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AN ANCIENT RULE FOR MAKING PORTABLE ALTITUDE
SUNDIALS FROM AN ‘UNEDITED’ MEDIEVAL TEXT OF THE
TENTH CENTURY

MARIO ARNALDI, Ravenna

The use of altitude dials that worked on the same principle as the cylinder for travel-
lers may be proved for Christian Europe between the tenth and eleventh centuries by
the ‘Canterbury Pendant’: a little portable sundial made of silver and gold found in
1938, during the work of ground levelling of the cemetery inside the cloister of the
cathedral of Canterbury. This sundial shows only the third, the sixth and the ninth
hour of the day' by a series of points along vertical columns assigned to the months
of the year.

The existence of other altitude sundials of the same kind seems to be confirmed
by the words used by Byrhtferth of Ramsey (c. 970 — ¢. 1020) in a passage of his
Manual: “the sun ascends point by point on the sundial”, and again “Observe, O
clerk, how the sun ascends point by point on the sundial”.? To the same monk was
attributed, in 1563, the Glossae to the De temporum ratione of the Venerable Bede
(627-735);? in these we read: “The point [one of the fractions of one hour] is so called
from the word ‘pungendo’; because of this they make some points on the sundials.
The horologium is a series of hours shown point after point.”* Hermann the Lame
(Hermannus Contractus, 1013-54) described the instrument for the first time in a
short but complete treatise.’

Then there is a text, which until now has escaped the attention of scholars, that
describes in a clear way the construction of an altitude dial of this kind. It is inserted
in a little treatise doubtfully attributed to Bede: the Libellus de mensura horologii.
This brief composition (for convenience hereafter simply Libellus) was published
for the first time in 1563 in the first tome of the big work on Bede edited by Iohan-
nes Hervagius (Johann Herwagen) from Basel® and reprinted in the second half of
the nineteenth century in vol. xc of the well known series on patristic Latin texts
edited by J. P. Migne.” The Libellus, in fact, is a collection of different texts (not all
on gnomonics) gathered under seven rubrics in this order:

1. The first does not seem to have a title and it starts with: “Si quem delectat
horologium componere”.3

2. The second, Ad meridiem inveniendum, describes the method of finding the
meridian line with ‘correspondent altitudes’ of the sun, also known as ‘Hindu
circles’.

3. The third, Horologium quod contra unumquemque mensem habet ad umbram
humani corporis pede singularum horarum diei, is the drawing of the ‘shadow
scheme’ falsely attributed to Bede. It is represented as a portable instrument.’
4. Then follows Concordia xii mensium, where the preceding shadow scheme
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is reported in a textual way.°

5. The fifth, De signis et horis xii mensium, is a diagram of the length of the days,
in equal hours, for every month and the corresponding zodiacal sign.!!

6. Then, De tribus diebus periculosis lists the three dangerous days of the year,
when one risks death.

7. The last one, De Aegyptiacis diebus, is a known text about the so called
‘Egyptian days’, which lists all the 22 days of the year that are disadvantageous
for human activities.'?

The drawing of item no. 3 and the next text (no. 4) are found often together in a
single folio,"® while the text of no. 2 is added to many medieval gnomonical works
independently from the kind of sundial described.

The contiguity of items 2, 3 and 4 has always drawn, automatically, the attention
of researchers on ‘shadow schemes’, which were so popular in medieval times.'* For
this reason the first text of the Libellus has not been studied carefully and sometimes
the entire compilation has even been mistreated as a disappointing gnomonic work.

We do not know the source consulted by Hervagius for his work, but whatever it
was it seems now irreparably lost. For all the sections relating to the computus, Charles
Jones suggested that Hervagius used a thirteenth-century manuscript, or manuscripts,
from southern Germany, but we do not know anything about the manuscript that
Hervagius used for his publication of the Libellus."> T do not know of any author who
has been able to find another manuscript with the same compilation as the Libellus,
nor have I been able to find one.!® Jones admits that he never met a manuscript with
the same title, and because of that he is not able to mention any other manuscript
with text no.1; after this remark he suddenly goes to the texts and drawings in 3, 4,
5, 6 and 7, where he is able to cite many manuscripts.'’

