
Electronic Linear Measurements at
Mendes (2013)
The purpose of this report is to illustrate the use of the latest technological advances at the Mendes dig
site. Electronic screen caliper measurements were performed at Mendes in June 2013. The
measurements were made from pictures taken from the field and compared with the different types of
ancient cubits (local and official) and systems used in ancient Egypt. For further information on ancient
Egyptian cubits, linear systems, their origin, and evolution please refer to the University of Toronto
theses repository under Hirsch_Antoine_P_201306_Phd_thesis.pdf.

Using the Amenemope cubit artifact (used by Lepsius) as a guideline and actual random measurements
from the field, this reports illustrates and confirms the existence of three distinct linear systems at
Mendes.

Ancient Egyptian Linear Metrology Primer.
The ancient Egyptian unit of linear measurement was the cubit. Scholars, distinguish two cubits. The first
is the royal cubit. Lepsius defined its length, 52.5 cm. The royal cubit is divided into seven palm divisions
of 7.5 cm each. Each royal palm division is divided into four finger divisions of 1.875 cm each. The royal
palm divisions and/or finger divisions are combined to create the divisions of the royal cubit. Two palm
divisions make a double palm division. Five finger divisions make a hand. Six finger divisions make a fist.
Three palm divisions make a small span. Three and a half palm divisions make a great span. Four palm
divisions make a djeser. Five palm divisions make a remen. Six palm divisions define a small cubit.
Scholars (Robins and Shute, 1987, p. 13) consider the small cubit to be the second ancient Egyptian cubit
providing everyday measurements. They also consider the small cubit to be a division of the royal cubit
rather than a division of a second ancient Egyptian system independent from the royal system and cubit.

Figure 1 – The Amenemope Cubit Artifact – Turin Museum # 6347 – Lorenzen, 1966, Plate 1



Electronic Linear Measurements at Mendes (2013)

2

Two systems are displayed on the Amenemope cubit artifact (and other complete cubit artifacts without
the black and white colour scheme): A “black – royal” system including the palm of four finger divisions,
the hand, the double palm, the great span, the djeser, the remen, and the royal cubit and a “white –
great” system including a palm of three finger divisions, the fist, the small span, and the small cubit. The
existence of two systems on the same artifact implies that the Amenemope cubit artifact is a converter.
It is similar to modern rulers showing imperial measurements at the bottom and metric measurements
at the top of the ruler. The only difference is that, instead of using two rows, the Amenemope cubit
artifact shows two systems on a single row with two different colours. The conversion can be performed
on the Amenemope royal cubit artifact using a three to four finger division ratio in a royal palm as per
Figure 2 and Table 1 below.

Figure 2 – Conversion Ratio from the Amenemope Cubit Artifact

Table 1 – The Amenemope Cubit Artifact Conversion Results

The royal great span is one of the two divisions (the second one is the royal hand) that are not shared by
both systems once the conversion is performed (Table 1); this indicates that the white system is a
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system parallel to, and perhaps preceding, the royal system. The great span is an “add-on” to the royal
system. Two great spans equal the length of a royal cubit; in the same way two small spans equal the
length of a small cubit. Half a great span corresponds to a sandal (seven royal finger divisions). Five
sandals will become the nbj metrological unit of the 18th Dynasty.

The Ancient Egyptian linear system is part of a “closed” metrological system. In a “closed” metrological
system units of length, weight, and volume can be deducted and reconstructed from each other using a
common reference commodity. In the case of the metric system, water is used as a commodity; in the
case of ancient Egypt, emmer and barley are used to which wheat (triticum durum) and water are added
by the Ptolemies and Romans to define new linear standards as per Table 2 below.

