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I am grateful to Rodney Ast, Roger Bagnall, Alexander Jones, Mike Sampson, and Jacques Sesiano
for commenting on the draft of this paper, and to the staff of the Cadbury Research Library of the
University of Birmingham for providing me with digital images of P.Harris 50.

The recently published codex P.Math. contains a variety of mathematical problems and metrological
texts.! These texts furnish a trove of information on metrological relations, including evidence for two
peculiar volumetric units.> The units differ from each other and from the cubic cubit, amounting in
volume to one-third or one-half of it, but irrespective of their volume each comprises 24 fingers. On
the basis of the evidence from a metrological treatise of Didymus and P.Math., this paper identifies
other papyrological attestations of these cubits and associates their use with mensuration of wood and
timber.

1. A “regular” cubit and its subunits

Many Greek papyri and manuscripts operate with a unit of length called the “cubit,” mfixvg, which
usually has no further specification, but occasionally is designated a dnpdciog, “public”, TektoviKdc,
“builder’s”, or MBkdg, “stone” cubit. Its most common subdivisions are palms and fingers, and it is
one-and-a-half times larger than the foot:

* 1 cubit = 6 palms = 24 fingers
* 1 foot =4 palms = 16 fingers
* 1 cubit=1 1/2 feet

To express surface area and volume, the ancients normally used units and subunits of the appropriate
order of magnitude, just as we may use 1 m (= 100 cm) for linear, 1 m? (= 10,000 cm?) for surface
area, and 1 m> (= 1,000,000 cm3) for volume measurements. Thus, linear, square, and cubic cubits
contain the corresponding power of their subunits:

* 1 (linear, e00vpetpikdc) cubit = 24 (edBvuetpikoi) fingers

* 1 (square, éuPadopetpikdc or &ninedog) cubit = (24 x 24 =) 576 (¢uPadopetpikotl or Enimedor)
fingers

* 1 (cubic, otepedc) cubit = (24 x 24 x 24 =) 13,824 (otepeot) fingers

2. The 2-palm solid cubit of Paul Tannery

The metrological treatise Mensurae marmorum ac lignorum (On Measurement of Marble and Wood),
attributed to Didymus of Alexandria, contains several mensurational problems, which feature a conver-
sion into volumetric cubits and fingers that cannot be explained by the expected relations between

' Bagnall and Jones 2019

Cf. the discussion of metrological relations in the mathematical problems in the codex, where the editors note that “[f]our
problems, a3, b5, c1, and g4, present a metrological enigma,” and offer a summary of these problems and a description of
the two peculiar volumetric units used in them, P.Math. p. 53-54.
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the units.> These problems ask to find the volume of wooden geometric solids, two dimensions of
which are given in fingers and one in cubits. The volume is first computed as a product of these
dimensions and then is divided by 192, with the units of the resulting quotient called “solid cubits.”
The remainder is then divided by 8, with the units of the quotient identified as “fingers.” The following
is an illustrative example (Did. 4, Hultsch):*
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“A log of wood, the length of which is 16 cubits and the circumference is 30 fingers. Find its
volume. Do it as follows: (multiply) 30 of the circumference by itself, the result is 900. 1/12
of it is 75.°> (Multiply) this by 16, the result is 1,200. (Take) 1/192 of that to convert to cubits;
(divide) the remainder by 8 to convert to fingers. So that the wood is 6 solid cubits 6 fingers.”

In 1881, Paul Tannery proposed an ingenious solution to explain what was going on here.® He
determined that the unit in which the volume was expressed in this and similar problems in the treatise
and which was called wfyvg otepede, “solid cubit,” equaled, despite its name, only one third of a

cubic cubit. It was used, Tannery surmised, specifically to measure wood and corresponded to a cuboid
(rectangular prism) 1 cubit x 1 cubit x 2 palms (= 8 fingers). The unit comprised 24 “(solid) fingers,”
(otepeot) ddxtvrot, each corresponding to a rectangular prism 1 cubit x 1 finger x 2 palms.”

This “solid cubit,” which I call a 2-palm solid cubit, contains 192 notional units 1 sq. finger x cubit,
because 1 cubit x 24 fingers x 8 fingers = 192 sq. finger X cubit. Therefore, to convert the volume
computed as the product of three linear dimensions one of which is in cubits and the other two in
fingers to 2-palm solid cubits, the interim result needs to be divided by 192. The finger of the 2-palm

There are three modern editions of this work, which significantly diverge from each other. The earlier one is that

of Friedrich Hultsch, who included Didymus’s Mensurae marmorum ac lignorum in his edition of Heron, (Heronis
Alexandrini geometricorum et stereometricorum reliquiae, Berlin 1864, p. 238-244). Johan Heiberg in Mathematici
Graeci Minores (Copenhagen 1927) produced a different edition, in which he attempted to restore the original text of
the treatise on the basis of two manuscripts that differed significantly from one another, S (cod. Constantinopolitanus
Palatii veteris 1, 11th c.) and C (cod. Parisin. Gr. suppl. 387, 14th c.). Neither of these two codices was available to
Hultsch, but his edition of Didymus was based on manuscripts that largely agree with C. Finally, Evert Bruins published
a complete transcription of S, along with images of the manuscript and a translation, but with no apparatus criticus, in
Codex Constantinopolitanus Palatii Veteris No. 1, Parts I-111, Leiden 1964. When citing chapters of Didymus’s work, |
indicate the edition by the name of the editor in parentheses.