There is the Migne text, and until now no one found a second text. However, I
can add two other texts, although I think there might be more.'® So at this point we
know just three sources with text no.1:

A. The first text of the Libellus, published first by Hervagius, and then by Migne.
It has almost certainly the title that Hervagius gave to the full collection: Libellus
de mensura horologii. It seems that the manuscript is definitely lost and we do
not know its provenance (thirteenth century?).

B. A fragment of only six lines added in a narrow space at the bottom of folio 7v of
Ms. Vaticano Pal. 3101 (eleventh century), entitled Inventio pendentis orologii."

C. A manuscript written in the eleventh or twelfth century and now kept in the
Badische Landesbibliothek of Karlsruhe (Ms. 504 Karlsruhe, fol. 58v). The text
is preceded by the title Ratio ad componendum horologium.>

The Text

I will use A as the basic text for this edition, because the evidence shows that this is
surely the most complete and the nearest to the original layout; so I will leave the
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references to the columns as they are in the text of Migne (which is also easier to
find than the Hervagius edition) but I will entitle it as in B, because I think that this
is more significant than the too generic titles in A and in C. Moreover I will correct

the text following the readings of B and C.

Beda Venerabilis (627-735): Opera dubia Pseudo-Bede

Libellus de mensura horologii

Inventio pendentis orologii *

I (C: row 28) (A: col. 951) Si quem
delectat horologium componere, sive
metallinum, sive ligneum, quod ad instar*
perpendicularis videtur formari, praeter
quod illud rotundum est, istud vero per
sena latera, in quibus horarum ordo
(A: col. 952) totius anni binis mensibus
insignitur.

Il Longitudo namque quinque digitorum
creditur sufficiens esse, plus minusve.
Grossitudo quoque, si unumquodque latus
sufficit ad gnomonem et inscriptionem
Kaleda- (A: col. 953) -rum, satis videtur.

I (B: row 40) Prima linea quae ascribitur
xii Kal® [uni et iulii,** secundum placitum
habeat initium: ipsum tamen spatium sex
aequis spatiis dividatur, vel partibus, a
primo puncto quod in una regione habetur,
usque ad umbilicum. Secunda vero, quae
xii Kalend. Augusti et Maii assignatur, a
medio sextae horae spatio primi ordinis
sortiatur terminum. Tertia, quae Aprilis
et Septembris iisdem (ut supra titulatur)
Kalendis, relicto dodrante penultimae
secundi ordinis horae, quadrantem
sumit exordium. Quarta penultimi spatii
tertiae seriei, vindicat trientem. Quinta
penultimi spatii quarti ordinis, quintam
arripit partem. Sextae lineae terminus,
quartae horae® confinio quinti ordinis
coaequatur.

Manual for drawing a sundial
Making the pendant sundial

If anyone wishes to make a sundial, of
metal or wood, similar to a perpendicular
(sundial), not cylindrical but with six
sides on which the hours are marked for
the entire year in pairs of months.

The length (of the sundial) needs to
be about five fingers; it needs to be
thick enough so that each side can
accommodate the gnomon and the names
of the pairs of months.

The first line, assigned to the twelfth
(day before the) Calends of June [May
21] and July [June 20], has its length
beginning where you like: its length
is divided into six equal parts, starting
from the first point in the section up to
the gnomon.* The second line, assigned
to the twelfth (day before the) Calends
of August [July 21] and May [April 20],
begins at the point in the middle of the
sixth hour space of the first section.”” The
third (line), assigned to the same calends
as previously noted of April [March
21] and September [August 21] begins
three-quarters of the way through the
penultimate hour of the second section.
The fourth (line) begins one third of the
way through the penultimate hour of the
third section. The fifth (line) begins one-
fifth of the way through the penultimate
hour of the fourth section. The end of
the sixth line shares the boundary of the
fourth hour of the fifth section.
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The text in B is missing the first parts (I and II), which, on the contrary, are present
in A and in C; its incipit is thus: Prima linea quae ascribitur xii kalendis Iunii et iulii.
Otherwise, all the texts, A, B and C, are almost identical, with only certain differences
that will be discussed in the references.

