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THE SIXTH-CENTURY SAMIAN FOOT OF 26.25 cm
AND EVOLUTION OF THE GREEK
LINEAR MEASURES

Deducing a Samian foot 0f 26.25 cm (for which there is no direct evidence),
I rely on the data published by Hermann J. Kienast, who presents the
results of the archaeological research of the famous tunnel in Samos which
was built in the sixth century by Eupalinus.! Herodotus, our main source,
reports the measurements of both the tunnel and the canal inside it. Two
of his measurements are expressed in terms of feet. He observes that both
the height and the width of the tunnel equal 8 feet and that the width of the
canal is 3 feet (3. 60. 2).

Kienast informs us that both the height and the width of the tunnel
measure 2.10 m. What was then the length of a foot used in constructing
Eupalinus’ tunnel? Kienast assumes that Herodotus meant either a foot of
34.95 cm (called by him ‘Samian’) or a foot of 29.5 cm (which he referred
to as the “Attic’), and this makes 2.80 or 2.36 m, respectively. Then Kienast
compares the results with the actual dimension, 2.10 m for both the height
and width, which allows him the choice in favour of an ‘Attic’ foot.2 But this
is a strange conclusion. I need not emphasize that the difference of 26 cm
nearly amounts to a whole foot. What is essential is that the difference
does not constitute a half or any other simple fraction of the chosen unit of
measure. For one can construct anything of equal height and width either
by applying exactly the same measure, or by applying a common measure
the same number of times. Therefore the only reasonable way to obtain
the value of a foot used in constructing Eupalinus’ tunnel is by dividing
2.10 m by eight, as reported by Herodotus. This yields a foot of 26.25 cm.

Another relevant measurement in terms of feet agrees well with the
obtained result. According to Herodotus, the width of the canal is 3 feet,
which comes to either 1.05 or 0.89 m on the two options selected by
Kienast and 0.79 m on my proposal (26.25 x 3 = 78.75 cm). The true size
is 0.80 m.

I Kienast 1995.
2 Kienast 1995, 173 and P1. 5.
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Moreover, our result is consistent with another piece of data concerning
Eupalinus’ construction. Herodotus (3. 68. 1) says that the tunnel was
driven through the base of a mountain one hundred and fifty orguiai
high. The actual height of the mountain is 237.50 m. According to the
classic metrological passage by Herodotus, “the orguia measures six feet”
(2. 149. 3). One can say, then, that the mountain is nine hundred feet high.
Now, 26.25 cm x 900 = 236.25 m, which is very close to the actual height
of the mountain.

Furthermore, the measure we recover, a Samian foot of 26.25 cm, is
nothing but a half of a well-known Samian cubit. Herodotus equates the
Samian cubit with the Egyptian (2. 168. 1), and according to a standard
view, based on a number of measurements, the Egyptian (royal) cubit was
52.5 em.3 The use of both the Samian cubit and its half is traceable in the
architecture of another magnificent construction of six-century Samos, the
Heraion.* Practically the same cubit of 52.3 cm or so was also established
for the Artemision of Ephesus.’

Both the cubit in question and its half can be detected at one more
glorious construction of the sixth century. Now we turn to Babylon. The
excavations of the eastern wall of Nebuchadnezzar II reveal that its towers
were erected 52.50 m apart, that is, at the distance equivalent to 100
cubits. The width of these towers is found to have been 8.37 m, while
classical authors (who obviously provide the largest dimension, that is,
of wall towers) report 32 feet (Strab. 16. 1. 5; Curt. Ruf. 5. 1. 25), and
26.25 cm x 32 = 8.40 m.¢

The six-century Samian foot of 26.25 ¢cm appears thus as an element of
a larger system. There is something to say about this system. First, it is truly
body-based since an average foot of a real Greek man would range from

3 See Helck 1980. Measurements reveal some variations, yet “the length of the
royal cubit (52.5 cm) can only vary between 52.1 and 52.9 cm” (Hirsch 2013, 50).
Hirsch 2013, 125 mentions also Great Span as “a division of the royal cubit with the
length of half a royal cubit (26.25 cm)”.

