] 8 K 9 tiic] tog codd. 11 mpdta'] 8 K 12 obteg comp. B : od comp. K | peyokovo-

notepd] peyarovopodtepa codd. | dvopartog] dvopa— comp. 6> BC : éhdtrovog K 14 mapafadeiv legi nequit
C : mopoparov K

Transl. The degree, by whichever species be multiplied, makes the same species, like for
instance a degree by degrees [makes degrees]; similarly, a degree by first sixtieths also
makes first sixtieths, by seconds makes seconds, and so on similarly. — Every species,
multiplied by any species, makes such species as results from the sum of their
denominations; for instance, firsts by firsts make seconds, firsts by seconds make thirds,
seconds by seconds, fourths, seconds by thirds, fifths, thirds by thirds, sixths. — Greater
species cannot be divided by lesser [species], since the division carries the dividend
closer to degrees. For if we divide firsts by firsts, they make degrees; how can they be
divided by seconds? for they will fall less than a degree! Every species, divided by a
species, makes such species as, multiplied with the [species] by which the division is
going to occur, makes the dividend; for instance, thirds [divided] by seconds make firsts,
since firsts [multiplied] by seconds make thirds. Or also as follows. Since the dividends
have higher denominations, subtract from their denomination the denomination of the
[number] by which the division is going to occur and you will find the denomination of
the [number] upon which the division is going to occur; for instance, if there be needed to
apply fifths to seconds, subtract 2 from 5 and say that the result of the division are thirds.

Comm. a) Vat. gr. 1594, f. 16v marg. ext., Marc. gr. 313, f. 41r marg. sup. et ext., Vat. gr.
184, f. 27v. b) Ad Alm. 1.10, 32.3-5 xaBolov pévior ypnoouebo taic TV apOudv

£€00001¢ KOTa TOV TS £ENKOVTAS0C TPOTOV <1l TO SVGYPNOTOV TAV LOPLUCU®V> «in
general we shall use the sexagesimal system for our arithmetical computations [because
of the awkwardness of the fractional system]» (= citation in K, the bracketed clause
excepted). ¢) The scholium summarizes, with examples, the main features of multipli-
cation and division between sexagesimal orders treated as Diophantine numerical species,
that is, as indeterminate powers: i) degrees, when multiplied by any species, give the
same species; i) multiplying two species results in a species whose «denomination» is
the sum of the original «denominations» (first, second ... sixtieths); iii) definition of divi-
sion between species as the inverse operation of multiplication; iv) dividing one species
by another results in a species whose denomination is the difference of the original deno-
minations. The scholiast also adds v) a remark to the effect that greater species (that is,
with smaller denomination) cannot be divided by lesser species (note that rule iv could
not apply to this case). Loci paralleli in Theon are in Alm. 1.10, iA, 452.14-462.17 (that
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refers to Diophantus’ classification of numerical species), GC 1, 109.10-111.24, PC,
200.9-201.4, even if the focus is on geometric justifications of the rules (but the charac-
terization in rule 7 is identical with the clause at i4, 453.7, with the variant reading a0t0
10 £180¢ «the species itself»). In particular, Theon does not give definitions of the two
operations. He does not address issue v, either, providing only examples of lesser species
divided by greater species. The most complete ancient treatment of the subject is in Prol.
(a text contained both in B and in C!), where we find definition iii, characterizations i, i,
and iv, and a lengthy discussion of issue v. In this discussion, the anonymous redactor of
Prol. shows that, by means of the “analysis” of species (= reduction to the subsequent
order after multiplication by 60), greater species can be divided by lesser species, even if
only examples of consecutive species are adduced. Sch. 2-3 expound basics about
multiplication and division in the sexagesimal system. d) In B, the scholium is preceded
by a signe de renvoi, also placed in the inner margin beside the underlined pericope of the
relatum (amounting to one line in B). In C, the scholium is in the upper and outer
margins, no signe de renvoi being added (see sch. 4). In the manuscripts, the three parts
of the scholium are separated by the graphic marker “dicolon + paragraphos + blank
space;” BC repeat the paragraphos beside the line at which each sub-scholium begins. In
K, sch. 2 immediately precedes sch. 3. Note that, in two instances in BC, the stem
ovopo— is abbreviated with é>. e) The unit in the sexagesimal system is usually called
poipa «degree»; the sexagesimal orders are examples of numerical €idn «species» and are
called é&nkootd «sixtieths» or Aemtd «minutesy». The latter denomination came to be used
only in Late Antiquity: in Prol., there are 183 occurrences of the noun Aemtév, 50 of
éEnkootov. On the contrary, Aemtov never appears in A/m. nor in Pappus, in Alm. V-V1.
In Theon, we read twice the expression Aemtda fjtol €énkootd (i4, 463.6, PC, 200.9);
otherwise, Aemtov only features in the very short presentation of the sexagesimal system
in the “Little Commentary” referred to above (5 occurrences), plus a handful of isolated
occurrences in the same work: PC, 208.7-13 (ter), 243.15, 246.14. In these same writ-
ings, €¢&nkootév has about 1100 occurrences, of which about 270 are in Alm. In our
corpus, the denomination Aentd only features in sch. 47. The several sexagesimal orders
are identified by an ordinal, which is their évopa «denomination». The operational
terminology adopted in the scholium is also well-established. The «addition» is 1| cOv-
Oeo1c, «to subtracty is agatpeiv; the multiplication is 6 moAlamhaciacudc (graphic vari-
ant woAv—), the associated verb moAlamiacialewv; the division is 6 pepioudc, the associ-
ated verb pepilewv or mopafaiiev «to apply», the latter according to the geometric inter-
pretation of division as the application of areas. The dividend is 6 pepildpevog «the
[number] divided» or 6 €ig 6v yivetar 6 pepiopog «the [number] upon which the division
is going to occur»; 0 pepilov «the divisor» is also designed by the expression 6 map’ 6v
yivetal 0 peptopog «the [number] by which the division is going to occur»; the neuter
article is instead required for species. The prepositions denoting multiplication are mi or
(quite infrequently) petd; division is identified by mapd or (quite infrequently) €ic. In the
technical corpus, the adjective peyorovopdtepog «having a higher denomination» or
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related adverbial forms are only witnessed by lamblichus, in Ar. 11.11 (adv.), 111.29, 53,
65,1V.117 (adv.), V.37, in Vinel 2014, 76.23, 110.18, 116.19, 118.33, 154.27, 178.12. At
line 7, note, and see also sch. 3, lines 2021, the turn of phrase about division that pépet
«carries» the dividend &yyiov «closer» to degrees.

Text. €v T0ig TOAMUTANGLOGHOTG, €0V HEV LOVAdO €L LOVASOG TOMCMUEY, O YIVOUEVOG
apOpoc pellmv éoti tdv molamiootacOéviov apdudv: olov v povadac B émi y
Hovadag moowpey, yivetal ¢, 6¢ peilmv €otl kal tdv B kal tdv v, kol pdia ikdtog: O
yap ¢ yéyove tod P katd 10 TAT00¢ TV Y Anebévtog (tovtéoTt Tod P Tpic AneBEvToc), i
ToD v Kotd T0 AT 00g TdV B (TovTtéoTt TOD ¥ dic AnedévTtog), mg yiveshHatl Tod yvouévov €k
0D TOAAATAAGLAGHOD Eva, TAV TOAAATANCIAcOEVTOV TocadTa HEPN 660G E0TIV O AOLTOG
ap1OUOC TGV TOAUTAAGIOGOEVTOV: KOl Gel £i¢ THY TOAMATAAGINGAVIOV KOTAUETPET TOV
YEVOLEVOV KOTO TOV AOmdv. €0v 08 HOplo €Ml LOPLO. TOCOUEY, O YIVOUEVOC APLOUOG
EMttov 80Tl TV TOAUTAAGIOGOEVTOV: Olov €0V £ &Ml £ TOMGOmUEY, TO YIVOUEVOV
uopov, 8" dv, ELottov €0Tt Koi ToD £ Kol ToD £TéPov £, Kol ToDTO €iKOT®G TO Yop O
yéyove TOD €vOC £ Kotd TO AOmOV £ AngOévtog (Tovtéott Tod €vOG £ MUGAKIG
ANeOEVTOC), Kal E6TL TO £ TOD £ TETAPTOV: OC YiveTal TO €K TOD TOALUTANGLOGHOD HOPLOV
Evog T®V moAllomAactacféviov popimv Tocobtov pépog ooV €0Ti TO AOTOV TOV
molanmAoctacOévioy. v O0F povadee Mot koi popla, Kotd Svo £idn yivetar O
TOAMUTAUGLOGLOC, KOl Opa TAG UELOVUEVT] LEV 1] LOVAG KOl YIVOUEVT] HLOPLOV LOVADOG T
puopo €v @ TOAMATAAGIOGUD, HEWT TOV cuviebévta, adénbeica o€ kol yevouévn ovti
g B 1 v, adéel adtd- €av 6¢ peivn povag, ovte abéel ovTe PEWOT LOVAC YOp €ml Lovada
Movadw Totel. T 8¢ avta dmep émi pLovadog Kol €ml poipag a&mTéov MG Avoloyohong
LoVAdt, T 6’ €ENKootd Tolg popiolg £01Ke THC LovAdoc. 10 1 pev poipa, £’ O Gv yévnrat,
10 odT0 €ld0c @UAGTTEL, TA O Efnkootd émi 1O EAoTTOV  £100C (QEpEL  TOV
TOALOTAQGLOGUOV: TTPDTO YOp €Ml TPOTA TOLEL devTEPQ, KOl Oe0TEPa EML d€VTEP TTOLEL
tétoptas Eotol yap 1O €k ToD TOAMATANGIAGUOD YIVOUEVOV £100C TAPMOVLUOV &K TOD
apOpod tod ywopévov | &k Thc cuvbicemc TOV APOUGY G’ GV TapdOVLUG €6TL TA
nolamhoctacOévia &n’ dAANA0 EENKocTA. Kol iV £160¢ peplOpevov Tapd TU €100¢
8keivo 10 €180¢ TolET 8, TOAAOMAAGLOGOLY €ml TO €100¢ T0D Tap’ oD O PePIGUAG, TOLET TO
£160¢ t0D pepiopévon.

1 — 26 partim uix legitur B 2 povadog — 3 povadag] p® — p° BC : poipog — poipog K | ¢, 6] o ¢ BC :
appog 0 ¢ K 4 v Anebévrog — 5 mAfifog tdv om. K | 1pig] tpitov BC 6 100] 1° K | moAhamAiaciacpod]
—o6vtov K 8 popo! supra lineam K 10 &v] &v codd. | &ot] &oton comp. BK 11 yéyove om. K
12 yiveton codd. : expect. yivesOou cfr. u. 5 13 pépog] poévov codd. 15 nidc] émowg K 16 cvvtebévra]

ouvtf— K 17 povac’] 1° BC : poipa K | povéda] p° BC : poipag K 18 povada om. codd. 19 povédoc] p°
BC : poipac K 23 dvom. C 25 7otei' ob truncatum folium des. C

Transl. In multiplications, if we make a unit by units, the resulting number is greater than
the numbers multiplied; for instance, if we make 2 units by 3 units, it results 6, which is
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greater than both 2 and 3—and quite reasonably so, for 6 came to be since 2 was taken
according to the multiplicity of 3 (that is, 2 was taken thrice), or 3 according to the
multiplicity of 2 (that is, 3 was taken twice), in such a way that one of the [numbers]
multiplied is such parts of the [number] resulting from the multiplication as is the re-
maining number of those that are multiplied; and one of the [numbers] that has multiplied
always measures the resulting [number] according to the remaining [number]. If, instead,
we make parts by parts, the resulting number is less than the [parts] multiplied; for
instance, if we make % by Y, the resulting part, being "4, is less than both % and the other
Y,—and this [occurs] reasonably, for % came to be since one % was taken according to
the remaining % (that is, one "4 was taken half a time), and ' of % is a quarter: so that
the part [resulting] from the multiplication is such part of one of the parts multiplied as is
the remaining [part] of those that are multiplied. If, instead, there are units and parts,
multiplication comes to be according to both species, and see how: the unit, if it is
lowered in the multiplication and becomes a part or parts of a unit, lowers the [number]
composed [scil. the product]; if, on the other hand, it has been increased and has become
2 or 3 instead of one, it increases it. If instead it remained a unit, neither increases nor
lowers [the result], for a unit by a unit makes a unit. Exactly the same things, one must
stress, that apply to a unit also apply to a degree, because the latter is analogous to a unit,
and the sixtieths are like the parts of a unit. For this reason the unit, by whatever [species]
is multiplied, keeps the same species, whereas the sixtieths carry multiplication towards a
lesser species, for firsts by firsts make seconds and seconds by seconds make fourths—as
a matter of fact, a species resulting from a multiplication will take its denomination from
the number resulting from the sum of the numbers from which the denominations are
taken of the sixtieths multiplied to each other. And every species, divided by some
species, makes such species as, multiplied by the species of the [number] by which the
division [is going to occur], makes the species of the dividend.

Comm. a) Vat. gr. 1594, f. 16v marg. ext. et inf., Marc. gr. 313, f. 41r marg. inf., Vat. gr.
184, ff. 27v-28r. b) Ad Alm. 1.10, 32.5-6 <510 10 dVoYpNOTOV TOV HOPLOGUDYY ETL TE TOIG

TOAVTAQGLOGHOTG Kol peptopoic dkolovBnoopev «[because of the awkwardness of the
fractional system;] we will also carry out multiplications and divisions» (= citation in K).
¢) The relata of sch. 2 and 3 are consecutive. Sch. 3 explains that, if numbers are multi-
plied, the result is greater than any of the factors; if parts are multiplied, it is lesser than
any of them. Examples are 2 times 3 making 6 and "4 times "4 making %. Both sch. 2
(statements i—iii) and 3 (the last three sentences) present the characterization of the unit
(or the degree) as the identity element in the multiplication of species, the sum-of-deno-
minations rule for multiplication, and the definition of division between species. The third
statement is better formulated in sch. 3, the other two have a clearer expression in sch. 2.
The characterizations, at lines 5—7 and 12—14 of sch. 3, of the factors in a multiplication
as parts of the product (or of the product as a part of one of the factors, if parts are
multiplied) are not to be found elsewhere; they are formulated in strict parallelism. The
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property stated at lines 7-8 is a rewriting of a portion of the definiens in the definition of
moAlamAdctoc «multiple» at El. VIL.def.5. At lines 18-21, sch. 3 carefully distinguishes
between units and degrees; the distinction is blurred by the copyists’ uncertainties in
resolving the abbreviation M°, almost ubiquitous in BC and apparently used throughout
their common model. All of this suggests that sch. 2 and 3 come from independent
sources. Note, however, the similar turn of phrase, at sch. 2 line 7 and at sch. 3 lines 20—
21, about an operation or a species that @épel «carries» the result towards the unit or
towards lesser species (but note that the two drifts take place in opposite directions). d) In
B, the scholium is preceded by a signe de renvoi, also placed in the inner margin beside
the underlined pericope of the relatum (amounting to 1 line in B). In C, the scholium
occupies the entire lower margin, no signe de renvoi being added. In K, sch. 3
immediately follows sch. 2. e) The phrase kata 0 mAf0og TtV «according to the
multiplicity of» at lines 4-5 has a parallel in the definition of multiplication given in
Prol., DOO 11, 6.6—-11. The use of the numeral adverbs dic and tpig again at lines 4-5 is
reminiscent of the tosavtdkic in the definition of multiplication at El. VII.def.16 (EOO
II, 186.15). At line 8, the scholium calls a part 4p1Ouog «number». For yivecOau éxni at line
19 with the meaning «to be multiplied by» (usually in the form of a participial clause) see
Prol., the anonymous commentator on the Theaetetus (col. XLII.7-8); Hero, Metr. 1.8, in
Acerbi and Vitrac (2014, 166.1); Diophantus, Ar. IV.38-39 and VI.1, in DOO 1, 296.12,
302.14 and 392.13 (all with numeral adverbs), and De polygonis numeris, in Acerbi
(2011a, 196.7); Domninus, Ratio 23, in Riedlberger (2013, 126.18-19). Note, at lines 22—
23, the idiomatic phrase mapdvopog eivar ék/énd «to take the denomination fromy, also
found in Prol., in DOO 11, 8.8—15 (ter), 14.13 (adverb mopovouwc), 14.19. Otherwise, but
still in technical writers (Nicomachus, lamblichus, Eutocius), the adjective moapdvopog
takes the genitive or the dative. Throughout the scholium and elsewhere in this article, the
following criteria will be followed to translate the participial forms of yivecOat indicating
the «result» of an operation: plural neuter ta ywvopeva is «the result», 0 yivopevov «what
resultsy; if specific substantives in the neuter have to be understood, as pépoc or popiov
in this scholium, or if the participle is in the masculine (“number” being understood), it is
always rendered by a present participle and the understood substantives are supplied
between brackets. The same is assumed for the aorist participle.

Text. 611 0¢ M Ton 1) EB peta&d tdv A A mintet deiéopev obtmg: &ml yap tpLy®@vov 1od
BAE 600 ai BA AE tiic EB peilovég gior kal £oti 1) BA 1] AA ion: ékatépa yap ék tod
Kévipov €oti Tod ABT fucvkiiov- oi AA AE épa tiic BE peilovéc eiot dote odv 1 ion
0 BE peta&d tdv A A onueiov mintel

Transl. And that the [straight line] equal to EB falls between A, A, we shall prove as
follows: for in triangle BAE the two [straight lines] BA, AE are greater than EB; and BA
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is equal to AA, for each of them is a radius of semicircle ABT'; therefore AA, AE are
greater than BE; so that, then, the [straight line] equal to EB falls between points A, A.

Comm. a) Vat. gr. 1594, f. 17r marg. sup., Marc. gr. 313, f. 41r marg. ext. b) Ad Alm.
1.10, 32.15-16 xai keicOw adti) ion 1 EZ «and let EZ be made equal to it». ¢) In a
semicircle on diameter A" having a radius AB perpendicular to it, take the midpoint E of
radius A" and join straight line EB; cut off from EA straight line EZ equal to EB. Then
ZA is the side of the decagon inscribed in the full circle, BZ that of the pentagon. The
scholium shows that the endpoint Z of EZ falls between points A, A (Fig. 1). The deduc-
tion coincides with the first part of the proof of El. II.7 (EOO 1, 180.6—-10), this very
proposition being directly cited in sch. 5. The first step in the deduction applies E/. 1.20.
Theon does not expand on this point. Sch. 4-15 mainly provide with paragraphai the
long argument by means of which Ptolemy calculates the numerical values of some
specific chords (sch. 11 summarizes his findings). d) In B, sch. 4 is located in the upper
margin; in C, it is inside a partial indentation of sch. 2, the location in the outer margin
appearing to be accidental. In either manuscript, no sign is present to indicate the exact
relatum. The placement in BC suggests that sch. 4 was originally transcribed in the upper
or in the lower margin, near to sch. 2, maybe closer to the relatum than the layout of BC
can allow; this could explain the absence of a signe de renvoi in BC. One may also safely
surmise that, in the common model of BC, sch. 4 was written after sch. 5 (quod vide). e)
Note that the straight line at issue is correctly designated by the syntagm 1) ion tfj EB, not
by its name 1| EZ. A slight abuse of language makes the scholiast claim that a straight line
falls between two points; otherwise he should have introduced the name of the straight
line, 1| EZ, or a circumlocutory phrase to designate its endpoint Z. The noun phrase 1 ék
oD Kévtpov «radiusy is without article because it is the predicate noun.

Text. peiCov yap 1 AE nac@dv 810 10D kévipov ovca, d¢ Sédeiktan &v 16 £’ Oswpipatt Tod
v’ BipAriov t@v EviAeidov

Transl. For AE is greater than all [straight lines] because it is through the center, as is
shown in the 7th theorem of the 3rd book of those of Euclid.

Comm. a) Vat. gr. 1594, f. 17r interc., Marc. gr. 313, f. 41r marg. ext. b) The relatum is
the same as sch. 4. ¢) The scholium expands on the same point as sch. 4; it does so by
pointing out that AE (= AA + AE in the next-to-last step of sch. 4) is a fortiori greater
than EB because of El. 111.7 (Fig. 1). d) Both in B and in C, sch. 5 is located beside the
relatum. This shows that sch. 4 was written after sch. 5; most likely, they belong to diffe-
rent layers of annotations. In B, the scholium is shaped as sch. 1. ¢) Note the difference
between the noun phrase () ék 100 kévtpov «radius» (see sch. 4) and the locative adver-
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bial qualifier o1 tod kévtpov «through the center», both in predicative position. See
further sch. 13.

Text. 510 10 ¢’ Tod B’ oToLKEiDV

10] 100 G | otoyelwv] —ov G
Transl. By the 6th of the 2nd of the Elements

Comm. a) Vat. gr. 1594, f. 17r marg. int., Marc. gr. 313, f. 41r marg. ext., Vat. gr. 184, f.
86r marg. ext. b) Ad Alm. 1.10, 32.19-33.2 énel yap €00sia ypapun 1 Al' tétunton diya
kot 0 E, kol mpdokeitai tig avt]] €00gia | AZ, 10 vmo 1dV I['Z ol ZA mepieyduevov
opBoymviov peta tod amo tiic EA tetpaydvov icov éotiv @ anod tii¢ EZ tetpaydve «in
fact, since a straight line Al is bisected at E, and some straight line AZ is adjacent to it,
the rectangle contained by I'Z and ZA, with the square on EA, is equal to the square on
EZ». ¢) The reference to the proposition of EL is correct. Theon, in Alm. 1.10, iA, 464.10—
465.2, both quotes a partially instantiated enunciation of E/. I1.6 and fully instantiates it
according to the configuration adopted by Ptolemy (Fig. 1). d) Both in B and in C, sch. 6
is located beside the relatum. e) The construct du 10 «by the» + accusative or «because
of» + infinitive is typical of the scholiastic jargon. The scholia alternate between the desi-
gnations ototyeia «Elements» and té@v Edxheidov «those [scil. books] of Euclidy.

Text. o¢ d&dektoL &v @ kO’ Oewpnpatt Tod ¢’ TV oToLYEIOV

k0" corr. sed legi nequit m. 2 B (fortasse A’ scripsit) | post Tod legi nequit ob truncatum folium C | tév
otoyeiov om. G

Transl. As is shown in the 29th theorem of the 6th of the Elements

Comm. a) Vat. gr. 1594, f. 17r marg. int., Marc. gr. 313, f. 41r marg. ext., Vat. gr. 184, f.
86r marg. ext. b) Ad Alm. 1.10, 33.11-12 1} ZI" dpo. dkpov Kol HEGOV AOYOV TETUNTAL KOTA
10 A «therefore [straight line] ZI' turns out to be cut in extreme and mean ratio at A». ¢)
Ptolemy has just shown (Fig. 1) that (I'Z,ZA) = g(AT"). The scholiast does not refer to the
definition of «straight line cut in extreme and mean ratio» at £/. VI.def.3, as Heiberg cor-
rectly does in his edition of Alm., but to El. V1.29, which must coincide with the proposi-
tion VI.30, and which both we and the corrector read in our E/. (This proposition is a
“problem:” how to cut a given finite straight line in extreme and mean ratio.) If this is not
a mistake, there is one natural candidate for the proposition of E/. missing in the redaction



SCIAMVS 18 Scholia Vetera to Almagest 1.10-15 169

that the scholiast had in his hands. It is VI.12, absent in the Arabo-Latin translation of
Adelard of Bath, and in fact in the branch of the Arabic tradition stemming from the
translation of al-Hajjaj, at least according to the pseudo-Tusi, cited in Thaer (1936, 118—
119). Theon does not add any references. d) Both in B and in C, sch. 7 is located beside
the relatum.

Text. 510 10 0" Oedpnuo Tod 1y’ Bipriov t@dv EviAeidon

10 0’ Bedpnpoa] tod 0’ Bewpnuoatog G | 0’ supra lineam corr. inn' m. 2 G | t®v] 100 G
Transl. By the 9th theorem of the 13th book of those of Euclid

Comm. a) Marc. gr. 313, f. 41r marg. ext., Vat. gr. 184, f. 86r marg. ext. If the scholium
has not been erased in Vat. gr. 1594 in such a way as to leave no traces, the copyist
missed this annotation. It has been added by the most active later scholiast (12th c.) of the
Vatican codex, starting supra lineam at the beginning of the relatum; however, the later
annotator refers to EI. XIIL.8, as does a corrector in G. b) Ad Alm. 1.10, 33.12—18 énei odv
N 100 €€oydvou kol 1 10D deKaydvov TAELPH TOV €ig TOV ADTOV KOKAOV EYYPOUPOUEVDV
gmi tiic otic eveiagc dxpov xai péoov Adyov téuvovtar, 1 8& A &k T0d Kévipov ovoa
Vv 100 e€aydvov TepiEyel mhevpav, | AZ Gpa éotiv ion 1] Tod dekaydvov mhevpd «then
since the side of the hexagon and the side of the decagon, when both are inscribed in the
same circle, cut the same straight line in extreme and mean ratio, and I'A, since it is a
radius, contains the side of the hexagon, therefore AZ is equal to the side of the decagony.
¢) The reference to the proposition of El. is not correct, since what is required is to prove
one of its converses; the entire enunciation of E/. XIIL.9 is indeed quoted, in a modified
formulation, as the assumption in the relatum. The later scholiast of B and a corrector of
G (quite likely the latter on the basis of the former) invoke E/. XIIL.8; it is possible that
they had access to a manuscript in which XIIL.6 is absent, like Par. gr. 2344 or Bon. A
18-19 (see EOO 1V, 246.20, 262.1 app., 263 app. 1, 360.14-362.14, and 360.14 app. 1,
and the discussion at EOO V, LXXXII); in fact, XII.6 is almost certainly spurious (see
ibid.). Theon, in Alm. 1.10, iA, 465.9—13, mentions (but by referring to Book XIII only)
and quotes the enunciation of E/. XIIL.9, just to declare that what is required is to prove
the converse. Accordingly, he proposes two proofs of this converse (ibid., 465.14—
466.10). d) In C, sch. 8 is located beside the coassumption in the relatum.

Text. 510 10 U Bedpnpa tod 1y' TV Edxheidov

Transl. By the 10™ theorem of the 13th of those of Euclid
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Comm. a) Vat. gr. 1594, f. 17r marg. ext., Marc. gr. 313, f. 41v marg. ext. b) Ad Alm.
1.10, 33.18-20 opoimg 6, €mel 1| TOD MEVIAYDVOL TAELPA dVVATAL THY T€ TOD E€0ydVOV
Kol TNV Ttod dekaydvov TV €ic TOV adTov KOKAoV €yypagouévev «similarly, since the
square on the side of the pentagon equals in power the [side] of the hexagon and that of
the decagon, when all are inscribed in the same circle». ¢) The reference to the proposi-
tion of El. is correct. Theon, in Alm. 1.10, i4, 466.11-13, mentions (by referring to Book
XIII only) and quotes the enunciation of El. XIII.10. d) Both in B and in C, sch. 9 is
located beside the relatum.

10

Text. €01 0¢ koi ) AE A

koi om. Th.

Transl. And AE also is 30 [parts]

Comm. a) Vat. gr. 1594, f. 17r interc., Marc. gr. 313, f. 41v marg. int. b) Ad Alm. 1.10,
34.10-12 pnxet &pa Eotar | EZ tunuatov EC &' ve” &yyiota, kol Ao | AZ TV adTtdv
AL o' ve" «therefore EZ will very nearly be of 67;4,55 parts in length, and AZ 37;4,55 of
the same [parts], as a remainder». ¢) The scholium supplies the coassumption that allows,
because AZ = EZ — AE, to immediately deduce the second statement of the relatum from
the first; the fact that AE = 30 parts was proved just a few lines before (34.6-8). Heiberg,
who correctly identified the clause as a scholium, and not as a stretch of text missed by
some earlier copyist and subsequently integrated in the margin, only recorded its presence
in C (cf. 34.11 app.). The text of the scholium coincides, except for the absence of kai,
with Theon, in Alm. 1.10, iA, 467.5, where it immediately follows a clause almost identi-
cal with the relatum. d) Both in B and in C, sch. 10 is located beside the relatum; in C, a
signe de renvoi is placed just after &yyiota; the sign is transformed by the copyist, by
simple addition of breathing and accent, in the standard abbreviation of the first word in
the scholium.

11

Text. 5100 10 o' Osdpnua AV &v kOKA® 001y 6 Iltolepoiog €0pev TV VIO TAG AC
poipag tod dekayd®vov TAELPAY, Kol TV VIO Ta¢ o ToD mEVTUYDVOL, Kol TNV V7o TG &
v 100 €€aydvov, kol TV VIO TAG @ TNV TOD TETPAYDOVOL, Kol TNV VIO TAG PK TNV TOD
TPLYOVOV, KoL TNV V7O TOC pUd TNV Aeimovcoayv gig 1O MUKOKAIOV Tf] T0D deKaydVOV, Koi
Vv OO The pn TV Asimovcav TH TOD mEVTAYDOVOV. £it0 TPoekBEUEVOC ANUpATIOV Kol
8eliic v Oempriuota — GV 1O pév deikvuot Tag VoTeVoVsag TaS VTEPOYUS TMY dSopEvay
TEPLPEPELDV, TO O TOC dyoTtopiog, 1O O& TOC ovvbéselc — kol mpooevpebeiong tig T
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NUpoiplov HITOTEWVOVOTG d1d ANUUATOV TPOANEBEVT®Y, cupTANPOol TOV HAOV Kavove TRV
€V KOKA® €00e1dV.

1 10 o Beopnpa] 0 o' Bewp/ BC : 10 o' Bewprpotog G : v tpdnVv Bempiov K | ante kOxho add. 1d G
2 post poipag ac off expect. ™V | 109'%] MG 3 rf]vs] om. G 4 100 dekoydvov] TV 1 yovidv codd. 5 kai]

vyG 6yom. G | Bsopipata] 0cw’ BC : Bsopeidv G : Osopidv K | dmepoytg comp. BC : yoviag G
8 Mupdrev tpoinebéviov] —og —og G

Transl. By means of the 1st theorem of the chords in a circle, Ptolemy discovered the side
under the 36 degrees of the decagon, and that under the 72 of the pentagon, and that under
the 60 of the hexagon, and that under the 90 of the square, and that under the 120 of the
triangle, and that under 144, namely, the complement to a semicircle of the [arc sub-
tended by the side] of the decagon, and that under 108, namely, the complement [to a
semicircle] of the [arc subtended by the side] of the pentagon. After setting out preli-
minarily a short lemma and 3 theorems thereupon—one of which shows the [chords]
subtending the differences of given arcs, another the bisections, another the sums—and
the [chord] subtending a half-degree being found in addition by means of preliminarily
established lemmas, he completes the whole table of the chords in a circle.

Comm. a) Vat. gr. 1594, f. 17r marg. inf., Marc. gr. 313, f. 41v marg. ext. et inf., Vat. gr.
184, ff. 28r et 86r marg. ext. et inf. b) No well-defined relatum. In K, it is not preceded
by any citation. ¢) The scholium summarizes the deductive structure of 4/m. 1.10. For
parallels to the first sentence, see Theon’s statements (similar but better formulated) at in
Alm. 1.10, i4, 463.10-464.1, 469.10-15, and, in particular, 473.9—11, whose formulation
is closely followed by the scholiast. The expression mpoekOéuevog Anupdrtiov is taken
from Ptolemy’s introductory statement to this very result, at 36.10—11; see also Theon, in
Alm. 1.10, id, 473.12. On the designations of the propositions in A/m. 1.10 (one lemma,
three theorems, again one lemma, even if the scholiast alludes to the last lemma in the
plural) see further sch. 16, 19, 20, 21, 26, 29 (that adopts denominations different from
those of the others), and 31. d) Both in B and in C, sch. 11 is located under the long
paragraph (34.5-35.16) containing the calculation of the numerical values of the listed
chords. Since both B and C go to a new page at about the middle of the paragraph, we
may safely assume that sch. 11 was also located in the lower margin in their common
model. The mistake, at line 4, T®v 1 yovidv for Tod dexaymdvov shows that the original
scholium was filled with abbreviations: dekoydvov must have been written II'”. As was
the usage of later copyists, in G the 6¢’s of the pronominal correlatives to pév ... 10 6¢ ...
TO 0¢ ... carry a double grave accent. e) The designations of the listed chords are very
compressed; their formulations (quite likely marred by a couple of omissions: see the ap-
paratus) are set in strict parallel. For instance, the first designation means “the numerical
value of the chord, that subtends an arc of 36°, coinciding with the side of an hexagon
inscribed in a circle.” The same must be said of the designations of the chords corre-
sponding to the complementary arcs of the assigned chords. At lines 6—7, the plural nouns
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VIEPOYAS, dtyotopiag, and cvvOécelg, instead of the singular nouns to be expected, are an
idiomatic trait of ancient Greek language (see sch. 55 and 106).

12
Text. mohv €énein uév AZ tunudrtov éoti AL 8’ ve”
Transl. Again, since AZ is of 37;4,55 parts

Comm. a) Vat. gr. 1594, in textu, Marc. gr. 313, f. 41v marg. inf. b) It is 4lm. 1.10, 34.15—
16. ¢) This is a clause missing in the common model of BC and A (D has the clause) and
probably restored in the margins by very early collation; the copyist of B understood that
it should be reintegrated in the main text. In Alm., a Tufjpo is one of the 120 «parts» in
which the diameter of the reference circle is divided; the circumference is instead divided
in 360 parts or poipat «degrees» (cf. POO 1.1, 77.6—13, with a few terminological incon-
sistencies). A statement quite similar to the scholium is contained in Theon’s reformula-
tion of Ptolemy’s argument: érei ovv v AZ 8d&iEopev tpunudrov odoav AL 8’ ve'” «then
since we showed that AZ is of 37;4,55 parts» at in Alm. 1.10, iA, 467.8. d) In C, the
conventional sign for the Sun is placed after 34.15 dwdpetpog px as if it were included in
the main text, the sign being repeated in the lower margin, followed by the explanation
€011 oaipa «it is a sphere»; sch. 12 is transcribed beside this indication, in majuscule.
This is a further clue that the copyists of BC tried to graphically differentiate the layers of
scholia contained in their common model: it is quite likely that the explanation &ott
o@aipa was introduced by a scholiast of the model, who misinterpreted the sign and took
it as a part of Prolemy’s clause; since the Sun could not be mentioned in Ptolemy’s
sentence, and the most natural determinative of Ptolemy’s diauetpog pk, namely, “of the
circle,” would have been represented by another sign, the scholiast resorted to the less
implausible object given the context, namely, a sphere.