The Instrument

The first paragraph (I) describes the shape and the kind of the sundial, in our case a
pendant altitude dial, apparently with a prismatic shape with hexagonal section (per
sena latera) working on the same principle as the cylinder dial (Figure 1).%

The second paragraph (II) describes the instrument’s dimensions. The suggested
length for this object is around 5 fingers (about 9 cm) and its thickness (width or
diameter) is enough so that every side can hold the gnomon and the writings related
to the calendar.

The last part of the text (IIT) teaches the construction of the month lines and gives
the parameters for the relative lengths of the meridian shadows.

The Calendar

Every day line, or monthly column, has assigned two solar months with reciprocal
correspondence to the same solar declinations. This match was very common in
Roman portable sundials, but in this special case the date of the sun’s passage between
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FIG. 1. Reconstruction of the portable sundial described in the Libellus de mensura horologii. The points
here show only the 6th, 3rd and 9th hours. All the figures have been drawn by the author.



An Ancient Rule 145
[ ] (%) [ — (%] [*]
= = = — %0 - -
b = 5 = 3] bl [w]
% % % T % % %
- - - = - - - - - &
B — & i = . 8 = 2 = — T
= S o = 3 I £ 5 < By = o
£ Z z i Z 3 z 3 ®» = z i
I T T I L T I T T I Ll I
JUN. MAY AFPR. MAR. FEB. JAN.
JUL. AUG. SEP. OCT. NOV. DEC.
1 L L I 1 L Il L L I 1 1
S woo— E o= Boo= Boo= W
= c = & > o z g o % z 2 5
2" S0 w0 s A 2 = : 0 a
Z g 3 z F T %
r Y r r r T r
= = . A = & =
g S $ 8 H S §

FIG. 2. The calendar suggested by the Libellus.

zodiacal signs (12 days before Calends) has a late Roman origin.?” In a calendar such
as the one suggested by the Libellus, and reconstructed in Figure 2, the data of the
meridian shadow length in every column cannot be taken at the beginning of the
solar month, that is, the first day of the sun’s passage to the next zodiacal sign (about
the 21st of every month); but one must consider it in the middle point between two
zodiacal signs passages: in other words, with the solar declination near the fifth day
of every month of the year. The data taken in these days will be used by me further
when analysing the horary scheme.

Construction of the Hour Points

Every monthly line, once it is drawn with the right length, is subdivided into 6 equal
parts that represent both the first six hours of the day (from sunrise to midday) and
also the last six hours (from midday until sunset).*® This division in equal parts
appears obviously ingenuous but it is not alone in medieval literature: we can find it
in the 21st chapter titled De inveniendis in dorso Aastrolabii horis of the first book
of the De utilitatibus astrolabii, where this division is given as good for making
horologia (sundials).’!

The making of the sundial described in the Libellus starts with the summer sol-
stitial line, which in our case is assigned to two periods that go from 21 May to 20
June and from there back until 21 July (xii Kalendis Iuni et iulii). This line may
be as long as one wants (obviously as long as possible). The extreme point of the
second line, which corresponds to the period from 21 July up to 21 August and from
20 April until 21 May (xii Kalend. Augusti et Maii), matches with the middle point
of the sixth space (that is, the space corresponding to the 6th and 7th hours) in the
preceding months. The third line, dedicated to the 12th day before calends of April
and September (21 March and 21 August), starts from 3/4 of the penultimate space
(between the 5th and 8th hours) of the preceding month’s line. The fourth line starts
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FIG. 3. Scale of the lines drawn according to the manuscripts of the Libellus de mensura horologii. In the
present sketch the lines of the sixth and the third/ninth hours are shown with dots.

from 1/3 of the penultimate space of the preceding month line. The fifth one, at 1/5
of the penultimate space of the preceding one, and the sixth one ends at the limit
of the fourth space (end of the 4th and beginning of the 9th hours) of the preceding
column. The result is shown in Figure 3.

