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Abstract of the Project

The project “Dissemination of Mathematical Knowledge and Skills in Late Antique
Egypt” focuses on mathematical education of ‘practitioners’—a wide range of peo-
ple for whom computational and metrological skills were part of their daily life
and work in late antique Egypt. Its core is formed by an edition of several Greek
papyrus codices and fragments thereof which contain collections of mathematical
problems, metrological texts and arithmetical tables (see, for example, Fig.1). All
dating to the 4th through 5th centuries, these codices reflect a practice of purpose-
ful collecting, selecting and copying of mathematical and metrological texts, which
circulated earlier usually in the form of rolls and likely also transmitted orally in a
variety of contexts.

Editing texts of practical mathematics preserved in papyri is challenging for a va-
riety of reasons. As usual for texts found in excavations, most are preserved only
fragmentarily. But an even bigger difficulty lies in the concise style of mathematical
texts in papyri. A large part of education in antiquity in general and of mathemati-
cal education in particular took place orally. Consequently, problems and their
solutions recorded in papyrus codices were meant to supply just enough informa-
tion for the reader to be able to expound orally both the problem and the proce-
dures used to solve it. As a result, these texts omit words, use incomplete sentences,
lack syntactic coordination, leave out information or logical steps that may have
seemed obvious to their composers or copyists, and employ multiple and varying
abbreviations. Moreover, collections of problems were produced by and for prac-
titioners who had limited access to basic education. This means that writers of
these codices were easily prone to making mistakes of various kinds, such as in
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Fig.1: A codex page inscribed with mathematical problems (P.Col. inv. 157a).

spelling, calculation, misunderstanding of copied text or diagrams, and misuse of
terms. How these mistakes are treated in an edition presents a further challenge in
dealing with mathematical texts. Finally, there is the challenge of not converting
mathematics of the papyri to the language of modern algebraic notation, a com-
mon anachronistic approach that might make the problems easier for a modern
reader to follow, but at the price of failing to understand ancients’ perception of the
problems and their methods to solve them.
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A Mathematical Problem from a Papyrus Codex

Provenance unknown 12 (h) x10.2 (W) cm Fourth century
P.Col. inv. 157a
Ed. pr.: BAKKER 2007.

Side A |

No. 1

Problem: Given area A and side a of a quadrilateral, find out the other three sides
b, cand d.

Procedure: (A,a) - A=exf. ex2—a=b,f=c=d.

[ 1./l amnAdw]Tolv] 18
Kai Al U8. yéyoveév pot appayilc]
0 voTo6 oxowviov ydn, 6 Bopp(@g) {Sfrj,
4 AmALwTov 18, Aty 18.// ebpelv
TO apoup\np/év. o0TW ToLoBuev. ouvO[i-]
Bw TOV vdTov Kai 16 Bopéa, yd[n xlat
8" yivetay) n° @v fuioov: yi(vetar) 8. tov AlilBla]
8 k[ai] Tov anALToy, L8 8, v r‘jp[L]q[ov']
[ylitvetay) (8. ta quloela ém’ 6AAnAa ylil(vetay) [vg]
[&plovpal\, ./ vg vacat

diagram ydn

12 \s

1[1. [.1. //edpr. 31 oyxowiwv | ydn pap | Bopp(¢ag) ed.pr. | §/n' pap 4 Awy’
pap 51 dpoupnddv: acorr.exv 5l ouvvtiBw 61 tov Bopéav 78y pap
7,8Lfuov 8l amnAwtnv 9l nuicea

21



22

Julia Lougovaya

Translation

.../[14 on the east and 14 on the west.  have got a plot 3 1/4 1/8 schoinia on the south,
4 1/21/8 on the north, 14 on the east, 14 on the west 14. // To find out the area. We do
it this way: I add the south and the north, 31/4 1/8 and 4 1/2 1/8, it becomes 8, half of
which is 4; the west and the east, 14 and 14, half of which is 14. Multiply the halves

by each other, it becomes 56 arourai.

diagram 31/41/8

56

Notes

10

The traces before the double slash might be compatible with 8.

The restoration xqi A[i U6 is tentative and based on line 4. The word may have
been in the genitive, A[Lfog 8. Here and elsewhere in the text I do not regu-
larize cases of the cardinal points unless they are introduced by an article. In
those cases, the apparatus provides a form that agrees with the article.

It is difficult to understand what is written in the insertion (Fig. 2). It looks like
a symbol featuring an alpha, and, if so, one wonders if it could be a symbol for
arourai here.

Fig.2: Detail of the
mathematical problem
depicted in Fig. 1.

diagram: What is printed in the edition as [(. .)] ydn vacat in line 11 and vacat vg in

line 12, separated by a long line, all belongs to a diagram illustrating the problem,
in which the horizontal line represents the plot. Such diagrams, with dimensions
written at left, right, on top and below a horizontal line are well attested in land
surveys preserved in papyri. For a general explanation, see Kenyon’s introduc-
tion to P.Lond. I 267 (2nd c., Arsinoite) and cf. FOWLER 1999, 231-234, for a detailed
analysis of computations carried out in such surveys on the example of O. Bodl. II
1847 (30 BCE-14 CE, Thebes); for further numerous examples of representing a
plot of land by a line with the four dimensions written around it, see, for example
PTebt. I 87 (116-115 BCE, Arsinoite) with images at Papyri.info (https://papyri.info/
ddhdp/p.tebt;1;87/images), and for demotic evidence, cf. FRIBERG 2005, 158-159.