13

Text. icov yap dOvotat Svci Taig k ToD KEVTPOL TTepleyovoals fiv bmoteivel OpOnNV yoviav
Tl — mepileyovoaig] taic — mepieyova(ng) BC : tiic — mepieyovonsg G

Transl. For it is equal in power to the two radii containing the [chord] that subtends a
right angle

Comm. a) Vat. gr. 1594, f. 17v marg. ext., Marc. gr. 313, f. 41v marg. inf.,, Vat. gr. 184, f.
86r marg. ext. b) Ad Alm. 1.10, 35.6-9 opoimng 0¢, émel 1 PEV TOD TETPAYDVOV TTAELPA,
vroteivovoa 8¢ poipag 9, dSuvauel SimAacio 0Tiv T €k T0D K€vipov «similarly, since the
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side of the [inscribed] square, which subtends 90 degrees, is double in power of the

radius». ¢) The explanation is quite obvious, and is identical with Theon, in Alm. 1.10, i4,
467.19-20. d) In B, sch. 13 is located beside the relatum; in C, it is just under it. e) The
expression 1 mAgvpd dvvapel duthacio €oti Tiig €k ToD Kévipov «the side is double in
power of the radius» in the relatum means “the square on the side is double of the square
on the radius;” in the scholium, instead, it is question of a square which is equal to the
sum of the squares on the two radii; as frequently happens, the sum of two objects is
simply formulated by referring to them in the plural. On the language of the “power” in
Greek mathematics see Vitrac (2008). The attraction of the relative in mepieyovoag fjv is
rather wild; the participle must be corrected since BC have the standard compendium of
termination —m¢ (but note that this compendium can simply be the sign abbreviating any
termination: POO 11, XCI). If 1 ék toD kévipov «radius» has to be the nominalization of
an invariant prepositional syntagm, its plural must be ai €k tod kévtpov, as is in the
scholium. Still, we find dozens of occurrences of a plural ai ék T@®v ké€vipwv in Archime-
des and Pappus, and four in E/., IIl.def.1 and II1.26, 28, and 29 (EOO 1, 164.3, 230.22,
236.6—7, 238.13, respectively). On the linguistic expression of the radius (1] €k ToD Kév-
Tpov vs. didotnua) see Federspiel (2005), which superseds all previous lucubrations.

14
Text. o1 10 1y’ Bedpnpa tod 1y’ Pipriov TV Edkdeidov
Transl. By the 13th theorem of the 13th book of those of Euclid

Comm. a) Vat. gr. 1594, f. 17v interc. If the scholium has not been erased in Marc. gr.
313 in such a way as to leave no traces, the copyist missed this annotation, which has
been added by a later scholiast, in the outer margin of f. 42r, beside the relatum. The later
annotator correctly refers to El. XIII.12. b) Ad Alm. 1.10, 35.9-10 1} 8¢ 10D TPLy®VOL
TAEVPA, DTTOTEIVOVGA O Hoipog pK, dSuVAEL TG avTi¢ oty Tputhaciov «and the side of
the [inscribed] triangle, which subtends 120 degrees, is triple in power of the same
[straight line] [scil. the radius]». ¢) The right proposition of El to cite is XIII.12; the error
is probably due to inadvertence or to a copyist’s error: the only feature of the manuscript
tradition of El. directly justifying the presence of an additional proposition before XII1.12
is the proof XIIL.5 aliter, that, however, only Vat. gr. 190 has in the main text: see EOO
IV, 260.25 app., 362.15-364.16, and 362.15 app. 1. Theon, in Alm. 110, iA, 467.20—
468.2, mentions (by referring to Book XIII only) and quotes the enunciation of El.
XIII.12. d) In B, sch. 14 is located beside the relatum; a signe de renvoi is added by a
later hand and placed just above the initial tod of the relatum. e) For the expression
dvvapuel tputhaciov «triple in power» see sch. 13.
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15

Text. ka®’ adtac pev Aéyet émel €kaotn TovTOV €€ oikeiog Kol HIAG TPOTACEMG OE0EIKTAL,
£ENG 0€ néAdel éx wdc Tpotdoemg TAgiovg mopilechait.

1 avtag] éavtag Th. | pev] 8¢ Th. | post ékdotn add. pev Th.

Transl. He says “individually” since each of these [chords] has been shown under a single
and specific enunciation, whereas he next sets out to provide several [of them] under a
single enunciation.

Comm. a) Vat. gr. 1594, f. 17v marg. ext., Marc. gr. 313, f. 42r marg. inf. b) Ad Alm. 1.10,
35.17 ka0’ avtac «individually». ¢) This is a remark about the different deductive import
of the first theorem on the one side and of those following it on the other; the former, and
the subsequent calculations, deal with particular chords, the latter (chords associated to
difference, bisection, and sum of arcs subtended by given chords) provide general rules to
calculate chords. The text of the scholium coincides, except for two particles and the
graphism €ovtdg, with Theon, in Alm. 1.10, i4, 468.10-11. d) In B, sch. 15 is located
beside the relatum; in C, it is in the lower margin, after a signe de renvoi (the sign for the
Sun) that does not appear in the main text. ¢) Note the verb mwopilecOat, in the technical
sense sanctioned in Data: it means “appointed given,” either by some superior instance,
or by proof, or by calculation; the theorems to which the scholium alludes to are in fact
formulated in the “language of the givens” (Acerbi 2011b). In the scholium, mopilecOar is
also rightly set in parallel with 8édswctan, since the first theorem and the subsequent
calculations of the numerical values of particular chords do not resort to such a language.
The enunciations pertaining to particular chords are said oikeiow since they are both
«specificy and «appropriate». By shifting the particle pév we read in Theon’s text, the
scholiast modifies the commatic structure of the sentence.

16
Text. AMjupo
Transl. Lemma

Comm. a) Vat. gr. 1594, f. 17v marg. int., Marc. gr. 313, f. 42r marg. ext. b) Ad Alm. 1.10,
36.14 €otm yap KOKAOG Eyyeypaupévov Exmv teTpdmievpov «let there be a circle having a
quadrilateral inscribed» ff. ¢) In sch. 11, this theorem is called Anpudriov, and the same
denomination is used by Ptolemy at 36.10-11 when he presents this very result, first
proved in Alm. and known as “Ptolemy’s Theorem” (but Data 93 formulates a special
case of it in the “language of the givens”). Sch. 16—18 provide three complements to this
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theorem. Theon declares that the proof set out by Ptolemy is cagng «clear» (id, 474.4;
see sch. 1) and goes on to prove the special case in which angles ABI" and ABA are equal,
and hence side AE of angle ABE falls on diagonal BA, a case obviously covered by
Ptolemy’s proof (id, 474.8-475.15; see Fig. 2 and sch. 17 for the construction). d) Both
in B and in C, sch. 16 is in majuscule and is located beside the beginning of the relatum.
e) As is customary with him, Ptolemy does not provide this theorem with a general
enunciation; we read it in Theon, in Alm. 1.10, iA, 474.1-3.

17
Text. éneil ovv Ton éotiv 1) V10 ABIT yovia T vnd ABE
Transl. Then since angle ABI is equal to ABE

Comm. a) Vat. gr. 1594, f. 17v marg. int., Marc. gr. 313, f. 42r marg. ext. b) Ad Alm. 1.10,
36.17-18 xeicbw yap i) vmo 1@V ABI” yovig ion 1| vn0 ABE «in fact, let ABE be made
equal to angle ABI'». ¢) A quadrilateral ABI'A is inscribed in a circle, whose center is E;
diago-nals A", BA are joined, then the construction indicated in the relatum is performed.
It is required to show (Fig. 2) that (AI',BA) = n(AB,I'A) + r(AA,BI'). This is “Ptolemy’s
Theorem.” The scholium, a part of the main text of 4/m. in D, transforms the relatum in
the antecedent of a paraconditional clause immediately subsequent to the relatum itself;
accordingly, the odv (36.18) opening the protasis of the following conditional clause is
absent in D and deleted by a later hand in C. The resulting sentence is a conditional
clause nested in a paraconditional: é€mei oOv ion éotiv 1 Vo ABT yovio tf 9o ABE, éav

odv Kownv mpocdduey v V1o EBA, £otat kai 1) ¥nd0 ABA yovia ion tfj vnd EBIT «then
since angle ABI is equal to ABE, if thenr we add EBA in common, angle ABA will also
be equal to EBI'». The syntax of the sentence is correct but quite contrived and non-

canonical. Heiberg rightly regarded the clause as a scholium, and not as a part of the
original text (that in this case would be attested in D only) simplified in the ABC hyper-
branch but retained as an interlinear or marginal variant reading in BC (cf. 36.18 app.). d)
Both in B and in C, sch. 17 is located beside the relatum; in C, a signe de renvoi is placed
by a later hand just after 1} bn0 ABE. ¢) The construct énel ..., éav kow* ..., + principal
clause would be a syntactical hapax in Ptolemy.

18
Text. TO yap a0TO TUT LA VTOTEIVOLGLY

Transl. For they subtend the same segment
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Comm. a) Vat. gr. 1594, f. 18r marg. int.; the annotation is missing in Marc. gr. 313. b)
Ad Alm. 1.10, 37.10-11 &otv 6¢ xoi 1 vno BAE ion ti] o6 BAT «and BAE is also equal
to BAI'». ¢) The scholium makes implicit reference to £/ 1I1.21; the common segment
subtended by angles BAE and BAT is the one cut off by arc BI' (Fig. 2). The clause is
identical with that inserted in the main text at 37.1-2 to justify the same statement about
the angles 11 Ym0 BAA and 1} b6 BI'E. d) In B, sch. 18 is located beside the relatum.

19
Text. tobto 10 Oedpnua Ko’ vVIEPOYNV AéyeTOn
Transl. This theorem is called “by difference”

Comm. a) Vat. gr. 1594, f. 18r marg. int., Vat. gr. 184, f. 86v marg. inf.; the annotation is
missing in Marc. gr. 313. It has been added by a later scholiast, in the inner margin of f.
42v, beside the beginning of the relatum. b) Ad Alm. 1.10, 37.19 to0t0VL TTPoEKTEDEVTOC
«having preliminarily set out this» ff. ¢) The scholium provides a rigid designator of the
first theorem proved by Ptolemy (Fig. 3): in a semicircle on diameter AA, if two chords
AB, AT having a common endpoint A are given, the chord BI" subtending the difference
of the arcs subtended by the given chords is also given. The denomination is also used in
Theon, in Alm. 1.10; see for instance i4, 496.14. The three main theorems of A/m. 1.10 are
formulated in the “language of the givens.” Sch. 19-20 provide two complements to the
theorem “by difference.” d) In B, sch. 19 is located beside the beginning of the relatum.
e) As is customary with him, Ptolemy does not provide this theorem with a general
enunciation. In this case, however, he states a general conclusion, preceded by xai
Qavepov NUiv yéyovev 611 «and it has become manifest to us that», at 38.15-17.

20
Text. 510 TO TPOANPOEV Afjupa
Transl. By the preliminarily established lemma

Comm. a) Vat. gr. 1594, f. 18r marg. int., Marc. gr. 313, f. 42v marg. ext. b) Ad Alm. 1.10,
38.7-11 éneil ovv &v kOKA® TeTphmAevpdv oty 0 ABTA, 10 dpa ¥nd AB TA petd Tod
v7o TV AA BT icov éotiv @ Vo AT' BA «then since ABI'A is a cyclic quadrilateral, the
[rectangle contained] by AB, I'A with that [contained] by AA, BI is equal to that [con-
tained] by AI', BA». ¢) This is a reference to Ptolemy’s Theorem, just proved, in whose
configuration chords BA, I'A have been joined (Fig. 3). d) Both in B and in C, sch. 20 is
located beside the sentence immediately preceding the relatum: dedouévar Gpa eiciv
dMAovoTtt koi odtar S1é 1o Asimey Ekelvav eic 1O Huucdkhov «therefore, clearly, these too
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are given, because they are the complement to a semicircle of those [scil. the given
chords]» (38.4-7). Actually, Ptolemy explains how to calculate the chords subtending
supplementary arcs by means of a single sentence (35.18-36.2). e¢) See sch. 11 for the
compressed designation of a chord subtending an arc supplementary to that subtended by
a given chord. Again as in sch. 11, note the etymological figure of speech in Tpoine0dev
Afjupa. The sum of two objects is formulated in the relatum using the preposition petd; it
is the formulation preferred in E/. 11.

21
Text. Tobt0 KaTO TNV diyoTopioy AEyeTon
Transl. This is called “by bisection”

Comm. a) Marc. gr. 313, f. 43r marg. sup.; the annotation is missing in Vat. gr. 1594. It
has been added by a later scholiast, in the intercolumnar space of f. 18r, beside the
beginning of the relatum. b) Ad Alm. 1.10, 39.4 wélv mpokeicbw «again, let it be
proposed» ff. ¢) The scholium provides a rigid designator of the second theorem proved
by Ptolemy: the chord subtending half of the arc subtended by a given chord is also
given. The denomination is also used in Theon, in Alm. 1.10; see for instance i4, 485.13
and 490.2. Sch. 21-25 clarify some specific points of this theorem. d) In C, sch. 21 is
located just above the beginning of the relatum, after the diagram associated to the
preceding theorem. e) In this case, Ptolemy provides his theorem with a general enun-
ciation, but this is formulated as the enunciation of a problem: 606giong Tivog €00eiag &v
KOKA® TNV OO TO oY Tii¢ Vmotewvopuévng meplpepeiag €00eiav gupelv «given some
chord in a circle, to find the chord under half of the subtended arc» (39.4—6). In geometric
jargon, the diyyotopia is strictly speaking the «middle point» of a segment (cf. sch. 68).

22

Text. 1d0ev 611 1 kOeTOC 1| AZ 0Vl £kTOC TOD E mintel, 0d wintel 6& 51011 icooKeAEC £0TL
10 AET tpiyovov kal 1| V0 AEA yovia aupieio- ion yap €ott t1i om0 ABA, 1 6& Omo
ABA yovia aupieio- émi yop mepipepeiog PEPnke peilovog TuukvkAiov (tiic te T0D
NuvkAiov tiig éni thig Al koi thg £pe€ijg avtil Thg I'A) kal &v mepipepeia £oTiv ELATTOVL
Nukvkiiov 11 ABA- dote €nel auPreid Eotv 1 Vo AEA, 00 dvvartol adtiic €KTOG TEGETY
Vv OpOnMv. €L kal AfjUpd €0ty ™G €v TOlC 1600KEAESL TPLYDVOLIC 1) OO THG KOPLOPTG
dyopévn kaBetog Emi v Paotv diyo téUvel Ty Paoty.

2 0md'] amd K 3 fpukvkhiov comp. BK : tprydvov comp. C 4 fiprkvihiov comp. BK : tprydvov comp. C |

iic*] i codd. | éAGrrovi] hattov codd. 5 HukvkAiov comp. BK : tprydvov comp. C | £ktdg codd. :
expect. évtog 6 opOnv codd. : expect. kaBetov
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Transl. Whence is it not the case that perpendicular AZ falls outside E? It does not [so]
fall because triangle AET is isosceles and angle AEA obtuse—for it is equal to ABA, and
angle ABA is obtuse, for it stands upon an arc greater than a semicircle (the [arc made] of
the semicircle—the [arc] on AI'—and of I'A adjacent to it) and it is in an arc ABA less
than a semicircle—so that, since AEA is obtuse, it cannot be that the orthogonal [straight
line] falls outside it. Again, there is also a lemma to the effect that in isosceles triangles
the [straight line] drawn from the vertex perpendicular to the base bisects the base.

Comm. a) Vat. gr. 1594, f. 18v marg. ext., Marc. gr. 313, f. 43r marg. inf., Vat. gr. 184, f.
28r. b) Ad Alm. 1.10, 39.21-40.1 énei ovv icookerodg dvtog tpryd@vov 100 AEL émd Thg
Kopvofig émi v Plowv kdbetoc fktar 1| AZ, fon dotiv 1| EZ 1§ ZI' «then since, there
being an isosceles triangle AEI, a [straight line] AZ has been drawn from the vertex
perpendicular to the base, EZ is equal to ZI'» (the citation in K ends at 1| AZ). ¢) A chord
BT is given in a semicircle on diameter AI', arc BI is bisected at A and AB, AA, BA, AT’
are joined; perpendicular AZ is then drawn from A to AT finally, AE = AB is cut off
from diameter AI'. One has to show that A" is also given (Fig. 4). The scholium sets out
two arguments in order to justify a geometric fact implicit in the statement that EZ = ZI",
namely, that the foot of perpendicular AZ must fall between points E and I'. To show that
angle ABA is obtuse, the scholiast makes implicit reference to El. 111.31. The semicircle
on AT referred to in the scholium is the one that is not drawn in the diagram; note that,
iuxta El. 111.def.8, one should more properly speak of angles “in a segment,” not “in an
arc.” The first argument is flawed, since the condition that AEA is obtuse is of no use in
proving the required property; the difficulties of the scholiast are revealed by the highly
contrived syntax, by the slip éxtog for £vtog, and by his resorting to a second explanation;
as a matter of fact, Ptolemy himself had just shown (39.15-21) that triangle AEZ is
isosceles without assuming that perpendicular AZ falls between points E and I'. The final
Afjupa is an immediate consequence of E/. 1.26. Theon, in Alm. 1.10, i4, 480.3-10, judi-
ciously offers a different argument, a part of which might have prompted the scholiast to
introduce angle AEA. d) In B, sch. 22 is figuratum (a Latin cross upon a basement) and
its beginning is located just above the beginning of the relatum; in C, the scholium is
located in the lower margin, without a signe de renvoi, just below the diagram of the
theorem. In K, sch. 22 immediately precedes sch. 28. The model of BC almost certainly
had an uncommon pointed sign for “semicircle;” the copyist of C took it as the sign for
“triangle” (lines 3-5). ¢) The adverb mo60ev at line 1 is a canonical way to begin a
comment scholium: one counts, for instance, 33 occurrences in the scholia to E/. Again at
line 1, note the emphatic odyi, whose scope is the whole clause (cf. sch. 28 and 50). The
construct ov ddvaron «it cannot be that ...» + aorist infinitive at line 5 is not canonical in
mathematical texts. The adjective 6pOnv at line 6 is most likely a misreading of the sign
1 for k@Oetoc. Note, again at line 6, the denomination Afjupo for a result that is not a
theorem of El.
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23
Text. xoi 1t TodTo déd0TAL
Transl. And it is given because of this

Comm. a) Vat. gr. 1594, f. 18v interc., Marc. gr. 313, f. 43r marg. ext. b) Ad Alm. 1.10,
40.2—4 A\’ M EI" 6An 1 dmepoyn oty tdv AB xoi AT evBeidv- 7 dpa ZI" nuiced Eoty
TG TV avtdv vrepoyig «but EI' as a whole is the difference of straight lines AB and
AT therefore ZI' is half of their difference» ¢) Both statements in the relatum could be
the target of the scholium; the former entails that EI" is given as a consequence of Data 4
(the difference of given magnitudes is also given), the latter that ZI' is given as a
consequence of Data 2 (a magnitude having a given ratio to a given magnitude is also
given). Note that, a couple of lines later (40.6-7), Ptolemy expressly states that ZI" is
given because it is half of the difference of AI" and AB (see sch. 25 and Fig. 4). Theon, in
Alm. 1.10,i4,479.11-17, spells out all deductive steps and formulates them in a canonical
way. d) Both in B and in C, sch. 23 is located beside the relatum, but the placement does
not allow one to decide which of the two statements is the target of the scholium.

24
Text. xoi T meprpepeiog thg Emi Thg ev0eiog
Transl. And the arc on the chord

Comm. a) Vat. gr. 1594, f. 18v interc., Marc. gr. 313, f. 43r marg. sup. b) Ad Alm. 1.10,
40.4-6 &dote, £nel tiic Vo TNV BI' meprpéperav evbeiog vmokewévne avtddev dEdotat Kol

N Aegimovoa &ic 10 HuikdoKAov 11 AB «so that, since, the chord under arc BI' being

supposed, its complement AB to a semicircle is also immediately given» ¢) The scholium
completes the clause by claiming that the arc on the chord should be taken to be «sup-
posed» along with the chord itself (which is among the givens of the problem); according
to the scholiast, the relatum should as it were be completed as follows: *tijg o v BI'
mepLpépelay evbeiog «kai thg meprpepeiag Tiic €nl Tiic gvubeing dmoxeévng *«the chord
under arc BI' [and the arc on the chord] being supposed». d) In B, sch. 24 is located
beside the relatum; in C, it is in the upper margin, just above the right corner of the frame
reserved to the main text. For Theon’s formulation see sch. 23. ¢) The chord under arc BI'
is said to be vmokeévn by Ptolemy since it is «supposed» to be given at the beginning of
the problem.
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25

Text. Tovtéotv 1 AE- 6obgiong 8¢ kai ti¢ dapétpov tiic Al kai Aown 1 EI' 6édotar:
dote koi M uicewo adtig N ZI

1 tovtéotv om. Th.

Transl. That is, AE; and once diameter AT is also given, EI" is also given as a remainder,
so that also the half of it, ZI"

Comm. a) Vat. gr. 1594, f. 18v interc., Marc. gr. 313, f. 43r marg. ext. b) Ad Alm. 1.10,
40.6-7 dobnoeton xoi 1 ZI' Mpicewa ovoa tic TV Al kai AB Omepoyfic «ZIT, which is
half of the difference of A" and AB, will also be given» ¢) After identifying AB with AE
(Fig. 4), the scholium formulates the relatum as a chain of principal clauses supplemented
by a genitive absolute, mimicking in this way Ptolemy’s participial variant to the canoni-
cal style. The text coincides with that of the corresponding passage in Theon, in Alm.
110, i4, 479.15-17 (the initial Tovtéotiv was added by the scholiast). d) Both in B and in
C, sch. 25 is located beside the sentence at 40.4—7, taken as a whole to be the relatum. e)
Adjectives such as Aowmdg and 6Aoc denoting results of operations are always in predi-
cative position, that is, without the article; for this reason, they are translated «as a re-
mainder» and «as a wholey, respectively; see also the remark at Toomer (1984, 17).

26

Text. tobto Aéyel Katd cOvOeoty

Aéyet codd. : expect. AéyeTan
Transl. This he calls “by composition”

Comm. a) Vat. gr. 1594, f. 18v marg. int., Marc. gr. 313, f. 43v marg. ext. b) Ad Alm.
1.10, 41.4 né v Eot® kOkAog 6 ABI'A «again, let there be a circle ABI'A» ff. ¢) The
scholium provides a rigid designator of the third theorem proved by Ptolemy: in a circle
with diameter AA and center Z, if two chords AB, BI' having a common endpoint are
given, the chord AT subtending the sum of the arcs subtended by the given chords is also
given (Fig. 5). Sch. 26-27 provide two complements to the theorem “by composition.”
The denomination is also introduced in Theon, in Alm. 1.10, iA, 483.10. d) Both in B and
in C, sch. 26 is located beside the beginning of the relatum. ) The subject of Aéyet could
be Ptolemy or, more likely, Theon, but one must suspect a scribal corruption for Aéyetat,
found in all other scholia of similar content (see for instance sch. 19 and 21). As is
customary with him, Ptolemy does not provide this theorem with a general enunciation.
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Also in this case, however, he states a general conclusion, preceded by ®dote «so thaty
and followed by St TovToL TOD Bewpruatog «by this theoremy, at 42.3-5.

27

Text. ai Aeimovcort €ig TO HUIKOKALOV

nuwvkiov comp. B : tpiyovov comp. C
Transl. The [chords] complement to a semicircle

Comm. a) Vat. gr. 1594, f. 18v marg. int., Marc. gr. 313, f. 43v marg. ext. b) Ad Alm.
1.10, 41.15-17 6fjAov oM avtobev dt1 o pev v BIT doOncetar kai f) ['E, d1a 8¢ v AB
dobnoeton 1§ 1 BA xoi ) AE «it is immediately clear that [chord] I'E will also be given by
means of BI', and both BA and AE will be given by means of AB». ¢) In the configu-
ration described in sch. 26 (Fig. 5), diameter BZE is drawn across, and BA, AT', TE, AE
are joined. The scholium makes explicit the transition to the chord of the complementary
arc in the proof of the theorem “by composition.” Note that AE is the chord of the arc
complementary to the arc subtended by BA, not by AB; therefore chords BA and AE are
given in succession. In his proof of the same theorem, Theon, in Alm. 1.10, iA, 484.4—12,
makes these derivations explicit. d) Both in B and in C, sch. 27 is located beside the
relatum. See sch. 22 for the mistake in C. e) Literally, 1| Aginovoa gig 10 fLKOKALOV 1S
«the [chord] missing to a semicircle» of an assigned chord.

28

Text. ovyl ai €00cion durhacialdpevarl tpitov péPOg, GAL’ oi TEPLPEPELOL Ol KOTO
TapadENcy TS o £ poipag &ovot un Stopovpévie tiig povadoc, v tag evdeiog TOV
glpnuévov TpdmoV KOTEIANPEV.

1 ai £00gion] adtor Th. 2 &yovot post pépog habet Th. | ante evBeiag add. kol Th.

Transl. 1t is not the case that the chords have a third part when doubled, but the arcs
([increased] by increments of 1'% degree since the unit cannot be divided) do have it,
whose chords he [scil. Ptolemy] took by means of the said method.

Comm. a) Vat. gr. 1594, f. 19r marg. sup., Marc. gr. 313, f. 44r marg. sup., Vat. gr. 184, f.
28r. b) Ad Alm. 1.10, 42.9-10 maoag anidg £yypayouev, doat dig yvoueval Tpitov Hépog
g€Eovotv «we will be able to inscribe [scil. in the table] all [chords of arcs] which when
multiplied twice have a third part» (= citation in K). ¢) The theorems proved by Ptolemy
enable him to calculate the numerical values of the chords corresponding to the arc of
1'4°, and of course of its multiples. The relatum contains an abuse of language that also



182 Acerbi SCIAMVS 18

called for an integration in Toomer’s translation: what admits of a third part when
doubled are not the chords to be entered in the table, but the arcs they subtend. The scho-
lium points out this shortcut. The text of the scholium is an almost verbatim cento of the
corresponding passages in Theon, in Alm. 1.10, i4, 486.17-18 (o¥yi ... &govot), 486.23—
24 (un ... povadog), 486.21-22 (®v ... koteilneev)—note the different order. Sch. 28-30
elaborate on a couple of specific points in Ptolemy’s argument about the chords that can
be calculated thanks to the theorem “by composition” (42.7-43.5). d) In B, sch. 28 is pre-
ceded by a signe de renvoi, also placed beside the relatum. In C, the conventional sign for
the Sun precedes the scholium, but this sign cannot be found in or near the relatum. In K,
sch. 28 immediately follows sch. 22. In B, the scholium is partly shaped as sch. 1. ¢) Note
the initial emphatic odyi, whose scope is the whole clause (cf. sch. 22 and 50). The par-
ticiple dwopovpévng at line 2 is meant to imply potentiality; the only other example I
know of in a mathematical text (cf. Aristotle, Top. Z.4, 142b12) is El. VII.def.6 éptiog
ap1Ouog €otv 6 diya dtapovuevog «an even number is that which is divisible into two
[equal parts]» (but note that here the participle has a different syntactical function); since
Nicomachus (A4r. 1.7.2) rephrased the definition by making the potential connotation ex-
plicit (8ott 8¢ &ptiov pév, d oldv 1€ €ic dV0 ioa dopedijvar Hovadog HEGoV pn Tapep-
mmrTovong «an even number is what can be divided in two equal [parts], since a unit does
not fall in the middle»), the difference triggered a scholium in which the anonymous an-
notator shows himself unaware of the fact that the potential value of the present indicative
can also be assumed by the present participle (see Riedlberger 2013, 130-131 for edition
and translation of the scholium, 229-230 for the commentary; in particular, at 230 and n.
448 a preliminary discussion of the linguistic issue is provided; see also sch. 40). It
remains that speaking of an indivisible unit when mentioning 1%4° is quite incongruous.
The final designation in the relatum, taken up in the scholium, means “multiple of 1%5.”

29

Text. éav yap, oG &v @ vy Aquuott Eudbouev, v dtyotoundeicav mepipépeiay, m¢ kel
mv BAI, covBopev peta tod Muiceog avtiic (tovtéott g AlN), iva yévntor 1 6An
nepLpépeta TpumAi thg AL, kal tovtny v ANV (Tovtéott TV TpwAiv Tiic AI') 610 T0D o'
TOD KATO GOVOESIY ANUUATOG €DPNCOUEV dedOUEVNY. OTjAov OTL TAAY Kal TNV TOOTNG
nuicelav d1e Tod y' &yypdyopey gig Tov KOKAOV, Koi abtn 1 uicela tHig 6Ang dic yevouévn
tputhi] Eoton thg AL, mg gipnton, dote Tpitov uépog EEet.

2 BAI'] BAT K | avdtiic] avt(fig) BK : avt(fig) C | AI'l AT K 3 tavmyv] tavtng G | AT'] AT K

4 ghpnoopev scripsi : ebpopev BC : ebpopev GK | post mdhwv add. €oti G 5 €yypayopev] £yp— K 6 tpurii]
N tpuki K | og glpnror om. G

Transl. For if, as we have learnt in the 3rd lemma, we compose the bisected arc, as there
BAT, with its own half (namely, AI'), in order that the arc as a whole become triple of AT,
we shall discover that this whole (namely, the triple of AI') is also given by the 4th lemma



SCIAMVS 18 Scholia Vetera to Almagest 1.10-15 183

“by composition.” Again, it is clear that we shall also inscribe half of this [scil. of the
triple of AI'] in the circle by means of the 3rd [book of the Elements], and this half of the
whole, multiplied twice, is the triple of AT, as said, so that it will have a third part.

Comm. a) Vat. gr. 1594, f. 19r marg. inf., Marc. gr. 313, f. 44r marg. inf., Vat. gr. 184, ff.
28v et 87r marg. inf. b) Ad Alm. 1.10, 42.9-10 mdcog anidg €yypawopev, doatl dig
ywopeval tpitov puépog £€ovoty «we will be able to enter [scil. in the table] all [chords of
arcs] which when multiplied twice have a third part». ¢) By calling all preceding proposi-
tions «lemmasy, the scholiast introduces a different classification of Ptolemy’s results
from the one adopted in sch. 11, where a «lemma» was said to be followed by three
«theoremsy». Given the location of the scholium, it is not easy to identify its relatum, that
at any rate must be included in the stretch of text at 42.7-43.3 dvvarai, since with this
word the left column of f. 19r in B ends; all in all, the contents and formulation of sch. 29
suggest that one assigns to it the same relatum as to sch. 28. By combining the last two
propositions proved by Ptolemy (but the only configuration alluded to is that of the
theorem “by bisection,” Fig. 4), the scholium explains in general terms why a chord
subtended by an arch which is % of a given arc is given. It also explains how to inscribe a
chord subtended by an arch which is half of a given arc in a circle (the proposition of El.
here alluded to is 111.30), and why twice the half of a chord subtended by an arch which is
triple of a given arc has a third part. The second part of the scholium rests on a misun-
derstanding of Ptolemy’s &yypayopev «we will be able to inscribe [in the table]», taken to
mean «to inscribe [in a circle]». Against this mistake warns Theon at in Alm. 1.10, iA,
486.15-19, taken up in sch. 28, and also part of the long excerpt at f. 16v of D (see n. 17
above). d) Both in B and in C, the scholium is in the lower margin, and it is not preceded
by any conventional sign. In K, the copyist makes the scholium preceded by an anno-
tation of the most active later scholiast (12th c.) of B, taking as citation ot kotéd € TNV
ovuvBeov kai v dmepoynv «this [will enable us to complete] by sum or by difference [all
the remaining chords]» (42.14-15). In B, the scholium is partly shaped as sch. 1. e) So-
mehow in opposition to sch. 28, the abuse of language of identifying a chord and the arc
subtending it is present throughout sch. 29. This fact, the problem with designations, and
the misunderstanding pointed out in point ¢ above, suggest that sch. 28 and 29 come from
different layers. See sch. 3 for the phrase dic yevouévn at line 5.

30

Text. émi yop TV peilovov meplpepeldy ovy Opilel Tag TNAMKOTNTUG TMV VTOTEVOVOHV
gvhs1dv

Transl. For as regards greater arcs he [scil. Ptolemy] does not determine the [numerical]
values of the chords subtending [them]
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Comm. a) Vat. gr. 1594, f. 19r marg. ext., Marc. gr. 313, f. 44r marg. ext. b) Ad Alm. 1.10,
43.3-5 kv un mpog 1o koboiov dvvnror tag TnAkodtnTog Opilewy, €ni ye T®V oUTMC

EloyioTV T0 TPOG TAG MPICHEVAS AmapaAlakTov dbvart’ v cuvtnpelv «thought it [scil.
the subsequent lemma] cannot in general exactly determine the [numerical] values, in the

case of such very small [values] it can determine them with a negligibly small error». ¢)
The relatum presents the subsequent «4th short lemmay», whose aim is to back up the
procedure to be followed (at 43.1, Ptolemy has for this the verbal form pebBodevcopev
«set out as a procedure», but the calculation is set out in a demonstrative style—Acerbi
2012, item b on 180-181) in order to determine «the [chord] under 1 degree from that
under 14 degree and that under ' degree» (43.1-2). d) Both in B and in C, sch. 30 is
located beside the relatum. e) The mnlwotng is the «[numerical] value» of any magni-
tude, in this case of a straight line. As we have seen in the Introduction (n. 67 above), the
anAkotng of a ratio is the main ingredient in the definition of «compounded ratioy.