The layout found from the data furnished in the Libellus unequivocally reminds
us of the hour lines of a cylindrical portable sundial that was made in the Middle
Ages. It was also known by the name of horologium viatorum, and today is more
commonly known as ‘the shepherd’s dial’.

The Cylinder Sundial and Its Origin

It is believed that the oldest Latin document describing the construction of this
kind of sundial was compiled in the eleventh century by Hermann the Lame, who
was a Benedictine monk from the Abbey of Reichenau, Germany, and author also
of an essay on the astrolabe (De mensura astrolabii liber) that is believed to have
been translated from an Arab treatise because of its frequent use of Arabic technical
terms in its contents.’? The text related to the construction of a cylindrical altitude
dial is contained in the second book of the De utilitatibus astrolabii.** The text on
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the cylinder written by Hermann looks independent from the text of the Libellus.
Hermann explains how to construct the instrument from a table of solar altitude data
found with an astrolabe. He finds the hour shadow lengths by an easy but correct
graphical procedure.** The Hermann text on the cylinder dial was very widely dif-
fused, and many other new Latin and European treatises drew on it.

The Arabs also knew a sundial similar to the cylinder dial that was widespread in
medieval and Renaissance times in Europe. The principle was the same as for the so-
called “locust’s leg”, a dial made with a flat rectangular board divided into columns
for every sun declination or zodiacal sign. In every column or vertical day-line are
marked the hours of the day. The gnomon can be either fixed, or movable by being
inserted in a series of holes on the top of every column.

This dial could be mounted on a body with a circular section but usually was
intended more as a cone dial than a cylinder. The name of both kinds was mukhula.
We know that the oldest Arabic text about an altitude dial like this is probably from
ninth-century Baghdad.* Al-Biriini mentions the mukhula but he does not explain any
detail of its construction. Al-Khwarizml, in the late tenth century, names the mukhula
as an horary instrument. We know also that in the thirteenth century an author named
Ibn Yaya al-Siqilli wrote a treatise on the mukhula.* In addition, al-Marrakushi wrote
about it, and then Najm al-Din al-Misr1 in the fourteenth century.”’

For a time it was believed that Hermann was the inventor of the portable cylinder
dial, since his writing on the subject does not use any Arabic terms (as does his essay
on the astrolabe). Today we know that neither Hermann the Lame nor the Arabs (as
was later supposed for a time) were the inventors of the dial, because a small port-
able cylinder dial made of bone (height 62 mm, diameter 25 mm) was found at Este
in the province of Padua, Italy, in the grave of a Roman doctor that has been dated
back at least to the first century. This is the proof that that model was already known
in Roman times (Figure 4). 3

The principle of the ‘locust’s leg” was also known to the Romans, as we see from
the well-known ‘Ham of Portici’ found at Ercolano, near Naples.*

FIG. 4. A cylindrical sundial for travellers found at Este (Padua).
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It is clear, therefore, that Hermann drew his information from some earlier sci-
entific tradition but I find it difficult to believe that Hermann looked at an Arabic
manuscript, because in his text there is not one single Arabic word, and we do not
really know that an Arabic manuscript on the mukhula or on the ‘locust’s leg’, older
or even contemporary with him, circulated in Europe in the tenth or eleventh century.
I believe that Hermann knew some old Latin-tradition text about it and, on the other
hand, that he had some Arabic knowledge or instrument that permitted him to write
a new independent and corrected text.