The reproduced text is based on Hultsch’s edition of Didymus, which Paul Tannery used, except that Hultsch’s substitu-
tions of wriyeic of the manuscripts by nddec are not repeated (cf. &' Tannery 1881: 158). The section corresponds to Did.
40 (Heiberg), which is based on essentially the same, albeit wordier, variant preserved in S (cod. Constantinopolitanus
Palatii veteris 1, 11th c.).

The area (A) of the cross-section, which is a circle, is calculated by application of the usual algorithm as 1/12 of the
square of the circumference (c), i.e. A= ¢ + 12, which is an approximation for A = 2 + 4.

@ Tannery 1881

“ ... I'unité de volume, quoique portant le nom de wfixvg oteped (sic), n’aurait été pour les bois que le tiers de la coudée
cube; elle aurait donc représenté un parallélépipede rectangle ayant pour base une coudée carrée et une hauteur de deux
paumes. Un doigt solide de bois aurait dés lors représenté un parallélépipede rectangle ayant une coudée de longueur, un
doigt d’épaisseur, et deux paumes de hauteur,” &' Tannery 1881: 159.
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solid cubit, which is its one-twenty-fourth part, contains 8 notional units 1 sq. finger x cubit (192
+ 24 = 8), which is why the remainder left after dividing the interim result by 192 is divided by 8.
The drawing in Fig. 1 below provides a schematic representation of the 2-palm solid cubit and its
subdivisions.

2-palm solid cubit

Thickness:
8 fingers

Width: 24 fingers ~ Length: 1 cubit

1 solid finger
Fig. 1. 2-palm solid cubit equaling one-third of cubic cubit. Its finger is conceived of as a rectangular
prism 1 cubit x 1 finger x 2 palms (= 8 fingers).

Almost a century and a half after Tannery first postulated a volumetric unit called a solid cubit, which
equaled only a third of a cubic cubit, the publication of P.Math. provided indisputable papyrological
evidence for it. Although unnamed, it is evidently the unit used to express the volume in the solution
of problem b5, P.Math. B verso:
[tpa]nécdiov (L tpaméliov) teTpdymvov, T0 Hev HAKOG TNYOV
[un,] 0 T& (1 88) mhdrog IyY®V i, Thyog TokTO MY (£ SoxtdOA®V) &,
10 [ko]pnen (Z kopuen) TakThlmv (£ Saktorov) B. obtm motoduey: cov-
[110]® 1O TAdTOC Kol THY KopneVOV (I KopveRv), U/ kai B. yi(veton) 1P,
[®]v fiumov (/. fipov), . ndhv morvmhoadidolopey (1 tolvmiactdlopey), &ml
[t]dc Tod mdyovg &, yi(vetar) A. éml 1O piikog TNy dV
[un,] yi(veton) Avp. mopd tOv poP kol o Anmd ic taxtdrog (£ dourd el Saktdhrovg).
15 [yi(veron)] € kai Soxtodov (£ ddxtvror) 1B. obtawg Exet duoinc,
“A quadrangular trapezoid 48 cubits in length, 10 cubits (sic! understand “fingers”) in width, 5
fingers in thickness, 2 fingers at the top. We proceed as follows. I add the width and the top,
10 and 2, totals 12, half of which is 6. Once more we multiply by 5 of the thickness, totals
30. (Multiply) by the length of 48 cubits, the result is 1,440. (Divide) by 192 and (convert) the

remainder into fingers. The result is 7 (sc. solid cubits) and 12 fingers. This way for similar
cases.”
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The object is a very long trapezoidal prism, the length of which is in cubits, while the dimensions of
the cross-section are in fingers.® To find its volume, one is instructed first to compute the surface area
of the cross-section, evidently a trapeze, which is the product of the half-sum of the width and the top

multiplied by the height, i.e. the thickness: 102—+2 (fingers) x 5 (fingers) = 30 (sq. fingers). This is then
multiplied by the length: 30 (sq. fingers) x 48 (cubits) = 1,440 (sq. finger x cubit). This product is then
divided by 192, with the remainder divided by 8, just as in the problem in Didymus, except that the
units of the final result are left unnamed.