31
Text. Ajupo
Transl. Lemma

Comm. a) Vat. gr. 1594, f. 19r marg. ext., Marc. gr. 313, f. 44r marg. ext. b) Ad Alm. 1.10,
43.6 Aéym yap Ot é0v év KOKA® «in fact, I say that, if in a circle» ff. ¢) This theorem is
called Anupdtiov by Ptolemy (43.3), a denomination also adopted by Theon, in Alm. 1.10,
id, 490.8. It states that, if in a circle ABI'A two unequal chords AB <BI are drawn,
chord I'B to chord BA has a lesser ratio than arc BI' to arc BA (Fig. 6). On this lemma—
also proved in Theon, in Alm. 1.10, iA, 490.8-492.5, and as a scholium to Aristarchus’
Magn., in Fortia d’Urban (1810, 121-122)—and on a similar lemma—attested as Opt. 8
A; Opt. 8 B; Theon, in Alm. 1.3, iA, 358.1-11; as sch. 450 to Sph. 3.11, in Heiberg (1927,
195.21-196.22) = Czinczenheim (2000, 435.1-20); as a scholium to Pappus, Coll. V.4, in
Hultsch (1876-1878, 1167.5-23); in Prol., in Acerbi, Vinel, and Vitrac (2010, 121.18-
122.5)—see Knorr (1985) and Acerbi, Vinel, and Vitrac (2010, 110-112, 134, nn. 24-30
on 146-148, 177-179). Sch. 31-37, all taken verbatim from Theon’s commentary except
for sch. 31 and 37, make some arguments or statements explicit that justify specific
deductive steps in the proof of the final theorem of A/m. 1.10, 43.6—45.8. d) Both in B and
in C, sch. 31 is in majuscule and is located beside the beginning of the relatum. e)
Ptolemy provides his theorem with a general enunciation: £av &v KOKA® dtayfdov dvicot
dvo evbeia, N peillov Tpog v Eldocova éhdccova Aoyov €xel fimep 1 €xl ti|g peilovog
g00siag meprpépela mpog v €ml T1ig éMdcocovog «if in a circle two unequal straight lines
are drawn across, the greater to the lesser has a ratio less than the arc on the greater
straight line to that on the lesser» (43.6-9).
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32

Text. énel kol meprpépeto | AA tij AT S 10 Kai 1dg mpog td B yoviog {oag ivot

AA]TIA CG | 10 xoi tag] T0 kai legi nequit ob truncatum folium C : xai G
Transl. Since arc AA is also [equal] to AT, because the angles at B are also equal

Comm. a) Vat. gr. 1594, f. 19r marg. ext., Marc. gr. 313, f. 44v marg. ext., Vat. gr. 184, f.
87r marg. inf. b) Ad Alm. 1.10, 43.21-44.1 ion pév éotwv 1} A €00¢ia 1] AA «straight line
I'A is equal to AA». ¢) In the configuration of sch. 31 and Fig. 6, A is the middle point of
the arc AI" opposite to B. The scholium recalls the conditions that are used in EI. 111.29
and II1.26 in order to prove the relatum from the first of the two conditions (AA = AT),
and the first condition from the second (angle B is bisected), respectively. The text of the
scholium coincides with Theon, in Alm. 1.10, i4, 491.5-6, where it immediately follows a
clause almost identical with the relatum. d) Both in B and in C, sch. 32 is located beside

the relatum.
33

Text. peilwv 8¢ M TE 1ic EA S16 10 mdAwy ionv eivar v pév AA tij Al koi kownyv v
AE, xai yoviav v vmo BAT tiic BAA peilova, énei kol mepipépeto 1) I'B mepipepeiog tiig
BA peiCov éotiv, dote kai Baow v I'E Pdoewg thig EA yiveoOou peilova, kal dfjlov 6t
N and tod A kabetog ént v Al émi v EI" meceiton w10 iomv v A" t§) AA, Vv 68
I'E peifova tiig EA.

2 ante BAA add. Ond Th. 3 peilov €otiv om. Th. | post Baow add. dpo Th. | yiveoOar GTh. : yiv(etan) BC
41 6md — émi v AT om. Th. | Tiv*] tfic Th. | post fonv add. eivor GTh.

Transl. And T'E is greater than EA because, again, AA is equal to A" and AE in common,
and angle BAT greater than BAA, since arc I'B is also greater than arc BA, so that base
I'E also becomes greater than base EA, and it is clear that the [straight line] drawn from A
perpendicular to AT" will fall on EI” because AT is equal to AA and I'E greater than EA.

Comm. a) Vat. gr. 1594, f. 19r marg. ext., Marc. gr. 313, f. 44v marg. ext., Vat. gr. 184, f.
87r marg. inf. b) Ad Alm. 1.10, 44.1 peilwv 6¢ | I'E tijg EA «and T'E is greater than EA».
¢) In the configuration of sch. 31 and Fig. 6, AB and BI" are unequal chords with
AB < BI'; BA is the bisector of the angle at B, point A lying on the circumference; point
E is the intersection of BA and chord AI'. The exegesis of the relatum is given in form of
a short deductive chain with nested explicative clauses (61 10 ..., émel koi ... «because

.., since ... also ...»), followed by a remark about the position of the foot of perpen-
dicular AZ. The first statement (AA = AI'), the third statement (arc I'B > arc BA), and the
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conclusion (I'E > EA) in the deductive chain are justified by the statement in sch. 32, El.
I11.29, and 1.24, respectively; the transfer of the inequality from arcs to the angles stand-
ing upon them in the same circumference is not a theorem of E/. The final remark coin-
cides almost exactly with sch. 34. The text of the short deductive chain coincides with
Theon, in Alm. 1.10, iA, 491.6-9; the text of the final remark, once the designation 1| dmno
o0 A xa0etog €mt v AT éni v ET is omitted, with ibid., 491.10-11. d) Both in B and
in C, sch. 33 is located beside the relatum. In G, sch. 29, 32, and 33 are linked so as to
produce a seemingly continuous text.

34

Text. xai dfjhov 611 émi tfic EI' meoeiton S1dr 10 ionv eivan v A fi AA, v 8¢ TE
peifova tiic EA

1 ionv] icov C

Transl. And it is clear that it [scil. perpendicular AZ] will fall on EI" because AT is equal
to AA, and I'E greater than EA

Comm. a) Vat. gr. 1594, f. 19r interc., Marc. gr. 313, f. 44v marg. sup. b) Ad Alm. 1.10,
44.2-3 xBw o1 amo tod A kdBetog émi v AEI' | AZ «let a [straight line] AZ be drawn
from A perpendicular to AEI. ¢) In the configuration of sch. 31 and 33 and Fig. 6, since
A bisects arc AI', Z is the middle point of chord AI'. The explanation almost coincides
with the last statement in sch. 33. The text of the scholium coincides with Theon, in Alm.
110, i4, 491.10-11, where it immediately follows a clause identical with the relatum. d)
In B, sch. 34 is located beside the relatum; in C, it is placed in the upper margin. ¢) The
duplication pointed out in point ¢ above suggests that sch. 33 and 34 come from different
textual layers.

35

Text. v yap peiCovo yoviov vmoteivel
Transl. For it subtends the greater angle

Comm. a) Vat. gr. 1594, f. 19r interc., Marc. gr. 313, f. 44v marg. ext. b) Ad Alm. 1.10,
44.3—4 ¢nei toivov peilov €otiv 1 pév AA tijg EA, 1 8¢ EA tiig AZ «now, since AA is
greater than EA, and EA than AZ». ¢) The scholium gives the condition used in £/. 1.19 in
order to prove both statements in the relatum (see Fig. 6). The text of the scholium coin-
cides with Theon, in Alm. 1.10, i4, 491.12, where it immediately follows a clause almost
identical with the first clause of the relatum. d) In B, sch. 35 is located beside the
relatum; in C, it is misplaced beside the text at 45.1-3 and after sch. 36.
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36

Text. 10 AEZ @pa tpiyovov mpog 1ov AE® touéa éhdttova Aoyov &xel fimep 10 AEA
tpiyovov mpog tov AEH topéa: évarlag

Transl. Therefore triangle AEZ to sector AE® has a lesser ratio than triangle AEA to
sector AEH; alternately

Comm. a) Vat. gr. 1594, f. 19r marg. ext., Marc. gr. 313, f. 44v marg. ext. b) Ad Alm.
[.10, 44.7-9 ol énel 6 pév AEO® topevg peilmv €éotiv 100 AEZ tprydvov, 10 6¢ AEA
tpiyovov peilov tod AEH topéwmg «and, since sector AE® is greater than triangle AEZ,
and triangle AEA than sector AEH». ¢) In the configuration of sch. 31, 33, and 34, and of
Fig. 6, H and ® are the points at which the circle with center A and radius AE meets AA
and AZ produced, respectively. The scholiast supplies a step allowing a smoother transi-
tion from the relatum to the subsequent assertion. The évaAla& proposition is El. V.16.
The text of the scholium coincides with Theon, in Alm. 1.10, iA, 491.17-18, where it
immediately follows a clause with a meaning identical with that of the relatum. d) In B,
sch. 36 is located beside the relatum; in C, it is misplaced beside the text at 44.19-21 and
before sch. 35. In B, the scholium is shaped as sch. 1.

37

Text. 510 10 ¥’ 10D ¢’ 1@V Evkdeidov

Transl. By the 3rd of the 6th of those of Euclid

Comm. a) Vat. gr. 1594, f. 19v marg. ext., Marc. gr. 313, f. 44v marg. int. b) Ad Alm.
1.10, 45.3—4 aA)\> ¢ pév N IT'E e00gia mpog mv EA, obtwg 1) I'B gd0eia npog v BA «but,
as straight line I'E to EA, so is straight line I'B to BA». ¢) The reference to the proposi-
tion of EI. is correct: I'B and BA are the sides of triangle ABI right-angled at B, BE is the
bisector of angle B, I'E and EA are the segments cut off by the bisector on the hypote-
nuse (Fig. 6). The text of the scholium is the transformation into a paragraphé of the cita-
tion in Theon, in Alm. 1.10, i4, 492.1-2, where a compressed version of the enunciation
of El. V1.3 is quoted. d) In B, sch. 37 is located four lines above the beginning of the rela-
tum, probably in order to save space for the lengthy sch. 40; in C, sch. 37 is located
beside the relatum.
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38

Text. TO Afupo

ante 10 expect. St
Transl. [By] the lemma

Comm. a) Vat. gr. 1594, f. 19v interc., Marc. gr. 313, f. 45r marg. ext. b) Ad Alm. 1.10,
45.15-18 émei 1 A" €b0gia mpog v BA €00ciov éhdocova Aoyov €xel fimep N Al
nepLpépeta Tpog v AB «since chord AT to chord BA has a lesser ratio than arc AT to
AB». ¢) Two chords AB, AT having a common endpoint A are drawn in a circle (Fig. 7).
The relatum is nothing but an instantiated citation of the enunciation of the preceding
lemma; see sch. 31 for the denomination Afjupo. Ptolemy applies the Approximation
Lemma twice, and shows that (74)ch(1'4°) < ch(1°) < (Y4)ch(4°). Since he also had shown
that ch(1%4°) = 1;34,15 and ch(}4°) = 0;47,8, multiplying by the coefficients and truncat-
ing to second sixtieths gives 1;2,50 both as a lower and as an upper bound of cA(1°); this
entails that ¢A(1°) = 1;2,50 up to second sixtieths (using the assumed values of ch(1'%°)
and ch(%,°) as if they were exact, the lower bound is exact, the non-truncated upper bound
is 1;2,50,40). In the first application, arc AB is 30, arc AT is 1° in the second application,
arc AB is 1°, arc AT is 14°; see 45.9-46.14. Sch. 38-44 complete, mainly by providing
more accurate numerical values, Ptolemy’s calculation of cA(1°); in particular, sch. 39—42
refer to the deductive chain at 45.20-23: dAAa 1 AB g00¢eia €deiyOn tolovtv = ul' 1",

- tadTa

oiov €otiv 1 didpetpoc pk- 1 dpa I'A evbela éAdocwv €oTiv TGV avTdV o B’ v
yop énitpitd oty &yyiota @V = pl' n" «but chord AB was shown [to be] so many
0:47,8 of which the diameter is 120; therefore chord I'A is less than 1;2,50 of the same,
for these are very nearly ¥ of 0;47,8». d) Both in B and in C, sch. 38 is in majuscule and
is located beside the beginning of the relatum. It is very likely that an initial o616 was lost
at some stage of copying. e) The correlative tol00t@v ... oi®v ... «so many ... of which
...» in the argument read in point ¢ specifies that the unit of measurement is one of the

120 tpqpota «partsy in which the diameter of the reference circle is divided.
39
Text. = pg' " A0""
Transl. 0;47,7,39
Comm. a) Vat. gr. 1594, f. 19v interc., Marc. gr. 313, f. 45r marg. ext. b) Ad Alm. 1.10,

45.20 dAha 1 AB €00gio £6eiybn [...] = ul' n” «but chord AB was shown 0;47,8». ¢)
Ptolemy gives at 41.2-3, without calculations, the numerical value 0;47,8 for the chord
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subtended by 3,°. on that occasion, Theon, in Alm. .10, id, 482.7-483.8, performs the
calculations and obtains a more precise numerical value of 0;47,7,39 (see sch. 40, 41, and
44). d) Both in B and in C, sch. 39 is located beside the relatum. Both B and C have bars
over the letters representing numerals, except for the second {. This shows the extent to
which both copyists were faithful to the model.

40

Text. €idévar xp1| 611, £av dV0 TVDY PeEYeBDV Ekkelpévav Beioouey adtdv avéfoat Tov
Aoyov, 10 peilov adéouev 1| T Elattov petodpev. €av pev yap 10 peilov avénompueyv,
peilmv 0> Adyog yevioetar 1o yap peilov mpog 1o adto peilova Adyov fimep 10 ELaTTOV.
kGv 10 &hatTov peidowmpev, peilov 6 AdYoc mhAwy yevhcetal TO Yap oOTO TPOC TO
gEhattov peilova Adyov fimep mpog 10 peilov. €av 8¢ BeANomuey adTAOV PEIGGAL TOV AdYOV,
TO dvamaAy Tomoopev: §| T peilov peodpey i o Elattov avopev. &av yoap 1o peilov
HELOO®LEY, ENATTOV O AOYOG YevioeTal TO Yap EAATTOV TPOG TO aTO EAATTOVA AdYOV
&xel fimep 10 peilov. €av O 10 EAaTTOV AVENCOEY, EAATTOV O AOYOC TAALY YEVIGETAL TO
Yop odTd TPOg TO peilov éddrTova Adyov Exet fimep mpog 1O EAatTov. émei odv 1| AB
nepLpépela poipog £ ', i 8¢ Al poipag a, 1 Al dpo meprpépeta thg AB meprpepeiog
Emitpirog €otv: ot 08 kal ta o B’ v tdv = ul' M émitprra £yydg (E00¢ yap avTtd TOV
pitov  &€nkoot®v Kotappovely, Otov O mAglov Vmepéyel Un moAvmAacialn To
TopoAn@0év)- Eotv dpa oc 1| A" Teprpépela Tpog v AB meprpépelay obtog o a B’ v
TpoO¢ T = UL’ M’ €deiyOn 6& N Al | meprpépeta mpog v AB meproépetav peilova Adyov
&yovoa fimep 1 Al g00eia mpoc v AB €d0siav: 1| A" dpa €00gia Tpog v AB 00iov
gélattova Adyov Exel fimep T a B’ v wpog ta = ul’ n'’- del dpa peid@oat Tov TdV o B v
TPo¢ Ta = UC' " Aoyov iva 6 avtog yévnral 1d thg AT mpog AB. kai émedn, dg eipntat,
petovTon Adyog 1 tod peilovog petovpévou 1 tod Eldttovog adéopuévon Kai oV duvatov
avéical Tov Edocova (eiAnmtat yap €k TdV Ypouudy @ Th¢ dyotopiog Bewpnpatt), TOV
dpa peiCovo peivoopev: 1 Al dpa e00gio Tpog Tv AB 00giav Loyov Exel v EAATTOV
v o B’ V' wpog ta = ul' n". mahwv 1 Al meprpépeta poipag €oti a £, 1) 6¢ AB poipag a-
N «Gpay Al meprpépeta thg AB meprpepeiag uoria éotiv: £0Tt 6€ Kai T o Ad' 1€” TdV o
B’ v oA Eotiv dpa wg 1 AT Teprpépeia mpoc v AB meprpépetay odTmg T o Ad' 1e”
",

poc T o B’ v EdeixOn o6& | Al meprpépela mpog v AB mepipépetav peilova Adyov

&yovoa fimep 1 A" €00gia Tpog v AB 00ctov: 1 AT dpa €00gio mpog v AB e00eiav

",

gélattova Aoyov Eyxel fimep a Ad' 18" wpog ta o B’ v+ Jel dpo pedooL TOV TV o Ad' 1e”
npdg a B’ v Adyov Tva 6 adtoc yévnton td Tic AT mpog AB. énel ovv ob dVvatar 6 peilwv
pelwdijvar (giinmton yap €k tdV ypauudv td Thg diyyotopiog Oewpnpatt), Tov dpa
élatrova avénoopev: N Gpa Al €00gia wpog v AB 00iov Adyov Exel 6v a AP’ 1e” mTpog
peiCova Tdv o B’ v'' £deiyOn o€ N Al mpog v AB €00giav Adyov Exovoa Ov T EAGTTOVO
v o B’ V' mpog ta = ul' N’ M Gpa v poipav o vroteivovoa kal peilmv €oti TdV o B
v kol EMdTTev, Kol Expflv émayayelv: Omep Gtomov. GAL’ €meldn €k TV akpiectépv
apOudv 1 vroteivovca poipav a EAdttev pév €ott a B’ v B peillov o8¢ o B’ v kol



35

190 Acerbi SCIAMVS 18

o0&V dtomov cuVNyETO, OVK £inte TO dmep dromov GAL Emnyayev: HoTe, EMel THV 0DTGHV
£0elyOn kal peilov koi ELdtTov 1 Tiv poipav o dToteivovca gvbeia, Kol TadTnv dNAovoTt
£Eopev To0vTOV O B’ V.

3 6 addidi : om. codd. 53¢ om. C | avt®v] av® BC : adtov K 6 nowjoopev] —copev codd. 10 8¢ ex &'
fecitm. 2 K : 8’ BC | poipag] poipov K | ATJTAC 11 1ta] 0 C | tdv] miv K | avtd om. BK 126
mAgiov Depéyet] o el (xpdvoc) BC : 6 mieiov ypovoc K 13 tér ex 1 fecit m. 2 K : { B : om. C 16 10/
supra lineam K : om. BC | t@®v] v K 17 1®] tdv K 19 t0v éhdocova] 10 Erattov K | 1@ — Oemprpari]

6 — 0o’ BC : 1dv — Oeopiov K 20 éldrtov] Eattov C 22 Gpa addidi : om. codd. | a?]A C 25 mpog
v AB! supra lineam m. 2 K 26 éldttova] élattov K | ante o add. MTm 2K | tovlmpvm. 2K | aAd’

mnl

18" — 27 obv marg. m. 2 K | 1®] t@v m. 2 K | S0vortot ob truncatum folium des. C 28 16 — Bswpnipor]
v — 00’ B : 1dv — Beopnuiteov K | tov — 29 éldrtova] 10 dpa hattov K 30 tdv] tov BK |
e00eiav] €0’ B : c0fela K 31 peilov comp. B : peiova K 33 poipav] poipa K

Transl. One must know that, any two magnitudes being set out, if we want to increase
their ratio, we may increase the greater or lower the lesser. For if we increase the greater,
the ratio will become greater, for the greater has to the same a greater ratio than the lesser.
Even if we lower the lesser, the ratio will again become greater, for the same has to the
lesser a greater ratio than to the greater. If, on the contrary, we want to lower their ratio,
we shall do the opposite: either we lower the greater or we increase the lesser. For if we
lower the greater, the ratio will become lesser, for the lesser has to the same a lesser ratio
than the greater. And if we increase the lesser, the ratio will again become lesser, for the
same has to the greater a lesser ratio than to the lesser. Then since arc AB is of YV
degree, AT of 1 degree, therefore arc AT is % of arc AB; and 1;2,50 also is approximately
% of 0;47,8 (for [Ptolemy] used to disregard third sixtieths whenever what is in excess
does not happen to multiply what has been taken); therefore as arc A" is to arc AB, so
1;2,50 is to 0;47,8; and it was shown that arc AT has to arc AB a greater ratio than chord
AT to chord AB; therefore chord AT has to chord AB a lesser ratio than 1;2,50 to 0;47,8;
therefore one has to lower the ratio of 1;2,50 to 0;47,8 in order that it become the same as
that of A" to AB. And since, as said, a ratio is lowered either if the greater is lowered or
if the lesser is increased, and it is not possible to increase the lesser (for it was among the
chords obtained by means of the theorem “by bisection™), therefore we shall lower the
greater; therefore chord AI' has to chord AB the ratio that [a number] less than 1;2,50
[has] to 0;47.8. Again, since arc AT is of 1% degree, AB of 1 degree, [therefore] arc AT
is % of arc AB; and 1;34;15 also is % of 1;2,50; therefore as arc ATl is to arc AB, so
1;34;15 is to 1;2,50; and it was shown that arc AT has to arc AB a greater ratio than chord
AT to chord AB; therefore chord AI' has to chord AB a lesser ratio than 1;34;15 to
1;2,50; therefore one has to lower the ratio of 1;34;15 to 1;2,50 in order that it become the
same as that of A" to AB. Then since the greater cannot be lowered (for it was among the
chords obtained by means of the theorem “by bisection”), therefore we shall increase the
lesser; therefore chord AI' has to chord AB the ratio that 1;34;15 [has] to [a number]
greater than 1;2,50; and it was shown that AI" has to chord AB the ratio that less than
1;2,50 [has] to 0;47,8; therefore the [chord] subtending 1 degree is both greater and less
than 1;2,50, and one should have concluded: which is absurd. Yet, since, according to
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more accurate numbers, the [chord] subtending 1 degree is less than 1;2,50,12 and greater
than 1;2,50, and nothing absurd could ensue, he did not utter “which is absurd” but
concluded: “so that, since the [chord] subtending 1 degree was shown to be both greater
and less than the same amount, we shall clearly also establish this as 1;2,50.”

Comm. a) Vat. gr. 1594, f. 19v marg. ext. et inf., Marc. gr. 313, f. 45r marg. inf., Vat. gr.
184, ff. 28v—29r. b) Ad Alm. 1.10, 45.21-22 1) dpa ['A £00¢io ELdoomv €6Tiv TOV AOTOV o
B’ v"" «therefore chord I'A is less than 1;2,50 of the same [parts in which diameter is
120]» (= citation in K). ¢) The scholium repeatedly applies and quotes E/. V.8 in an
attempt to provide some omitted deductive steps in—and to outline the rationale
behind—Ptolemy’s use of inequalities and of lower/upper bounds in the calculation of
ch(1°)—as usual, the ratios are taken to be greater-to-lesser. The scholiast implicitly
charges Ptolemy with a mistake in his dealing with such inequalities (see the commentary
on sch. 38 for Ptolemy’s argument), and holds that the mistake has to be corrected by
adopting more accurate numerical values of one of the chords at issue; in this way one
would get 1;2,50 < ch(1°) <1;2,50,12, and «nothing absurd could ensue». The second
part of the scholiast’s argument is invalid because he forgot that chord AB (Fig. 7) refers
to different objects in the two inequalities he compares. Nevertheless, the mathematical
argument is redacted in a most formal style, and one may surmise that it was adapted
from some commentary (maybe Pappus’; it was not extracted from Theon’s, even if the
assertion about uttering the clause “which is absurd” is found at 494.7). The argument is
first expounded in general terms, then instantiated both in the configuration of the
preceding theorem (see again sch. 38) and by means of the numbers actually set out by
Ptolemy. The final quote from A/m. is at 46.9—11, the scholiast having astutely omitted
the &yyiota «very nearly» that qualifies number 1;2,50. A similar discussion of the upper
bound of Prolemy’s inequality we find, developed at length but without additional
mathematical lapses, in Theon, in Alm. 1.10, iA, 494.6-495.11, who uses as better upper
bounds first 1;2,50,40 (4/3 of 0;47,8; see sch. 42) and then 1;2,50,12 (4/3 of 0;47,7,39). The
latter value is introduced to forestall the objection that he had adopted an upper bound
larger than one allowed by the subsequent rounding off (see also sch. 39, 41, and 44)—in
fact, a truncation. d) In B, the scholium is preceded by a signe de renvoi, also placed in
the intercolumnar space, beside the relatum. In C, the scholium is in the lower margin, no
signe de renvoi being added. The citation in K exactly corresponds to one single line in
B. Both B and C have bars over the letters representing numerals. Note the corrupted
clause at line 12, almost surely induced by the similarity of the abbreviations for the
stems vrepey— and ypov—. e) Note the “citational article” 10 in front of dnep Gtomov at
line 34; the metadiscursive connotation is here stronger than for the clauses introduced by
forms of émdyewv at lines 32 and 34-36. At line 2, note the connotation of potentiality of
the present indicatives avéopev and perodpev (cf. sch. 28); the different structure of the
parallel sentence at line 6 suggests that here we should not retain such a connotation in
translation.
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41
Text. a ' v'" 1"
Transl. 1;2,50,12

Comm. a) Vat. gr. 1594, f. 19v interc., Marc. gr. 313, f. 45r marg. ext. b) Ad Alm. 1.10,
4522 o B’ v" «1;2,50». ¢). This numerical value comes from taking ¥ of the value
0;47,7,39, given by Theon, for the chord subtended by 30 (see sch. 39, 40, and 44). d)
Both in B and in C, sch. 41 is located beside the relatum. Both B and C have bars over
the letters representing numerals.

42

Text. ot 010, TO AkpIPdG Emitpira o B’ v/ '

10 om. C | dxpipdc codd. : expect. dxpipeg
Transl. For the sake of exactness, % [of 0;47,8] is 1;2,50,40

Comm. a) Vat. gr. 1594, f. 19v marg. int., Marc. gr. 313, f. 45r marg. ext. b) Ad Alm. 1.10,
45.22-23 tavta yap Enitpird Eotwv Eyylota tdv = Ui’ M «for these [scil. 1;2,50] are very
nearly Y of 0;47,8». ¢). This numerical value comes from taking % of the value 0;47,8,
given by Ptolemy, for the chord subtended by 4°. The text of the scholium corresponds to
Theon, in Alm. 1.10, iA, 494.15 (tadto yop axpifdc énitpird €otv tdV = Ui’ n'’). The
scholiast adapted Theon’s text but produced the incongruous expression o1 10 AKPPAOC
(note also the variant of C). d) Both in B and in C, sch. 42 is located beside the relatum;
in C it is placed just under sch. 41, in B exactly on the opposite side of the column. Both
B and C have bars over the letters representing numerals.

43
Text. to yap o Ad' 18" MUOM& ot AkpPdC TV o B’ v’
Transl. For 1;34,15 is exactly 3 0f 1;2,50

Comm. a) Vat. gr. 1594, f. 19v interc., Marc. gr. 313, f. 45r marg. ext. b). Ad Alm. 1.10,
46.5-7 dAa v AT dnedeilapev [...] odoav a A’ 18" «but we showed that AT [...] is
1;34,15». ¢) The scholiast’s statement is correct; no rounding off or truncation is ne-
cessary. The numerical value 1;34,15 of the chord AI' subtended by 14° was stated,
without calculations, by Ptolemy at 40.21-41.2; on that occasion, Theon, in Alm. 1.10, i4,
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481.4-482.6, had performed the calculations and obtained the same value. At 46.7-8,
Ptolemy makes the same statement as the scholium: 1 dpo AB €00¢€ia peiov éotiv TV
avT®V o B’ V" TovTOV Yop NUOALA €0Twy T mpokeipeva o Ad' 1"’ «therefore chord AB is
greater than the 1;2,50 themselves, for the proposed 1;34,15 are 3% of these». The text of
the scholium corresponds both to this sentence and to Theon, in Alm. 1.10, i4, 494.21
([...] a B’ V" T00T®V Yap Nuorla éotl Ta o Ad' 1€”). d) In B, sch. 43 is located beside the
relatum; in C it lies in the extreme outer margin, beside the last line of the main text and
the intervening diagram. Both B and C have bars over the letters representing numerals.

44
Text. énel @V pev o B’ v """ Eldttov €dciydn, tdv o€ a B’ v peilov dg éyylota a B’ v

Transl. Since it [scil. the chord subtending 1°] was shown [to be] less than 1;2,50,12, and
on the other hand 1;2,50 is as nearly as possible greater than 1;2,50

Comm. a) Vat. gr. 1594, f. 19v marg. int., Marc. gr. 313, f. 45r marg. ext. b) Ad Alm. 1.10,
46.7-9 t@v adtdv o B’ v TovTeV Yop NUOALE EoTv TO Tpokeipeva a Ad' 1€” dote, Emel
TV o0Tt®dv €6ciyxdn kol peilov xoi éldocwv «than the same 1;2,50, for the proposed
1;34,15 are % of these; so that since it [scil. the chord subtending 1°] was proved greater
and less than» ff. ¢) The scholiast explains the gist of Ptolemy’s argument, providing his
own favorite numbers for insertion in the final statement of the relatum: the chord
subtended by 1° was shown on the one hand to be less than % of the chord subtended by
0 = Y.x0:47,1,39 = 1;2,50,12), on the other to be greater than %/, of the chord subtended
by 1'4° = 2x1:34,15 = 1;2,50); as a consequence, 1;2,50 <ch(1°)<1;2,50,12. The
second clause in the scholium formulates the first inequality. As said, Ptolemy states
1;2,50 both as a lower and as an upper bound of c/(1°). The numerical value 1;2,50,12 is
the one given in sch. 41 (see also sch. 30 and 40) and derives from Theon, who in his turn
performs again the entire calculation both using the value 1;2,50,40 = Y%x0;47.8 (cf. sch.
42)—the latter being the value of the chord subtended by %° given by Ptolemy—and the
more accurate value 1;2,50,12 that he himself had calculated (see again sch. 41). d) Both
in B and in C, sch. 44 is located beside the relatum. Both B and C have bars over the
letters representing numerals.

45
Text. Tod Mupolpiov

Transl. Of a half-degree
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Comm. a) Vat. gr. 1594, f. 20r marg. int., Marc. gr. 313, f. 45v marg. ext. b) Ad Alm. 1.10,
46.18-19 éx 0¢ ¢ VIEPOYTC TG TPOS TAG Y Hoipag Koi g Vo Tag B £ ddouévng «and
the [chord subtending] 2% degrees being also given by difference with respect to 3
degrees». ¢) The scholium restores the determination tod fjpupotpiov «of % degree» of
the vmepoyn «difference» allowing one to calculate the chord subtending 2'4° from that
subtending 3°. In the immediately preceding clause, which exemplifies the use of the
theorem “by composition” and whose structure is exactly parallel to the relatum, Ptolemy
had in fact written €k pev tfjg Tpog TV piav fiutev poipay [...] cvvBécemc tod Nuopiov

dekvopévng g vmo tag B poipag «the [chord subtending] 2 degrees being shown by
composition of a half-degree [...] with respect to 1% degree» (46.15-18). Sch. 45-46
clarify two deductive steps in Ptolemy’s description of the procedure for completing the
Table of Chords (46.14-20). d) Both in B and in C, sch. 45 is in majuscule and is located
beside the relatum.

46
Text. evpmv &v tetaptnuopio Eyel TV Aeimovoay €ig TO MLUKVKALOV
Transl. After operating in a quadrant, he gets the complement to a semicircle

Comm. a) Vat. gr. 1594, f. 20r marg. int., Marc. gr. 313, f. 45v marg. ext. b) Ad Alm. 1.10,
46.19-20 moavtog 6¢ kal énil TV Aowm®dv «and similarly also for the remaining [chords]».
¢) The scholium explains that it is enough to carry out the procedure described by
Ptolemy (namely, adding or subtacting '4° from given arcs) only for the first quadrant.
For the other quadrants one operates by calculating chords of supplementary arcs. A
remark to the same effect is developed in Theon, in Alm. 1.10, i4, 503.12-19. d) Both in
B and in C, sch. 46 is located beside the relatum. In the manuscripts, the term
teTapTNUOptoV is always written 8’ M°. See sch. 11 and 27 for the expression 1} Aeimovoa
gic 10 MuikvKAov «the [chord] complement to a semicircley.

47

Text. 1@V pev peta&d Tod Nuipolpiov pep®dv Aapupdvopey 1o ETPoArodcoc TNAKOTNTOC
v 001V (0lov TV HOPAY 1 AETTAV 1€) TEVIEKOISEKAKL TOODVTEC TO TAPOUKEILEVEL
Talc U poipoug Thg mepipepeiog &v T@ TPiT® 6eMII® Kal TO ywoueva TPooTIOEVTES T
VTOTEWVOVOT] TG L Hoipog &v T@ OevTéP® ceAdim. avamaAly 6& dobeiong Tvog evbsiog
peta&d TV év T Kavove éktebelévov mmTovong, 1 €n’ avTiig meplpépela didotal
AopBovoviov NudV Ty vIepoynVv g evbeiag Tpog TV Eyyiota EAATTOVO TOPAKEUEVIV
Kol £T1 T0 TaPOKEipEVO OC &V TQ TPiTte oeMdi® E&nkoota Tf) Eyylota ELATTOVL, Kal TOPA
tavta pepifovieg v vmepoynv TOV P e00sdv kol Ta ywoueva €k ToD pHEPIOUOD
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npooTifévieg Th €kkelévn éAdttovi mepipepeig. §| S Tod €€ AvaAdyov, dC &V TR
TPoYeip® Kavovt Epdbopey, EKAGTNV AUUBAVOLEY.