So now, in order to find the tradition followed by the Libellus, the questions that
we pose are:

Has the instrument described in the Libellus some relationship to the Roman
cylinder found at Este?

Does the layout produced by the data furnished by the Libellus correspond to
a correct course of the hours or is it simply an ingenuous approximate attempt?

If its layout is correct, for which latitude was it calculated or it was considered
universal?

To answer these questions we must compare the drawing produced from the Libel-
lus with the two most important testimonies of the past: the Roman dial from Este
and the Anglo-Saxon dial from Canterbury.

The Cylinder of Este and the Libellus’s Horologium: Analysis and Comparisons of
the Layouts

Nothing is written in the Libellus text about the length of the gnomon, so we need to
hypothesize some length to start our investigation. Of course every length used for
testing is arbitrary, nevertheless we must start with some reasonable choice.

The dimensions of the dial given in the Libellus are very similar to the propor-
tions of the Este cylinder dial, so I have tried a length of a gnomon of about 20 mm,
comparable to the length of the summer gnomon of Este,* and calculated an hourly
layout for different meaningful latitudes: 45°N,* 48°N,* 51°N* and 53°N. None
of these four latitudes succeeds in having a correct overlap with the hourly course
furnished by the Libellus. In all these four cases the errors are worse in the two sol-
stitial periods, mostly in JAN-DEC for latitudes higher than 45° and in JUN-JUL
for latitudes lower than 51°. See Figure 5.

The shadow of the gnomon fits well only at the summer solstice for latitude 51°N
and at the winter solstice for latitude 45°N or a little lower. Changing the length of the
gnomon does not solve the dilemma. It is evident that the problem must be tackled
from another point of view.

Has a purely intuitive method perhaps been used, not mathematical and even not
empirical, to build the resultant meridian curve from the rules of the Libellus?

If there is a relationship between the first text of the Libellus and the hourly curves
of the cylinder of Este, this is not to be sought in the relationships among the two
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FiG. 5. Comparison of the noon line (sixth hour) data of the Libellus dial with the same hour line correctly
calculated for latitudes 45°N, 48°N, 51°N and 53°N with gnomon length of 20 mm.

meridian shadow lengths, because the curve of the sixth hour on the cylinder extends
in height much more than the one described in the Libellus (Figure 6).

If there is a connection (and I believe that there is), this is to be sought partly in
the same type of ‘levelling’ of the meridian hourly curve. An hourly curve so flat-
tened, in effect, can be produced, as far as I know, only in three ways: (1) with a
fixed gnomon (e.g., the ‘Ham of Ercolano’, better known as the ‘Ham of Portici’),
(2) with a conical body, or (3) with the seasonal use of two, three or more gnomons
of different lengths.

The first case is to be discarded because in the text of the Libellus it is clear that it
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FiG. 6. Comparison of the noon curve on the cylinder of Este and the midday curve described in the
Libellus de mensura horologii. I put the starting point at the shadow length of the summer solstice.
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intends that the gnomon is to be put from time to time on the correct monthly column
(“Grossitudo quoque, him unumquodque latus sufficit ad gnomonem et inscriptionem
Kaledarum, satis videtur”). The second one is doubtful, because in the Libellus this
idea is not mentioned: we only read that it is similar to the cylindrical ones. Neverthe-
less I have tried to test this possibility without appreciable success. Therefore only
the third suggestion — the use of two or more different gnomons — is feasible. The
‘cylinder of Este’ actually has two gnomons: one for the summer period (the shorter
one, 21 mm) and one for the winter period (27 mm).* Calculation has allowed us to
confirm the ‘acceptable approximation’ (we should not forget that all the portable
sundials of the Antiquity were of very small dimensions) of these hourly curves for
the latitude of Este (Figure 7).* However, in the graph produced by calculation (white
squares) a significant jump occurs at the equinoctial period; this sudden leap of the
curve is due to the change of gnomon length.