3. A 3-palm solid cubit

Besides furnishing further evidence for the 2-palm solid cubit identified by Tannery, P.Math. presents a
similarly conceived but hitherto unattested volumetric unit equaling one-half of a cubic cubit. The unit
is deductible from computations in three mensurational problems (a3, c1, and g4), which are similar in
all respects to problem b5 and the problems in Didymus except that they employ different conversion
factors, that is, not 192 and 8, but 288 and 12. To account for these factors and on analogy with the
2-palm solid cubit, a 3-palm solid cubit can be postulated. It corresponds to a rectangular prism 1 cubit
x 1 cubit x 3 palms (= 12 fingers) and comprises 24 (solid) fingers, each measuring 1 cubit x 1 finger
x 3 palms, cf. Fig. 2.

3-palm solid cubit

Thickness:
12 fingers

T e " Length: 1 cubit
Width: 24 fingers e

S

1 solid finger
Fig. 2. 3-palm solid cubit equaling one-half of a cubic cubit. Its finger is conceived of as a rectangular
prism 1 cubit x 1 finger % 3 palms (= 12 fingers).

I will illustrate the conversion to the 3-palm solid cubit with problem c1 in P.Math., which fortuitously
helps make sense of another papyrus, P.Harris 50, attesting the same unit. Although the statement

of problem cl is damaged, it can be deduced from its solution and the accompanying drawing. The
task is to find the volume of a fresh (?) beam &OAwv (1. E6Lov) véov (line 1), which has the shape of

a quadrilateral prism with the dimensions of the cross-section given in fingers and of the length in

cubits. To accomplish it, the area of the quadrilateral crossection is first computed as the product of

half-sums of the opposite sides, 16212 (fingers) x % (fingers) = 98 sq. fingers,’ and then multiplied

by the length (28 cubits) in order to produce the volume, 2,744 sq. finger x cubit. This result is

8  The writer mistakenly recorded width in cubits in 1. 9, but the subsequent calculations make it clear that fingers are the
unit meant.

9 For this algorithm, which yields only an approximate result unless the quadrilateral is a rectangle, see P.Math. p. 34.
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then divided by 288, the number of sq. finger x cubit units in the 3-palm solid cubit (because 1

cubit x 24 fingers x 12 fingers = 288 sq. finger x cubit). And since the finger of this cubit, i.e. its
one-twenty-fourth part, contains 288 + 24 = 12 sq. finger X cubit, the remainder after the division by
288 is divided by 12 to convert it to fingers. The relevant part of problem c1 is as follows (C recto):

5 ... oUto mowodpat. cvvtifm]
[0 mA]dTog, 15 Kol 1P, yi(veton) kn, GV fipov [13. cvv-]
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10 kol T Aomd i (£ dourd €lg) Soctdrovg 1. (del. in ed.pr: ) yi(veton) 0 ol
daxtOA[wV]

1B o. o¥tog Exet dpolmg.//

“I do it the following way: I add the width, 16 and 12, totals 28, half of which is 14. We add
the thickness, 6 and 8, totals 14, half of which is 7. (Multiply) by 14, totals is 98. (Multiply) by
the length of 28 cubits, the result is 2,744. This I divide by 288 and divide the remainder in 12
fingers (sc. divide the remainder by 12 to convert into fingers). The result is 9 (sc. solid cubits)
and 12 2/3 fingers. This way for similar cases.”

Evidence for the peculiar volumetric cubits furnished by P.Math. makes it now possible to recognize
the 3-palm solid cubit as the unit used to express volume in a problem in P.Harris 50 (3rd c.,
provenance unknown; TM 63992), and to identify 3-palm and 2-palm solid cubits with the units that
are called, respectively, Ptolemaic and Nicomedian cubits in a metrological text, P.Oxy. 49 3455, lines
4-20 (3rd-4th c., TM 64339). These texts in turn provide further details about mensurational practices
and the nomenclature associated with volumetric cubits of different sizes.



4. P.Harris 50 and yvdaiol ddktvAot

Fig. 3. Papyrus P.Harris 50. © Cadbury Research Library, University of Birmingham

This small snippet of a papyrus preserves parts of two problems and a drawing. All that survives of the
text of the first problem is the end of the solution, in which a result in yo13got (1. xvSoiot) ddktvAot is
divided by 288, with the remainder divided by 12 in order to convert it into a lost number of unnamed
(or lost) units and fingers. The conversion factors 288 and 12 make it certain that the preserved text
belonged to a volume problem and that the final result was expressed in 3-palm solid cubits and
fingers.

The most curious thing we learn from the fragment is the description of the units in which the

interim result is recorded as yvdoiot ddxtvlot. These fingers are evidently the notional units of volume
computed as the product of three dimensions, two of which are in fingers and one in cubits, and which
can be visualized as a prism 1 sq. finger x 1 cubit. These units are never named in the problems in
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Didymus or P.Math., but they figure under the same name of yvdaiot ddktvrot in P.Oxy. 49 3455
(below). The question that presents itself is what the designation yvdatol means.