1 pep@dv codd. : expect. popdv 2 Aentdv comp. BC : Aemtd K | mevrexadekdaky] —kaor K 3-4 tfj
vrotewvovon] tiig vmoteivovong K 7 @g K : comp. éott BC | é&nkoota comp. BC : é&wootdv K
8 vmepoynv comp. BC : éhattovov K 9 éldrtovt mepuwpepeig comp. BC : ghottovov mepipepeiog K
10 AapPavopev K : Aappovopévnv BC

Transl. We may take the successive [numerical] values of the chords [corresponding to]
the parts between the half-degrees (for instance, 10 degrees 15 minutes) by making 15
times what in the third column corresponds to the 10 degrees of the arc and adding the
result to the [chord] in the second column subtending the 10 degrees. Conversely, some
given chord falling between those set out in the table, the arc on it is given if we take the
difference of the chord with respect to the nearest lesser tabulated [chord], and again [we
take] the sixtieths corresponding in the third column to the nearest lesser [chord], and
dividing by these the difference of the 2 chords, and adding the result of the division to
the lesser arc set out. Alternatively, we may take each of them by linear interpolation, as
we have learnt in the handy table.

Comm. a) Vat. gr. 1594, f. 20r in spatio vacuo in textu, Marc. gr. 313, f. 45v marg. inf,,
Vat. gr. 184, f. 29r. b) Ad Alm. 1.10, 46.22—47.2 iva 8¢, dg Epnv, €0’ EKAGTNG TAV XPEIDV
€€ €toipov o TAKOTNTOC EYmpey TV €001V Ekkelnévag «but, as I said, in order that
we may have the actual [numerical] values of the chords readily available for every
occasion» (= citation in K). ¢) The scholium explains how to interpolate between the
tabulated numerical values of arcs/chords. This procedure shortcuts some computational
steps in the basic procedure of linear interpolation (see sch. 48) by using the numbers
tabulated in the third column of the Table of Chords. These are the coefficients of linear
interpolation within each half-degree: in order to find the sought chord (arc), it is enough
to multiply (divide) by the suitable coefficient the difference of the arcs (chords) in the
table nearest to the assigned arc (chord) and add it to the chord (arc) corresponding to the
lesser of the arcs (chords) in the table nearest to the assigned arc (chord). The coefficient
is calculated by dividing the difference between consecutive chords in the table by 30
minutes (= 4° = the difference of consecutive arcs in the table); this division simply
amounts to taking the double of such a difference. Actually, Ptolemy enters the 60™ part
as the tabulated value (the heading of the column is «sextieths»), in order to directly get
Vv 100 €vog €€nkootod péonv émiPoAnyv «the average increment corresponding to one
minute» (cf. Alm. 1.10, 47.7-11, and sch. 50). The text of the scholium amounts to a
rewriting, with elimination of the numerical counterparts of most of the designations, of
the «procedure» in Theon, in Alm. 1.10, iA, 510.1-13 (Theon uses the verb épodedoar).
As a consequence of this elimination, the scholium has an even more decidedly
procedural turn than the original text has (cf. Acerbi 2012, 183-189, on the “language of
procedures™). It is quite surprising that the scholium mentions the Handy Tables (viz., a
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commentary on them; Ptolemy’s Handy Tables does not include the Table of Chords; a
worked-out example of linear interpolation can be found at Theon, PC, 221), for the basic
procedure of linear interpolation is explained in full details by Theon, in Alm. 1.10, iA,
507.18-509.18, just before the passage the scholiast is summarizing. One possibility is
that the annotator resorted in his turn to excerpts. Sch. 47-53 complete Ptolemy’s
description of the Table of Chords (46.21-47.21) and expound some of its features. d) In
B, the scholium lies above sch. 50, within the outer column of the main text. The text of
Alm. 1.10 ends in fact before the end of the column and leaves, after ornamentation, 15
blank lines; a signe de renvoi is added, both beside the scholium and, within the
intercolumnar space, beside the line containing the first word of the relatum. In C, sch. 47
is located, without a signe de renvoi, in the lower margin. Both B and C make this text
accompanied by a calculation in tabular form, here edited as sch. 48. In K, sch. 47
immediately precedes sch. 50. Both B and C have bars over the letters representing
numerals. ¢) The scholium introduces some items of the technical lexicon of table-
building. The verb émpaiiewv refers to the terms of a table insof as they «follow each
other» (the construct with a double genitive in the first sentence is rather wild). The
nopokeipeva are the terms in a table «corresponding to» (lit. «lying by the side of») terms
taken as reference; the relation is symmetric, as it turns out from the very text of the
scholium; the occurrence mapakeévny at line 6 assumes a less strict signification. The
very compressed qualifier &yyiotog éLdttmv «nearest lesser» is canonical (many occur-
rences are found in Prol.). Given a number and a list of numerical values organized as an
increased sequence, the &yyiotog éldttv in the list is the greatest of the values that are
less than the given number. The prepositional phrase £ davaAidyov «linear interpolation»
at line 9 means literally «by proportiony. It is absent in A/m. but one can find it with this
signification in Pappus, in Alm., i4, 47.7, 81.5, 194.11 (bis), 195.13 (bis), 196.6 (bis), and
Theon, in Alm., i4, 500.3, 501.8, 596.21, 650.8, 910.5. One also finds 8 occurrences in
Prol. The singular év t® mpoyeip® kovovi «in the handy table» at lines 9-10 is the
canonical way to refer to Ptolemy’s treatise. At line 2 we read the only occurrence of
Aemtd «minutes» in our scholia.

48

Text.
M° 1 vk AP
M° 1 e Uoouy
M® 1 A T vn uo

YIEPO*
= A = M
= 1 = 1 i A

1-3M°om. Th. 4 YIIEPO® om. Th. 5—Th.: B codd. post 6 = = v ove scripsit Th.
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Transl.
u" 10 10 27 32
u" 10 15 10 43 10
u" 10 30 10 58 49

DIFFER
0 30 0 31 17
0 15 0 15 38 30

Comm. a) Vat. gr. 1594, f. 20r marg. ext., Marc. gr. 313, f. 45v marg. inf. b) Without a
specific relatum in Alm.; it is a complement to the last statement of sch. 47. ¢) This is the
tabular arrangement of a worked-out example of the basic procedure of linear interpola-
tion (see also sch. 102); one has to find the chord associated to arc 10;15. This much is
announced in the last statement of sch. 47. One takes the chords 10;27,32 and 10;58,49
corresponding to the nearest neighbours of 10;15 among the tabulated arcs, namely, 10
and 10;30, and arranges all these data as in the prospect; a blank space must be
preliminarily left between the numerical values of the chords, to be occupied by the final
result 10;43,10. To calculate the amount to be added to 10;27,32 [= ch(10)] in order to
find ch(10;15), one proceeds by linear interpolation: take the quotient of the differences
ch(10;30) — ch(10) and 10;30 — 10 between the known chords and arcs, respectively, and
use it as a coefficient to multiply the difference 10;15 — 10 between the assigned arc and
its lesser nearest neighbour (the said quotient is what we find in the third column of the
Table of Chords). These numbers are on the one side 0;31,17 and 0;30, on the other 0;15.
The operations just described amount to taking the appropriate fourth proportional of
these numbers, namely [(0;31,17)x(0;15)]/(0;30). This is done by putting the numbers on
three of the four corners of a fictitious rectangle (the arcs on one side, the chords on the
other), the fourth corner being then occupied by the result, here 0;15,38,30. The diago-
nally opposed numbers (namely, those to be multiplied to each other) are normally joined
by mutually intersecting line segments, here absent. The result of the cross-multiplication
of the known numerical values can be marked below this X-shaped array; this result is
here also absent. Adding 0;15,38,30 to 10;27,32 [= ch(10)] and neglecting third sixtieths
one finally obtains 10;43,10 = c/(10;15). The example coincides with that worked out by
Theon, in Alm. 1.10, iA, 508.5-509.6. Theon also organized his data in a table, which he
describes and to which he makes explicit reference (508.6—10). Theon’s table also in-
cludes the result of the multiplication (0;31,17)x(0;15) = 0;0,465,255, which is tran-
scribed below the rectangular array of proportionality; some manuscripts put the last three
lines beside the first three; the indications M° and YITEPO™ are always omitted (see
509.16-18 app.). Since sch. 47 ends by referring to the Handy Tables, we may safely
surmise that sch. 48 was redacted in order to complete sch. 47, and hence after it. d) Both
B and C place sch. 48 beside sch. 47. Neither B nor C have bars or apices over the letters
representing numerals; only A' is assigned an apex.
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49

Text. 510 1O €ETiC €V TOIC TAV AVOUOALDYV KAVOGL PAVIGOLEVOV EDYPNOTOV

Transl. Because it will prove useful in the subsequent tables of anomalies

Comm. a) Vat. gr. 1594, f. 20r marg. int., Marc. gr. 313, f. 45v marg. ext. b) Ad Alm. 1.10,
46.22-47.3 iva 08, o¢ M, £’ £KAGTNG TAV XPEI®dV €€ £TOIIOV TAG TNAKOTNTOG EY®UEV

TV 001DV EKKELUEVAS, KOVOVIO DTOTAEOWEV AVA OTiYOVE LE d1d TO oVuUUETpoV «but, as |

said, in order that we may have the actual [numerical] values of the chords readily

available for every occasion, we shall set out tables below, arranged on 45 lines to

achieve a symmetrical appearance». ¢) The scholium states that the usefulness of the

arrangement on 45 lines of the Table of Chords will become apparent later, when the
tables of anomalies will be introduced (4/m. I11.6: Sun’s anomaly; V.8: Moon): these are
in fact set out on 45 lines; from 0° to 90° and from 270° to 360° the increment is of 6°,
from 90° to 180° and from 180° to 270° it is of 3°. If one wants to set out a single table
whose tabulation value runs from 0° to 180° and increases by a constant amount over half
of the range, while increasing twice that amount for the remaining half, the only solution
is to have the table on 45 lines. Of course, it might well be that the peculiar format of the
tables of anomalies derives from the requirement of having all of them set out on 45 lines,
and not the opposite, as the scholiast suggests. The text coincides with Theon, in Alm.
1.10,i4, 500.12-501.1, where it follows a clause having the same meaning as the relatum.
d) Both in B and in C, sch. 49 is located beside the relatum. ¢) The term “symmetrical” in
Ptolemy’s statement can also be taken to refer to the fact that 45 is cOppeTpog «commen-
surable» with 360, that is the number of lines in the whole Table of Chords. The only
other allusion by Ptolemy to the mise en table of his data is at 209.14-15 S 10
QoVNoOUEVOV GOUUETPOV THC Kavovoypagiog «because it [scil. taking 18 years as the
basis of the long-term cycle of the mean motion of the Sun] will produce symmetry in the
layout of the tables», when presenting in III.1 the Table of the Mean Motion of the Sun;
the clause has quite obviously served as a model for the one we read in the scholium. As
Rome (i4, 500-501, n. 4) and Toomer (1984, 56, n. 67) argue, the choice between 30, 45,
and 60 as the most suitable submultiple of 360 in view of a convenient mise en table of
Alm.’s data was very likely dictated by some standard height of papyrus roll; on the issue
see also Acerbi (2013, 125-129). The syntax of the nominal clause making up the scho-

lium has been changed in translation.
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50

Text. ovy ®¢ T0D A’ pépovg T Tapavénoemg 16 A’ Tod Nunolpiov vroteivovtat (006 yap
ai vVepoyoi TAV VOBV Evicol ovcar Té Nupoipa i dvia Hroteivovsty), AL’ dg &€

avadoyov Tij Tapavénoet g mepipepeiog kal ¢ gvbeiag mapavéavoudvng.
1 tiig mapavénoemg] avtiic Th. | dmoteivovton (003¢] vmoteivovtog o0 Th.

Transl. It is not the case that [Ptolemy took Y4, of the difference of the chords] because
the 30™ part of the increment [of a chord] subtends the 30" part of a half-degree (for it
could not be case, either, that the differences of the chords, which are unequal, subtend
the [successive] half-degrees, which are equal), but because the chord is also increased by

linear interpolation along with the increment of the arc.

Comm. a) Vat. gr. 1594, f. 20r in spatio vacuo in textu, Marc. gr. 313, f. 45v marg. ext.,
Vat. gr. 184, f. 29r. b) Ad Alm. 1.10, 47.7-9 1a 8¢ tpito T0 A/ pépog tijg kb’ Ekoactov
Nnupoipov t@v gubeidv mopavénoemg «and the third [portion of the table will contain]
the 30" part of the increment in the chord for each [interval of] ' degree». In K, it is not
preceded by a citation. ¢) Ptolemy’s statement was regarded as potentially ambiguous; the
scholium points out that the (variable) 30™ part of the increment tabulated in the third
column must be used as the (variable) coefficient of a linear interpolation between
adjacent numerical values of the chords, and not as the (constant) value of the chord sub-
tending the 30" part of an arc of %4°. The text of the scholium coincides, with two minor
variants, with Theon, in Alm. 1.10, i4, 501.6-9 (but changing vmoteivovtoc to vmotei-
vovtal partly destroys the syntax of the sentence, originally made of two conjoined
clauses a¢ + participle; the scholiast neglected to put tod A’ pépovg in the plural nomina-
tive); the initial clause added in the translation comes from Theon’s text. d) In C, sch. 50
is located beside the relatum. In B, it lies under sch. 47, still within the outer column of
the main text; this entails that sch. 50 is shifted four lines below the first word of the
relatum. In K, sch. 50 immediately follows sch. 47. In B, the scholium is shaped as sch.
1. ) Note the initial emphatic ovy, whose scope is the whole clause (cf. sch. 22 and 28).
The terms mapovénoig «incrementy» and vrepoyn «difference» are synonyms, the amount
designated by them being as it were seen from opposite perspectives. For the expression

€€ avaroyov, see sch. 47.
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51
Text. tocantng ovong 6om otiv 1 VToTEWVOUEVT TTEPLPEPELD VIO THG {nTovpévng gvbeiag
Transl. Being that much as it is the arc subtended by the sought chord

Comm. a) Vat. gr. 1594, f. 20r marg. ext., Marc. gr. 313, f. 45v marg. ext. b) Ad Alm.
1.10, 47.18-19 7| ¢ Tiic mpog GAAag Tvag TOV dedouévav vmepoyic «or [from] the
difference with respect to some other given [chord]». ¢) The scholium identifies the num-
erical value of some unspecified arc with that subtended by the sought chord; this identi-
fication does not fit any statement in A/m., nor is it excerpted from Theon’s commentary.
The relatum suggested by the position of the scholium is the second item of a disjunctive
list of ways of recalculating the numerical value of a chord in the table, in order to test its
correctness and possibly to amend it. These ways are: by bisection of a given chord, by
difference of given chords, or by transition to the complement to a semicircle of a given
chord. One possibility is that the annotator did not have in his text of A/m. the disjunctive
particle introducing the relatum, and that he tried to amend the text by creating a genitive
absolute: *ftol dno g V7o TV dimAaciova Tiig Eémintovuévng & Ti¢ mPOg GAANG TIVAG
TV 0E00UEVOV VTEPOYTS TOGONTNG 0VoNE Homn 0TIV 1 DTOTEVOUEVT TEPLPEPELD, VIO TG

{nrovpévng evBeiog 1j [...] *«either from the [chord] under double the [arc of that] of the

sought [chord], e+ the difference with respect to some other given [chord] being that
much as it is the arc subtended by the sought chord, or [...]». The resulting statement is

true but trivially so: the difference between some number and its double is equal to the
number itself. d) Both in B and in C, sch. 51 is located beside the relatum. In B, the
scholium is shaped as sch. 1.

52

Text. oi T®V ELaTTOVOV €00EIBY TNAKOTNTEG €V Ueiloot dtapopaic mapnOEnviot Katd To
£ENG, TOV TapavéNoemv TOV TEPIPEPELDY I0MV 0VGMV. al VO TS EAATTOVG TV & LolpdV
vroteivovoat gvOeion peilovg giol @ ApOUd TAV KOT’ ADTAG TEPLPEPEIDV, Ol OE VO TG
ueifovg érdrtovec.

2 éhdrttoug] élattovag Th. | & Th. : 1€ codd. 3 peifoug] mhelovg fere cuncti codd. Theonis 4 peiloug)
mhevpag codd. fortasse ex m'(glovg)

Transl. The [numerical] values of the lesser chords successively increase in greater
differences, while the increments of the arcs being equal. The chords subtending the
[arcs] less than 60 degrees are larger in numerical [value] than the corresponding arcs,
those under the [arcs] greater [than 60 degrees] are smaller.
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Comm. a) Vat. gr. 1594, f. 20v marg. inf., Marc. gr. 313, f. 46r marg. inf., Vat. gr. 184, f.
29v. b) Ad Alm. 1.11, Table of Chords. ¢) The scholium points out two features of the
Table of Chords: i) the increments are monotonically decreasing (in our language: it is a
sine table; the derivative of a sine is monotonically decreasing from 0° to 90°); ii) the
numerical value of a chord is greater than that of the arc it subtends if the arc is less than
60°, otherwise it is smaller. This is a consequence of the different units of measurement
that Ptolemy adopted for the diameter and the circumference: there are 120 parts in the
diameter and 360 parts in the circumference; adopting the same unit for the diameter and
the circumference (for instance, if angles are measured in radians), the numerical value of
a chord is obviously smaller than that of the arc it subtends. The scholium is a reformu-
lation of the two exegetic goals stated by Theon at in Alm. 1.10, iA, 504.1-5, and that he
then sets out to prove. The first clause is identical with that at 504.1-3. The second clause
is repeated twice, at 505.15-18 (in the form of a title, almost certainly a scholium; the
text is here almost identical with that of the scholium, see app.) and at 505.20-506.2
(with some variants: ai éAdocoveg T@V VIO Tag & poipag vroteivovoal evbeion peilovég
glow 1@ aplOud TV KT OVTOC TEPLPEPELDY, al 08 VmEp Tag & €hattovec). Quite
unusually, the original scholium contained two obvious mistakes. Sch. 52-53 refer to
Alm. 1.11. d) Both in B and in C, sch. 52 is placed under the first of the 16 sub-tables
making up the entire Table of Chords (arcs from 4° to 22'4°). In B, the scholium is
shaped as sch. 1; the two clauses are separated by a dicolon and a blank space. ¢) Note the
construct vroteively VO «to subtend» + accusative, a variant of the more common Vmo-
teivew + accusative. The variant is sanctioned by E/. 1.18-19.

53

Text. M puépog tdv Hmepoy®dv T@V HIOTEWOLS®Y €00e1®Y TaG KOO’ EkaoTOV MUILOiplOV
TOPAVENCELS

1 ante A add. ©0 Th. | t®v vrepoydv] tiig dmepoyfic Th. | evbeidv om. Th. | €xactov om. Th.

Transl. 30" part of the differences of the chords subtending the increments at each half-
degree

Comm. a) Vat. gr. 1594, f. 20v marg. inf., Marc. gr. 313, f. 46r marg. inf. b) Ad Alm. 1.11,
Table of Chords. ¢) The scholium slightly reformulates the noun phrase designating what
is contained in the third column of the Table of Chords, namely, t0 A’ puépog tiig xad’
Exaotov Tupoiplov TdV edPeldv TopavEfceme «the 30™ part of the increment in the
chord for each [interval of] half of a degree» (4/m. 1.10, 47.8-9). The text of the scholium
almost coincides also with Theon, in Alm. 1.10, iA, 501.4—6. The formulation is closer to
Theon’s than to Ptolemy’s. d) Both in B and in C, sch. 53 is placed under the second of
the 16 sub-tables making up the entire Table of Chords (arcs from 23° to 45°).
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54

Text. kol T®V 010 pécmv 1@V (mdimv KHKAOL TUNUATOV

post v expect. Tod
Transl. And of segments of [the] ecliptic

Comm. a) Vat. gr. 1594, f. 23v marg. int., Marc. gr. 313, f. 49v marg. ext. b) Ad Alm.
1.13, 68.15-19 dkoiovBov 8’ dvtog Amodei&ot Kol TOG KATH HEPOC YIVOUEVOS TNAKOTN TG
TOV amolappoavopévey TepLpepeldv UeTaED ToD Te ionueptvod Kol Tod . HECOV TRV

{wdiov KOKAOL TOV YPOPOUEVOY HEYIOTOV KOKA®Y 010 TAV TOD ionUepLvoD TOA®MY «our
next task is to demonstrate the [numerical] values of the individual arcs cut off between
the equator and the ecliptic along a great circle traced through the poles of the equator» (=
citation in K). ¢) This is a complement to the liminar sentence of the chapter. The import
of the sentence is not clear; maybe it refers to the arcs of the ecliptic set out as tabulation
values of the Table of Declination. Sch. 54-91 refer to Alm. 1.13. d) Both in B and in C,
sch. 54 is located beside the relatum.

55

Text. Tavto T0 Aqppato kaborkd moapadidwoty 6 Iltodepoiog, kai eiow &v 1® TPOTO T®
Katd cVvOesY Demppatt Ttdoelg pév (fror Mjyelg A) 1g, dmodeifeic 88 E3, 016V €oTv O
g 'A mpog I'E kai 6 tiig EA mpog AT kai 6 tiig EI' wpog T'A. 1800 €mi pudc evbeiog & A-
OoavTog Kal érl Ekaotng T@v Aomdv vy 1d@v AB BE I'A 8 €0l A. dmodeielg 6€ macdv E5-
il yop 610 to¥ I' fj d1d tod A dyetar 1) mopdAiniog 1j 610 tod E, mote uév tii AB moté 8¢ 1)
EB moté 8¢ tf) AL, dog vOv. kB’ €kdotnv TTdc1y 6 Amodeilelg eicly oVTmG: €AV TE YOp GO
10D KaTd THV APV TEPoTog ToD cuvTifepévon Adyov (g tod tfig A mpog AE), olov tod
I, 8av te 310 100 katd 10 téhoc (oiov 10D E) mopdriiniov dydyopev, 1 anddeiéig
TPOY®PNOEL. Gyetal & €& exatépov TOD KATO TNV APYNV Kol TEPAG <TOD> GLVTIOEUEVOL
AGYoL onueiov N TapdAAnAog diydg: amo yap tod I' dyetar mopdAiniog fj T EB 1 i) AB,
0UKETL 0¢ Kal Toig Aowmaig taic Al T'A (89° éxatépac yap avtdv éotl 10 I onueiov), dnod
0¢ tob E opoiog B povor dyoviar mopdAiniot i) te¢ I'A xoi ) AB, ovkétt 8¢ kal Toig
howmaic toic EB AT (§9° ékatépag yop ant®dv €0t 10 E). dpoing kal €ntl €ékdotov Aoyov
TV A T®V Aomdv, 6 dyopévev gofeidv mopaAinAwoy, B puév ard tod Kotd TV ApyNV
mépatog 10D cuvTiBeUEVOD AdYOV, B 8¢ amd Tod TépaTOog, YiveTan amodeitelg £J. Emi 6& ToD
KOTO dloipecy TTOOELG LV giloty 1), Amodei&elg 0€ AP €l yap éxdotng evbeiag dvo giol
Aoyot, olov 6 tfig I'E mpog EA koi 6 tfig AE npog ET. méAv 8 &kactog ToVTmV TETpay®dS
deficvotan, TV TapoAMAOV O¢ eipnTar dyopévoy. £0v ovv TOV Kavova tod Odmvog &ml
TOOAV TAOV TTOCEOV LAAE®UEY, Exouey o0TOC €5 £Toinov evpnuévag. 0Tt OE O KAVAV
T010070¢" Ol TOV TPdTOV AdyoV TV cuvTIBEVTOV dpyecdat pev 60gv kai 6 cuvTiféuevoc,
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TOV 0& devTEPOV TV cuvTBévTaV Gpyechal puev 60gv 6 mpdToC TV cvvTfEvTev EAnte,
Afyew 8¢ Omov Kal O cLVTIOEUEVOG. O OE HEYOUS PIAOGOPOG TPOCOLOPIGUOV TTPocédnke
Aéymv Ot Oel ml ExdoTov Aoyov [e00¢giac] | TOV TpdAOYoV KOl TOV DTOAOYOV &V Ld £00eiq
givor v yap einm 611 6 tfig TA mpoc AE Adyoc cvykertar &k 100 tiig A mpoc AB koi
t0d tfig BZ mpog ZE, id00- ol kavoveg 100 Ofwvog £puAdyOnoav kol Opmg ovk
aAndevovot: d1d Todto 6& 00K NANOVGEY BTL 00K EoTv €v pid gvBeig 6 Thg A mpoc AB.

1 — 26 uix legitur B 1 mapadidoow] —otw G | 3] tov K 2 Oewpfipatt G : comp. BC : fsopidvv K |
éotv] kai comp. G sed kol O fecit 6 m. 2 3 AI'l ET G 4 A] doundv) G 5 /] «ai comp. G
7 cvvtBepévov] ovvtebeévov G | Adyov] A BK 9 mpoywpnroet] mpoywpnon C | 8’1 8" BC : ex &' fecit m.
2 GK | mépog codd. : expect. téhog sed cfr. u. 15 | 1od addidi : om. codd. | ocvvtiBepévov Aoyov]
ouvtifépevoy A° codd. 10 mapdriinioc’ comp. BC : Sigpuetpog G 11 8¢ ex corr. G : &' alii codd. | toig
rowaig Toic] Tiig Aowtfic Tig G 12 887 ex corr. G : &' alii codd. 13 Adyov] AB 14 tdv A om. G |
dyopsvov g00e1dv] dyop’ e0bsia CG 15 cuvtiBepévov] cuviebeévov G | mépatog] népata K | Adyov, B
d¢excorr. G: AP & BC:Adyov B K 16 8¢ G : &' alii codd. | giciom. G 17 Adyor] maparinimv comp. G
: A alii codd. | EA] EAK | EIl O K 19 &popev om. CG | edpnuévag] ebpopev G | 6¢ om. K
20 Aoyov] A K | ovvtiféviov] —tebéviov BCG | pev fort. delendum | ovvtibépevog] —tebeipevog G
21 devtepov] dvo G | covtidéviov'] —teféviav CG | cvvuiféviov’] —tebéviov G 22 mov] émawc C |
ocuvtbépevog] —tebeipevog G | mpoodiopiopdv] mpocsdimpiopévov G 23 Adyov] A B | mpdroyov] mpdTov
Moyov G 24TAJTAB :exTAfecit K | Adoyoc] A B 26 nAn0gvoev] aAnbevoey CG

Transl. Ptolemy hands down these general lemmas; in the first theorem “by composition”
there are 16 cases (or choices, [henceforth] C) and 64 proofs, such as is the [ratio] of T'A
to I'E, or that of EA to AT, or that of EI" to 'A. Look: 4 C for one single straight line;
similarly there also are 4 C for each of the remaining 3 [straight lines], AB, BE, T'A.
There are in all 64 proofs, for the parallel is drawn either through I' or through A or
through E, [and it is parallel] either to AB, or to EB, or to AI" (as now). There are 4 proofs
in each case, as follows: whether we draw a parallel from the endpoint (namely, I') at the
beginning of the compounded ratio (as that of I'A to AE), or we draw it through the
[endpoint] at the end (namely, E), the proof will apply. Now, the parallel can be drawn in
two ways from each of the points at the beginning and end[point] of the compounded
ratio: for a [straight line] can be drawn from I" parallel either to EB or to AB, but no
longer to the remaining [straight lines] AI', I'A (for point I' is on each of them), and
similarly, only two [straight lines] can be drawn from E parallel either to I'A or to AB,
but no longer to the remaining [straight lines] EB, AI' (for E is on each of them).
Similarly, also for each ratio of the remaining C, once 4 [straight lines] are drawn
parallel—2 from the endpoint at the beginning of the compounded ratio, 2 from the
endpoint [at the end]—, the result is 64 proofs. In the [theorem] “by separation,” instead,
there are 8 cases and 32 proofs, for there are two ratios for each straight line, namely, the
[ratio] of T'E to EA and that of AE to EI". Again, each of these [cases] is proved in four
ways, once the parallels are drawn as said. Then if we adhere to Theon’s rule for all
cases, we may have them immediately discovered. The rule is as follows: the first of the
compounding ratios must begin from where the compounded [ratio] also [begins], the
second of the compounding [ratios] must begin from where the first of the compounding
[ratios] ends, and end where the compounded [ratio] also [ends]. Yet, the great scholar
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added an additional determination, claiming that, for each of the ratios, the antecedent
and the consequent must be in one single straight line, for, if I say that ratio 'A to AE is
compounded of that of 'A to AB and of that of BZ to ZE, look: Theon’s rules are adhered
to, still they do not hold, and the reason for their not holding is that the [ratio] of 'A to
AB is not in one single straight line.

Comm. a) Vat. gr. 1594, f. 23v marg. ext. et inf., Marc. gr. 313, ff. 49v marg. ext. et inf. —
f. 50r marg. sup., Vat. gr. 184, ff. 30r et 90v marg. ext. et inf. b) Ad Alm. 1.13, 68.19-22
npoexdnoopeda Anupdtia Bpayéa koi edypnota, 51” @V ¢ Theiotag oxedov deifelg TV
cOAUPIKDC Bempovpévav, o¢ Evt pdiota, anlodotepov Kol Hebodikdtepov motncouedo «
we shall preliminarily set out some short and useful lemmas which will enable us to carry
out most demonstrations involving spherical theorems in the simplest and most
methodical way possible» (= citation in K). ¢) The scholium provides an a priori reckon-
ing of the different configurations of the rectilinear lemmas pertaining to the Sector
Theorem, and of the ways they can be proved. The “base” configuration shared by the
two rectilinear lemmas is as follows. From endpoints B, I of two mutually intersecting
straight lines AB, AT, two lines BE, I'A are drawn across, meeting at Z and intersecting
lines AI', AB at E, A, respectively. It is required to show that TA:AE = (I'A:AZ)°(ZB:BE)
(lemma “by composition”) and that 'E:EA = (I'Z:ZA)°(AB:BA) (lemma “by separation™).
The proof (see Figs. 8-9) draws a suitable parallel to one of the straight lines and readily
argues by similar triangles and substitutions in compounded ratios written in “normal
form”, thus: TA:AE::-I'A:HE = ('A:ZA)°>(ZA:HE). The parameters taken into account by
the scholiast are the following. First, the number of ratios associated to each punctuated
straight line in the “base” configuration of each lemma: four ratios including trivial
inversions in the case “by composition,” two ratios in the case “by separation;” since four
punctuated straight lines are involved, one gets by multiplication sixteen and eight confi-
gurations, respectively. Second, the number of parallels to straight lines of the “base”
configuration that can be drawn in the auxiliary construction of each lemma; there are
four of these parallels in any instance, as the scholiast shows: two points are available for
drawing paralles, two parallels can be drawn at each of these point. A complete classifi-
cation of the different cases of the Sector Theorem (not of the rectilinear lemmas) was
worked out by Thabit ibn Qurra (Lorch 2001); most of the valid cases can be deduced by
simple manipulations of ratios, without any geometric argument. Theon’s rule is first
formulated in general and in instantiated form at in Alm. 1.13, i4, 539.17-25, and repeated
in general form at 543.14-17 and 564.1-5 (Sector Theorem). The scholiast slightly
changes Theon’s wording. There is no passage parallel to the whole scholium in Theon’s
commentary, even if of course his «rule» is taken from it; most notably, Theon does not

bl

formulate the “additional determination:” we have no elements to identify the péyag
@o6copoc who added it; maybe it is Ammonius, maybe Syrianus (see n. 41 above). d)
Both in B and in C, sch. 55 starts in the outer margin and covers most of the lower

margin of the page at which A/m. 1.13 begins; no original signe de renvoi is perceptible; a
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later hand in B adds a sign just beside the beginning of the setting-out of the subsequent
theorem (69.3). Of particular interest is the use of the abbreviation A for Afjyic: maybe it
is a trait of the original scholium, maybe the syntagm fjtot Anyelg is a gloss on the
scholium, aimed at explaining a sign used more than once. The manuscripts have it with a
subscript omicron, as if it were the sign for Aowmdg; it is not said that this is an original
feature of the abbreviation here employed. The standard sign for mapdiinioc (two
parallel horizontal strokes, surmounted by the compendium of a suitable termination) is
employed throughout the scholium; at line 10, it induced the copyist of G into error. See
sch. 83 for the similar sign for €00€ia, whose form may explain the useless €b0¢iag at line
23: it may be that this was in origin a stroke “—” marking a break in the scholium like
the change of page in C, that occurs exactly after that word but marked by an asterisk .
Since the stretch of text at f. 50r in C would occupy no more than two lines in the format
of the preceding part of text at f. 49v, and since there still is a wide blank space in the
lower margin of f. 49v, I surmise that C preserves the original layout of the scholium. e)
The imperative/interjection ido0 «look» (lines 3 and 25) and the personal form ginw «I
say» (line 24) are exclusive to this scholium. At line 19, note the periphrastic construct
gyouev + perfect participle. Note also the translation «scholar» for piidcopog at line 22:
thinking that there were as many “philosophers” in Greek Antiquity as there are individ-
uals to whom the epithet pildocopog was attached is the same kind of lexical anachronism
that has made, and still makes, the Aristotelian Coriscos someone «musical» and not, as it
should be, a «literate» (he is called povowog at SE 17). Other occurrences of the noun
Tpocdloplopodg «additional determination» (line 22) in the Greek mathematical corpus are
Diophantus, Ar. 1.14 and V.10, DOO 1, 36.6 and 340.9—-10; Eutocius, in Sph. cyl. 114,
AOO 111, 150.15; Proclus, in Eucl., 240.27 and 349.21. The substantives mpdioyoc and
vmoloyog at line 23 designate the «antecedent» and the «consequent» of a ratio, re-
spectively; see again sch. 94 and 98. The plural oi kavdvec «the rules» at line 25 is an
idiomatic trait of Greek language: as the scholiast himself asserted at line 18, there is only
one such rule (see sch. 11, 54 and 106).