With the same procedure we discover that the curve for the sixth hour (noon)
calculated on the data furnished by the manuscript of the Libellus, besides showing
an evident relationship with the same curve of the cylinder of Este, belongs also to
a layout produced by two gnomons of around 20 and 25 mm, for a latitude near to
50°N (Figure 8).

The Canterbury Pendant

Besides the portable cylinder of Este, the second most famous testimony of the
presence of portable altitude sundials is the object known today as the ‘Canterbury
pendant’. The pendant has been dated by scholars to the tenth century (before the
Norman Conquest of England in 1066), therefore still in the Anglo-Saxon epoch.*
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FiG. 7. Comparison of the noon curve of the Este cylinder and the one calculated for latitude 45°N with
two gnomons, the shorter one (21 mm) for the summer months (July, June-August, May-September
and April) and the longer one (27 mm) for the winter months (January, February-December,
March-November and October).
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FiG. 8. Comparison of the noon lines of the cylinder of Este and the Libellus. In both cases the curves
show a compromise aesthetically smoother than the correctly calculated hour curves.

The instrument is mainly a rectangular plate with plain surface, 65 mm tall, 19 mm
wide and 5 mm thick; we can think of it as a flat cylinder. The gnomon, which is
separate, is decorated at one of its ends with a small dragon head or snake, with a
sphere (perhaps the sun) in its jaws, and it measures 30 mm in length.*’ Each of the
two faces of the dial is divided into three rectangular columns, each column related
to two of the months as described in the text of the Libellus. At the top of every
column a hole is provided for the insertion of the gnomon, whose shadow vertically
extends down to show the hours, reaching some marks on its surface (Figure 9).*®

We have just seen that the curve of the Libellus corresponds to the layout calculated
for the latitude of 50°N, a latitude very near that of Canterbury. Is it possible that
there is a connection with the pendant of Canterbury and the text of the Libellus?

I have compared the graph of the hours drawn by the Libellus with the course of
the hourly points on the Canterbury pendant. Following the method described in the
manuscripts that we are studying, I have started from the real length of the line of the
summer solstice in the Canterbury pendant (37.7 mm) and, as can be seen in Figure
10, despite the zigzag course of the hourly points on the pendant, the two layouts
remain roughly within common limits.

A close relationship to the scheme furnished by the Libellus and the hourly points
engraved on the Canterbury pendant is therefore more than evident but still not
fully satisfactory. Why in the Canterbury dial do the spots run so zigzagged, and not
smoothly as we can see in the Libellus or in the cylinder of Este?
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FiG. 10. Comparison of the shadow scale in the Libellus (black spots) with the shadow scale on the
Canterbury dial (white spots).
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Two Gnomons

A study of the Canterbury pendant has been made more than once by different
researchers* and all have faced the problem of the scheme of the hours when analys-
ing the instrument; each has proposed his own solution. The conclusion that all have
reached, good or bad, is that from such a small object and for the epoch in which was
built, one cannot achieve greater precision. The strange zigzag course of the hourly
points of the pendant has been considered with the indulgence that is granted to a baby,
since the Canterbury sundial must have kept only a rough approximation to the time.

To this point it is really that zigzag course, seen already in the layout produced
with the calculation on the cylinder of Este (Figure 7), that forces us to reconsider
the hourly layout of the Canterbury pendant under a new light: the presence of two
gnomons.

It can be seen that the Canterbury pendant possesses only one gnomon, for there is
only asingle storage hole on the bottom of the plate;*® but the photographs produced
by Binns®! and by Mills*? show evidence that the same gnomon could be used in two
different ways. Binns uses the gnomon taking the head of the dragon as his vertex,
therefore leaving 25 mm of it out of the hole on the dial plate. Mills realizes that the
stylus can easily pass through the holes at the top of every monthly column, and by
pushing it through the plate until the dragon head stops it, the gnomon projects 20
mm on the opposite face of the dial (see Figure 11).