4 Reuther 1957, 55: “Die Gesamtbreite des Tempels ergibt sich aus den sieben
Einzelinterkolumnien mit 52,450 m aus der Verdoppelung des mit mit 26,221
m gemessenen Abstandes der stehenden Séule von der Mitte des Pronaosmittelschiff
mit 52,442 m. Eine Messung, die ich mit Scheif im Sommer 1927 durchfiihrte, gab
als Resultat 52,446 m”. On common assumption that the temple measured 100 cubits,
Reuther arrives at 52.446 cm for the length of a Samian cubit (ibid., 58).

5 Bammer 1972, 44 n. 40. Bammer, ibid., notes also the use of a half-cubit of 26
cm at Halicarnassus.

6 1 take the dimensions from Unger 1970, 62. Unger offers no metrological
interpretation of numbers. Nor did I notice any reflection of this data in otherwise very
informative article “Malle und Gewichte” by M. A. Powel 1987-1990, 462-476.
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26 to 27 cm.” Second, it implies a ratio of 2 : 1 between the cubit and the
foot. Third, it employs a foot easily compatible with such a measure unit as
the pace: three feet of 26.25 cm make 78.75 cm, which is quite a fair estimate
of an average pace. The well-known later system displays none of these
features. The pace, so familiar to us from the Roman system of measures, is
absent in the standard Greek one.? Moreover, Herodotus (2. 149. 3) speaks
of “the orguia measuring six feet or four cubits”; hence the cubit and the
foot are in a ratio of 3 : 2 and not of 2 : 1. Both direct evidence, such as
unearthed metrological reliefs, as well as numerous measurements of the
remains of Greek temples and stadiums have revealed a number of standard
lengths for a Greek foot. They lie within a diapason between 29.4 and
32.8 cm. For instance, the length of the stadium in Olympia was 192.28 m,
which means that the Olympic foot was 192.28 m : 600 = 32.047 cm. The
Oxford metrological relief (about the middle of the fifth century BC) has
a foot 0f 29.6 cm. The metrological relief from Salamis (about the middle of
the fourth century BC) shows a rule corresponding to a foot of 32.2 cm and
also a foot of 30.1 cm.? It is easy to see that a ratio of 2 : 1 between the cubit
and the foot no longer fits with any standard value for a foot as it is known
from the fifth century onward (for a cubit over 60 cm is neither body-based
nor implied in the sources), that the new standard feet imply man’s height of
about 192 to 208 cm and that three of such feet would yield an exceedingly
long pace. Since the measurement seems to indicate that the monuments of
the fifth and subsequent centuries in Asia Minor follow general pattern, we
are dealing with two different systems and not just with regional variations.!°

7 Assuming 6.5 : 1 as a standard ratio between man’s height and the length of
a foot. The data for the average height of Greek males for the period 600-300 BC is
neither abundant nor uniform, but sufficient for our purpose. According to the best
authorities, it was 170.5 cm (Bisel 1985, 203 and Table 4; Kron 2005, 72). According,
however, to more numerous data (though confined to the particular area of the ancient
Metapontion), it was between 162 and 165 cm (see Schwartz 2013, 167).

8 Hultsch 1882, 37: “Von Griechen findet sich der Schritt nirgends als eigentliches
Langenmass erwéhnt, obgleich es sicher ist, dass bei ihnen die Entfernungen zumeist
nur durch Ausschreiten bestimmt worden sind”.

° Dekoulakou-Sideris 1990.

10 One more feature of the earlier system can be recovered with some probability:
it employed the simple rather than the double pace. Otherwise it would have been easy
to retain the pace through equating five feet of the new standards to one double pace
(as in the Roman system). It may be characteristic that Heron (3. 9) defines once the
stadion as 240 paces, that is, simple paces (Hultsch 1864, 186). One may also guess
that the orguia of the six-century Samian system might have measured 8 rather than 6
feet. For the orguia of the Oxford metrological relief is 2.09 m (Fernie 1981), and this
value is practically identical with both the height and the width of Eupalinus’ tunnel,
that is, 2.10 m or 8 feet (according to Herodotus). Samian provenance of the Oxford
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David Gilman Romano suggested, based on the measurement of
archaic and classical building in Corinth and Isthmia, the foot length of
0.269 m.!" I have not seen Romano’s PhD thesis he refers to. However,
I also found a very similar foot of 0.268 m (or 26.75 c¢m) in archaic Corinth
and Isthmia in my own way.