56

Text. o’ AMjppo €000ypappov Katd cvviesty

Transl. 1st rectilinear lemma, by composition

Comm. a) Vat. gr. 1594, f. 23v marg. int., Marc. gr. 313, f. 49v marg. ext. b) Ad Alm.
1.13, 68.23-69.1 &ig dvo oM €v0eiag tag AB kai AI' diayBeioat dvo ev0ion 1| te¢ BE kai 7
I'A «now, two straight lines BE and I'A, which are drawn to meet two straight lines AB
and AI'» ff. ¢) The scholium provides a rigid designator of the first theorem proved by
Ptolemy. The denomination is not employed by Theon, who however calls the second
rectilinear configuration “by separation” (see sch. 59) and expressly resorts to the two
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designations for the two spherical configurations, at in Alm. 1.13, i4, 558.2 and 562.12.
Ptolemy only refers to the second rectilinear configuration as obtained “by separation”
(69.21-22; see again sch. 59); he does not assign denominations to the two spherical
configurations. Note that Ptolemy himself calls Anpudrtio Bpoyéa kai €dypnota «short
and useful lemmas» (68.19-20; cf. the relatum of sch. 55) the six subsequent theorems:

the two rectilinear lemmas and the four cyclic lemmas. Sch. 56-58 refer to the first
rectilinear lemma. d) Both in B and in C, sch. 56 is located beside the beginning of the
relatum. It is in majuscule in B. e) As is customary with him, Ptolemy does not provide
any of the theorems in A/m. 1.13—14 with a general enunciation; we read these enunci-
ations in Theon’s commentary, apparently a qualifying point of his exegesis.

57
Text. icoymviov yap €otl 10 AT'A tpiyovov 1@ AEH tprydve
Transl. For triangle AT'A is equiangular to triangle AEH

Comm. a) Vat. gr. 1594, f. 23v marg. int., Marc. gr. 313, f. 49v marg. ext., Vat. gr. 184, f.
30v. b) Ad Alm. 1.13, 69.6-8 &nei napaiiniroi giow ai I'A kai EH, 6 tiic 'A mpog EA
AOyog 0 avtog éotv 1@ TS I'A mpog EH «since I'A and EH are parallel, the ratio of 'A to
EA is the same as that of 'A to EH» (underlined the citation in K). ¢) In the configuration
“by composition” (sch. 55 and Fig. 8), straight line HE is drawn from E parallel to AT; it

meets AB in H. The scholium gives the condition used in £/. V1.4 to prove the statement
in the apodosis of the relatum; such a condition is in its turn a consequence of the protasis
of the relatum. The text coincides with that of the corresponding passage in Theon, in
Alm. 1.13,i4, 539.9. d) Both in B and in C, sch. 57 is located beside the relatum.

58

Text. xoi icoydviov maly yivesOar 10 BZA tpiyovov 1@ BEH tprydve

Tprydve om. Th.
Transl. And [because] triangle BZA is again equiangular to triangle BEH

Comm. a) Vat. gr. 1594, f. 23v marg. int., Marc. gr. 313, f. 49v marg. int. b) Ad Alm. 1.13,
69.16-18 &otwv 8¢ xoi 0 tig AZ mpog HE Adyog 6 avtog t@ tiig ZB mpog BE S 10
napodirovg mdlw eivar tog EH kai ZA «and the ratio of AZ to HE is also the same as
that of ZB to BE because EH and ZA are again parallel». ¢) The scholium gives the
condition used in £/. V1.4 to prove the statement in the principal clause of the relatum; in
its turn, such a condition is a consequence of the causal subordinate clause in the relatum
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(see Fig. 8). The text coincides with that of the corresponding passage in Theon, in Alm.
1.13,iA4, 539.13—14 (the scholiast added the final Tpry@vm). d) Both in B and in C, sch. 58
is located beside the relatum.

59

Text. B’ Afjupa koo diaipeoty

Transl. 2nd rectilinear lemma, by separation

Comm. a) Vat. gr. 1594, f. 24r marg. int., Marc. gr. 313, f. 50r marg. int., Vat. gr. 184, f.
90v marg. int. b) Ad Alm. 1.13, 69.21-22 xatd t0 ovTtd & deryOnoeTon &1L Kol KAt
dwipeoty «and in the same way we shall also show that, by separation» ff. ¢) The
scholium provides a rigid designator of the second theorem proved by Ptolemy. Theon, in
Alm. 1.13,iA4, 542.13—14, also uses this denomination when he introduces the theorem (cf.
sch. 56). Sch. 59-62 refer to the second rectilinear lemma. d) Both in B and in C, sch. 59
is located beside the beginning of the relatum. It is in majuscule in B.

60

Text. xoi icoyaviov 10 I'EZ tpiyovov 1@ 'AH tprydve

Transl. And triangle I'EZ is equiangular to triangle TAH

Comm. a) Vat. gr. 1594, f. 24r marg. int., Marc. gr. 313, f. 50r marg. ext., Vat. gr. 184, f.
90v marg. int. b) Ad Alm. 1.13, 69.25-70.2 énei yap maiv TopdAiniog éotv | AH 1 EZ,
g€otwv og M I'E npoc EA, 1 I'Z mpog ZH «in fact, since AH is again parallel to EZ, as I'E is
to EA, I'Z is to ZH». ¢) In the configuration “by separation” (sch. 55 and Fig. 9), straight
line AH is drawn from A parallel to EB; it meets I'A produced in H. The scholium gives
the condition used in El. V1.4 to prove the statement in the apodosis of the relatum; in its
turn, such a condition is a consequence of the protasis of the relatum. There is no
corresponding passage in Theon. d) Both in B and in C, sch. 60 is located beside the

relatum.
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61
Text. xoi icoyavia éoti 100 AAH BAZ tpiyova
Transl. And triangles AAH, BAZ are equiangular

Comm. a) Vat. gr. 1594, f. 24r marg. int., Marc. gr. 313, f. 50r marg. ext. b) Ad Alm. 1.13,
69.25-70.2 énel yap maAv mapdiiniog éotv | AH 11 EZ, éotv og M T'E mtpog EA, 1 T'Z
po¢ ZH «in fact, since AH is again parallel to EZ, as I'E is to EA, I'Z is to ZH». ¢) The
scholium gives the condition used in E/. V1.4 to prove the statement in the apodosis of the
relatum; in its turn, such a condition is a consequence of the protasis of the relatum (see
Fig. 8). The text adapts the corresponding passage in Theon, in Alm. 1.13, i4, 539.9—-10
(810 T icoydvia gtvan kTA.). d) Both in B and in C, sch. 61 is located beside the relatum.

62
Text. év 101¢ T0100TOIC €VOETAL L€V €io1 O, onpueia O€ ¢, TapdAiniot 08 1
Transl. In such [theorems] there are 4 straight lines, 6 points, 12 parallels

Comm. a) Vat. gr. 1594, f. 24r marg. int. et inf., Marc. gr. 313, f. 50r marg. ext., Vat. gr.
184, f. 90v marg. inf. b) The relata are both rectilinear lemmas, namely, that “by compo-
sition” and that “by separation.” ¢) The scholium points out the obvious fact that there are
4 straight lines and 6 points (= their intersections) in the configuration of these theorems;
the 12 parallels come from the fact that, from any of the 6 points, parallels to only 2 of
the 4 straight lines can be drawn; cf. sch. 55. d) Both in B and in C, sch. 62 is located
beside the diagram of the lemma “by separation.” In G, sch. 63 and 62 (in this order) are
linked so as to produce a seemingly continuous text.

63
Text. y' Mjppo KOKAKOV
Transl. 3rd lemma, cyclic

Comm. a) Vat. gr. 1594, f. 24r marg. ext., Marc. gr. 313, f. 50r marg. ext., Vat. gr. 184, f.
90v marg. inf. b) Ad Alm. 1.13, 70.17 nédAwv €otm kOKAog 6 ABI «again, let there be a
circle ABI'» ff. ¢) The scholium provides a rigid designator of the third theorem proved
by Ptolemy. Theon uses kvkAikoc to designate any or all of the cyclic lemmas (in Alm.
113,iA4,545.13,548.9, 551.1, 555.1, 557.27). Ptolemy does not provide denominations of
his four cyclic lemmas. Sch. 63—65 refer to the first cyclic lemma. d) Both in B and in C,
sch. 63 is located beside the beginning of the relatum. It is in majuscule in B.
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64

Text. icoymdviov Gpa €otl 10 AEZ tpiyovov 1@ 'EH tpryove

icoymviov] icoymvia codd.
Transl. Therefore triangle AEZ is equiangular to triangle 'EH

Comm. a) Vat. gr. 1594, f. 24r marg. ext., Marc. gr. 313, f. 50r marg. ext. b) Ad Alm. 1.13,
71.5-8 émel mopdAinAiog éotv | AZ tf) T'H, kai difjkton gic avtag gvbeia 1 AET, Eotv, g
N AZ mpog v I'H, obtwg | AE mpog ET" «since AZ is parallel to I'H, and straight line
AET has been drawn across them, as AZ is to I'H, so AE is to EI'». ¢) The configuration
of the first cyclic lemma is as follows (Fig. 10). In a circle ABI" of center A, mark two
consecutive arcs AB, BI', any of which is less than a semicircle, join AB and AET
intersecting at E, draw from A, I" perpendiculars AZ, T'H to radius AB, respectively. It is
required to show that ch(2AB):ch(2BI)::AE:ET". The scholium gives the condition used
in El. V1.4 to prove the statement in the apodosis of the relatum; in its turn, such a
condition is a consequence of the protasis of the relatum. The text coincides with the
corresponding passage in Theon, in Alm. 1.13, iA, 547.3. d) Both in B and in C, sch. 64 is
located beside the relatum.

65

Text. ai AB BT mepupépetar 1j éMdttovég eiot tetaptnpopiov Ekatépa, 1i ioat fj dvicot 1j
N Hev tetaptnuopiov 1 8¢ éAdttov [TOV] TeTapTuopiov: fj ékatépa aOTOV TETAPTNLO-
piov: §j N pev EAatTmV TETOpTNUOPio 1] 6& peilwv TeTaptnuopion: fj 1| &V TETOPTNHOPIOL
N 0¢ peilov pev tetaptnuopiov fittov 68 NUikvkAiov: T Ekatépo peilov pev tetapTnuo-
piov itV 08 NukvkAiov, fj Toot f} dvicot

11 foon §j &vicorom. CG 2 t@v codd. : delendum 4 82" om. G | pév'] V G | peiCov piv] pév peilov G |
teTapuopion] 8’ om. G 5 fittev] frtov C

Transl. Arcs AB, BI': either each of them is less than a quadrant, either equal or unequal;
or the one is of a quadrant, the other is less than a quadrant; or each of them is of a
quadrant; or the one is less than a quadrant, the other greater than a quadrant; or the one is
of a quadrant, the other greater than a quadrant but less than a semicircle; or each [of
them] is greater than a quadrant but less than a semicircle, either equal or unequal.

Comm. a) Vat. gr. 1594, f. 24r marg. inf., Marc. gr. 313, f. 50r marg. inf., Vat. gr. 184, f.
91r marg. inf. b) The relatum is the entire third lemma (the first cyclic lemma). ¢) The
scholium reorganizes the material expounded in Theon, in Alm. 1.13, id, 547.17-548.8.
The scholium lists all possible combinations by successively increasing the size of either
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arc, the threshold value being a quadrant. All items in the disjunction except for the
second and the last are on the same level and are connected by line segments with their
common root (= the first clause); the second and the last dichotomy (equal/unequal) are
subordinated to the items preceding them; the branching is again represented by diverging
line segments. Theon, instead, groups the cases that have the same proof and identifies
them as follows: unequal and both less than 90°; equal, without further qualification; the
one equal to, the other less than 90° both greater than 90°. d) This is a schematic
scholium; both B and C have it in the lower margin, just after the end of the relatum. In
B, the relatum is followed, in the outer column, by the associated diagram and by the
initial line of the subsequent lemma; in C, the relatum exactly closes both the text of the
third lemma and the page (the final £€de1 6€i&on of Ptolemy’s proof is centered in the last
line), the diagram being on the next page. It is an easy guess that this was the mise en
page of the common model of BC. The ordering of the items is left-right. ¢) This is the
sole occurrence of the comparative fjttov in our corpus of scholia.

66

Text. o0 povov g A" mepipepeiog dobeiong didotan kal Ekatépo td@v AB BI', dAld kai
omotépag dobeiong dobncovat kal ail Aoural dVO TEPLPEPELOL.

Transl. Not only: once arc AT is given, each of AB, BT is also given, but also: once any
of the latter is given, the remaining two arcs will also be given.

Comm. a) Vat. gr. 1594, f. 24v marg. ext., Marc. gr. 313, f. 50v marg. ext., Vat. gr. 184,
ff. 30v et 91r marg. sup. b) Ad Alm. 1.13, 71.14-20 mapoakorovBel &’ avtodev 11, KAV
dobdov §| 1 A" 6An meprpépeta kal 6 Adyog O Tiig Vo v SmARv Tiig AB mpog v V10
myv owmAfv tfig BI', doBnoeton xoi éxatépa tddv AB kol BI' mepipepeidv «and it
immediately follows that, even if both the whole of arc AI" and the ratio of the [straight
line] under the double of [arc] AB to that under the double of BI" be given, each of arcs
AB and BI" will also be given» ff. (no citation in K). ¢) In the configuration of the first
cyclic lemma (sch. 64 and Fig. 10), neglect perpendiculars AZ, I'H and from center A
draw AZ perpendicular to AEI'. To show that, once arc AI' and ratio ch(2AB):ch(2BI)
are given, each of AB, BI is also given (Fig. 11). The scholium points out that the said
ratio and any of the lesser arcs will determine the other two arcs. The proof is immediate:
if, for instance, arc AB is given, then also ch(2AB) is given by the Table of Chords; but
also ch(2AB):ch(2BI) is given; therefore ch(2BT) is also given (Data 2); by the Table of
Chords, arc BI" will also be given; therefore arc AT is also given as a whole (Data 3). See
sch. 76. Sch. 66-73 refer to the second cyclic lemma. d) Both in B and in C, sch. 66 is
located beside the beginning of the relatum. In K, it follows sch. 69. ¢) Note the
correlative emphatic o0 povov ... GAAG Kai ... «not only: ... but also: ...»; the scope of
each correlate is the entire subsequent clause (cf. sch. 22, 28 and 50).
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67

Text. ¢ peilovog dnhadh odong tfic AB mepipepeiag tiig BI- &i yap foav ioat, 1 kdOetog
émi 10 E Emuntev, €l 8¢ éMdttov 1| AB tiic BT, éni tijg ET" &émumtev.

1 ¢ — neprpepeiog om. G 2 éhdttov] EraPev G

Transl. Since, clearly, arc AB is greater than BI'; for if they were equal, the perpendicular
would fall on E; if instead AB were less than BT, it would fall on EI".

Comm. a) Vat. gr. 1594, f. 24v marg. ext., Marc. gr. 313, f. 50v marg. ext., Vat. gr. 184,
ff. 30v et 91r marg. sup. b) Ad Alm. 1.13, 71.22-23 xoi 0w and tod A kdOetog Emi TV
AEI 1 AZ «and let from A a [straight line] AZ be drawn perpendicular to AEI'» (no cita-
tion in K). ¢) The scholium justifies the position of perpendicular AZ within the configu-
ration and on the corresponding diagram (Fig. 11), for Ptolemy’s argument assumes with-
out proof that perpendicular AZ falls inside triangle AAE. The text coincides with the cor-
responding passage in Theon, in Alm. 1.13, iA, 549.10-12. d) Both in B and in C, sch. 67
is located beside the relatum. In K, it follows sch. 66; in G, it is linked with it so as to
produce a seemingly continuous text (note the initial omission). In B, the scholium is

shaped as sch. 1. e¢) This is the sole occurrence of adverb dnAadn in our corpus of scholia.
68

Text. éav yap npocekPANOf 1 AZ, émi tiig diyotouiag g ABI mepipepeiog neceital

Transl. For, if AZ be produced, it will fall on the middle point of arc ABI"

Comm. a) Vat. gr. 1594, f. 24v interc., Marc. gr. 313, f. 50v marg. int. b) Ad Alm. 1.13,
pr. 71.24-72.2 tijg AT mepupepeiag dobgiong §| 1€ V10 AAZ yovia v NUicEWY AOTHC
vroteivovoa dedopévn Eotat [...] dfjhov «[that], arc AT being given, angle AAZ, which
subtends half of it, will be given [...] it is clear». ¢) The scholium justifies the first of two
statements regarded as «clear» by Ptolemy (see sch. 69 and Fig. 11): the angle at the
center subtending an arc that is half a given arc is also given. See E/. II1.3 and I11.30; the
angle is given since its sides AA and AZ are given in position and meet at a given point.
The text coincides with the corresponding passage in Theon, in Alm. 1.13, iA, 549.13-14.
d) Both in B and in C, sch. 68 is located beside the relatum.
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69

Text. 6édotar 8¢ xoi 1 wpog 1@ Z Opbn yovio: koi Aowtn dpo 1 Tpoc T® A yovia
doOnoetar dédotar 6¢ kol 1 AA g00gio €k 10D KEVTIPOL (TAVTOG Yap KOKAOL 1) €K TOD
Kévipov & goTL ol 1 Stdpetpog pK), kai &t 1| AZ Mpicelo ovoa tic Al Sedopévnc 8k
TAV &v KOKA® e0Bedv, énel kol 1| ABI mepipépeia dédotat kai Eott 10 amd Thg AA icov
TO1G Ao 1@V AZ ZA- dote kal Ao 100 AAZ tprydvov TAgvpd 1| AZ Eoton dedouévn.

1 koin] M kol CG | dpbny yovia comp. BC : dpboydviov G : ex opBoydviov corr. m. 2 K | Aoun] Aowrfi C |
™) A yovia ex Tdv A yovidv corr. m. 2 K | A]IA CG 2 movtog — 3 pk om. Th. | xvkiov comp. BC :
kévipov G | oiwv] olov G | &k Th. : gic codd. 4 1@dv — e0Be1dv] v — £00giav G | ABT om. G | Ko

om. G | 10 fecit ex ©® G 5 t0ig] t@v K | ante Aowrn add. | Th. | Aowtn] Aowmov G | €otor comp. B :
neprpépeta K

Transl. And the right angle at Z is also given; therefore the angle at A will also be given
as a remainder; and stright line AA is also given as a radius (for the radius of every circle
is so many 60 of which the diameter is 120), and again AZ [is given], which is half of
AT'—which is given from the chords in a circle, since arc ABI is also given—; and the
[square] on AA is equal to those on AZ, ZA; so that side AZ of triangle AAZ will also be
given as a remainder.

Comm. a) Vat. gr. 1594, f. 24v marg. sup., Marc. gr. 313, f. 50v marg. ext. et inf., Vat. gr.
184, ff. 30v et 91r marg. ext. b) Ad Alm. 1.13, 72.2 xoi 6’lov 10 AAZ tpiywvov, dijAov
«and [that] triangle AAZ [is given] as a whole, it is clear». ¢) The scholium justifies the
second of two statements regarded as «clear» by Ptolemy (see sch. 68 and Fig. 11): a
right-angled triangle having one of the acute angles and two sides given is also given. The
deductive steps are justified by Data def. 1, prop. 4, 2, El. 1.47, respectively; the final
conclusion requires a combination of theorems of Data: 52 (formation of squares), 4
(subtraction of squares), 55 (square root of the remainder); the radius AA and straight line
AT are given since their numerical values can be provided (the former by stipulation, the
latter by simply computing with the Table of Chords—but note that in this case one might
also use Data 87 to show that the radius and AT are given). As a consequence, triangle
AAZ is given since its sides are given (Data 39 and 52). The text almost coincides with
the corresponding passage in Theon, in Alm. 1.13, iA, 549.15-19, in which it is followed
by kai 6Aov dnrovott 10 AAZ tpiymvov «and, clearly, triangle AAZ as a whole», which is
a restatement of the relatum; the scholiast added the explanation of the fact that the radius
of a circle of given diameter is also given. d) Both in B and in C, sch. 69 is located in the
upper margin. In B, a signe de renvoi is added by a later hand and placed just above
nuicewav at 72.1 (see the relatum of sch. 68); no first-hand signe de renvoi can be found
in the manuscripts. In K, sch. 69 precedes sch. 66. The mistake of G at line 2 was
induced by the similarity of the signs for kévtpov and kOkAog (both in the form of a K,
the former having an additional short stroke at the middle of the letter = majuscule ligatu-
re kappa-epsilon). See sch. 25 for Aowtn here and in sch. 72.
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70
Text. éne1dn koi N Al meprpépeta d€d0tan
Transl. Since arc AT is also given

Comm. a) Vat. gr. 1594, f. 24v marg. ext., Marc. gr. 313, f. 50v marg. ext. b) Ad Alm.
1.13, 72.2-3 émel 8¢ tiig Al e00siog dAng dedouévng «and since, chord AT being given as
a whole». ¢) The scholium justifies the statement in the relatum (see Fig. 11): arc Al is
among the givens of the theorem, and the chord AI' associated to it is given since it is
provided by the Table of Chords (= it is a result of a calculation that in principle can be
formulated in the language of the givens—but note that one might also use Data 87). d)
In B, sch. 70 is located beside the relatum; in C, it is shifted four lines below it.

71
Text. 600&vtt
Transl. Which is given

Comm. a) Vat. gr. 1594, f. 24v marg. ext., Marc. gr. 313, f. 50v marg. ext. b) Ad Alm.
1.13, 72.3-5 dmoxertan kai 6 t1ig AE mpog EI" Adyog 6 ot Vv T@ THG VIO TNV SImAV TG

AB 7pog v vmo v duthiiv tii¢ BI' «and ratio AE to EI" was supposed to be the same as
that of the [straight line] under the double of [arc] AB to that under the double of BI'». ¢)
The participle d00évtt is in the dative: therefore it qualifies the underlined syntagm; the

mentioned ratio is in fact among the givens of the theorem (see Fig. 11). d) In B, sch. 71
is located beside the relatum; in C, it is shifted 5 lines below it.

72

Text. dédeiktal év toig dedopévolg OtL éav dedouévov péyebog eic dedopévov AdYyov
doupedq), Exatepov T@V TUNUATOV EoTal dedopévov. §| kol obVTmg: €mel 0édotat O tiic AE
wpo¢ EI" Aoyog, kai cuvBévtt 6édotan 6 i Al poc I'E Adyoc: kal dédotatl 1) AT d€dotat
dpa xai ) TE- 8édotan 8¢ kai 1) ZI' fjuiceia ovoa tiig A" koi Aown &pa 1y ZE Eoton
dedopévn dédotan 6¢ kal | ZA- koi opO1 1 0o AZE- dédotan dpa kai 1) AE.

1 post dédewcton add. yap Th. | 6860uév0v2] dédo(tar) G 2 émel] émi C 3 xai ovvBévtt — Adyog om. G |
ouvBévl] ouvtebéviov C 41 om. CG 58&om. G | ZA] ZO G | 1’ om. CG

Transl. It is shown in the Data that, if a given magnitude be divided in a given ratio, each
of the segments will be given. Or also as follows. Since the ratio of AE to EI is given, by
composition the ratio of AI' to I'E is also given; and AT is given; therefore I'E is also
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given; and ZI is also given, since it is half of Al'; therefore ZE will also be given as a
remainder; and ZA is also given; and also right angle AZE; therefore AE is also given.

Comm. a) Vat. gr. 1594, f. 24v marg. ext., Marc. gr. 313, f. 50v marg. sup., Vat. gr. 184,
ff. 31r et 91r marg. sup. b) Ad Alm. 1.13, 72.5-8 1] 1¢ AE &€oton dobeica kai Aown 1| ZE.
Kol 010 todTo Koi T AZ dedopévng dobnoetar kal 1§ t€ vmo0 EAZ yovia 100 EAZ

opBoymviov «both AE will be given and ZE, as a remainder. And because of this and of

the fact that AZ is given, angle EAZ of the right-angled [triangle] EAZ will also be giveny»

(underlined the citation in K). ¢) The scholium justifies some of the statements in the
relatum (the relevant magnitudes are underlined in what follows). The quotation of the
enunciation of Data 7 is applied to show that both AE and ET are given once AL (sch.
70) and ratio AE:ET::ch(2AB):ch(2BI') are (see Fig. 11). The “alternative” deduction,
which does not mention AE, first applies Data 6, 2 (twice), and 4 to show that ZE is
given; then, after claiming that ZA (by Data 30, 25, 26) and right angle AZE (Data def. 1)
are given, deduces that AE is also given (Data 52, 4, 55; see sch. 69), and hence that
angle EAZ is also given since triangle EAZ is given in form (Data 39). The scholium is a
cento of two passages in Theon, in Alm. 1.13, iA, 549.24-26 (quotation of the enunciation
of Data 7) and 549.27-550.1; the second passage is the beginning of an alternative proof
of the fact that, in the second cyclic lemma, both AE and EI" are given (Rome wrongly
puts a paragraph at 549.27, but what follows is not an alternative proof of the entire
lemma); see sch. 79. d) In B, sch. 72 is figuratum (an altar) and its beginning is located
just beside the relatum; in C, it is in the upper margin, without a signe de renvoi.

73
Text. 510, 10 kol TV AZ §e5660at uiceioy ovsav tiig AT
Transl. Because AZ is also given, since it is half of AT

Comm. a) Vat. gr. 1594, f. 24v interc., Marc. gr. 313, f. 50v marg. int. b) Ad Alm. 1.13,
72.5-6 §§ 1¢ AE £otau do0¢ioa xoi Ao | ZE «both AE will be given and ZE, as a
remainder». ¢) The scholium provides and justifies the coassumption necessary to find
ZE, as Ptolemy suggests, by subtracting AZ (= "4AT": Data 2) from AE (Data 4; for AE
see sch. 72). Data 2 and 4 are here applied (see Fig. 11). d) Both in B and in C, sch. 73 is
located beside the relatum. In B, the scholium is shaped as sch. 1. It is further enriched by
an ornamental motif, placed just below the last two signs.
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74

Text. kai dpotov wotelv 1@ 'EH tpryove 10 BEZ tpiymvov

noteiv] moodoot Th. | t@® I'EH tprydve 10 BEZ tpiywvov] 10 T'EH 1piywvov 1¢ BEZ tprydve Th.
Transl. And make triangle BEZ similar to triangle TEH

Comm. a) Vat. gr. 1594, f. 24v marg. int., Marc. gr. 313, f. 51r marg. int. b) Ad Alm. 1.13,
73.6-7 Eoton S 10 maporilovg avtag stvar, o¢ 1 TH npdg v BZ, obtwg 1 T'E npog

v EB «because they are parallel, as ['H is to BZ, so I'E will be to EB». ¢) The configu-
ration of the third cyclic lemma is as follows (see Fig. 12). In a circle ABI" of center A,
mark two consecutive arcs AB, BI', any of which is less than a semicircle, join AA and
I'B meeting at E once produced, draw from B, I" perpendiculars BZ, I'H to radius AA,
possibly produced. It is required to show that ch(2I'A):ch(2AB)::I'E:BE. The scholium
completes the explicative clause of the relatum by giving the condition used in E£/. V1.4 in
order to prove the statement in the principal clause. It corresponds to Theon, in Alm. 1.13,
id, 552.2-3; the syntax is adapted to fit Ptolemy’s sentence. Sch. 7475 refer to the third
cyclic lemma. d) Both in B and in C, sch. 74 is located beside the relatum.

75

Text. Oimhacia yop ékatépa ekatépag t@v I'H BZ

Transl. For each of them is the double of each of I'H, BZ, respectively

Comm. a) Vat. gr. 1594, f. 24v marg. int., Marc. gr. 313, f. 51r marg. int. b) Ad Alm. 1.13,
73.8-9 dote kai, d¢ 1) Vo TV dmATV thic ['A mpog v Vo v dmAfjv ti|g AB «so that,
as the [straight line] under the double of [arc] I'A to that under the double of AB». ¢) The
scholium explains how the ratio mentioned in the relatum can be obtained from the ratio
of 'H to BZ (see sch. 74 and Fig. 12); this is simply because the two chords involved in
the former ratio are double of I'H and BZ, respectively. The scholium modifies Theon, in
Alm. 1.13, iA, 553.5-6, who halves the chords instead of doubling I'H and BZ. d) Both in
B and in C, sch. 75 is located beside the relatum.
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76

Text. xai évtadBa od povov tiig BI' dobsiong didovror kai ai Aotrai, ALY Kol OTOTEPOC

t®v ['A AB do0giong didovtat koi ai Aotmai 500 mepLpEpeLaL.

Transl. Here too, not only: once [arc] BI" is given, the remaining ones are also given, but

also: once any of ['A, AB is given, the remaining two arcs are also given.

Comm. a) Vat. gr. 1594, f. 24v marg. inf., Marc. gr. 313, f. 51r marg. ext. b) Ad Alm. 1.13,
73.11-14 xoi évtadba 0& avtéev TapakoAovdel, d10ti, kv 1) I'B meprpépeta povn o0,
Kol 6 Adyog 6 Tiig vmo v NmAfv tii¢ ['A wpog v vmo v MmAfv tiic AB 6001, kai i
AB meprpépeta do0noetar «and here too, it immediately follows that, even if both the
single arc I'B is given and the ratio of the [straight line] under the double of [arc] T'A to
that under the double of BI is given, arc AB will also be given» ff. ¢) In the configuration
of the third cyclic lemma (sch. 74 and Fig. 12), neglect perpendiculars BZ, I'H and from
center A join BA and draw AZ perpendicular to EBI. It is required to show that, once arc
I'B and ratio ch(2I'A):ch(2AB) are given, arc AB is also given (Fig. 13). The scholium
points out that the ratio and any of the arcs will determine the other two arcs: see sch. 66
for the same statement in the case of the second cyclic lemma. Theon has a remark partly
to the same effect at in Alm. 1.13, i4, 557.24-26 (but the statement is only witnessed by
Laur. Plut. 28.18): opoiong 6¢ kav 1 AB mepipépeto pdévn 8001 kot 6 Adyog tijg Vo TV
SumAfiv thig A" mpog v «dmo v dwmAiv ti I'B, dobnocetarl kai | BI' meproépeia, tiig
CVUTTOGEDG €l 0. TPpoOg Toig I yivopévne «similarly, even if the single arc AB is given
and the ratio of the [straight line] under the double of [arc] AT to that [under the double
of] I'B, arc BI" will also be given, the intersection occurring on the side of I'». The proof
of the remaining case is immediate: if arc AT is given, then also ch(2AT’) is given by the
Table of Chords; but ch(2AT"):ch(2BT) is given; therefore ch(2BI) is also given (Data 2);
by the Table of Chords, arc BI' will also be given; therefore arc AB is also given as a
remainder (Data 4). The same argument applies if the ratio is ch(2AT"):ch(2AB). Sch. 76—
81 refer to the fourth cyclic lemma. d) In B, sch. 76 is located under the column contain-
ing the beginning of the relatum. In C, it is beside the last four lines of the proof. In B,
the scholium is partly shaped as sch. 1. ¢) The identical koi évtadba «here, too» at the
beginning of both the relatum and the scholium show to what extent the commentators

tend to mimic the language of the original.
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77

Text. TOAMAKIG €V TAIG KaTO oVVOESY TThoESt TapdAinioc yivetal 1| BT tf] AA- 810 to1e
avtobev didotor 1| BA mepipépeta, o1 10 dobeiong tijc vmdo ZAB didocsOar kol thv
Aeimovoav gig v piav opBNv, Tovtéott Ty VO BAA- didotou dpa koi § 1€ BA koi 6An 1)
I'BA.

1 AA]BA codd. 2BA]TAC | ZAB] ZABK

Transl. In the cases by composition, BI" often becomes parallel to AA; this is the reason
why in that case arc BA is immediately given, because, once [angle] ZAB is given, the
complement to one right [angle] is also given, that is, BAA; therefore both [arc] BA and
I'BA as a whole are also given.

Comm. a) Vat. gr. 1594, f. 25r marg. sup., Marc. gr. 313, f. 51r marg. sup., Vat. gr. 184, f.
31v. b) Ad Alm. 1.13, 73.11-14 kal évtadBa 8¢ avtobev TapakolovBel, o10t1, kv 1| I'B
nepLpépeta Lovn 6001 kol 6 Adyog 6 g Vo TV SmAfv Tiic A Tpog TV V7O TNV SmALV
g AB 06001, xoi | AB mepipépeta dobncetal «here too, it immediately follows that,
even if both the single arc I'B is given and the ratio of the [straight line] under the double
of [arc] T'A to that under the double of BI" is given, arc AB will also be given» ff. (no
citation in K). ¢) This is a scholium to the fourth cyclic lemma, showing that the result is
also valid when AA and BI" are parallel (Fig. 13). That angle ZAB is given is stated by
Ptolemy, 73.16-74.2, and then one applies Data 4, the fact that the arcs on a circum-
ference and the angles at the center subtending them are in one-to-one correspondence
(use Data 89, El. 111.20, Data 2), and Data 3. In this case one also immediately gets that,
since BZ = I'H in the configuration of the third cyclic lemma, the ratio mentioned in the
relatum is that of equality, a fact that will prove crucial in the proof of the “parallel”
configuration of the Sector Theorem outlined in sch. 87. Theon, in Alm. 1.13, iA, 554.11
and 554.16, asserts instead that in this case dcvotatov Ectat 10 Oedpnuo «the theorem
[scil. the fourth cyclic lemma] will be unsolvable» (lit. «non-constructible»), and points
out that Ptolemy o0 mpooypiital Toig obTmg dcvoTatov molovoals To mpdfinua «does not
use those [straight lines] that make the problem in this way unsolvable». d) In B, the
scholium is above the column in which the fourth cyclic lemma ends. In C, it is in the
upper margin of the page containing the same lemma. In either case, no signe de renvoi is
added. In K, it precedes sch. 78. ¢) The scholiast’s moALdkic «often» at line 1 is
something of a cheat: as a matter of fact, the “parallel” configuration of the Sector Theo-
rem is never required in A/m.; see Theon’s statement read above and Rome’s remarks at
id, 554-556, n. 1, and (1933, 45, n. 1). The avt60ev «immediately» at line 2 is both imi-
tative of the relatum (cf. sch. 76) and a typical metadiscursive modifier, of which Ptole-
my is specially fond; one finds 69 occurrences in A/m.; 5 in Pappus, in Alm. V-VI; 26 in
Theon, in Alm. 1-1V; 3 in our corpus of scholia (sch. 77, 84, and 98). The operator 1
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Aeimovoa gic «the complement to» at lines 2—3 is in this scholium applied to an angle;
otherwise the expression 1 Agimovca gic TO NukdkAov means «the [chord] complement
to a semicircle»: see sch. 11, 27, and 46; see also sch. 107.