In the Columbia fragment, the length of the south side, as usual, is written on the left.

The numeral v¢ refers to the area of the plot, 56 arourai. No other numerals are
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discernible, which suggests that in this codex the diagrams had only the givens
indicated. For a similar drawing representing a plot of land in a mathematical
exercise, cf. the diagram to problem Oz in P.Math. O recto, where, however, both
the givens and the answer are marked.

P.Col. inv. 157a and a Peculiar Type of Mathematical Problems

The papyrus fragment comes from a page of a codex. It is broken off on top and bot-
tom. The left margin on Side A (]), which was the right-hand side page in the codex,
is preserved in most of the upper two thirds of the fragment, and not much seems
to be missing on the right since several lines are complete there. This means that
the original page width likely did not exceed 12 cm and was probably closer to 11 cm.
The codex thus belonged either to Turner’s Group 8, if the height of the page was
about twice the width, or Group 10, if the height did not exceed the width by very
much (TURNER 1977, 20-22). Considerations of the content suggest that the latter
was likelier than the former because not very many lines seem to be lost between
the preserved text at the end of Side A (|) and the text on Side B (—).

In the ed.pr., the papyrus is interpreted as containing three partially preserved
problems, each of which asks to find the area of a quadrilateral plot of land from
the given lengths of its sides. In fact, there are likely only two, not three problem:s,
with the second beginning on Side A and continuing to Side B. Furthermore, the
area is not the sought value, but the given in both problems. In no. 1, one side of the
plot must also have been stated (cf. CBC no.7), while in no. 2 only the area was. The
task in both problems is to find the lengths of all the sides of the quadrilateral. The
reason the nature of the problems was not recognized in the ed.pr. may lie in their
strange—from the modern point of view—typology: the problems are indetermi-
nate, that is, they have several or an infinite number of solutions, only one of which
is obtained. That solution, however, is not randomly chosen, but is achieved by the
same method in the two problems in this papyrus and in CBC no. 7 (cf. BAGNALL/
JONES 2019, 35).

Finding one answer for a problem that has more than one solution must have
been considered sufficient for solving the problem. This should not be surprising,
since indeterminate problems are well attested in the papyrological evidence and
outside it. For example, problem no. iv in P.Mich. III 145 col. III (2nd c. CE, prove-
nance unknown) determines one set of numbers as a solution for a problem for
which theoretically 24 sets can be found that satisfy the requirements of the prob-
lem’s conditions; the so-called 100-birds problems, the earliest preserved attes-
tation of which in the Mediterranean realm, widely understood, seems to be in
Alcuin’s Propositiones ad acuendos juvenes, tend to have several sets of solutions, of
which only one is normally recorded (cf. FOLKERTS 1978, 27; HADLEY/SINGMASTER
1992, 106). Among problems transmitted in the Palatine Anthology in the form of
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epigrams, two have an infinite number of solutions, XIV 48 and 144, but since the
epigrams never describe methods of solving the problems nor their answers, we
have no means of knowing how they were envisaged to be solved, nor which solu-
tion was expected to be chosen. Nor did the scholiast, who supplied methods for
solving many of the epigram-problems in the Palatine Codex (Paris suppl. grec 384),
comment on these two epigrames.

The solving procedure used in the problems in the Columbia papyrus and in CBC
no. 7is based on factorization of the number with which the area of the plot is quan-
tified. If this number contains a fractional part, it is first converted to smaller units
so that the area is expressed in whole number terms. Then a pair of factors of this
number is chosen, with the preference given either (a) to the pair in which one fac-
tor is the closest to the length of the given side (so in no.1 here and in CBC no. 7), or
(b)if no linear dimension is given, to the two highest factors that are closest to each
other (no. 2). In the next step, the factor closest to the given linear dimension is dou-
bled and the given side is subtracted from it; the result is assigned to the opposite
side of the quadrilateral (no.1, CBC no. 7). If no linear dimension is given, then the
values of factors are assigned to the two pairs of opposite sides of the quadrilateral
(no. 2). Finally, a demonstration is carried out, in which the area of the plot is com-
puted upon the determined values of the four sides and found to equal the value of
the area given in the statement of the problem.

Understanding the solving method of this type of problems and parallels from
no. 2 in the Columbia papyrus and CBC no. 7 help us restore the lost part of no.1,
which was more then twice bigger than its preserved part. Even if we cannot be
completely sure about the precise wording, the text of the entire problem must
have been as follows: “[There is a plot of land measuring 3 1/4 1/8 schoinia on the
south and with the area of 56 arourai. Find out the other sides. We do it this way.
One schoinion contains eight hammata, so I resolve 3 1/4 1/8 schoinia into hammata:
3 1/4 1/8 times 8, it becomes 27. I resolve the arourai into hammata: 56 times 64, it
becomes 3584. What multiplied times what is 3584? It is 32 times 112. 32 times 2, it
becomes 64, subtract 27 from 64, the remainder is 37. Divide 37 by 8, it becomes
41/21/8. 41/21/8 on the north. Divide 112 by 8, it becomes 14.] // 14 on the east and 14
on the west. I have got a plot 3 1/4 1/8 schoinia on the south, 4 1/2 1/8 on the north,
14 on the east, 14 on the west 14. // To find out the area, we do it this way: I add the
south and the north, 31/4 1/8 and 4 1/2 1/8, it becomes 8, half of which is 4; the west
and the east, 14 and 14, half of which is 14. Multiply the halves by each other, it be-
comes 56 arourai”.
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