In his meticulous study concerning the length of the foot employed by
early Peloponnesian architects, Oscar Broneer conveniently assembled the
relevant data within a single table.!? That table suggests that the stylobate
of the archaic temple at Corinth, commonly known as the Temple of
Apollo (ca. 545 BC), had a length of 168 Olympic feet of 0.3204 m and
a length of the cella of 129 Olympic feet and that the same parameters
for the Temple of Poseidon II at Isthmia (470—460 BC) appear to be 167
and 116 Olympic feet, respectively. Brooner observes that the stylobate
length of the temple of Apollo, measured by several scholars, “varies from
53.82 m (Stillwell), to 53.66 m (Blouet), to about 53.30 m (Ddrpfeld); and
Stillwell suggests that Blouet’s measurement, which was made before the
earthquake of 1858, may be more reliable than his own”. He further notes
that “quite independently of these figures the temple of Poseidon at Isthmia
has been restored with a stylobate length of 53.50 m”, and then concludes:
“Since the calculated stylobate length of the two Temples at Corinth and
Isthmia is so nearly the same, it is likely that the later Temple at Isthmia
was intended to have the same length as that of the Corinth temple; and it is
quite possible that the two had exactly the same length of the stylobate™.!3
Such a conclusion is hardly subject to doubt, but I propose that both
temples were laid out to have a length of 200 rather than 168 feet.

We saw that the temple of Hera in Samos had a width of 52.446 m, or
100 Samian cubits. Since we detected in Samos that a contemporary foot
is equal to a half of such a cubit, we are justified to say that the Temple
of Hera was of 200 feet in width. Since 52.446 m is very close to 53.50,
the calculated length of the two temples at Corinth and Isthmia, one may
suppose that the intended length of the both was also 200 feet. Further, the
stylobate of the temple of Zeus in Olympia (ca. 470460 BC) measures
64.08 m,'4 that is, exactly 200 Olympic feet.!> Moreover, 64.08 m of the

metrological relief because of its implied use of the Samian cubit was supposed by
Fernie (op. cit.) and much earlier by Michaelis 1883.

I Romano 1993, 50 n. 21.

12 Broneer 1971, 179.

13 Broneer 1971, 178.

14 Hennemeyer 2015, 24; Brooner 1971, 179 gives 64.12 m.

15 Hennemeyer 2015, 23; Sonntagbauer 2015 speaks instead of 196 Pheidonic feet,
as he consistently claims that the race-course in Olympia measured 588 (Pheidonic) and
not 600 feet, but this is difficult to accept.
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Temple of Zeus cannot be said to measure 100 cubits.!® It seems to follow
that an idea of a 200 feet temple was popular. Now, 53.50 m divided by
200 gives 26.75 cm for a foot.!” As the Samian foot specified above, this
Corinthian (or Isthmian) foot is really body-based, easily compatible with
such a measure unit as the pace and belongs to a system in which a cubit
can be equal to 2 feet. We see again that the six-century Samian foot is not
an isolated phenomenon.

There are several other signs that the Greek system of length measures
was a matter of change. For instance, Aristoxenus asserts that Pythagoras
introduced measures among the Greeks (D. L. 8. 14 = fr. 24 Wehrli).
Whatever the precise value of such a surprising testimony from a not very
reliable source, it implies an idea of a reform of measures, say, in the late
third of the sixth century.

The Greeks were obsessed with athletics. One may suppose that the
reconstruction of Greek stadiums in the atmosphere of both growing
interest in athletic competitions and economic growth characteristic for the
late archaic and early classical epoch caused the change in the system of
measures. Stadiums were extended to give place to more spectators, and,
since each stadium was 600 feet long by definition (cf. Hdt. 2. 149. 3), the
foot was extended accordingly.

There is something to support this guess.

Most excavated stadiums do not essentially differ in length from the
Olympic stadium. It seems, however, there was a time when the stadium in
Olympia did already acquire the length of 192 m, while other stadiums were
significantly shorter. Aulus Gellius (Noct. Att. 1. 1-2) tells us the story of
how Pythagoras determined the height of Heracles. On an assumption that
Heracles measured the stadium in Olympia with his own feet, Pythagoras,
following the principle of proportionality, concluded that Heracles was
as much taller than average man as the stadium in Olympia was longer

16 No cubit of the corresponding length, 64 cm, is known (see Hultsch 1882, 45—
48). This is not surprising since a body-based cubit, as the distance from the elbow to
the tip of the middle finger, would have been about 4547 cm.