Royal Cubit Cubit of (Reformed) Cubit of Alexandrian Oxyrhynchus
Divisions Fingers The God Cubit Thoth Cubit Divisions

40 0.75 0.875 0.78 0.76 Bema
39 0.73 0.85 0.76 0.74
38 0.71 0.83 0.74 0.73
37 0.69 0.80 0.72 0.70
36 0.67 0.78 0.7 0.69

Nbj 35 0.65625 0.76 0.68 0.67
34 0.63 0.74 0.66 0.65
33 0.61 0.72 0.64 0.63

Great Cubit 32 0.60 0.7 0.62 0.61 8 Palm Cubit
31 0.58 0.67 0.6 0.59
30 0.56 0.65 0.58 0.57
29 0.54 0.63 0.567 0.55

Royal Cubit 28 0.525 0.61 0.548 0.53 Nilometric Cubit
27 0.50 0.59 0.52 0.51
26 0.48 0.56 0.50 0.49
25 0.46 0.54 0.48 0.47

Small Cubit 24 0.45 0.525 0.47 0.46 Public or
Carpenter Cubit

23 0.43 0.50 0.45 0.44
22 0.41 0.48 0.43 0.42
21 0.39 0.45 0.41 0.40

Remen 20 0.375 0.4375 0.39 0.38 Cloth-weaver
Cubit

19 0.35 0.41 0.37 0.36
18 0.33 0.39 0.35 0.34
17 0.31 0.37 0.33 0.32

Djeser 16 0.3 0.35 0.31 0.30 Egyptian Foot
15 0.28 0.328 0.29 0.28

Great Span 14 0.2625 0.30 0.27 0.26
13 0.24 0.28 0.25 0.24

Small span 12 0.225 0.2625 0.23 0.23 Spithame
11 0.20 0.24 0.21 0.21
10 0.18 0.21 0.19 0.19
9 0.16 0.19 0.17 0.17

Double Palm 8 0.15 0.175 0.15 0.15 Lichas
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Royal Cubit Cubit of (Reformed) Cubit of Alexandrian Oxyrhynchus
Divisions Fingers The God Cubit Thoth Cubit Divisions

Sandal 7 0.13125 0.15 0.13 0.13
6 0.11 0.13 0.11 0.11
5 0.093 0.10 0.097 0.095

Palm 4 0.075 0.0875 0.07833 0.076
3 0.056 0.065 0.058 0.057
2 0.037 0.043 0.039 0.038

Finger 1 0.018 0.021 0.019 0.019

Table 2 – Ancient Egyptian Ptolemaic and Roman Cubits

Electronic Measurement Methodology
Random photographs of parts of buildings were taken with an ordinary digital camera. Before taking the
photograph a ruler, 15 centimetres long, was placed upon a mud brick or a stone. Screen calipers were
then used and calibrated according to the zooming factor used to measure bricks. The measurements
thus obtained from the photographs were checked in situ to verify the accuracy of the process which, in
certain cases, proved to be more accurate that field measurements alone. One added advantage of the
method is that measurements can be checked over and over again once the original monuments
become unavailable for further investigation.

The determination of the system(s) regulating the electronic measurements relies on at least two
measurements. When two measurements coincide with finger divisions on Table 1, for periods prior to
the Persian invasion, and Table 2, for Ptolemaic and Roman artifacts, above, the item under
investigation is considered to belong that specific system.

Data
The random pictures taken can be classified into two categories: artifacts for which the period is
unknown and artifacts for which the period is unknown.

Unknown Period
Figures 3, 4, and 5 display the screen caliper dimensions of a limestone block of unknown origin and
unknown date found next to a kiln. The block was destined to be burnt down. Its dimensions 37
centimetres by 14 centimetres by 13 centimetres link it to the cubit of Thoth in Table 2. A “straight”
reading of two dimensions (37 and 13 centimetres) suggests that it is Ptolemaic as the cubit of Thoth
only appears during this period.
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Figure 3 – Limestone Block Length (37 cm)

Figure 4 – Limestone Block Width (14 centimetres)
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Figure 5 – Limestone Block Height (13 centimetres)

Known Periods
Old Kingdom Onwards
The Podium (Figure 6 below) area of the Mendes site has turned, over the last 15 years, “royal” mud
bricks matching the dimensions of the bricks published by Roik (1993, p. 347, Table K21): 38-43
centimetres by 18-22 centimetres by 11.5-14 centimetres known as P – Group 3b used mostly from the
Old Kingdom onwards in palaces.