The answer to this question is complicated by the appearance of yvdaiog ddxtvlog in Did. 27 (Hei-
berg), where it clearly refers to a surface area, not a volume, unit: £av 8¢ mhyov émi ddkTvlov, TolEl
yudoiov ddktvrov o, & dott yeng k&', “when (we take) a cubit by a finger, it makes 1 yvdoiog
finger, which is 1/24 of a (square) cubit.” Yet in pseudo-Heron, Stereometrica 1.26 (Heiberg), yvdaiot
ddktvhot are again volumetric, although it is not clear what precisely they designate because the
passage is hopelessly corrupt. In these two instances, Tannery translates yvdaiog ddktvlog as doigt
vulgaire and Heiberg as gemeiner or gewohnlicher Zoll, that is, “an ordinary, or common, finger.”
According to these interpretations, the term yvdaiog signals that the unit “finger” is used not stricto
sensu, but “conventionally,” with another dimension or dimensions implied.!? I wonder, however,
whether it could be of significance that the word yvdaiog is used to qualify the product of heterogenous
units, fingers and cubits, computed without converting them to a single unit, but y6dnv, “heaped up
together indiscriminately,” or “in a mixed way.” If so, the adjective would indicate the non-uniform
and “mixed” nature of these units, which served merely as means of computation. To express “actual”
volume, the result computed in “mixed” fingers needed to be converted to solid cubits and fingers.

The drawing below the volumetric problem in P.Harris 50 depicts an elongated quadrilateral with
apparently parallel shorter sides, Fig. 3. Further lines within the quadrilateral signal that the object

is meant as three-dimensional. Several numerals are written next to it, of which v, € and s are quite
certain; y by the lower right corner seems to be corrected from another letter, and only traces of what

is probably a B are visible on the right. On analogy with problem c1 in P.Math. and assuming that f} is
what is left of [1]B (=12), the drawing can be interpreted as presenting a quadrilateral prism with the
length of 50 cubits, the width of 12 and 6 fingers, and the thickness of 5 and 3 fingers, cf. Fig. 4. In the
lost solution of the problem, probably the surface area of the cross-section was first found via the usual
algorithm as the product of half-sums of the opposite sides, which was then multiplied by the length to
compute the volume in “mixed” fingers, % fingers X % fingers % 50 cubits = 1,800 “mixed” fingers

(i.e. sq. finger X cubit). This result was then divided by 288 to convert it to (3-palm) solid cubits (1,800
+ 288 = 6 R 72), with the remainder (72) divided by 12 to convert it to fingers (72 + 12 = 6).

50 cubits

6 fingers

5 fingers 3 fingers

12 fingers
Fig. 4. Reconstructed diagram for Problem 1 in P.Harris 50.
(Problem 1) [ -ca.?-] ysivovtar Am yod€ot ddk[tvrot -ca.?- ]
[ -ca.?- mapa Tov] omn, Té Aowrd wapd oV 1P tva [ -ca.?- ]

[ -ca.?- s ka]i ddxTvAoL S

10 Cf. @ Tannery 1881, esp. p. 158 and 163, and Heiberg’s attempt to make sense of the corrupted passage Did. 23-24
(Heiberg), which is reflected in his emendations and translation.
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(Problem 2) [ -ca.?-] [-ca.?-] tetpdyovov puiovpov 10 pnk( ) [ -ca.?- ]

5 [ -ca.?- Jv tprybvev Soxtorov A kaOeto[ -ca.?- |

[-ca.?-]  1prydvev SakTdrmv AC © [ -ca.?- ]
[ -ca.?- ] Oe ¢ yelvovtan [ -ca.?- |

1 L yodaior Awy. oideod [-ca.?-]prev.ed. 2 [-ca.?-] mnprev.ed. 3 [-ca.?-]ddktorotprev.ed. 4 L
tetpdyovov 1O pun K[ -ca.?- | prev. ed. 5 orxdBeto[c (?) -ca.?-]  «dBeo[ -ca.?- | prev.ed. 6 [ tpiyovov (or
pyédvoy)  ©co [ -ca.?-]prev.ed. 7 [-ca.?-]  au0gprev. ed.

(Problem 1) ... The result is 1,800 “mixed” fingers. Divide it by 288, the remainder by 12 in
order to convert to [cubits? 6] and fingers 6.
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|length cubits
50

|fingers
traces

[1]2 6

tn

(Problem 2) ... tapering quadrilateral with the length of ... triangle(s?) 36 fingers, height ...
triangle(s?) 36 fingers ... result ...