17 Tt may seem, however, that Broneer’s choice of the Olympic foot is supported
by measurements of Isthmian Temple of Poseidon I (700-650 BC). His table gives
40.024 m and 32.084 m for the length of its stylobate and cella, respectively. Expressed
in Olympic feet, these figures turn out to be almost exactly 125 (40.05 m) and 100
(=32.04 m). Yet with a foot of 26.75 cm, we obtain an equally suitable result, that is,
of 150 and 120 feet for the corresponding measurements (26.75 cm x 150 = 40.125
m and 26.75 x 120 = 32.10 m). Moreover, these both numbers are multiples of six,
and six feet equal one orguia. As Brooner notes, a modulus of one orguia “would have
been of convenient length for architects and masons to use in layout and construction”
(Brooner 1971, 180).
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than other ones (tanto fuisse quam aliores procerius, quanto Olympicum
stadium longius esset quam cetera). Indeed, the length of the race-course
at the late six-century stadium in Corinth was between 158 and 165 m.!3
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Herodotus (3. 60. 2) notes that both the height and the width of the Eupalinian
aqueduct equal 8 feet. Modern measurement gives 2.10 m for both height and
width. It follows that the sixth-century Samian foot was 26.25 cm, and there is
much to support such a conclusion. However, a standard Greek foot was much
longer. We are dealing here with two different systems. In the earlier one, the foot
corresponds to the height of an average Greek man, and it measures a half of a cubit
and a third of a pace. In the standard system, there is no integer number of feet in
one pace, a foot corresponds to the height of exceptionally tall persons and it is in
a ratio to a cubit of 2 : 3. The change was probably caused by the growing interest
in athletic competitions. The stadiums were extended to accommodate more
spectators, and, since each stadium was 600 feet long by definition, the foot was
extended accordingly.

CoriacHo I'epomoty (III, 60, 2), y ToHHens1, moctpoeHHoro B VI B. 10 H. 3. s
BomornpoBoaa Ha Camoce, ObUTa OAMHAKOBAs JUIMHA W IIMPHUHA, paBHas 8 dyram.
Packonku mokazanu, 4To W AJUHA, U IIUPUHA TOHHENs paBHbl 210 cMm. DT0 Mno-
3BOJISIET TOYHO OIPEEIUTh BeJIMuuHy (yTa, ObiBiero B xoay Ha Camoce B VI B.
J10 H. 3., KaK paBHyI0 26,25 cM. [Ipyrue JaHHbIE IPEBOCXOAHO COMIACYIOTCS C MO-
JIOOHBIM PE3yJIbTaTOM, KOTOPBIH, OTHAKO, IPEICTACT HEOKUIAHHBIM B CBETE TOTO,
9TO HaunHast ¢ V B. JI0 H. 3. TpedecKuil (yT ObLT 3HAYUTEITHHO OOJIBIIE M BAPbUPO-
Bajcs B nuamnazoHe ot 29,4 no 32,8 cm. O4eBUAHO, peub UJET HE O MECTHOM CBOE-
00pa3um, HO 0 Pa3IuIuy MEKIy Oosiee paHHEH U OoJee Mo3IHEH cucTeMaMiu Mep.
B onHOli yT COOTBETCTBYET pa3mMepy CTOIBI MYXXYHHBI CPETHETO pOCTa, OH 00pa-
3yeT MOJIOBUHY JIOKTS M TpeTh mara. B apyroif (¢ V B. u mganee) BenmuuHa yTa
IIpe/IonaraeT jJrofeld HeoObIYaifHO BBICOKOTO POCTa, ()yT COCTABISIET JABE TPETH
JIOKTSI, ¥ HUKAKOe LIEJI0E YUCIO (PyTOB HE COOTBETCTBYET OJHOMY Iary. Takas
TpaHcopMmanus OblIa, MO-BUIUMOMY, CBSI3aHA CO CTPEMIICHHEM CTPOHTH Ooiee
BMECTHTEIbHBIC CTaIMOHBI, TOT/IA KaK JUIMHA X OETOBBIX JOPOKEK ObLIa 1Mo ompe-
nenenuto paHa 600 dytam.
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