The term “royal” is appropriate but needs to be clarified. The mud bricks belong to the royal system but
not to the royal cubit. They are linked to the great span and sandal system of Table 2. One sandal is
13.125 centimeters matching one dimension (11-5 – 14) given by Roik; 38-43 centimetres fit the length
of three sandals (39. 375 centimetres). The sandal is a specialized unit of measurement used during the
Old and Middle Kingdoms in the context of excavation work (Verner, 1981, p. 479; Simpson, 1963,
Section G, Plate 13A, lines 16-8 and Section H, Plate 14A, lines 32-4).

There is a strong possibility that the “royal” mud bricks at Mendes appeared at the beginning or during
the Third Dynasty. The hypothesis matches metrological data. In order to have a royal cubit (and
therefore a royal system) a cubit and a king are required. The King can be traced back to the end of the
Second Dynasty or the very beginning of the Third Dynasty using the Palermo Stone inscriptions (Hirsch,
2012, pp. 51-53).

Finally, Figure 6 below illustrates the advantages of electronic metrological recordings: they remain
available when previous dig operations have been covered up for protection.
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Figure 6 – The Podium area at Mendes

First Intermediate Period
The 2013 Mendes expedition excavated First Intermediate Period buildings. From these excavations two
trenches have been retained ALH and ALK.

ALH
Figure 7 is a global view of trench ALH with its mud bricks; figures 8, 9, 10, 11, 12 and 13 display two
dimensions of the sample bricks.
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Figure 7 – General View of ALH trench with sample brick locations
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Figure 8 – ALH Brick 1

Figure 9 – ALH sample Brick 2
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Figure 10 – ALH sample Brick 3

Figure 11 – ALH sample Brick 4



Electronic Linear Measurements at Mendes (2013)

11

Figure 12 – Brick 5 In Situ

Figure 13 – ALH sample Brick 5
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This preliminary report done on five bricks shows an unusual pattern for private building. Following the
chart of Table 1 and Table 2 bricks belong (3 and 4) to the local (great) system; two others (1 and 5)
belong to the royal system. The dimensions of brick 2 are shared by both the great and royal system.

Brick Number Length cm Width cm System
1 37.5 17.3 Royal
2 30 7.5 Shared
3 34.67 12.09 Great
4 32.09 11.71 Great
5 52.07 26.03 Royal

Table 3 – Trench ALH Sample Brick Dimensions

The high percentage of royal system dimensions is unusual in a private building where dimensions
usually follow the local pattern of the nome (Hirsch, 2012 pp. 97-104). This percentage would indicate
that recycled bricks were used during the building process.

ALK
Figure 14 is a global view of trench ALK with its mud bricks; figures 15, 16, 17, 18, 19 and 20 display two
dimensions of the sample bricks.

Figure 15 – General View of ALK trench with sample brick locations
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Figure 16 – ALK sample Brick 1

Figure 17 – ALK sample Brick 2
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Figure 18 – ALK sample Brick 3

Figure 19 – ALK sample Brick 4
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Figure 20 – ALK sample Brick 5

This preliminary report, also performed on five bricks, differs drastically from the preliminary report of
trench ALH. All bricks, with one exception (Brick 5) belong to the local (great) system, as one would
expect. Brick 5 belong to the royal system but not to the royal cubit. The underlying system is the royal
sandal system already used on the site with the Podium “royal” bricks.

Brick Number Length cm Width cm System
1 31.9 7.81 Great
2 21.54 7.6 Great
3 22.81 9.08 Great
4 31.26 15 Great
5 26.61 26.03 Royal (Sandal)

Table 4 - Trench ALK Sample Brick Dimensions
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Metrological data alone in trench ALK will not allow to determine whether recycled bricks were used for
the construction of the vaulted structure particularly when brick 5, following the royal system, does not
seem to belong to the same structure.

Conclusion
Modern technology, using electronic calipers, has proven to be helpful, on a limited number of samples:

1. To determine the date of limestone blocks from the Ptolemaic period.
2. To show the use of the royal “sandal” system at Mendes. It was previously thought that this

system was reserved for excavation projects which does not appear to be necessarily the case
on this site.

3. To confirm the use of recycled bricks in a building project.
4. To allow further linear measurements to be performed from pictures of original buildings, even

when the said buildings have been protected after a dig season.

Antoine Hirsch – June 2013.
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