2-3%va [ S ]: 'va was probably followed by yévovtar or @ot; if the latter, the word miyxeic may have
been included with the first numeral. There is probably not enough room in the lost beginning of line
3 for mfyelg otepeot. The restored number of (solid) cubits is guaranteed by the preserved number of
“mixed” fingers in 1. 1, the conversion factors in 1. 2, and the number of (solid) fingers in 1. 3.

Diagram[1]f: it is difficult to see anything to the left of what seems to be a beta, but there might be a
fold in the papyrus there.

4-7The content of the second problem on the papyrus is irrecoverable. One may wonder whether a
“tapering quadrangle” means a trapeze, in which case the task of the problem may have been to find
its surface area, possibly similarly to Problem 3 of P.Ayer (= P.Chic. 3, col. 2 1-2; 1st-2nd c., Hawara?
TM 63301) or problem a5 in P.Math. But too little text survives to allow for a reconstruction.

5. Ptolemaic, Nicomedian, and solid cubits in P.Oxy. 49 3455 and mensuration of wood

A poorly preserved papyrus, P.Oxy. 49 3455 (3rd-4th c.; TM 64339), contains several metrological
texts, one of which lists three measures referred to as “the so-called Ptolemaic cubit,” a “Nicomedian
cubit,” and a “solid cubit” (lines 4-20). Each of the “cubits” is first described by its linear dimensions
of length in cubits and width and thickness in fingers. This is followed by the volume, which is
computed as the product of the three dimensions, cf. 1. 8: Ta uérpo tolvmhaciacOévta “the dimensions
multiplied together,” and recorded in yvdoiotl ddktvrot, “mixed” fingers, that is 1 sq. finger % 1 cubit
units. Finally, the corresponding number of dyglaiot ddxtvAot, “ordinary” fingers is given, which is
24 times the number of “mixed” fingers, that is, it results from converting 1 cubit of the “length” of
the “mixed” fingers into 24 fingers. Consequently, dyshaiol ddktvlot simply equal cubic fingers, and
presumably it is to this equivalence that they owe their name of “ordinary” fingers.!!

The so-called Ptolemaic cubit amounts in volume to one-half of a cubic cubit and has a thickness of
12 fingers (= 3 palms); it can thus be identified with the 3-palm solid cubit in P.Math. and P.Harris 50.

11 The identification of dygAaiot ddxtviot with cubic fingers finds further confirmation in pseudo-Heron’s Geometrica 23.67
(Heiberg).
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The Nicomedian cubit amounts to one-third a cubic cubit and is 8 fingers (= 2 palms) in thickness; it is
thus identical with the 2-palm solid cubit postulated by Tannery and attested in Didymus and P.Math.
The following table summarizes the dimensions recorded in the papyrus:!2

The name of the cubit upfikog TAGTOC T og yudaiot dyelaiot

in P.Oxy. 49 3455 Length Width Thickness ddktvAot ddxtvot
“mixed” “ordinary”
fingers fingers

IMroleponkdc 1 cubit 24 fingers  <12>fingers 288 [6,]912

Ptolemaic

Nukoundikdg 1 cubit 24 fingers 8 fingers [1]192 [4,608]

Nicomedian

otepedg Solid 1 cubit 24 fingers 24 fingers [576] 13,824

The units in which linear dimensions of the three cubits are given follow the same pattern as the
descriptions of the solids in mensurational problems, in which volume is expressed in 2- and 3-palm
solid cubits. The pattern suggests that objects so described and measured are significantly larger in
length than in width or thickness, and that measuring them was a common enough procedure to
warrant peculiar metrological units. The commodity that fits best is wood or timber, which is precisely
what Tannery argued the 2-palm solid cubit was used for. Tannery, however, had to deal with only one
peculiar cubit, while the evidence available now indicates that there were at least two different solid
cubits not equal in size to a cubic cubit, which were likely used to measure wood. And wood could
apparently be measured in “regular” cubic cubits, too.

If three different measures were used for the volume of wood or timber, the choice which one to use
perhaps depended on the type of wood or the cut of timber, while the name of the measure may have
referred to the geographical area with which it was for some reason connected. The designation “the
so-called Ptolemaic cubit” for the unit equaling one-half of a cubic cubit should presumably point to
its Egyptian origin and/or usage. One can compare the qualifier “Ptolemaic” or “Egyptian” applied to
the foot in order to distinguish it from the “Roman”, or “Italian”, foot (cf. Did. 9-10 Heiberg; P.Math.
G recto 11-13), with the linear Roman foot equaling 13 1/3 fingers, as opposed to the Ptolemaic foot
of 16 fingers.!3 Why, however, a volumetric unit characterized by one of its linear dimensions, which
was 12 fingers = 3 palms and equal to the Egyptian unit “small span” or Greek spithame, should be
specifically associated with Egypt is not immediately clear.