78

Text. 6¢dotar 6¢ koi 1 BI' e00¢eia €k 1@V év KOKA® €001®dV kol diya awTnyV Téuvel | AZ:
Kol 1 fpioewn dpa adtig 1] BZ dédotar 6édotal 6¢ kol 1) €k ToD kévipov 1| AB- kai €ott
70 ano g AB o0V 101 dmo tddv ZB ZA- dédoton dpa kai 1 ZA.

13¢om.G | BITAT' G | AZ]AZK 3 t®v] tfic BK : v CG | épa] Ent G

Transl. Straight line BI" is also given from the chords in a circle, and AZ bisects it;
therefore half of it, BZ, is also given; and radius AB is also given; and the [square] on AB
is equal to those on ZB, ZA; therefore ZA is also given.

Comm. a) Vat. gr. 1594, f. 25r marg. sup., Marc. gr. 313, f. 51r marg. ext., Vat. gr. 184,
ff. 31v et 91r marg. ext. b) Ad Alm. 1.13, 73.16-74.2 1} pév vmd BAZ yovio v nuicsiov
vroteivovoa Tiig BI' mepipepeiog Eotat dedopévn: kai 6Aov dpa t© BAZ opboydviov
«angle BAZ, subtending half of arc BI', will be given; therefore the right-angled [triangle]
BAZ is also [given] as a whole» (no citation in K). ¢) The scholium supplies the steps
needed to prove the conclusion from the stated premisses (Fig. 13). The propositions
applied are Data 87 (here replaced by a look at the Table of Chords), EI. 111.3, Data 2, the
fact that the radius is given since its numerical value is provided by stipulation as 60 parts
(see sch. 69), El. 1.47. The last step is justified by Data 52, 4, 55: see again sch. 69, and,
further, sch. 80. As a consequence, triangle BAZ is given since its sides are given (Data
39 and 52). The text of the scholium coincides with Theon, in Alm. 1.13, iA, 557.5-8. d)
In B, the scholium is above the intercolumnar space on the right of the column in which
the fourth cyclic lemma ends; it happens to be quite close to the relatum. In C, it is beside
the space left, between the third and the fourth lemma, for the diagram of the third
lemma. In neither case, any signe de renvoi is added. In K, it follows sch. 77.

79
Text. Kai d1eAoVTL
Transl. And by separation
Comm. a) Vat. gr. 1594, f. 25r marg. int., Marc. gr. 313, f. 51r marg. ext. b) Ad Alm. 1.13,

74.3-5 énel 0¢ kol 6 1€ tiic ['E mpog v EB Adyoc 6édotan kai £t 1) I'B e00¢ia, do0ncetat
kal 7] te EB «since both the ratio of T'E to EB is given and again straight line I'B, [straight
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line] EB will also be given». ¢) The scholium supplies a missing step in Ptolemy’s one-
sentence deduction (Fig. 13): before applying Data 2 to get EB, one has to perform
separation of ratios on the ratio of I'E to EB in order to have the ratio of I'B to EB given
(but there is no theorem to that effect in Data); I'B is among the givens of the theorem.
The d1eAovtt deductive step is made explicit in Theon, in Alm. 1.13, iA, 557.15, within an
alternative proof of a deductive step of the fourth cyclic lemma very much in the style of
the alternative proof of the corresponding step in the second cyclic lemma (see sch. 72—
also in this case, Rome wrongly puts a paragraph at 557.15). d) In B, sch. 79 is located
beside the relatum. In C, it is misplaced beside the second line of the proof, seven lines
above the relatum.

80

Text. émei kai 1) BZ §é5oton fjuiceia ovoa tfig BT dedopévng kol o1t té amd tédv EZ ZA
ioa @ ano tiic EA, dédotan dpa kai ) EA- dote koi 10 EAZ tpiyovov dpboydviov.

1 odco comp. BC : om. G

Transl. Since BZ is also given because it is half of BI', which is given, and the [squares]
on EZ, ZA are equal to that on EA, therefore EA is also given; so that the right-angled
triangle EAZ is also [given]

Comm. a) Vat. gr. 1594, f. 25r marg. int., Marc. gr. 313, f. 51r marg. ext., Vat. gr. 184, f.
91r marg. ext. b) Ad Alm. 1.13, 74.4—6 dobMoeton kal 1 T¢ EB kai &tt 6An 11 EBZ- dote
Kai, énel 1 AZ dédotan, dobnoetat kal 1 te ¥Y1o EAZ yovia «[straight line] EB will also be
given, and again EBZ as a whole; so that, since AZ is given, angle EAZ will also be
given». ¢) The scholium supplies some steps missing in Ptolemy’s two-sentence deduc-
tion (Fig. 13): they almost coincide with those in sch. 78. The text of the scholium is a
rewriting, more faithful towards the end, of Theon, in Alm. 1.13, iA, 557.17-19, within an
alternative proof of a deductive step of the fourth cyclic lemma very much in the style of
the alternative proof of the corresponding step in the second cyclic lemma (see sch. 72
and 79). d) In B, sch. 80 is located beside the relatum. In C, it starts beside the fourth line
of the proof, six lines above the relatum.

81

Text. éne1dn 1 v0 BAZ yovia 6idotat

1 énedn] énei B

Transl. Since angle BAZ is given
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Comm. a) Vat. gr. 1594, f. 25r interc., Marc. gr. 313, f. 51r marg. ext., Vat. gr. 184, f. 91r
marg. ext. b) Ad Alm. 1.13, 74.6-7 doOnocetor koi §| 1€ Vo EAZ yovio 100 adtod
opboymviov kai Aowrn 1) Vo EAB «angle EAZ of the same right-angled [triangle] [scil.
EAZ] will also be given, and EAB as a remainder». ¢) The scholium supplies the coas-
sumption necessary to find angle EAB by subtracting BAZ from EAZ (Fig. 13). That
angle BAZ is given is stated by Ptolemy, 73.16—74.2, and then one applies Data 4. d) In
B, sch. 81 is located beside the relatum; in C, it is placed four lines above it. In G, sch.
78, 80, and 81 are linked so as to produce a seemingly continuous text. ¢) The oscillations
in our corpus of scholia between the non-canonical present tense didotot (5 occurrences,
never in extracts from Theon) and the canonical perfect tense 6édotat (19 occurrences)
reflect Late-Antiquity stylistic choices: one finds 0/146 occurrences of didotat/dédotan in
Data; 15/11 in Alm.; 16/14 in Pappus, in Alm. V-VI, but 0/10 in Coll.; 23/73 in Theon, in
Alm. I-1V. On the issue of the participial forms of d1d6vai, see Acerbi (2011b, 127-128).
I have retained in the main text the variant reading of the C-branch on no other grounds
than a sense of stylistic appropriateness.

82

Text. Oedpnpo kato Sloipecty

Transl. Theorem by separation

Comm. a) Vat. gr. 1594, f. 25r marg. int., Marc. gr. 313, f. 51r marg. int. b) Ad Alm. 1.13,
74.9-10 tovtv TPoAn@Oéviav yeypaepbmoay &Ml cQalpIKiic Empaveiog UeyioTOV KO-
KAV meplpépetal «this being preliminarily established, let two arcs of great circles be
drawn on a spherical surface» ff. ¢) The scholium provides a rigid designator of the fifth
theorem proved by Ptolemy: this is the first configuration, “by separation,” of the Sector
Theorem. Theon, in Alm. 1.13, iA, 558.1-2 and repeatedly since then, calls the Theorem
cpapkov Bedpnua «spherical theorem» and its configurations kata dwaipectv «by sepa-
ration» and xotd ocbvOecty «by composition». Sch. 82-91 refer to the Sector Theorem,
configuration “by separation.” d) Both in B and in C, sch. 82 is located beside the
beginning of the relatum. It is in majuscule in B.

83

Text. év 10ic 0QAPIKOIG TOVTOLS ANpuatiolg ai pev Kotd Olaipecty MTOGEC TAcOL
omlovoy TV evBvYpapov Kataypopny, oi 0& kotd ovvleswy obte cdlovoy gl v
e00VYpappov katoypagnv odte deikvovrol Tacar dvvaTov ¢ £0TL dEIKVDVIL TACAG TOG
Koo ovvlesY €K TV Katd dtaipecsty dedetypévav: 1 yap vroteivovca v omAfv tiig I'E
vroteivel Kol TV dwmAfv g ovveyodg i) I'E ¢ €nl ta mpodc 10 E pépn kai dvomAnpov-
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ong o NUKdKAMOV: 1 yap adtr evbeia vmoteivel 16 te peilov Tufpa Tod KOKAOL Koi TO
ElotTov. T0 0° avTa Ol vosiy kal émi TV I'Z ZA mepipepeidy.
5 Vvmoteivel] Omo— comp. B : dno— CKG | pépn] pépoug G | dvaminpovong] —mAypwoty codd. 6 10

NpukvrAov] tod kbkiov codd. (kdkhov symbolon B) | abvt] abtn K | €00¢ia] o supra lineolam scripserunt
BCG : idem sed 8 scripsit K 7 nepipepeidv om. G

Transl. In these short spherical lemmas, all cases by separation preserve the rectilinear
diagram, whereas the [cases] by composition neither preserve in every instance the
rectilinear diagram, nor can they all be demonstrated; but it is possible to demonstrate all
[cases] by composition from those demonstrated by separation, for the [straight line]
subtending the double of [arc] I'E also subtends the double of the [arc] adjacent to I'E on
the side of E and completing a semicircle, for the same straight line subtends both the
greater and the lesser segment of the circle. The same must also be conceived of for arcs
I'Z, ZA.

Comm. a) Vat. gr. 1594, f. 25r marg. inf., Marc. gr. 313, f. 51r marg. inf., Vat. gr. 184, ff.
32r et 91v marg. ext. b) Ad Alm. 1.13, 74.9-10 tobtv tpoinebéviav yeypdobmoay €t
cQAPIKTG EMpaveiag peyiot@v KOKAOV Teplteépeiat «this being preliminarily established,
let two arcs of great circles be drawn on a spherical surface» ff. (= citation in K). ¢) The
configuration of the Sector Theorem is as follows (Fig. 14). From the end-points B, I of
two mutually intersecting arcs AB, AT of great circles on the surface of a sphere, two arcs
BE, I'A are drawn across, meeting at Z and intersecting arcs AI', AB at E, A, respectively;
all these arcs must be less than a semicircle. Then

ch(2TE):ch(2EA) = [ch(2T Z):ch(2ZA)]°[ch(2AB):ch(2BA)] (“by separation”),
ch(2TA):ch(2AE) = [ch(2TA):ch(2AZ)]°[ch(2ZB):ch(2BE)] (“by composition”).

The first relation is proved by Ptolemy (74.9-76.2); the second relation is only enunciated
(76.3-9). The proof brings into existence the configuration of a suitable rectilinear
lemma: from the center H of the sphere, radii HB, HZ, HE are joined; HB is produced to
meet AA produced at ®@; I'A, T'A are joined and they meet HZ, HE at K, A, respectively;
one shows that points ®, K, A are on one and the same straight line. The resulting
rectilinear configuration is that in which from the endpoints ®, I'" of two mutually inter-
secting straight lines A®, AT two lines ®A, T'A are drawn across, meeting at K and inter-
secting straight lines AI', A® at A, A, respectively. The preceding lemmas allow “lifting”
to the spherical case the relations obtaining in the underlying rectilinear configuration.
The scholium points out the main differences between the configurations “by separation”
and those “by composition” of the Sector Theorem. “To preserve the linear diagram”
means that the straight lines and the arcs involved in the ratios that feature in
corresponding rectilinear and spherical configurations have the same position in the
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associated diagrams. This does not happen, for instance, in the case “by composition”
proved by Theon at in Alm. 1.13, iA, 564.9-565.20. It is not said that the scholiast had a
general proof of the affirmative side of his statement in mind; he could simply have
guessed by induction on the cases proved in Theon’s commentary. The case that “cannot
be demonstrated” is the “parallel” configuration of the Sector Theorem (see sch. 77 and
87). A proof by paradigmatic example that every case “by composition” can be deduced
from an appropriate case “by separation” can be found at Theon, in Alm. 1.13, i4, 567.1—
570.12, exactly along the lines indicated by the scholiast. The denomination Anppdrio
«short lemmas» for the several cases of the Sector Theorem does not coincide with those
of Ptolemy or of Theon (see sch. 56 and 82). d) Both in B and in C, sch. 83 is located in
the lower margin of the page; no signe de renvoi is identifiable in the manuscripts. In K,
it follows sch. 86. Note, at line 6, the sign for €00¢ia, that baffled the copyist of K. e)
Here and in sch. 84, the annotator introduces a material connotation by the fact of
referring to a xotaypoaen and not to a oyfjuo. The difference between the two terms is
well-established in the technical (meta-)terminology: oyfjua is a geometric figure, koto-
ypaen its graphic representation. At line 6, as elsewhere in our corpus of scholia, note
that the noun Muwkdxkhov is preceded by an article, even if modern Western languages
idiomatically resort to an indeterminate expression.

84

Text. émlevybeico N kown toun N OKA, peta td@v 100 TpLydvov TAELP®Y TOLET TNV
g000ypappov Kataypaeny, kol obtwg €ml maviog. Ol 0¢ tpiyovov Aaufdavewv 10
mePLEYOUEVOY VIO TV €00e1dV TV Ml T0 TEPATO TOV AOYOV Emlevyvopévav, TV 08
KOw”Vv tounyv v €ml 10 onueia émlevyvopévny ko’ & copPfdiiovowy oai amnd Tov
Kévipov &mi Ta péca onpeia TV Adyov €mlevyvipeval Toig €nl T dkpo onueio tdv
Moyov Emlevyvouévaig, gite avtdbev oc 1) EH tf) A €ite xoi ékfailopevarl g 1 HB 1
AA- 10 yop tpion onpeion kaB’ & cvpPdriovov ai Amd TOD KEVIPOL THG CEAIPOG
Emlevyvoueval €ml ta péca onueio @V AdYmV taic £mi Ta dkpo onpeia Emlevyvouévalg
En’ €00eiog yivovtal GAMAOLS. | Koi Emeldn €ml T@V g0Buypaun®VY TOV cvvTiféevoy Adyov
ExaapPavopey 1 kato dwipeoy fj katd cvviesty, obOTOG Kol £Ml TOV CEUIPIKAOY OHOImG
TOWGOUEY, UyvOVTEG THV e0OVYpappov Osmpiay Tf KukAKT, € OV 1) 6eoipikn dvictatol
Oeswpia vOv.

1 OKA] © codd. 2 xataypaenv] ypaehv K | movtog] mav' BC : méviwv G | tpiyovov symbolon BC :
oy kai G 3 émlevyvopévov] —yvipeva K - 4 v — émlevyvopévnv] tdv — milevyvop’ C : 10V (ex
corr. K) — émlevyvopévov GK 6 HB] NB CG 8 émlevyvipevar] —pévarc K 9 10v cuvtlbépevov] v

ouvtepévny C : v ovvtebeévny G | Aoyov] Adyov G 10 éxkhappavopev] éhapu— K | oceopikdv] —kn C
11 Bcopiov] yoviov G | post Gv habet viv G

Transl. Once the common section ®KA has been joined, it makes a rectilinear configura-
tion with the sides of the triangle, and similarly in each case. One must take as a triangle
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the one contained by the straight lines joining the endpoints [scil. I', A, A] of the ratios,
and as a common section the [straight line] joining the points at which the [straight lines]
joining the center [of the sphere] and the middle points [scil. E, Z, B] of the ratios meet
the [straight lines] joining the extreme points of the ratios, either immediately as EH
[meets] 'A or even if produced as HB [meets] AA, for the three points, at which the
[straight lines] joining the center of the sphere and the middle points of the ratios meet the
[straight lines] joining the extreme points, come to be on a straight line one to another.
And since, in the case of rectilinear [configurations], we indeed work out the compoun-
ded ratio either by separation or by composition, so we shall also do in a similar way—
namely, by mixing rectilinear and cyclic theory—in the case of spherical [configurations],
starting from which the discipline of spherics is actually set up.

Comm. a) Vat. gr. 1594, f. 25r marg. sup. et ext., Marc. gr. 313, f. 51v marg. sup. et ext.,
Vat. gr. 184, ff. 31v—32r et 91v marg. ext. b) Ad Alm. 1.13, 74.9-10 toOt@V TPOANQOEV-
TV Yeypaebocav Eml cQupikig émpaveiog LeEYioTOV KOKA®V Teplpépelat «this being
preliminarily established, let two arcs of great circles be drawn on a spherical surfacey ff.
(no citation in K). ¢) The scholium describes in the most general terms the construction of
the rectilinear configuration associated to a generic case of the Sector Theorem (Fig. 14);
see also point ¢ of sch. 83. There is no parallel passage in Theon’s commentary. d) Both
in B and in C, sch. 84 is located in the upper margin of the page containing the main body
of the proof of the Sector Theorem; no signe de renvoi is identifiable in the manuscripts.
In K, it follows sch. 78. In G, sch. 83 and 84 are linked so as to produce a seemingly
continuous text. ¢) On kotaypaen at line 2, see sch. 83. Here and in sch. 86, the noun
phrase ai amo tod kévipov (lines 45 and 7) is not a denomination of «radius» alternative
to N €k tod kévipov, but a part of the formula identifying a straight line joined from a
point to another (amo ** émi ##), here and in what follows simplified in translation as
«joining ** and ##»; see also sch. 5, 96, and 100. The avt60ev «immediately» at line 6
has a different connotation from the one, eminently metadiscursive, expounded when
commenting on sch. 77: it means «without the straight lines being producedy.

85

Text. ¢ EA Adyog cuvijmton €k t€ ToD TG VIO TNV SImARvV

EA] EA codd.

Transl. The ratio [...] of [arc] EA is compounded of that of the [straight line] under the
double

Comm. a) Vat. gr. 1594, f. 25r marg. int., Marc. gr. 313, f. 51v marg. ext. b) Ad Alm. 1.13,
74.16—17 mpog v v v ImAfv tig EA Adyog cuvijntal €k 1€ ToD Tiig V1o TNV SImAfv
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g I'Z «the ratio [...] to the [straight line] under the double of [arc] EA is compounded
of that of the [straight line] under the double of I'Z». ¢) This is a pericope witnessed by D
but that was omitted by saut du méme au méme by the copyist of the common model of
ABC, and there added in the margin by some reviser. Heiberg wrongly ascribes the
integration to a later hand in C. d) In B, sch. 85 is located beside the relatum; in C, it is
shifted nine lines under it. No signe de renvoi is added. In B, the 12th-century annotator
added a sign and the indication keipevov «standingy» [in the text]; in C, a later hand added
the same clause as sch. 85 supra lineam in the main text. ¢) The verbal form cuvijntot «is
compounded» is a synonym, widely used by Ptolomy, of coykettat.

86
Text. kaO’ EkacTov AOYoV TPIAV HVTOV TAOV GNUEIOV TOV PEV dkpov ToD d& uécov, al eV
TV €001V mi Ta dkpo TOV AOYV onueia €milevyviovoty, ai 8€ amd ToD KEVIPOL THG
oQaipog €ml TO0 pHEcov 10D T& GVVTIOEUEVOL AOYOL Kal EKATEPOV TV GLVTIOEVT®Y.

1 ante tp1@®v posuit tdv G 3 cvvtifepévov] ouviebeipuévoor G | cuvtiBévimv] cuviebéviov CG

Transl. Since there are three points for each ratio, namely, the extremes and the middle
[term], some of the straight lines join the extreme points of the ratios, other [join] the
center of the sphere and the middle [term] both of the compounded ratio and of each of
the compounding [ratios].

Comm. a) Vat. gr. 1594, f. 25r marg. inf., Marc. gr. 313, f. 51v marg. ext., Vat. gr. 184, ff.
32r et 91v marg. sup. b) Ad Alm. 1.13, 74.20-75.13 €iA9pbm yap 10 KEVTIPOV THC GPOipag
[...] xotd 10 K onueiov «in fact, let the center of the sphere be taken [...] at point K» ff.
(no citation in K). ¢) This is a scholium to the construction of the Sector Theorem (Fig.
13). It points out which straight lines must be joined in order to produce the rectilinear
configuration associated to the assigned spherical configuration; see sch. 84. There is no
parallel passage in Theon’s commentary. d) In B, sch. 86 is located in the lower margin,
just below the first two lines of the relatum; in C, it is beside the last lines of the relatum.
No signe de renvoi is added. In K, it follows sch. 87. ¢) Here and in the subsequent
scholia, the subtleties connected with expressing the components of compounded ratios
(see n. 67 above) frequently carry to error the copyists, in particular as far as participial
forms of cuvtiBévan are concerned.

87
Text. 6tov pev 1 amo tod H ént 10 A émlevyvouévn motf] tag vno AAH AHB yoviag 600

opOdV érdttovag, Tote 1 AA ovureceital tf] HB katd 1o O, dg viv: 6tav 8¢ dvo opbdv
ueiCovag, tote | AA 1] BH émi Oatépo pépel ovpmeoeitol, mposovominpwdéviov tév
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BAA BZE nuwvkiiov kol tfig BH dapétpov, kai 1 d€i€ic mpoPaiver: dtav o¢
napdAinioc N | AA tf] BH, t61e kai tfj KA mapdAinlog yiveton €€ dvaykmg, kai 6 Tiig
I'A mpoc AA Moyoc avapbnoetal £k 10D T I'K mpoc KA: 6 yap tiig Omo v SmAfv Ti|g
AB mpog v 016 Vv dmAfv Tiig BA t61€ i60TNTOG £6TL AOYOG, TOVTEGTL TOD ADTOD TPOG
TO 00TO" MoTE Kol obTE 1| 6€T&Ig mpoPnoeTar.

1 970] 4md C 2 dpOdV'] c’)po BC : 6pbov K 3 neiCovag] comp. B : yoviag comp. C : pigc K | AA]AAK |

Botépe pépet] C : Bdtepo pév od BK | mpocavaminpmBéviav] (mpoc)ova— BC : mpog ava— K 5] 7 K
6 I'K] T (xai) K | KA scripsi : KI" codd. | 6 yap tfig scripsi : 0 yi/" K : & yivetar K 8 obtac] (ov)' B : 0d K

Transl. When the [straight line] joining H and A makes angles AAH, AHB less than two
right angles, then AA will meet HB at ®, as now; when [it makes angles AAH, AHB]
greater than two right angles, then AA will meet HB on the other side, once semicircles
BAA, BZE and diameter BH have been completed, and the proof can proceed; when AA
is parallel to BH, then it necessarily becomes parallel to KA too, and the ratio of I'A to
AA will be compounded of that of 'K to KA, for the [ratio] of the [straight line] under
the double of [arc] AB to the [straight line] under the double of [arc] BA is in that case
the ratio of equality, that is, of the same to the same, so that also in this way the proof will
proceed.

Comm. a) Vat. gr. 1594, f. 25r marg. ext., Marc. gr. 313, f. 51v marg. ext. et inf., Vat. gr.
184, f. 32r. b) Ad Alm. 1.13, 74.20-76.2 eiAoOw yop 10 k€vIpov Tii¢ 6paipog [...] Kai oD
THC V7O TNV AV Thc AB mpoc v v7o Trv dwmAfiv thic BA «in fact, let the center of the
sphere be taken [...] and of the [ratio] of the [straight line] under the double of [arc] AB
to that under the double of BA» (no citation in K). ¢) This is a scholium to the construc-

tion and proof of the Sector Theorem, describing the “parallel” configuration as a limiting
case of the configuration actually assumed by Ptolemy (the straight line joining H and A
does not feature in Ptolemy’s construction; it just serves to formulate a criterion of inter-
section/parallelism of straight lines AA and HB). The scholiast also summarizes in few
but careful words the gist of the proof in that case, not treated by Ptolemy and declared
dovotatov «unsolvable» by Theon (see sch. 77). Take the relation stemming from the
rectilinear configuration assumed by Ptolemy: [A:AA = (I'’K:KA)(A®:0A). Now, as seen
in sch. 77, in the “parallel” configuration of the third cyclic lemma the ratio between
chords mentioned in the relatum (underlined above) is that of equality. On the other hand,
as the scholiast points out (Fig. 14), when AA becomes parallel to BH and hence to KA,
by El. VI.2 the ratios [A:AA and 'K:KA become “equal,” and this entails that the case
“by separation” (sch. 83) still applies, with ch(2I'E):ch(2EA)::ch(2T'Z):ch(2ZA); the
actual proof of this statement, that we read, in the quite complex Arabo-Latin tradition of
Menelaos’ Sphaerica, as a further case after the case “by separation,” is just a formaliz-
ation of the argument outlined by the scholiast. Sch. 77 and 87 constitute the first direct
evidence that a proof of the “parallel” configuration of the Sector Theorem was elabor-
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ated in Greek (see Acerbi 2015). d) In B, sch. 87 is located in the outer margin, beside the
construction of the Sector Theorem; in C, its beginning is placed beside the last five lines
of the proof; the remaining portion of the scholium continues beside the sketch of proof
of the configuration “by composition” (76.3-9). No signe de renvoi is added. In K, sch.
87 follows sch. 84. ¢) At line 3, the form of npocavarAnpodv with double preverb is
slightly more canonical, in case of parts of circles, than the form of dvoninpodv we have
read at sch. 83, line 5: after the isolated, seminal occurrences of the former at E/. 111.25
(what is completed is a circle) and of the latter at F/. XII.2 (what is completed is a
parallelogram), a mathematical Atticist such as Pappus only resorts to the former when
completing circles (11 occurrences in Coll.). Note the non-canonical dvaep6nceton at line
6: the point is that there is only one compounding ratio, namely, 'K:KA, that «makes up
completely» ratio TA:AA.

88

Text. 510 10 B’ Afppa

Transl. By the 2nd lemma

Comm. a) Vat. gr. 1594, f. 25r marg. ext., Marc. gr. 313, f. 51v marg. int. b) Ad Alm. 1.13,
75.13-15 6 apa thg I'A npoc AA Adyoc cvvijmton k te 10D Tiic 'K mpog KA kai 10D Tiig
A® mpoc OA «therefore ratio I'A to AA is compounded of that of 'K to KA and of that of
A® to ®A». ¢) The scholium provides a reference to the relevant lemma: it is the rectilin-
ear lemma “by separation.” d) Both in B and in C, sch. 88 is located beside the relatum. It
is in majuscule in B.

89

Text. 610 TO y' AfjppLoL

Transl. By the 3rd lemma

Comm. a) Vat. gr. 1594, f. 25r marg. ext.; the annotation is missing in Marc. gr. 313. b)
Ad Alm. 1.13, 75.15-17 &AN’ g pév | 'A wpog AA, obtog 1 vmo v dumAfv tiig ['E wpog
Vv Vo TV ARV g EA mepupepeiag «but, as I'A is to AA, so the [straight line] under
the double of [arc] I'E is to that under the double of arc BI'». ¢) The scholium provides a
reference to the relevant lemma: it is the first cyclic lemma. d) In B, sch. 89 is in
majuscule and is located beside the relatum.
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90
Text. o1 10 v’ Afjupo
Trans!. By the 3rd lemma

Comm. a) Vat. gr. 1594, f. 25r marg. ext.; the annotation is missing in Marc. gr. 313. b)
Ad Alm. 1.13, 75.17-19 m¢ 8¢ 1| 'K wpoc KA, obtmg 1) vmo v dumAijv tiig ['Z mepipepeiog
TPOG TNV VO TNV SmARVv g ZA «and, as 'K is to KA, so the [straight line] under the
double of [arc] I'Z is to that under the double of ZA». ¢) The scholium provides a refe-
rence to the relevant lemma: it is again the first cyclic lemma. d) In B, sch. 90 is in majus-
cule and is located beside the relatum.

91
Text. 510, TO Avamaiy ToD & ANUUOTOC
Transl. By the inverse of the 5th lemma

Comm. a) Vat. gr. 1594, f. 25r marg. ext.; the annotation is missing in Marc. gr. 313. b)
Ad Alm. 1.13, 75.19-21 o¢ 6¢ 1| OA mpog OA, obtwg 1| VO TV OwAfv Tiic AB
TEPLPEPELNG TPOC TNV VIO TV SmATv T1ic BA «and, as ®A is to @A, so the [straight line]
under the double of [arc] AB is to that under the double of BA». ¢) The scholium pro-
vides a reference to the relevant lemma: it is the fifth cyclic lemma. The adverb ava-
oA only means that the inverse of the proportion in the lemma is used, not the inverse
of the lemma itself. d) In B, sch. 91 is in majuscule and is located beside the relatum.

92
Text. T@V kot LEPOC AoEdoEMV
Transl. Of the individual declinations
Comm. a) Vat. gr. 1594, f. 25v marg. ext., Marc. gr. 313, f. 52r marg. int. b) Ad Alm. 1.14,

76.12—14 tovtov oM 1OV Oewpruatog mpoektedeiuévovr momaoouebo TpOTHYV TV TOV
TPOKEUEVMV TEPLPEPELDV ATOdEEY 0VT™G «this theorem being preliminarily set out, we

shall first of all demonstrate the [numerical values] of the arcs we set ourselves to

determine, as followsy. ¢) The expression specifies that the arcs alluded to by Ptolemy are
in fact the individual arcs of the declination of points of the ecliptic with respect to the
equator. The text coincides with Theon, in Alm. 1.13, iA, 571.14. Sch. 92-104 refer to
Alm. 1.14. d) Both in B and in C, sch. 92 is located beside the relatum. In B, it is placed
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exactly beside the underlined pericope of the relatum (amounting to one line in the
column).

93
Text. tetopnUoplov yap €ott Ekatépo TV BE EA
Transl. For each of [arcs] BE, EA is a quadrant

Comm. a) Vat. gr. 1594, f. 25v marg. int., Marc. gr. 313, f. 52r marg. int. b) Ad Alm. 1.14,
76.23-24 (ote 10 pév B yeipepvov tpomikdv eivat, 10 8& A Ogpvov «so that B is the
winter solstice, A the summer [solstice]». ¢) The geometric configuration assumed in
Alm. 1.14 is as follows (Fig. 15). In a representation of the celestial sphere whose circular
outline ABZT'A is the circle through pole Z of the equator and the pole of the ecliptic, arc
AEI" within the circle is the equator, arc BEA the ecliptic (and hence B and A are the
winter and summer solstices, respectively, and E is the spring equinox). Arc ZHO is
drawn across from Z, meeting the ecliptic at H and the equator at ®. It is required to find
H® (the declination of point H of the ecliptic with respect to the equator) given EH (the
distance of point H along the ecliptic from the spring equinox). The scholium specifies
that arcs BE, EA are of a quadrant, for, as noted by Ptolemy in the immediately pre-
ceding clause, point E is the spring equinox. d) Both in B and in C, sch. 93 is located
beside the relatum. It is in majuscule in B.

94

Text. 6tov émtartouedo Adyov apelelv €k Adyov, ofjlov 6Tt 00deV dALO Ti éoTv i
Stoddoar tov Adyov G’ ol 1| deaipeoic yivetar €ic te TOV APUpodUEVOV Kol TOV HETH
TODTO KOTOAEWMOUEVOY: Koi Yip GOYKeLTOL £kEivo A’ oD 1| deaipeoig yivetar &k 1€ ToD
apopovuévon kai Tod pet’ €keivo Aowmod (1o yap Elattov dmd tod peilovog apaipeitar).
TG oLV N dddvoig yevinoetay; §| Sfilov 81l dvémaiy tfi ovvBécer; Adyog 8¢ &k AdyaV
ovykeloOot Aéyeton Otav ol TV AOYOV TMAIKOTNTEG €9’ €00TOC ToAloTAactlocOeicot
oGl Tvar dVo yap Opmv drdov peTabd Tifepévov, 6 ToD TPAOTOV TPOC TOV SEVTEPOV
AOYOC €ml TOV ToD dgLTEPOV TPOG TOV TPiITOV TOAAATAAGCLAGHEIC TOlEl TOV T®V AKp@V
AOyov, Omoidg mot’ dv 6 pécog &in. olov Tod B kai Tod N E6Tm pécog O 8. émel obv O pev B
POC TOV O TOV TOD Miceog Exel AOYOV Koi 6 & mpOg TOV 1 Opoiwg, ToAAATAACIAL® TO
o €l 1O fuov kol Towd & Kol gvpiok® td B TdV 1 &' HéPog. GAAL KOV AvTi TOD & TOV
L O®d pécov 6pov, TAAY 6 T®V B TPOg TOV M cVYKELITAL EK TE TOD TOV B TPOG TOV [ Kol TOD
L TpOG N° TO Yap B TOV U K’ €0TL HEPOC, TA OE U TOV 1) TEVTATAAGLA, TO O0¢ K' €7l TO € TO1El
', émedn odv AOyog &k Adywv cuykeicOat Aéyetar dtav ai Tdv Adymv mmiucdtnteg 49’
£€avTtag ToAarAaclaceionl moldci Tva, dfAov OTL €0V Ao dedopuévov Adyov apoipedi
Loyoc dedopévoc, 6 Aowmdg dedopévog Eotar Exovieg yop TV 1€ ToD AdYOL 4@’ oD 1
aeaipeoctg yivetar mnAkonTe Kol TV Tod dgopovuévov, EEoUEV Kol TNV AouTnv
TINMKOTNTO, T{TIG €L TV TOD AQapefEvTog yevouévn mnAkoTnTa TolEl TV ToD GUVOETOL,
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d'. €i Toivov TV 10D €AATTOVOG TMV S100UEVEOV AOY®V TNAKOTNTO GO TTig Tob peilovog
aeaipeital, 10d° Eotal otyds, 1 Tod EAdtTovoc Adyov petatilBspuévov gig Tov peilova kol
évappolopévov avt@d, tote TOod peilovog petapepopévov gl Tov €ldtTova | Koi
TEPLEYOVTOG ODTOV: Kal TOVT®V EKATEPOV DG EmtelecOnoetal: Ko’ EkdTEPOV Yap TAOV
AOyov dvtov Tpordyov Kal VTOAGYOV, 1 T€ i ToV peilova Aoyov 6 EAdy1oTOC EvapuUOCEL,
N aeaipecic mote PEV TPOC T® TPOoAOY® (¢ &mi ToD 1 & M) moTE d€ TPOG TGP VTOAOGY® TOD
neilovog Adyov yevioetot (m¢ émi tod 1B § £ ), 4@’ o0 1 deaipeoig yiveta, & te 6 peilmv
gic tov élattova peteveydi), moAv 1| mPOC T@® TPOAdY® TOD EAATTOVOC YEVIHGETOL 1)
dpaipecic i mpog 1@ VrordY®. obTO pEv oLV KaddLov TomTéoV. £l pévtol eBpopey &v Td
peifovt kai EAatTovt AOY® TOV 00TOV Spov 1| €V mPoAOY® T &€V DTOAOY®, EVUAPECTEPQ
MUV Eotan 1 AMfjyic: ol yap mopd Todg anTodg Hpovg, 00Totl TOV Aotmdv Adyov mepté&ovcty.
olov 8¢ Zotm &md TOd Adyov TV dDdexa mPOC Y TOV TOV 1 mMPOG & ApeAeiv-
gvappolopévov tod 1 Td 1 koi pécov Tifepévou Tod J, dpnpnTal 6 TAV 1 TPOC & AdYOG,
TEPIAEITETOL OE O TAV O TPOG ¥, EMITPLTOG" EMITPITOC VAP ML TPIMAACIOV TETPATAAGIOV
motel. kavtadba & opoing duvartal and te 100 peilovog i TOv EAdTTova Kol Gmd Tod
glattovog €ig Tov peilova motelohat v petay@ynV ToTe PEV TPOG T TPOAOY® TOTE OE
TQ VIOALOY® YVOUEVNS THS AQUPECEMC.