Using this double position we will get for the winter months a gnomon of 25 mm?*
and for the summer months a gnomon of 20 mm.> The calculation shows that, con-
trary to what has been believed until now, the Canterbury pendant was built correctly
for the latitude (or, better, for the ‘climate’) of that city, and that it actually worked

&)

Breiml

|

&

|
|

140.LI¥d SATYS

fem [T

| 14OSSASSOc X Vel

FiG. 11. The double position of the gnomon in the Canterbury pendant.
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with two gnomons. The result can be seen in Table 1 and in the graph in Figure 12.

Still, in Figure 12, the only line that lies correctly is that for the sixth hour, while
the lines for the third and ninth hours do not correspond very well with the results
of accurate calculation. Comparing Figures 3, 10 and 12, it appears evident that the
method of hourly subdivision over the sixth hour is the same as proposed by the
Libellus.

ArabicTreatises

As far as I know, in all mukhula descriptions the gnomon is movable and the body
section is rounded, but in the fourteenth-century manuscript of Najm al-Din we can
find some correspondence to the Libellus text. Najm al-Din uses a curious expression
to define the dial in his manuscript. He writes that it was “a flat conical sundial”.

TABLE 1. Comparison of the hour lines 3/9 and 6 on the Canterbury pendant with the same hours calculated
for latitude 50°N with two gnomons — the shorter one (20 mm) used for the summer months
(April-September, May-August, June-July) and the longer one (25 mm) for the winter months
(January-December, February-November, March-October).

Months Latitude 50° Gnom. Canterbury Pendant
Length 20-25mm Data
3&9 6 3&9 6
Jun—Jul -14.7 -38.6 -19.5 -37.7
May-Aug -13.8 -30.4 -19.5 -31.5
Apr-Sep -11.7 -21.2 -12.7 -21.7
Mar—Oct —-11.1 -17.3 -11.5 -18.7
Feb—Nov -7.9 -11.4 -6.6 -11.5
Jan-Dec -5.7 -1.9 4.2 -8.5
Tun-Tul Mus-Aug Apr-Sep Mar-(3el Feb-Moy Tan-[hee

shadow length in mm

-2 - third and sind hour cale. Tor ot 307 % - g, 23-20
-®-sixth hour eale. for lat 30° 5 - gnom. 23-20)

—C—third and ninth hour on the Canterburs pendant
—a—sixlh hour on the Canterbury pendant

Fi1G. 12. Graphical display of the data in Table 1. Comparison of the hour lines 3/9 and 6 on the Canterbury
pendant with the same hours calculated for latitude S0°N with two gnomons.
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What the author meant by that expression can be now understood by comparing this
with the Libellus text, which describes the instrument as “similar to the one that is
perpendicular, bearing in mind that that one is rounded and this one has six sides”.
So we can understand that the mukhula described by Najm al-Din does not have a
rounded section but is more similar to a pyramid with six or twelve sides. In the same
chapter we can find also the same division of the summer solstice column in six parts.*

The Libellus text seems to be lacking the part concerned with the gnomon’s (or
gnomons’) length. Notwithstanding, it is demonstrated that the midday curve has
been calculated for the use of two gnomons.

In the thirteenth-century treatise written by ibn Yahya al-Siqilli*® and edited by
Wiedemann and Wiirschmidt we read:

Know that in the head of the dial are three sticks.” If the shortest of them in the
region where you are is too short take the longer one, that is, if the shadow of the
shortest stick does not reach the line for the midday.... Operate with the stick of
which the shadow of this day falls on the midday line as long as you are in that
region. If none of the three sticks fits this line and all of them are too long take the
shortest and shorten it until the shadow is the right length. If all of them are too
short take the longest of them and stretch it a little bit until it is the right length.
Do similarly in every region where you stop and use the method for setting the
midday time in the whole region where you travel through.®

This passage reveals the possibility of using two or more gnomons to fit the shadow
cast on the midday point. This method is incompetently used by ibn Yaya al-Siqilli to
make the instrument adaptable for different latitudes. The problem is that a change of
latitude changes also the graph of the hour curves, so the only possibility to work in
an acceptable way is to draw an approximate curve; but nevertheless this is suitable
enough for a small range of latitudes.”