We might be on slightly firmer ground with the term “Nicomedian cubit.” The province of Bithynia, of
which Nicomedia was the capital, was exceptionally rich in wood. Timber, including fine ship-timber,
was one of the main commercial commodities of Nicomedia throughout its history, and the city was
famed for its woodworkers and shipbuilders.!* An association of a volumetric unit in which wood

was measured with Nicomedia is thus not surprising, and it is tempting to conjecture that the unit may
have been specifically used for ship-timber. Curiously, the papyrus detailed the commodity, which was
“purchased” (?) in Nicomedian cubits, but the word for it is unfortunately lost at the beginning of line
11. Yet, the added clarification might indicate that the measure was less common in Egypt than the
3-palm Ptolemaic solid cubit, for which we have evidence in three problems in P.Math. (a3, c1 and g4)
and in P.Harris 50.

For details on the readings of the figures, see the reedition of the text below.

In pseudo-Heron’s Geometrica the foot of 16 fingers is referred to as Philetaric (Oiletaipgioc) or royal (Bucikdq).

See &' Meiggs 1982: 357, 393; &' Robert 1978, with discussion of the wood and timber industry around Nicomedia in
connection with two epitaphs from the city commemorating a wood-carver, EoloyAdeog (& SEG 28 1037), and a rafter,
oyxedovavtng (& SEG 28 1040), who, Robert argues, must have made his living by transporting wood by raft, p. 413-428.


https://papyri.info/biblio/10031
https://papyri.info/biblio/95869
https://scholarlyeditions.brill.com/reader/urn:cts:greekDoc:seg.028-1037.sego:lem-ap/
https://scholarlyeditions.brill.com/reader/urn:cts:greekDoc:seg.028-1040.sego:lem-ap/

The use of the regular cubic cubit comprised of 24 fingers has not so far been encountered in
mensurational problems, but is possibly attested in P.K6In 1 53 (AD 263, Antinoopolis; TM 15464).
The papyrus contains an account presented to the council of Antinoopolis regarding the acquisition

of wooden beams (&OAa) for a ceiling of a gymnasium. The account lists the linear dimensions and
volumes of pine and fir beams, with the length in cubits, the width and thickness in fingers, and

the volume in solid cubits and fingers, my(eic) otep(eot) and Sdxtvrot. Unfortunately, for no beam
are more than two dimensions preserved, making it impossible to determine the parameters of the

unit designated as miixvug otepedc. The editor of the papyrus, Robert Hiibner, considers the choice
between a solid cubit corresponding to a cubic cubit and one corresponding to the 2-palm solid cubit
postulated by Tannery and which I identify with the Nicomedian cubit of P.Oxy. 49 3455. Weighing
the likelihood of different lengths of the beams derived from the application of either solid cubit to
express volume, he concludes that the solid cubit equal to a cubic cubit is a likelier candidate for the
ceiling beams in the papyrus.!> If so, this might give some indirect support to the supposition that the
smaller, aka Nicomedian, solid cubit, was used for measuring ship-timber, which would presumably be
particularly valuable. Whether the so-called Ptolemaic cubit could then be the Egyptian counterpart of
the Nicomedian cubit or a measure used for yet another type of wood or timber remains a question.

J. Shelton, who published P.Oxy. 49 3455, suggested that the section reedited below provided dimen-
sions for (1) a so-called Ptolemaic, or Egyptian, chous, with a size of half a cubic cubit, (2) a
Nicomedian measure, which he somewhat hesitantly identified with the kotyle, and (3) a cubic cubit.
Since the third unit discussed in the papyrus is a regular cubic cubit, it is likely that the passage
enumerates three volumetric units identified as different kinds of cubits, with the first two equaling
the 3- and 2-palm solid cubits in P.Math. and elsewhere. The reedition of the papyrus is based on the
image available in Oxyrhynchus Papyri Online. !¢
[0 ka]-
5  Aoduevocg IMrode[ponkog Thiyvg &yt t0 pev pikog)
mix(vv) &va, 1o 8& Thdtoc SoxTO[Am]v K§,
70 8¢ mdy[o]¢ daxTOA®VY KJ, OG TG PETPaL
roAvmAactacOévay etvon TV [T]fixotc yudé-
[wv] pév Saxtdrwv omn, a[yledémv
10 [8& STAB. 6 8¢ Nucopmducde [wiy]ic &v & ta
[ ] o dviton [Ex] 1 pg[v pixjog mhyvv éva,
[10 8& mh]dtoc doxtdrmv [Kd] TO 8¢ Td-
[oc da]ktdrmv N, OC eiv[ot TO]v Niko-
[uUnd]ucov ThyLY x010émV peV daktd
15 [Lov plop, dyehéwv & [AxN]
[0 8¢ oT]epeds TAYOIS &1 TO PV HAKOG
[miixv]v E[v]a, TO 8& TAdToc SoxTOA®V KO,