1 6tav] dt’av et sic semper K | dfjAov 6t1] dniovott C | dAro ti] adrotovto C : dAlo todto D 2 dwoddoat]
d136val G 4 éxeivo] —ov D | 10 &hattov] Tov — x B (sed vix legitur) : Tov — ghattov dein truncatum folium
C :tov — &M* G : 1ov — Ehattov K | dgotpeitan] —&1 BK : apapiv C : 4™ D : —€iv G 5 didhvoig] dniov
G | &fjhov 611] dnrovott DG : dnA dein truncatum folium C | 7fj cuvbéoet] Tfig ovvBéoews G | Adywv] Ao’
BC : Moyov GK 7 moidoi] —owv BC : moodor G | Ahov] —og D : év & G | tifepévov] —og D | mpdrov] o
D | wpog] kai C 8 Adyog] Aoyov CG | tov om. G | Sevtépov] B D | tov] 10 K 9 mot’ &v] mote G |
oiov] oi K corr. m. 2 | koi tod] mpdc ov D | péooc] u*° K fecit pécov m. 2 | odv] yobv G | post 6 add. 82
m. 2 K 10 roranracialon] —o6sv DG : —o0gic B comp. C K corr. m. 2 11 kai om. D : deleuit m. 2 K |
now®] motel K corr. m. 2 | tdvom. G | 816" D | tov] 10 G 12 ante péoov scripsit pev K | péoov] uev G
| tov] 10 Kcorr. m. 2 | t®vom. D | B? — kai tod] BempogG | tov] o Kcorr. m.2 13«']«x" D : k" ex«’
K | éottom. G | ©0] 10 G:extofecittam. 2K | k] « BCK | €] ¢ DG 14 §'] d BD : supra lineam add.
ovim. 2 K | Ayev'] 20" BG : Adyog C : Adyov K 15 modhamhasiacdsioot] morhamh” G : —acBsicar supra
lineam suppl. m. 2 K | mowdoi] —ow BC | &ijlov &11] dnrovott CG | €av supra lineam D | dedopévov] —og
C | aopopedii] apap/ C : apapeitor G 16 £xovreg] Exov 1€ G 17 amlotto] mniikn K corr. m. 2 |
Aounv] dowr C : howov D 18 yevopévn] yiveton GK | mnlkoétnta] —teg K corr. m. 2 et postea add. koi
supra lineam | 10D cvvOéTov] todTov GhVOeoy K 19 81 8 BCD | tiig om. G 20 dooipeitai] fortasse —
obuev D : —e0ff G : —oopev ex corr. m. 2 K | 168°] to0to D : 10 8 K | dixddg] * BCG : dixa K |
petatifepévov] petatibetar BCGK | tov] t0 K corr. m. 2 | peilova] peilov K corr. m. 2 21 évappolopé-
vov] —vnv DG comp. C fortasse B et ex corr. m. 2 K | avt@®] avtriv DG comp. CK : legi nequit B | tod
peiCovog] suppleui | petagepopévov] —eepopev BCDGK | tov éldrtrova] 10 €lattov K corr. m. 2
22 nepigyoviog] —€xov' B : —gyov' C : mepiéyo”” D : —&xovta G : ex —éxov* fecit —&xovio m. 2 K | Siydg] 8t* C
| éxdrepov] éxactov fecit m. 2 K 23 mpohdyov kai Kmohdyov] mpordymv kai dmoddywv D | €hdyiotog]
érdttov GK | évapudoet] —000f] G 24 aoaipeocic ex corr. G | & subscr. BC : om. G | mpog 1@ HoAdy®
10%] Kkai T vmoroyov G 24-25 10D peilovog A6yov D : tov p° Ao! B : tov umc- 10" C : 1ov peilova Adyov GK
| yeviioetat (Og] yev/t d¢ B : yévntan kai G : yévnton og K 26 ig tov éhattoval & te 6 éhdttov BCGK |
poc] év G | tod €Mdttovog] td éldttovi G et ex tod €Adttovog fecit m. 2 K 27 dopaipeoig des. G |
VmorOy®] (étel €mbve onueiov todto &ig ta €milowma adnotauit C | obtw] tod K 27-28 t® peilovi kai
€LatTovt Moy®] toig peifoot kai Eéddtroot Adyolg K | @ om. C | peilowvi] peiCoor B | evpapeotépa] gvpa-
peotm C 29 ovrot 1oV Aourdv] ov’ 1od Lowmod BC : dvieg oV howwdv D : adtov 1od Aouod K | mepié&ovov]
nepe€et K 30 €oto] éotv comp. C K corr. m. 2 : legi nequit B | d@dexa] 1 DK | 10v] 10 BCK | 1®V]
100 D | mpogd om. K 31 dvappolopévov tod] évapuodlopev tov BK | 1@ 1f om. K | péoov tibepévov] p°
TiBepev C : pecov Tt dein legi nequit B : petatifepévov D : pécov tibepev K | tod] tov BCK 32 16v] t0d D
| émitpirog'] émei y (y cum circumflexu) BC K corr. m. 2 | tpumhéoiov tetpamhidoiov] —ov bis ex corr. m. 2 K
33 te om. D | 10v éhdrTova] 10 Elattov K | 10v] tovg C 34 €ig tov] ewoor C | tov peilova] 1o peitov K |
@] 10 C
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Transl. When we undertake to remove a ratio from a ratio, it is clear that this is nothing
other than to resolve the ratio from which the removal is going to occur into the removed
[ratio] and the remaining [ratio] after this. And in fact that from which the removal is
going to occur is compounded of the removed [ratio] and the remaining [ratio] after that
(for the lesser [ratio] is removed from the greater). Now, how will the resolution come to
pass? Or is it clear that [it will] conversely to composition? A ratio is said to be compoun-
ded of ratios when the [numerical] values of the ratios multiplied by each other make
some [numerical value of a ratio]. If, in fact, another term is set between two terms, the
ratio of the first to the second, multiplied by that of the second to the third, makes the
ratio of the extremes, whatever the middle [term] might be. For instance, let 4 be a middle
of 2 and 8. Then since 2 has to 4 the ratio of %, and similarly 4 to 8, I multiply % by %
and I make ", and I find that 2 is a 4th part of 8. Yet even if I set 40 instead of 4 as a
middle term, the [ratio] of 2 to 8 is, again, compounded both of that of 2 to 40 and of that
of 40 to 8, for 2 is a 20™ part of 40, 40 is quintuple of 8, and %, times 5 makes . Then
since a ratio is said to be compounded of ratios when the [numerical] values of the ratios
multiplied by each other make some [numerical value of a ratio], it is clear that if a given
ratio be removed from a given ratio, the remaining [ratio] will be given. For if we have
both the [numerical] value of the ratio from which the removal is going to occur and the
[numerical value] of the removed [ratio], we will also have the remaining [numerical]
value, which makes the one of the compound [ratio], %, when it is multiplied by the
[numerical] value of the removed [ratio]. Now, if one removes the [numerical] value of
the lesser of the given ratios from the one of the greater, this will come about in two
ways, either by the lesser ratio being transposed to the greater and fitted to it, or by the
greater being transformed into the lesser and made to contain it; and each of these cases
will be accomplished in two ways. For, each of the ratios having an antecedent and a
consequent, if the least is going to be fitted into the greater ratio, the removal will occur
either with respect to the antecedent (as for 12 4 8) or with respect to the consequent of
the greater ratio (as for 12 4'4 3), from which the removal is going to occur; if the greater
[ratio] has been transformed into the lesser, again, the removal will occur either with
respect to the antecedent or with respect to the consequent of the lesser. Now, this is the
way it should be done in general. But if we should happen to find in the greater and the
lesser ratio the same term in either the antecedent or the consequent, finding the value
will be easier for us, for these terms other than the identical terms will contain the
remaining ratio. For instance, from the ratio of twelve to 3, let it be required to remove
that of 12 to 4; 12 being fitted to 12 and 4 being set as middle [term], the ratio of 12 to 4
turns out to be removed, and that of 4 to 3 remains, which is ¥%; and % multiplied by
triple makes quadruple. Here, too, it is similarly possible to carry out the transition from
the greater to the lesser or from the lesser to the greater, and the removal can occur with
respect to either the antecedent or the consequent.
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Comm. a) Vat. gr. 1594, f. 25v marg. ext. et inf.,, Marc. gr. 313, f. 52r marg. ext, inf. et
sup., Vat. gr. 184, ff. 32r—v et 91v—92r, Vat. gr. 180, f. 23v marg. sup., ext. et inf. b) 4d
Alm. 1.14, 78.3-5 éav Gpa 4md 100 T®V pK TPOG TO 1N A’ VE" Adyov AQEA®UEY TOV TOV &
po¢ T pk «therefore if from the ratio of 120 to 48;31,55 we remove that of 60 to 120».
The citation in K coincides with the title of Alm. 1.14 nepi 1@V peta&y tod ionuepivod Kol
oD Ao&oD KOKAOV TEPLPEPEL®Y «on the arcs between the equator and the ecliptic». ¢) The
scholium first expounds basics about compounded ratios, and then provides general rules
to perform the operation of removal of ratios; see the introduction for some details on the
procedure, in particular on the crucial operation of évapuolewv «fitting» a ratio to another.
The scholium is the Ur-text of the treatise on removal of ratios ascribed to Domninus of
Larissa (Riedlberger 2013, whose translation I have adapted); the relationships between
these two texts are studied in detail in Acerbi and Riedlberger (2014). Ancient exposi-
tions on removal of ratios include sch. 98-99 below, Pappus, Coll. VII.240; Theon, in
Alm., iA, 532.1-535.9 and 759.8-762.2; the final section of Prol. (edited in a preliminary
form in Knorr 1989, 190-201—but, misguided by a calculation error in the Greek text, he
misunderstood a part of the procedure: 188—-189); Eutocius, in Con., AGE 11, 218.6—
220.25, and in Sph. cyl. 11.4, AOO 111, 120.3-126.20. Add a few splinters in scholia 2—11
to Book VI of El. (EOO V, 320.5-331.4—but scholium 4 coincides with the first of
Theon’s passages just mentioned), where we read a definition of compounded ratio (EL.
V1.def.5). Of some interest is also a dwOpVN O GYOALOV €1G TOGC TAV AdY®V chvOesiy TE Kol
aeaipeoty ascribed to a Leon (ibid., 341.9-345.7). This is transcribed by the main
copyist, together with other exegetic material and after the end of EI. VI, at ff. 120-121 of
Bodl. Dorv. 301; for a detailed discussion of these and other Greek and Byzantine texts
on removal of ratios see Acerbi (2018a). d) The scholium is long and, both in B and in C,
it has been located in the most spacious margins about the first application of the Sector
Theorem. Since another long scholium (sch. 98) had to be transcribed after sch. 94 and
before the end of the chapter (sch. 94 outlines a general approach to the operation of
removal of ratios, sch. 98 works out a specific example), it happened that sch. 94 and its
relatum lie on different pages. In K, sch. 94 follows sch. 83.

95
Text. peyiotov
Transl. Of a great

Comm. a) Vat. gr. 1594, f. 25v marg. int., Marc. gr. 313, f. 52r marg. int. b) Ad Alm. 1.14,
77.11 7\ t0d peyioTov kOKAoL mepipépeta «the circumference of a great circle». ¢) This is
a word witnessed by A (D has a different text) but that was omitted by the copyist of the
common model of BC, and there added in the margin by some reviser or by the copyist
himself. d) Both in B and in C, sch. 95 is located beside the relatum.
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96

Text. 1 yop ZA éx ndLov odca Tod ionueptvod TETapTHUOPIOV E6TL

1 yop ZA £k 10D moLov ovoa £l TOV ionuepvov TdY Tod tetapTnuopiov popdv oty ¢ Th.
Transl. For [arc] ZA is a quadrant since it is [an arc] from a pole of the equator

Comm. a) Vat. gr. 1594, f. 26r marg. int., Marc. gr. 313, f. 52r marg. int. b) Ad Alm. 1.14,
77.21-22 AN 1 pev tig ZA mepipepeiog SimAf popdv oty pmt «but the double of arc
ZA is of 180 degrees». ¢) The scholium explains why the double of arc ZA is 180° (Fig.
15): ZA is a quadrant because Ptolemy took A to be on the equator and Z to be a pole of
the equator (76.18-20 and 76.24-77.1). The text corresponds to Theon, in Alm. 1.14, iA,
573.10-11. d) Both in B and in C, sch. 96 is located beside the relatum. ¢) Note the noun
phrase 1 €k 10D moéAov «[arc] from a pole», formed on the model of 1} éx T0D Kévipov
«radiusy; éx wOAov here lacks the article 1} because it is the noun of the predicate. It is not
clear whether the absence of the article tod is a slip of the scholiast or a subtle correction
of his, induced by the fact that every circle on the surface of a sphere has two poles
(Theon, more faithful to the model, has the article); cf. sch. 5, 84, 86, 100. The first
occurrences of the expression 1} ék 10D wéAov with the meaning of «polar radius» are in
Theodosius, Sph. 1.16, 17, 19-21, 11.5, 14, 17, 22; one also finds this expression in Heron,
Metr. 1.39 (Acerbi and Vitrac 2014, 244.6-7), and in Pappus and Theon.

97
Text. 1| yap AB peyiom éoti AMOEwoig popdv ky va' K"
Transl. For AB is the greatest declination, namely, of 23;51,20 degrees

Comm. a) Vat. gr. 1594, f. 26r interc., Marc. gr. 313, f. 52r marg. int. b) Ad Alm. 1.14,
77.23-26 1 6¢ tiic AB SutAf] KOTQ TOV GUUTEPOVNUEVOV MUV TOV TTY TPOG T 1o AOYOV
popdv ul up’ w'’ «and, according to the ratio of 83 to 11, with which we agreed, the
double of [arc] AB is of 47;42,40 degrees». ¢) In the configuration described in sch. 93
(Fig. 15), arc AB is cut off, on the great circle through pole Z of the equator and the
winter solstice B, by the equator itself and the ecliptic; therefore, it is the greatest
declination of the ecliptic on the equator. Of course, this is half of the value given in the
relatum; Ptolemy deals with this matter in A/m. 1.12. d) Both in B and in C, sch. 97 is

located beside the beginning of the relatum.
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98

Text. éav amo dedopévov Aoyov PouvAnOdpev dedougvov AOYOV  AQEAOVTEG TOV
KOTOAEWTOUEVOV €VPElv, €1 PEV gVpebf] O mPoOroyog TOD AQUIPOVUEVOD O aVTOC TQ
TPoAOY® TOD G’ o daipeital, i 6 VTOLoYOG T VTOAOY®, adTdOeV 0l Stdpopot &v Toig
AOyo1G Opot TTEPLEXOVTL TOV KUTAAEITOUEVOV AOYOV (¢ €ml 1 ¢ & §) 1 O V) Eoton yap O
Lomdg 6pog Tod APALpovEEVOL AYOV HEGOC YIVOUEVOG TV TEPLEYOVTIOV TOV GQ° OV
aeoipeital. €av 0 un obtwg Exwot, O&l TOLEV 1| Mg TOV 1yodUEVOV TOD GQUIPOVUEVOD
TPOC TOV EMOUEVOV 0VTMG TOV 1YOUHEVOV TOD G’ 0D 1) dpaipesic yivetarl Tpdg GAAOV TV
(8tov O Gparpodpevog Adyoc Tp@TOC | TAV SLVTIOEVTOV), §j OG TOV EMOUEVOV TTPOG TOV
fyobuevov obtog tOV Emduevov 100 4’ ol 1 daipecic mpog dAlov Tvd (dtav O
AQatpovpEVOg AOYOG Se0TEPOC T TV GLVTIOEVT®V). O Yip TETAPTOV AVALOYOV, HETH TOD
LMowmod 10D mepléxovrog TOV G’ ob 1| Aaipesic yiveTal, TOMGEL TOV KOTUAETOUEVOV

Adyov.
|l n& 0 © nsr )
S L gy

Omtmg 6¢ TadTo Ypm WOlElV kol ¢ Ol Tovg AaplBuovg tdtTeEly, gicouebo ovTmC.
TPOTATTOUEV TOVG TOD GUVTIOEUEVOL AOYOL, Kol TPATOV PEV TOV TPATOV AAUPAVOUEY &V
T MOYo Kai Sevtepov OV devtepov (olov mp@dToV TOV pK Koi devTEPOV TOV UN Ao’ ve'’).
gita TdV ouvTifévimv B Adymv, éneldn v apdupovg Exopev dedopévoug kai Adyov Eva TV
oVVTIOEVTOV 0e00UEVOVY, DTTOTATTOUEY TOV OEO0UEVOV AOYOV. Kal &1 PeV TEAELTAIOC 0TIV O
dedopévog AOY0G, A¢ €Ml TOD TPOKEUEVOL BEMPLLATOG, TATTOUEV TOV TEAELTOIOV APLOUOV
10D dedopévov Adyov Vo TOV TEAELTOIOV APOPOV TOD GuvTIOEpEVOL AdYoL (0lov TOV pK
VIO TOV PN A’ ve'’), Tov 0 Tp®dTOV TOD dedOUEVOD AOYOL TATTOUEY LETOED Kol Bomep &V
T péon xwpa (otov toV &), koi morllamioocibcavte tOv & émi tOv pn Ao’ ve' kol
uepicavteg mapd TOV pk gupickopey tov ko &’ vi"” kol tédtropev adtov Enavm tod &, Kai
ONAovoTL apeilopey amd Tod Adyov 10D T®V pK TPOC T Un A’ ve'' Tov dedopévov Adyov
TOV TV K0 1€’ V(' Tpog Tt pun Aa’ ve" (0 adTOg Yap €0TL TG TAV & TPOC pK), Kol AOTOV TOV
TV pk PO kS 1€’ v Adyov Eyxopev dedopévov, Ov kai dmintoduey. &nel odv ebpopev
1OV {nTovpevov Adyov OV TdV pr Tpdg kS 18’ v{”, Nv 8& 6 {nroduevog Adyoc O Thig Vo
TV dIAfV ¢ ZO Tpog v V1o TNV dmAfv i OH, &yopev dpa TOV TG VIO TNV SIARV
TG ZO mpo¢ TNV Vo TNV dwAfv g OH Adyov, TOV TV pK Tpog kd 1€’ V("' kal Eotv i
VIO TNV SmATV THg Z® pk, @V Kol 1) VO TNV SmATv ThHS ZA - Kol 1) V70 TV SmAfv dpa
g OH ot k3 1€’ v{". kal oVTmg edpiokopey TOGOL £0Tiv 1 VIO TNV dwATV Ti|g OH. &l 6¢
un MV 1 0o TV Sy g ZO pi, dALA k0’ Vddectv i, Emotoduey (¢ pk mPOg K 1€’
v(", oVT®G [ TPOg ALV TVd, Kol oVT®G eVpioKOUEY TOGOV €GTIV 1| DO TNV SIMARV THC
®H. 6poing 8¢ momoopey kv 6 {nroduevog Adyog HapyN TEAEVTOIOC.

1 post éav add. yap K | émo suprascr. m. 2 K | dedopévov Adyov] dedopévou Loyov G | dperdvteg] apér—
Kcorr. m. 2 | tov] ©0 K corr. m. 2 2 xatakeimdpevov] diehdovta pev G | 6’om. G 3 109]1® CK : om. G

4 8po1] &pog K corr. m. 2 | mepiéyovot usque hac legi nequit ob truncatum folium D | @g £€ni] dg — " B :
— ¢ K | 1Bg8ﬁ1[387D:1Bg5ﬁ1[36kyB:1Bg6nﬁtﬁ?f’yc:l[ig}a]BM(G:lBgSﬁLﬁxsyK | og ént
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— J 7 post dpatpeiton omissis &g €ni ac | locauit G 5 tdv mepeyoviov] 1@ nepiéyovit DG et ex tdv
nepleydviov fecit m. 2 K | tov om. CDG : tdv B K corr. m. 2 6 un obtwg] petodtor C G corr. m. 2 | Sel
om. G | post fiyodpevoy add. pév G et supra lineam m. 2 K 7 otwc] ob K corr. m. 2 | tov] 108 CG : 10 K
corr. m. 2 | fyoduevov] —pévov G | tod om. G | dAlov Tvd] GALOV Tva et sic semper K | 8T’ dv] 6t’av
cum duobus accentibus &v et sic semper K 9 ottwc] o0 K corr. m. 2 | obtwg 10V éndpevov om. G
10 tétoptov] 8’8’ (ad pr. supra lineam add. ov m. 2) G : primum add. m. 2 K | avéioyov] —og m. 2 K
11 mowoe] moif] G | xatarewmdpevov] —ov add. m. 2 K 15 6¢] deiv G | eiodpeba] io— C K corr. m. 2
16 To0c] oV fecit m. 2 K | Adyov] —ov fecit m. 2 K | TPHTOV?] aporoyov G et fecit m. 2 K | Aappdavopev]
ApB®CD :om. G 17 t®] 1t G | Aoyw] Ac codd. | tov] tod C K corr. m. 2 18 B] 800 G | y] tovg G et
tovtovg fecit m. 2 K | dedopévoug kai] —voug add. et kol deleuit m. 2 K | dedopévoug kai Adyov] dedopévov
nporoyov G 19 5860uév0v1] —vov add. m. 2 K | 10v dedopévov Adyov] tod dedopévov Adyov codd. |
televTaiog €0t ex corr. m. 2 K 20 apiBuov ex corr. B : suprascr. et kai deleuit m. 2 K 21 Adyov] Adéyov B
22 10V 1ov G 23 Tfj péon xdpa] T pd x‘b G | 1v'] 100 G | morhomhacidoavtec] morkomd’ BD : moAl/* C
‘o™ G : —doavreg add. m. 2 K | tov (sec. ac ter.)] tdv G 24 pepicavrec] —e¢ add. m. 2 K | tov?] 0 K
corr. m. 2 | avtov supra lineam G 25 dniovott] dnrovott C : dfjov 61t B K corr. m. 2 | deeilopev legi
nequit D : ex corr. m. 2 K | wpdg] kol G | mpog tar] xai tod D 26 td] t1ov CDG 29 durhijv] dumAnv et sic
semper C | tf|g D : legi nequit C : 700 BGK | v7o v bis G | 1fg] 100 G | t0v] 10 GK 30 Z® npog —
Sumhfjv tiic add. supra lineam m. 2 K | tov] 0 G K corr. m. 2 31 tfi¢] t@v BC K corr. m. 2 | &v] dv DGK
32 oftwg] ob K corr. m. 2 33 7 om. BG : add. supra lineamm. 2 K | pom. G 34 obtwc] od K corr. m. 2 |
p] pgv G | obtwg om. G : ob K corr. m. 2 | £otiv] gictv fecit m. 2 K 35 av] xoi K et add. édv supra
lineam m. 2

Transl. If, removing a given ratio from a given ratio, we want to find the remaining
[ratio], if the antecedent of the removed [ratio] is found to be the same as the antecedent
of the ratio from which one removes, or the consequent the same as the consequent, the
terms in the ratios that are different immediately contain the remaining ratio (as for 12 6 4
or 12 4 3), for the remaining term of the removed ratio will come to be a middle [term] of
the [terms] containing the [ratio] from which one removes. If, instead, there is no such
relationship among the [terms], one most make either (namely, when the removed ratio is
first among the compounding [ratios]), as the antecedent of the removed [ratio] to its
consequent, so the antecedent of the ratio from which the removal is going to occur to
some other [number], or (namely, when the removed ratio is second among the com-
pounding [ratios]), as the consequent to the antecedent [of the removed ratio], so the con-
sequent of the ratio from which the removal [is going to occur] to some other [number]—
for the fourth proportional, together with the remaining [term] that contains the ratio from
which the removal is going to occur, will make the remaining ratio.

16 8" 4 16 8" 4

6 10 63

In which way must these things be carried out, and in which way must we arrange the
numbers, we shall learn as follows. We first arrange those of the compounded ratio, and
we take first the first in the ratio, and second the second (namely, first 120 and second
48;31,55). Since we have 3 numbers given and one single ratio given among the com-
pounding [ratios], we arrange next underneath the ratio which is given among the 2 com-
pounding ratios. And, if the given ratio comes last in order (as in the theorem at issue),
we arrange the last number in order of the given ratio under the last number in order of
the compounded ratio (namely, 120 under 48;31,55), and we arrange the first [number] of
the given ratio (namely, 60) in between, and so to speak in the intermediate space, and
multiplying 60 by 48;31,55 and dividing by 120 we find 24;15,57, and we arrange it
above 60, and, clearly, we have removed from the ratio of 120 to 48;31,55 the given ratio
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of 24;15,57 to 48;31,55 (for it is the same as that of 60 to 120), and we have the ratio of
120 to 24;15,57—which we also seek—given as a remainder. Then since we have found
the sought ratio as that of 120 to 24;15,57, and the sought ratio was that of the [chord]
under the double of [arc] Z® to that under the double of ®H, therefore we have the ratio
of that under the double of [arc] Z® to that under the double of ®H, namely, that of 120
to 24;15,57; and that under the double of Z® is 120 (which is also that under the double
of ZA); therefore that under the double of ®H also is 24;15,57. And in this way we may
find how much is it that under the double of @H. If instead that under the double of ZO®
had not been 120, but by hypothesis 40, we would have made, as 120 is to 24;15,57, so
40 to some other [number], and in this way we may find how much is it that under the
double of ®H. We shall operate in a similar way even if the sought ratio happens to be
the last in order.

Comm. a) Vat. gr. 1594, f. 26r marg. sup. et ext., Marc. gr. 313, f. 52v marg. sup. et ext.,
Vat. gr. 184, ff. 32v et 92r—v, Vat. gr. 180, f. 24r marg. sup., int. et inf. b) Ad Alm. 1.14,
78.3—5 &av Gpa amd Tod TAOV pK TPOC T U A’ ve” Aoyov apélmuey Tov @V & Tpog T pK
«therefore if from the ratio of 120 to 48;31,55 we remove that of 60 to 120». No citation
in K. ¢) The scholium works out the removal of ratios alluded to in the relatum. It does so
by outlining first a general prescription, and then describing a tabular set-up allowing to
perform the removal in an orderly way; the tabular set-up so described coincides with sch.
99. In the general prescription of sch. 98, the case in which the antecedent (consequent)
of the compounded ratio coincides with the antecedent (consequent) of the removed ratio
is treated first: the terms different from those that coincide will form the ratio resulting
from the removal. This case is exemplified by setting out two triples of numbers, 12 6 4
and 12 4 3, joined by suitable arcs, so as to make clear that the compounded ratio
coincides with 12:4 or 12:3, respectively, the removed ratio with 12:6 or 4:3, respectively
(that is: no arc joins 6 and 4 in the sequence 12 6 4, no arc joins 12 and 4 in the sequence
12 4 3). The triple 12 4 3 is identical with the one set out to the same effect in sch. 94, but
there the removed ratio is 12:4. The general case is instead dealt with by taking a suitable
fourth proportional; the numerical examples at lines 13—14, set out in a standard X-
shaped scheme of calculation (see sch. 48), are heavily corrupt and cannot be recon-
structed without introducing arbitrary corrections. The scholium next treats the tabular
set-up associated with the removal alluded to in the relatum and here edited as sch. 99.
This amounts to a modification of the standard X-shaped scheme of calculation of a
fourth proportional; the gist of the description resides in the general indications about the
places to be assigned, in the tabular set-up, to the relevant terms of the given ratios,
namely, the compounded ratio and the removed ratio. After performing the calculation
and identifying its result with the relevant chord, the scholiast points out that the case at
issue is particular since Z® = ZA; in case Z® # ZA, one simply has to take again a fourth
proportional between ch(2ZA), ch(2Z0), and the value just found of ch(20H). The
scholiast omits the case in which the removed ratio comes first in order: as he himself
claims, one has to «operate in a similar way», the only difference being that one has to
put the first number in order of the removed ratio under the first number in order of the
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compounded ratio. All in all, this is the simplest and most concise exposition (see sch. 94)
of the operation of removal of ratio. The exposition has no exact parallel in Theon’s
commentary, who, however, performs a calculation to the same effect. d) The scholium is
long and, both in B and in C, it occupies most of the available marginal space in the
second page containing the first applications the Sector Theorem. Since another long
scholium with the same relatum (sch. 94) had to be transcribed before sch. 98 (sch. 94
outlines a general approach to the operation of removal of ratios, sch. 98 works out a
specific example), only one page remained (namely, the last before the Table of
Declination A/m. 1.15) for the transcription of sch. 98; it so happened that sch. 98 and its
relatum lie on the same page. The part of the scholium lying in the outer margin is very
nicely figuratum in B: it is a Latin cross above an amphora. In K, sch. 98 follows sch. 94.

929

Text.
0 TG VIO TNV SATV TG ZA TpOg TNV V7O TNV ARV Tiig AB Adyog

R

pK K0 1€’ v{" un Ao’ ve''

g pK
0 TG VIO TNV NTATV Ti|g ZO 0 g vmo v dumhiiv tiig HE mtpog mv
TPOG TNV VIO TV SIARV V7o TV dumAijv tiic EB Adyog

Mg ®H Adyog
apices non adhibet C 2 '] tetapmnudpiov comp. B 5-6 6 tfic vnd v durhijv tfic HE — EB Adyog bis
scripsit uarias lectiones ®IE ac HE adhibens G | HE] ®IE sed dein correxit m. 1 C

Transl.
The ratio of that under the double of ZA to that under the double of AB

4th
120 241557 48 31 55

N

60 120

N

The ratio of that under the double of Z® The ratio of that under the double of HE to that
to that under the double of ®©H under the double of EB
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Comm. a) Vat. gr. 1594, f. 26r marg. inf., Marc. gr. 313, f. 52v in spatio figurae, Vat. gr.
184, f. 92r. b) The relatum is sch. 98. ¢) This tabular scholium is described in sch. 98; the
denominations of the three ratios involved also feature in sch. 99; the ratios themselves
are made visually prominent by arcs. d) In B, sch. 99 is in the lower margin, alongside a
similar schema (not edited here) for the second removal of ratios performed in Alm. 1.14.
In C, it is beside the last ten lines of the relatum, whithin a blank space left by the
diagram. In G, the denominations of the three ratios involved are separated from the
tabular set-up, that in its turn is disintegrated by the copyist.

100

Text. émedn 1 EB tetapmuopiov éoti o1 10 B peyiotovg kdxhovg tov 18 AED
ionuepwvov kail tov BEA (motakov tépvey aAAAovg gic uikdkiov, koi tov ABTA dui
TAV TOA®V 0OTOV OVTU TEUVEWV TO ATEANUUEVO DTV 1LUKOKALY Oi)0L.

1 énewdn] énewdnmep Th. | €oti o1 10] €oti TOV B : 814 ot 10 C | peyioTovg xvuKlovg] peyiotov kKOKAOL
comp. codd. | post kOkAov add. Tod C 2 dArqrovg] dAinia B : comp. C

Transl. Since [arc] EB is of a quadrant because 2 great circles—the equator AEI" and the
zodiac BEA—cut each other in a semicircle, and because [circle] ABI'A, being through
their poles, bisects the semicircles cut off from them.

Comm. a) Vat. gr. 1594, f. 26r interc., Marc. gr. 313, f. 52v marg. int. b) Ad Alm. 1.14,
78.2-3 ©| 8¢ tiic EB SumAf] popdv pm kail 1 v’ adtnv evbela tunudtov pk «and the
double of EB is of 180 degrees and the straight line under it is of 120 parts». ¢) The
scholium explains why the double of arc EB is of 180° (Fig. 15): it is because EB is the
arc between the intersection of two great circles (the ecliptic and the equator) and the
intersection of one of them with the great circle passing through the poles of both:
therefore, EB is of a quadrant (Theodosius, Sph. 1.11 and I1.9). The text almost coincides
with Theon, in Alm. 1.13, iA, 573.18-21, a text that has exactly the same function. The
transcription from the common model of B and C must have been careless, as the
mistakes recorded in the apparatus suggest. d) Both in B and in C, sch. 100 is located
beside the relatum. e) For the noun phrase d1a T®v molwv see sch. 5, 84, 86 and 96. On
the difference between the units of measurement poipo «degree» and Tufjpo «party,
mentioned in the relatum, see sch. 12.