The Libellus, Este and Canterbury: Conclusive Relationships

Everything discussed so far shows that the relationships between the Libellus de
mensura horologii, the cylinder of Este, and the Canterbury pendant are these:

1. The data related to the sixth hour (midday) furnished by the Libellus produce
an approximate curve with the same characteristics as the curve traced on the
portable cylinder of Este but corresponding to a northern latitude of around 50°N.
The curve produced envisages the use of two gnomons of different lengths for
two seasonal times, as with the cylinder of Este. To the detriment of precision
(irrelevant for small dimensions), there is a preference for the elimination of the
equinoctial jump for an approximate but more harmonious curve.

2. The course of the hourly points of the sixth hour on the portable sundial of
Canterbury answers sufficiently well to the values furnished by the Libellus, but
it reveals a preference for the correct zigzag layout, against the fluid elegance
furnished by the curve of the Libellus.
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3. Both in the cylinder of Este and in the Canterbury pendant, as well as in the
data furnished by the Libellus, the relationship between the two gnomons is
around 4 to 5.

4. The course of the hourly points of the third and ninth hours in the Canterbury
pendant seems to follow the same subdivision in six equal parts described in the
Libellus, while the cylinder of Este follows a more correct method.

Possible Origin of the Libellus

As we have so few sources, it is not easy to date the text of the Libellus; the most
ancient manuscript among those listed at the beginning of this work is of the eleventh
century. Nevertheless, from the evidence found during the study of the text, we can
reasonably suppose that we are dealing with a more ancient tradition. If we consider
that the compilation that has reached us by Hervagius is composed of elements, some
known since Antiquity (texts 2, 6 and 7), some dated back to the eighth century (3
and 4),% and others at least to the eighth century (5), we could date back the first
text of the Libellus at least to the tenth century, if not earlier to Carolingian times.

There are, actually, two rather clear references to traditions more ancient than the
tenth century: the first one can be recognized in the use of the word umbilicus for
identifying the gnomon,®" and the second one can be seen in the calendar limits (xii
kalendae) that became conventional after the Council of Nicea (A.D. 325).

Apart from in Pliny the Elder, the definition of the gnomon with the name umbilicus
is also found in Bede’s De natura rerum, which admittedly gets much from Pliny,
while the same position of the dates in reference to the months is found in the descrip-
tion of a horologium built according to special ‘shadow schemes’ in a manuscript of
the year 850 (Ms Cotton Tiberius A, 111 fols 178-9).©2

We can find also that Hermann the Lame composed his Demonstratio componendi
cum convertibili sciothero horologeci viatorum instrumenti looking at a text from the
same tradition (perhaps lost today) because he uses the Greek-origin word sciotherum
as ‘gnomon’. Before Hermann we find that word only in the ancient texts that came
from Roman times up to Carolingian times.®

In conclusion, it seems that the text of the Libellus, as we know it today, was prob-
ably composed during the eighth to tenth centuries, but that it has a great affinity with
the ‘cylinder of Este’ layout. It is in reality the last witness of the Roman handbooks
devoted to the construction of the portable sundials of which Vitruvius also speaks
and that it was still probably available up to the beginning of the Middle Ages.**

With this conclusion, we can imagine that Roman popular manuals on construction
of portable sundials were probably composed by use of tables of midday shadow
length calculated for different ‘climates’.% The Libellus seems to be a surviving frag-
ment related to England’s ‘climate’, transcribed in Carolingian times, when it was
perhaps taken as a ‘universal’ scheme for portable sundials of that kind.
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