[10 8¢ md]xog SukTOA®V KS, OC Etval TOV

15 PKoln 1 53, p. 149-150.
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[otepe]Ov mhyvv Y[V8]éwV pEV dakTOHA®V

20 [gos,] [dy]leréov 8¢ (nuprdda) o Tokd

5 yoogprev.ed. ¥l 7 Idaktdrovip 8 L wiyov  Todv ydicprev.ed. 8-9 I [wv] 9 I
dyshatov 10 ZmAyvg [ Jeprev.ed. 11 L avettaw L &gt 14 Lyvdaiov 15 1 dyshaiov 16 1
nfiyog  LEel 19 Lyvdaiov 20 I dyshaiov

The so-called Ptolemaic cubit has the length of one cubit, the width of 24 and the thickness of
24 (sic! understand 12) fingers, so that the dimensions multiplied result in a cubit measuring
288 “mixed” fingers, 6,912 “ordinary” ones. The Nicomedian cubit, in which ... are purchased
(?) has the length of one cubit, the width of [24] fingers, the thickness of 8 fingers, so that the
Nicomedian cubit measures [1]92 “mixed” fingers, [4,608] “ordinary” ones. The solid cubit has
the length of one cubit, the width of 24 fingers, and the thickness of 24 fingers, so that the solid
cubit measures 576 “mixed” fingers, 13,824 “ordinary” ones.

5TTtohg[poukog miyvg: the ed.pr. restores xodg on the ground that miyvg is a unit of length and not

of capacity, cf. In. 10, and because he reads Tovv xd1¢ (1. Tov xobv) in 1. 8, for which see the comm.
below. There is, however, plentiful evidence for mfiyvg used as a unit of capacity, cf., for example,
Did. 7 (Heiberg); P.Chester Beatty Codex AC 1390 (c. 275-350, Upper Egypt; TM 61614), 1.11, 2.6.
Furthermore, since yodq is a liquid measure of capacity, it is unlikely that it would be described as a
rectangular prism, which is how all three cubits are presented in the list.

Trdy[o]g Saxtdrov kd (1. 1B): Shelton rightly noted that the number of fingers in this unit, which is
given in 11. 8-9, makes it certain that one of the dimensions recorded as Saxtorwv «J, either for 10
mAdToc or TO TdxoG, must be a mistake for Soxtodwv 1B. Since it is 1O mdyoc, “thickness™, in 1. 13
that has 8 fingers, I suspect that by analogy it was 10 mdyog here, too, that was supposed to have the
unusual and thus defining number of 12 fingers (the usual being 24).

7-8wg 10 pétpa modvmhaciachévta: the linear dimensions, which are given in cubits for length and in
fingers for width and thickness, are multiplied without being converted to the same unit.

8-10The volume of the measure is expressed in yvdaiotl ddxtvrot, “mixed” fingers, which are then
converted to dysholotl ddxtvrot, “ordinary” fingers. For the terms, cf. §§ &' 16-17 and & 22 above.
Following a tentative suggestion of F. Hultsch (Metrologicorum scriptorium refliquiae [Leipzig 1864],
vol. 1 p. 37 fn. 2) Shelton correctly interpreted dyeloiot ddxtvAot as cubic fingers, but his interpreta-
tion of yvdaiot as square fingers is misleading. He appears to have assumed that yvdoiot ddxtvlot refer
to the surface area of the face of the measure formed by its length (ufikoc) and width (TAdtoc), 1 cubit
(=24 fingers) x 12 fingers = 288 sq. fingers. However, since the units designate the product of three
linear dimensions (®¢ t0. pétpa molvmhactacOévia), they must be volumetric, i.e. 288 sq. finger x
cubit.

810V [n]ixoic: the ed.pr. has Tovv ¥41g, but the traces before yoig are actually more compatible with
eta than with nu, while what Shelton took as a trace of upsilon is likely to be that of nu. Thus, tov
[n]fixotg, L. TOV mhywv, fits the traces better.

10Nwopndwog [mhy]ig: since the unit is called the Niko[und]ucov miyvy in 11. 13-14, [wfiy]ig is likely
to be restored here for mfixvg. Shelton expressed concern that there might not be enough room for more
than two letters, but the spacing of the writing, let alone the state of preservation of the papyrus, do not
allow for such precise estimations here. Three letters seem perfectly possible.


https://journals.ub.uni-heidelberg.de/index.php/pylon/article/view/89333/84259#p16
https://journals.ub.uni-heidelberg.de/index.php/pylon/article/view/89333/84259#p22

11[ ] a ovitan The word indicating what was purchased (?) in Nicomedian cubits is unfortunately
lost, and the reading @vitou itself is far from certain.