101

Text. fiviiva gicoyayovieg €ic 1OV Kavova T@V &v KOKAQ® eouBelidv gopnoouev v €n’
aVTHG TEPLPEPELOY

Transl. By entering at it into the table of the chords in a circle, we shall find the arc on it.
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Comm. a) Vat. gr. 1594, f. 26r interc., Marc. gr. 313, f. 52v marg. int. b) Ad Alm. 1.14,
78.9-10 xoi 1 V7o v ImAfV Gpa tiigc OH @V avtdv €otv ko 1’ V(" «therefore the
[chord] under the double of [arc] ®H also is 24;15,57 of the same [parts]». ¢) The
scholium asserts that one must enter into the Table of Chords at the value provided in the
relatum in order to get the double of arc ®H; actually, a linear interpolation is required: it
is carried out in sch. 102. The text coincides with Theon, in Alm. 1.13, iA, 574.8-9, where
it has exactly the same function. d) In C, sch. 101 is located beside the relatum. In B, it is
misplaced, beside the first occurrence of the value 24;15,57 (78.7).

102
Text.
Ky xy ve'
Ky ko 1€
Ky £ ko K¢
YIEPO*
)\‘/ }\/! l.l,g”

>< Xlg” sk /1

19/ Ve// K! }\/H
Xlg”
X],S” “e/// 1/5////

apices non adhibent CG 2 k A om. CG 4 A puc’ om. CG 5 2 om. C : add. m. 2 G 6 YIIEPO® om. G
8 " **'"" uix legitur B : om. CG 11 y18 pb’ ¥’ om. CG

Transl.

23 23 55 27
20 30
23 24 15 57
30 46
23 Y 24 26 13
DIFFE®?
30 30 46
> gis e
19 59 20 30
615

614 49 14
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Comm. a) Vat. gr. 1594, f. 26r marg. inf., Marc. gr. 313, f. 52v marg. ext., Vat. gr. 184, f.
92v. b) Ad Alm. 1.14, 78.10-11 &Hote kol 1} u&v dumAf] tiig OH mepipepeiog popdv oty
Ky 10’ vO" «so that the double of arc ®H also is of 23;19,59 degrees». ¢) This is a tabular
arrangement of the procedure of linear interpolation (see also sch. 48); the calculation
provides the number mentioned in the next-to-last sentence of the first application of the
Sector Theorem. This number is the double of arc ®H, whose chord was stated by Pto-
lemy to be 24;15,57 (the calculation of this value, by removal of ratios, is performed in
sch. 98-99). By scarching in the Table of Chords, one takes the nearest neighbours
23;55,27 and 24;26,13 of the assigned chords, as well as the corresponding arcs, namely,
23 and 23;30. These five data are arranged as in the table; the provisional value 23 for the
degrees of the arc associated to chord 24;15,57 is also placed in front of the latter; a blank
space is left on the right of value 23, to be filled by first and second sixtieths. To calculate
them, one proceeds by linear interpolation: take the quotient of the corresponding differ-
ences arch(24;26,13) — arch(23;55,27) and 24;26,13 — 23;55,27; use it as a coefficient to
multiply 24;15,57 — 23;55,27. The values of these differencies are on the one side 0;30
and 0;30,46, on the other 0;20,30; the latter two numbers are also transcribed in the table,
on the right of the values of the corresponding pairs of chords and enclosed by arcs indi-
cating the terms of the subtraction of which they are the result. The operation described
above amounts to taking the appropriate fourth proportional of these numbers, namely,
[(0;20,30)%(0;30)]/(0;30,46). This is done by putting the numbers on three of the four
corners of a fictitious rectangle, the fourth corner being then occupied by the result, here
0;19,59. The diagonally opposed numbers are joined by mutually intersecting line seg-
ments. The result of the multiplication (0;20,30)x(0;30) is marked below this X-shaped
array: this is 0;0,615. The division by 0;30,46 is not carried out; as a check, the result
0;0,614,49,14 of the multiplication of 0;19,59 by 0;30,46 is marked below 0;0,615.
Finally, adding 0;19,59 to 23 = arch(23;55,27) one gets 23;19,59 = arch(24;15,57). I am
unable to justify the presence, on the right of the X-shaped array in B, of number
0;0,615,**. There is no parallel calculation in Theon’s commentary; he only adds the
clause excerpted as sch. 101. d) Both in B and in C, sch. 102 is misplaced with respect to
the relatum; it is quite likely that in their common model the calculation was performed
in a space left blank within the abundant scholiastic apparatus of the page before the
Table of Declination. In B, it is just below sch. 104, in the “shadow” of the right column;
the relatum occupies three of the last four lines of the left column. In C, sch. 102 is in the

outer margin, beside the first half of the second application of the Sector Theorem.
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103
Text. tdv ZA AB
Transl. Of ZA, AB

Comm. a) Vat. gr. 1594, f. 26r insterc., Marc. gr. 313, f. 52v marg. int. b) Ad Alm. 1.14,
78.14 1®V GAAOV pEVOVI®OV TV a0TOV «the other remaining the samey. ¢) This is a scho-
lium to the data that are assigned in the second application of the Sector Theorem. In the
relatum, Ptolemy asserts that all but one of the values assumed in the first application of
the Theorem are unchanged. The scholiast specifies that such unchanged values are those
of arcs ZA and AB. Actually, he should have added arcs Z® and BE, both of a quadrant.
d) Both in B and in C, sch. 103 is located beside the relatum.

104

Text. émel kal €nil T®V AOMAV y TETOPTNUOPI®V TO aOTA LEYEON evpickovTal Td Yap icov
anéyovia 4@’ €katépov T®V ionuepvdv tod de péowv tdv {wdimv tuniuata v ionv
AOEmoty Ao&odTar.

2 péowv G : péocov BC

Transl. Since the same magnitudes can also be found for the remaining 3 quadrants, for
segments of the ecliptic equally distant from each side of the equator are inclined at an
equal inclination.

Comm. a) Vat. gr. 1594, f. 26r marg. inf., Marc. gr. 313, f. 52v marg. ext., Vat. gr. 184, {.
92v. b) Ad Alm. 1.14, 79.2-5 éxOnoduebo kavdviov T®V 10D TETAPTNHOPIOL HOPDY Q
TOPAKELLEVOG EYOV TOC TNAMKOTNTOAG TOV OLOIOV TOIG AmTOJESEIYUEVOLS TEPIPEPELDY «WE
shall set out a table giving for the 90 degrees of a quadrant the [numerical] values
corresponding to the arcs computed in a similar way as those [above]». ¢) The scholium
initially coincides with Theon, in Alm. 1.13, iA, 578.8—10 (énel xoi £mi TOV AomdV ¥ TO
avtd peyédn ovvéyetar, mc EEfC Seifopev, 10 TO kol piov Tve Kol THV odTHV Elvol

gykAlow 100 (mdtokod TPOg TOV ionueptvov «since the same magnitudes can also be
derived, as we shall show in the sequel, for the remaining 3 [quadrants], because the

inclination of the zodiac on the equator is both one and the samey»), but then replaces
Theon’s quite vague explanation with one that is in fact a gloss on Theon’s gloss: the
values of the declination are symmetric with respect to the points of intersection of
ecliptic and equator. In other words, if the arcs of the ecliptic are reckoned from one of
the equinoxes or of the solstices, the values of the declination associated to arcs on the



SCIAMVS 18 Scholia Vetera to Almagest 1.10-15 241

ecliptic of x° and 360° —x° coincide. See sch. 107 for the details promised by Theon
(underlined clause), who only highlights here, as the scholium does, this property of sym-
metry. As a matter of fact, the property as formulated by the scholiast gives rise to the
rules enunciated later by Theon only after a little elaboration. d) In B, sch. 104 is exactly
in the “shadow” of the column where A/m. 1.14 ends. In C, it is beside the relatum. e) At

line 3, note the etymological figure of speech in AoEwowv Ao&ovrai.
105

Text. évtadba ano thg Elayiong AoEdoewmg apyeTot

Transl. Here it starts from the smallest declination

Comm. a) Vat. gr. 1594, f. 26v marg. sup., Marc. gr. 313, f. 53r marg. sup., Vat. gr. 184,
f. 93r marg. sup. b) Ad Alm. 1.15, Table of Declination. ¢) The évtadfa «here» refers to
the different convention adopted in the Handy Tables, where the reckoning of arcs of the
ecliptic in the Table of Declination starts from the largest declination, namely, from the
beginning of Cancer (summer solstice). See also the remarks in Theon, “Little Commen-
tary” 13, PC, 237.10-238.3, and “Great Commentary” 1.20, GC I, 155.12—18, a portion of
which can be read as a scholium in the manuscript Leiden, B.P.G. 78, of the Handy
Tables. In Alm., the Table of Declination is set out as two columnar sub-tables that oc-
cupy an entire page: see Par. gr. 2389, f. 24v, Vat. gr. 1594, f. 26v, Marc. gr. 313, f. 53r,
Vat. gr. 180, f. 24v, Vat. gr. 184, f. 93r. The name of the table is kavdviov AoEmoemg
«Table of Declination»; the title of each of the two sub-tables is mepipépeion «arcs»; in
the column of the values of arcs of the ecliptic (the tabulation value), 100 S0 pécwv «of
the ecliptic» is marked; in the column of the values of declination, peonuppivod «of a
meridiany». The tabulation value of the leftmost sub-table ranges from 1° to 45°, that of the
rightmost sub-table from 46° to 90°. The step of the tabulation value is 1°, its origin at one
of the equinoctial points. The tabulated declination starts thus with its minimum value
(since by definition the ecliptic and the equator intersect at the equinoxes), and this is the
fact the scholium draws attention to. Owing to the properties of symmetry alluded to in
sch. 104 and more diffusely explained in sch. 107, the range of the tabulation value goes
in the table from 1° to 90°. The declination is tabulated up to second sixtieths. Sch. 105—
107 refer to Alm. 1.15. d) Sch. 105-107 are placed in the same way in B and C; this must
have been the position in their common model. Sch. 105 (resp. 106) occupies the left
(resp. right) outer corner of the page; sch. 107 is transcribed over the whole length of the
lower margin, below the two columnar sub-tables of declination.
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106

Text. 81 dei al mpog 1ol ionuepvoic Aocmoelg év peilooy vmepoyaig mopnHENvTaL TAV
ATOTEPOV

1 6ttom. Th. | det] aiel Th. 2 dndrepov] dndtepov codd. : dnmd— fecit m. 2 K

Transl. That the declinations closer to the equator always increase by greater diffences
than those farther from it

Comm. a) Vat. gr. 1594, f. 26v marg. sup., Marc. gr. 313, f. 53r marg. sup., Vat. gr. 184,
ff. 32v et 93r marg. sup. b) Ad Alm. 1.15, Table of Declination. No citation in K. ¢) This
is an obvious remark about the values in the table: the ecliptic is “almost flat” about the
solstices. A correlated astronomical phenomenon is also conspicuous: near the solstices
the length of the daylight increases or decreases very slowly. Apart from the initial 11,
the text coincides with Theon, in Alm. 1.15, iA, 584.10—11, who also provides a proof,
based on Theodosius, Sph. I11.5, of this statement (i4, 584.13-585.14). d) See sch. 105. In
K, sch. 106 follows sch. 98. ¢) The plural toig ionueptvoic at line 1 is an idiomatic trait of
ancient Greek language (see sch. 11 and 55).

107

Text. émedn &v 1@ éxtebeipévo Mg AoEdoem Kavovim amo Tod ionueptvod Ty avovTL
KOTO | TO TPDTOV GEMIIOV VO LOVOL TETOPTNLOPIOV TOD 010 pEcmV EKKEVTOL [Loipat 9,
avaykoiov dnidoal Ov Tpomov eicayayelv ogeilopey €ig TO KOVOVIOV TAELOVOV TAV Q
potp@dv S1dopévov. 8t pev odv Eav Adyov Evekev amd dpyfic Kprod o0dactv puéypt potpdv
0, ADTAG EICAYUYOVTEC KOTA TO TPATOV GEAISIOV TOD KOVOVOG TG TOPOKEILEVOS AVTOIG &V
@ 0eVTEPQ GeMOI® Epoluev Aehofdobat tO dedopévov tod (@dlakod Tufpa eoavepov:
gav 82 Vmep Tog 0 wowv ai didépevar tod {wdiaxod poipat Eng pm, TOC Aswmovoag eig TG
pT poipog eicayoyovieg opoing Anyoueda v émlnrovpuévny g AoEdoewg TAKOTTA!
gav 88 VIEP TG P MOV EMC GO, TAC AOWTAC METH APaipesty TV pr eichyouey: &ov 88
VIEP TOG GO, TOC Aemovoog gig Tag TE.

1 énewdn] énel Th. | xoavovio] kavovi K 3 gioayoyelv — miedvov] eicdyewv dpeihopev év 1@ kavovi
mieovav Th. | €ig 10 — 4 dwopévev om. K | Kpod symbolon BGK 5 gicayayovreg] eicdyovieg DG 7 9]

evevi(oug) CG sed corr m. 2 G | poipot] poipag K | €mg pr om. Th. 8 ante opoing add. et dein erasit av
d¢ m. 1 K | Anyopeda] Anuyoueda Th. 9 deaipesy om. Th. | gicdyopev] gicaydyopey BCK : —yopev G

Transl. Since, in the first column of the Table of Declination (which happens to have
been set out [starting] from the equator), 90 degrees of one single quadrant of the ecliptic
are set out, it is necessary to clarify in which way shall we enter into the table if more
than 90 degrees are given. Well now, if, for the sake of argument, [such values] are given
[starting] from the beginning of Aries as far as 90 degrees, by entering at them into the
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first column of the table we shall find that the given visible segment of the zodiac turns
out to be inclined of the [amount] corresponding to them in the second column; if the
given degrees of the zodiac exceed 90 [and go] as far as 180, by entering at the comple-
ment to 180 degrees we shall similarly get the sought [numerical] value of the declina-
tion; if they exceed 180 as far as 270, we enter at the remainder after subtraction of 180;
if they exceed 270, [we enter] at the complement to 360.

Comm. a) Vat. gr. 1594, f. 26v marg. inf., Marc. gr. 313, f. 53r marg. inf., Vat. gr. 184, ff.
32v-33r et 93r marg. ext. b) Ad Alm. 1.15, Table of Declination. No citation in K. ¢) As
the Table of Declination only sets out arcs of the ecliptic in the first quadrant starting
from an equinox, a rule must be given as to how to handle arcs greater than 90°. To this
end, the scholiast transcribes an extensive excerpt from Theon’s commentary, namely, the
passage at in Alm. 1.15, iA, 582.2—13 (see sch. 103). Since the ecliptic and the equator are
great circles on a sphere, their mutual inclination has the following properties of
symmetry: if the arcs of the ecliptic are reckoned from one of the equinoxes or of the
solstices, the values of the declination associated to arcs on the ecliptic of x° and 180° —
x°, with x° < 180° coincide, as do values of the declination associated to arcs on the
ecliptic of x° and 360° — x°. By combining these two properties one gets that the same
property holds for values of the declination associated to arcs on the ecliptic of x° and
180° + x°. The rules enunciated by Theon are an immediate consequence of these three
properties. d) See sch. 105. In K, sch. 107 follows sch. 106. ¢) At line 8, the scholiast
eliminates the parasite my in the form Anuyopebo, a characteristic trait of Theon’s
language (i4, LXXXVI and CXVII-CXIX). The operator 1| Acimovca &ig «the complement
to» at lines 7 and 10 is in this scholium applied to a numerical value; otherwise, the
expression 1 Agimovoa €i¢ TO NMukvKAlov means «the [chord] complement to a semi-
circle»: see sch. 11, 27, and 46; see also sch. 77 for the same expression applied to taking
the complement with respect to a right angle. The verb gicdyewv here and in sch. 101 is
the standard one to denote the operation of «entering» into table at a value to find the
value mopakeipevov «correspondingy to it (cf. sch. 47).
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Appendix. The Diagrams of 4A/m. 1.10, 13, 14
General Remarks

The diagrams of A/m. in the oldest manuscripts normally are accurate and very well exe-
cuted, even to modern standards. A wide space in the page is usually allotted to the figu-
res; in Par. gr. 2389 and Vat. gr. 1594, written on two columns, the indentations reserved
for the diagrams extend over the whole width of a column. In Marc. gr. 313, the indenta-
tions initially extend in width over the whole page; starting from f. 50v, they occupy only
a part of the main frame; the diagrams are very often partly drawn in the margins. In Vat.
gr. 180, the size of the indentations is of 7-9 lines x % of the main frame. In Vat. gr. 184,
the diagrams are all in the margins; the same diagram was frequently traced more than
once, and by different hands. Since the hands are difficult to assign and the figures often
are very inaccurate, Vat. gr. 184 will not be taken into account in this appendix.

As for Vat. gr. 1594, the diagrams are missing in Prol. (except for f. 4v) and starting
from f. 31v (4lm. 11.5); the spaces reserved for them (usually of 7-9 lines at full column)
are present but empty. The first figure drawn by the hand of the main copyist of Alm. is at
f. 17r; diagrams related to the main text but placed in the lower margin are at ff. 18v, 19v,
24r, 26r, 29v. One or several later hands have drawn the missing figures at ff. 31v—120v
(Alm. 11.5-V.19; but the diagrams are absent at ff. 99v, 100r, 108v), 133v, 136v, 186v—
192r (Alm. 1X.6-9), 229v-232v (Alm. XI1.1-2; but the diagrams are absent at ff. 230v,
232r); after this, the correctors gave up. Among the oldest manuscripts of Alm., the phe-
nomenon of missing diagrams is unique to Vat. gr. 1594; the hyparchetype of its textual
family had all its diagrams, since they are regularly present in Marc. gr. 313. In its turn,
this manuscript has a feature that singles it out among all mathematical codices
vetustissimi: the diagrams were traced before the text surrounding them,; this is proved by
the fact that the script is sometimes nicely adapted to the contour of the figure; see for
instance ff. 284r—v and 353r-365r.

As was customary in the oldest mathematical manuscripts, the diagrams are located
after the text of the proposition whose geometric configuration they represent; the inden-
tations not extending over a whole column or page usually are on the right side of the
main frame (but Marc. gr. 313 displays many exceptions to this rule, as the diagrams are
frequently located on the left side).

One must bear in mind that the diagrams in Greek manuscripts usually are more sym-
metric than the geometric configurations they are intended to represent; this phenomenon
is called “overspecification:” see Saito (2006) and, for a more general assessment, Saito
and Sidoli (2012). Overspecification may be the outcome of at least three covariant
factors:
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* The diagrams were overspecified in the original treatises, maybe as a way to make, by
contrasting an overspecified figure with the real configuration it is intended to repre-
sent, the general character of a mathematical proposition more manifest.*' I must say
that I now find this possibility quite implausible: I do not see any reason why Archi-
medes would like to have his diagrams overspecified. On the contrary, in Greek ma-
thematical texts we find the opposite phenomenon of “underspecification:” geometric
objects may happen to be designated by expression that make them more generic than
they are; a case in point is Archimedes’ denomination wapaAAnAdypappov (6pboyd-
viov Stom.) for a square in Stom. and Meth. (see AOO 11, 418.5, 426.11.24, 428.2-3).

* As any teacher of mathematics knows, less-skilled students asked to draw a figure
usually make it oversymmetrized. In a sense, symmetric diagrams are (felt as) easier
to draw and, for this reason, more reassuring: if a parallelogram is to be drawn, draw-
ing an (approximate) rectangle is easier and “safer” than drawing an (approximate yet
generic) parallelogram. Since diagrams were normally copied by mathematically un-
skilled copyists, one might surmise that the same phenomenon also applies to the re-
production of the figures of Greek mathematical treatises. The problem of this pro-
posal is that it presupposes that some or all copyists redrew afresh the diagrams, may-
be by taking a look at the construction-part of the proposition. This is implausible.

* | would favour a third explanation. The goal of medieval copyists surely was to
reproduce as faithfully as possible the diagrams they found in their models. Diagrams
in different manuscripts often are so stunningly identical as to suggest that some
copyists contrived conformal reproductions of the figures by employing suitable
devices or simple tricks (such as superposing the sheets of parchment before a source
of light). Now, the successive steps of the process of copy of a figure can quite obvi-
ously be modelled as the evolution of a dynamical system: what evolves, by discrete
time-steps, is the form of the diagram, that any act of copying modifies in a more or
less appreciable way. It so happens that, if external constraints are not imposed, the
forms of a diagram enjoying additional symmetries work as points of stable equili-
brium in such an evolution.*” An external constraint may be, for instance, a mismatch
between the diagram and the indentation reserved to it, making it necessary to deform
the diagram (don’t forget that figures are usually added after the text was written).
What makes oversymmetrized diagrams work as points of stable equilibrium is the
obvious perceptional and psychological mechanism that makes a limiting case to be

8! This proposal is suggested in Acerbi (2007, 296). See also Saito and Sidoli (2012, 143), who, however, do
not venture to propose an explanation, but simply contend that «[f]or us, an irregular triangle is somehow a
more satisfying representation of ‘any’ triangle, whereas for the ancient and medieval mathematical scholars
an arbitrary triangle might be just as well, if not better, depicted by a regular triangle».

%2 That this is the case when geometric patterns are to be reproduced by memory was proved experimentally
within the framework of Gestaltpsychologie: see for instance Perkins (1932), and references therein. Even if,
contrary to what happens in these experiments, the period during which the copyist is exposed to the original
pattern (a text or a diagram) can be arbitrarily long, one must not forget that the act of copying is first and
foremost a process involving memory.
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perceptally (and hence graphically) more significant than a less limiting one: an
isosceles triangle versus a scalene triangle, a diameter versus a generic chord, the
middle point of a segment versus a generic point on it. Add to this that, from a gra-
phical point of view, the notion “isosceles triangle” is not as sharply defined as the
mathematical notion is: quasi-isosceles yet scalene triangles are simply perceived as
isosceles. After all, we ourselves are victim of the same psychological mechanism
when we deem the diagrams in medieval manuscripts overspecified—since of course
a diagram cannot display exact properties of symmetry. Now, copyists do not take a
look at the construction-part of a proposition in order to draw their diagrams: they
simply reproduce pre-existing figures, and, if they have to correctly do their job
without resorting to conformal copying by mechanical tricks, they must ask
themselves some questions about the structure of the drawing they have before their
eyes: basic—such as which points must be assigned the denotative letters, which lines
intersect, etc.—and less basic issues must be addressed just by looking at the model
diagram. The less basic issues include deciding whether a chord drawn near to the
center of a circle really is a diameter or not, whether two nearly equal segments are
equal or not, whether an angle is right or not, or, apparently a very difficult task,
which angle of a right-angled triangle is right. As no one will transform a triangle
perceived as isosceles into a decidedly scalene triangle, convergence towards limiting
cases is the only alternative to stationary evolution. In this way, elements of a
diagram intended to be drawn in a generic position tend to drift, during the process of
copying, towards a limiting position, that thereby works as an “attractor” in the sense
of the theory of dynamical systems: a chord near the center of a circle will converge
towards a diameter. If mistakes or external factors do not intervene, such limiting
positions, being perceived as such, will keep stable under the subsequent acts of
copying. I am fairly confident that just a few steps in the process of copying are
enough to make a diagram converge towards an overspecified form.
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Specific Diagrams

The reproductions below, that I owe to the kindness of Ramon Masia, conform to the
prescriptions set out in Ptolemy’s constructions; when possible, they also conform to the
diagrams contained in all or in some of the manuscripts. Graphic variants of some re-
levance not to be regarded as mere mistakes are described in a short commentary after the
indication of the diagrams’ position in the manuscripts; special attention is paid to
features tending to symmetrize the diagram. The variants show that ABC on one side and
D on the other belong to different traditions as far as the diagrams are concerned.

Fig. 1. Calculation of specific chords (sch. 4-8)
Par. gr. 2389, f. 12v; Vat. gr. 1594, f. 17r; Marc. gr. 313, f. 41v; Vat. gr. 180, f. 14v.

In the manuscripts, triangle ZBE is nearly isosceles B
on base ZE. The line segments AI', BZ, BA, BE,
ZA, and ZE are redrawn in D by a later hand, that
also adds appropriate numerical values to them.
A r
zZ A E

Fig. 2. Ptolemy’s Theorem (sch. 17-18)
Par. gr. 2389, f. 13v; Vat. gr. 1594, f. 18r; Marc. gr. 313, f. 42v; Vat. gr. 180, f. 15v.

The diagrams of ABC are virtually identical, the
quadrilateral being nearly equilateral. In D, the inscribed
quadrilateral is nearly an isosceles trapezium on diameter
AA.

Fig. 3. Theorem “by difference” (sch. 19—20)

Par. gr. 2389, f. 14r; Vat. gr. 1594, f. 18r; Marc. gr. 313, f. 43r; Vat. gr. 180, f. 16r.
The diagrams of A and C are nearly identical, with arc

AB > arc BI'. In B, instead, arc AB is nearly equal to r

arc BI'. In D, point I is in the upper right quadrant. Two
later hands in A add numerical values to the line
segments AB, BI', AT’, BA, I'A, and AA, also indicating
the values of the squares on some of them. A later hand

in B adds numerical values to the line segments AB, BT,
and AT.
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Fig. 4. Theorem “by bisection” (sch. 22, 23, 25, 29)
Par. gr. 2389, f. 14r; Vat. gr. 1594, f. 18v; Marc. gr. 313, f. 43r; Vat. gr. 180, f. 16r.

B
The diagrams of the manuscripts are nearly
identical. In AD, point B almost coincides with the A
uppermost point of the semicircle.
A EZT

Fig. 5. Theorem “by composition” (sch. 26-27)
Par. gr. 2389, f. 14v; Vat. gr. 1594, f. 18v marg. inf.; Marc. gr. 313, f. 43v; Vat. gr. 180, f.
16v.

In ABC, the diagram is almost exactly symmetric with
respect to line ZI'. In C, neither AA nor BE pass through
the center Z of the circle. In D, arc AB = arc BI' and 4

both lie in the upper left quadrant (point I almost coin-
cides with the uppermost point of the semicircle).

Fig. 6. Approximation Lemma (sch. 31-37)
Par. gr. 2389, f. 15v; Vat. gr. 1594, f. 19v; Marc. gr. 313, f. 44v; Vat. gr. 180, f. 17r.

Manuscripts ABC have the diagram here repro-
duced, with the differences that chords AB and BT’
are not so markedly different and AZ is definitely
not perpendicular to AEI'. In C, a further circle is
drawn in the lower margin, beside the diagram.
Heiberg prints a diagram that is identical with that of
D, namely, reversed left-right, with chord AT
horizontal, and arc BI" > arc AB.
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Fig. 7. Application of the Approximation Lemma (sch. 38, 40)
Par. gr. 2389, f. 16r; Vat. gr. 1594, f. 19v marg. inf.; Marc. gr. 313, f. 45r; Vat. gr. 180, f.
17v.

In B, chords AB, AT are drawn both in the upper
and in the lower semicircle, symmetric with respect
to those in the diagram here reproduced. In D, chord
AI' is drawn horizontal, is located in the lower
semicircle and almost coincides with a diameter;
point B almost coincides with the uppermost point
of the circle.

Fig. 8. First rectilinear lemma, “by composition” (sch. 57, 58, 61)
Par. gr. 2389, f. 20v; Vat. gr. 1594, f. 24r; Marc. gr. 313, f. 49v marg. inf.; Vat. gr. 180, f.
21v.

The diagrams of the manuscripts are nearly identical; the
“base” configuration is almost symmetric with respect to
line AZ.

Fig. 9. Second rectilinear lemma, “by separation” (sch. 60)
Par. gr. 2389, f. 21r; Vat. gr. 1594, f. 24r marg. inf.; Marc. gr. 313, f. 50r; Vat. gr. 180, f.
22r.

The diagrams of the manuscripts are nearly
identical; the one in C is slightly rotated clockwise.
The “base” configuration is almost symmetric with
respect to line AZ.
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Fig. 10. First cyclic lemma (sch. 64, 66)
Par. gr. 2389, f. 21v; Vat. gr. 1594, . 24r; Marc. gr. 313, f. 50v; Vat. gr. 180, f. 22r.

B
H r
In AC, the line segments AZ and HI are definitely not A E
perpendicular to diameter BA. In D, point A is located z
in the lower semicircle, the center A of the circle lying
A

between E and Z.

Fig. 11. Second cyclic lemma (sch. 66—73)
Par. gr. 2389, f. 21v; Vat. gr. 1594, {. 24v; Marc. gr. 313, f. 50v; Vat. gr. 180, f. 22v.

I reproduce, as Heiberg did, a diagram that is identical
with that of D. In AC (angle AZA is obtuse) and in B
(angle AZA is acute), AZ is not perpendicular to AET". In
B, the radii AA and AB are not perpendicular to each
other (as in fact they are not required to be). The dia-
grams of AC are identical.

Fig. 12. Third cyclic lemma (sch. 74-76)

Par. gr. 2389, f. 22r; Vat. gr. 1594, f. 24v; Marc. gr. 313, f. 51r; Vat. gr. 180, f. 22v.

The diagrams of the manuscripts are nearly identical; the one in C is slightly rotated
counterclockwise. In D, the line segment EAH is produced as far as the circumference,
that meets at a point called ©.
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Fig. 13. Fourth cyclic lemma (sch. 76-81, 86)

Par. gr. 2389, f. 22r; Vat. gr. 1594, f. 25r; Marc. gr. 313, f. 51r; Vat. gr. 180, f. 23r.

In AC, the line segment AZ is perpendicular to EAA and not to chord BI'. The diagram in
C is rotated counterclockwise. In D, the line segment AZ is produced as far as the circum-
ference.

Fig. 14. Sector Theorem (sch. 83, 84, 87)

Par. gr. 2389, f. 22v; Vat. gr. 1594, f. 25v; Marc. gr. 313, f. 51v marg. inf.; Vat. gr. 180, f.
23v.

In ABC, arcs BAA and T'EA are slightly produced after point A. In B, the whole diagram
is inscribed in a sphere of center H, point ® being on its circular outline. In D, the dia-
gram is reversed left-right.
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Fig. 15. First application of the Sector Theorem (sch. 93, 96, 97, 100)
Par. gr. 2389, f. 23v; Vat. gr. 1594, f. 26r marg. inf.; Marc. gr. 313, f. 52v; Vat. gr. 180, f.
24r.

B

A

In B, the diagram has points A/B, I'/A, and ®/H
interchanged; moreover, the entire circles to which
semicircles AI', BA, and quadrant ZH® belong are
completed (in the usual mandala-shaped form) and
the solstitial and equinoctial points are marked by
their canonical signs. In D, arcs A" and BA have
the concavity on the opposite side.
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References
Manuscript Sources
Greek

Bologna, Biblioteca Comunale dell’ Archiginnasio, A 18-19. End 10th c.
D = Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 180. 10th c.
K = Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 184, ff. 25r—80v. About 1270.
G = Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 184, f. 81r sqq. About 1270.
Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 190. Early 9th c.
Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 198. About 1370.
Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 1087. Composite, end 13th—
early 14th c.
Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 2326. End 13th c.
B = Citta del Vaticano, Biblioteca Apostolica Vaticana, gr. 1594. 3rd quarter of 9th c.
El Escorial, Real Biblioteca del Monasterio de S. Lorenzo, ®.II1.5 (gr. 224). 2nd half
of 13th c.
Firenze, Biblioteca Medicea Laurenziana, Plut. 28.18. Early 9th c.
Heidelberg, Universitétbibliothek, Palatinus gr. 23. Early 10th c.
Paris, Bibliothéque Nationale de France, gr. 453. End 16th—beginning 17th c.
Paris, Bibliothéque Nationale de France, gr. 2344. About 1120-1140.
A = Paris, Bibliothéque Nationale de France, gr. 2389. Early 9th c.
Paris, Bibliothéque Nationale de France, gr. 2390. End 13th c.
Paris, Bibliothéque Nationale de France, gr. 2396. Composite, end 13th—early 14th c.
Paris, Bibliothéque Nationale de France, suppl. gr. 678. Composite, relevant portion
of 13th c.
Venezia, Biblioteca Nazionale Marciana, gr. Z. 226. 3rd quarter of 9th c.
Venezia, Biblioteca Nazionale Marciana, gr. Z. 311. Composite, middle 13th—2nd
decade of 14th c.
C = Venezia, Biblioteca Nazionale Marciana, gr. Z. 313. End 9th-beginning 10th c.

Latin

Firenze, Biblioteca Nazionale Centrale, Conventi Soppressi A V 2654. End 13th c.
Citta del Vaticano, Biblioteca Apostolica Vaticana, lat. 2056. End 13th c.
Citta del Vaticano, Biblioteca Apostolica Vaticana, Palatinus lat. 1371. End 13th c.
Wolfenbiittel, Herzog-August Bibliothek, Gudianus lat. 147. Early 14th c.
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Printed Sources and Their Sigla

AGE = Heiberg, J.L., 1891-1893. Apollonii Pergaei quae graece exstant cum commen-
tariis antiquis, 2 volumes, Lipsiae.

AOO = Heiberg, J.L., 1910-1915. Archimedis opera omnia cum commentariis Eutocii, 3
volumes, Lipsiae.

DOO = Tannery, P., 1893-1895. Diophanti Alexandrini opera omnia cum Graeciis com-
mentariis, 2 volumes, Lipsiae.

EOO = Heiberg, J.L., Menge, H., Curtze, M., 1895-1916. Euclidis opera omnia, 8 volu-
mes, Lipsiae.

GC = Mogenet, J., Tihon, A., 1985-1999. Le «Grand Commentairey» de Théon d’Alexan-
drie aux Tables Faciles de Ptoléemée, 3 volumes, Citta del Vaticano.

iA = Rome, A., 1931-1943. Commentaires de Pappus et de Théon d’Alexandrie sur I’Al-
mageste, 3 volumes, Citta del Vaticano.

PC = Tihon, A., 1978. Le “Petit Commentaire” de Théon d’Alexandrie aux Tables Faci-
les de Ptolémée, Citta del Vaticano.

POO = Heiberg, J.L., 1898-1907. Claudii Ptolemaei opera quae exstant omnia, 2 volu-
mes in 3 tomes, Lipsiae.
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