12[10 8¢ mA]dtoc SaktoAwy [K3]: the restoration of the numeral, 24, depends on the number of yvdoior,
or “mixed” fingers, in this unit in 1. 15, which clearly ends in -2 and which I restore as [p]of} (since 1
cubit x 24 fingers x 8 fingers = 192 “mixed” fingers).

12-13[k3] 10 8¢ md[xog daJktolwv: although the traces before the very clearly written md- are quite
faint, I believe they can be reconciled with the suggested — and expected — reading. In the ed. pr.
Shelton printed [ ] og md|[xog 8¢ du]ktolwv in the text and suggested in the notes that [t0 8¢ mh]dtog
Saxtodwv [y, tldyog {md|3[xoc} 8¢ dojktdrwv be restored, i.e. with dittography of the word mdyoc.

13-15Shelton suggested the following restoration in his notes: oG elv[on 10]v Nixo|*[pm8]ucdv vy
(1. x0Dv) x013éwv ugv doxtd|[Awov] op, dyehéov 8¢ [pos], “so that the Nicomedian chous (?) has 72
square dactyls, 576 cubic ones.”

15[p]op: despite Shelton’s statement that the traces before beta fit best an omicron and that koppa is
paleographically unlikely, I believe that the circle visible on the papyrus belongs to a koppa and thus
restore the numeral accordingly.

19-20The completely preserved figure of 13,824 for the number of dyelodot ddktvAot in which a cubic
cubit is measured (1. 20, dy]eréwv 8¢ (uvprdda) o Twkd) proves that they are equivalent to cubic
fingers.

Conclusion

Evidence from Didymus and the papyri suggests a trade-specific system for mensuration of wood and
timber. Although the logs and pieces of timber were considered geometric solids and usual algorithms
were applied to compute the volume, there were certain conventions that distinguished measuring
wood from other objects. Likely for practical reasons the length of wood or timber was measured

in cubits, but the dimensions of the cross-section in fingers, with no effort spent on converting the
different units to one. Secondly, the volume was computed as the product of unconverted linear
dimensions so that the result was in notional mixed units equaling 1 sq. finger X 1 cubit, which were
sometimes identified as yvdaiol ddktvAot, “mixed” fingers. These served as a means of computation
and were not volumetric units proper. To express the volume, the product in “mixed” fingers was to
be converted to one of three measures, all regarded as solid cubits, but varying in size and equaling
one-third of a cubic cubit (2-palm solid cubit), one-half of it (3-palm solid cubit), or a cubic cubit. The
choice of the unit must have been obvious enough not to warrant explicit specification in the texts of
the problems we have. I am inclined to think that it depended on the type and/or cut of wood, possibly
with ship-timber measured in the smaller unit(s).

Regardless of the volume of a particular solid cubit, it was divisible into 24 fingers. These fingers
were consequently relational and not absolute subunits. The expediency of the ratio of linear subunits
(1/24) for the rate of volumetric subunits is obvious, since the regular cubic fingers would have been
too minute a measure to be practical in cutting and measuring wood (the relations would be 1/4,608,
1/6,912, and 1/13,824, respectively, for the three solid cubits to cubic fingers).!” The corollary of
expressing volume with the help of relational solid fingers is that mensuration of wood entailed use of

Cf. the discussion of the volumes of two beams in P.KdIn 1 53, which are recorded as 3 cubits 6 fingers (line 11) and 3
cubits 1 finger (line 17). The small number of fingers makes it certain that they are relational and not cubic fingers, for,
in the words of the papyrus’s editor, “im Verhaltnis zu 1 Elle? = 13824 Finger® wiren die Angaben 6 Finger und 1 Finger
unsinnig klein, wenn es sich um echte Kubikfinger handelte,” P.KdIn 1, p. 147.



entirely different entities all called “fingers,” and that was on top of a range of solid cubits of different
sizes. The system would have surely look confusing to an external observer, and it is perhaps for this
reason that the great Egyptian mathematician Abu Kamil (ca. 850-ca. 930) criticized “people of Egypt
for their way of measuring wood in his work Book on Mensuration.'® Although the details of the
critique are not entirely clear, the major point seems to be that measuring wood should not differ from
that of any other solids, indicating that in practice it was. In particular, Abu Kamil notes that “people
of Egypt, for measuring their wood, proceed according to something ... which is a measurement
neither of volume nor of surface.” One wonders whether this reflects his disapproval of computing
the volume in notional “mixed” units and then converting it into solid cubits of different dimensions,
the subunits of which have the ratio of linear fingers to cubits, all of which is unnecessary from a
mathematical point of view.
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Measuring of wood is the subject of chapter 34. For an edition with translation, cf. &' Sesiano 2014: 359-408. I am
grateful to Jacques Sesiano for bringing this passage to my attention.
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