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Abstract: Large medieval clocks were built in a number of Hanseatic towns in the Baltic region from the end of
the fourteenth century to the middle of the fifteenth century. Several factors contributed to their building: there
was a need for public display of time in the rapidly growing medieval towns, the technique of constructing
mechanical clocks became available with the invention of the verge escapement in Italy in the second half of the
of the thirteenth century, and wealthy Hanseatic towns had the means to pay for their construction. The layout of
the clock dial and calendar disk of a number of these clocks in the region is studied. There are two main types of
clocks, an older one for clocks constructed around the beginning of the fourteenth century, and a second one for
clocks constructed around the middle and end of this century. The older clocks are characterised by having a
dial with a stereographic projection of the sky not used in the later clocks. Most clocks also have a calendar disk
to display specific information about the days of the year like Sunday letters, golden numbers, and calendar date.
The only original calendar disk extant is the one on the Saint Mary cathedral in Gdansk giving times of the mean
New Moons for the years 1463 to 1538. The times indicate an origin in the Alfonsine Tables modified for the
longitude of Nuremberg in Germany.

Keywords: Baltic region, astronomical clock, stereographic mapping, Sunday letter, golden number, Alfonsine
Tables

1 INTRODUCTION Hanseatic League, a commercial and defen-

The construction of large astronomical clocks si_ve confederation ofmerchan_tguilds (Hamm6|'
in several towns in the Baltic region began at Kiesow, 2008). Merchant circles established

the end of the fourteenth century and contin- the League tq protec_t the_ guilds’ (_acono_mic i_n_-
ued during the fifteenth century (Schukowski terests and diplomatic privileges in their affili-
2006). There are two main reasons for thisi ated cities and countries, as well as their trade
Firstly, the art of constructing mechanical clocks rOLIJteS' t The Hgnseatlct: c(;'t'tis _had their own ]Ice-
was improved by the invention in Europe of the gal system and operated their own armies for
verge escapement (Cipolla, 2003; Mogensen mutual protection and aid, and controlled most
2008) in the thirteenth century and resulted in Ef the tra|<__:1|e 'g the let'c' Thﬁy had OTCGZ In
the construction of large public tower clocks in ruges (Flanders), Bergen (Norway), London

European town squares, cathedrals, and mon- and many other major towns in Europe.

asteries in a movement starting in southern Figure 1 shows the extent of the Hanseatic
Europe in the middle of the fourteenth century League around 1400. The League became a
and spreading to France, England,' to north- powerful institution, for instance in 1368, the
ern Germany and the Baltic region. An early allied towns sacked Copenhagen and Helsing-
example of such early clocks was the elabor- borg, forcing the Danish King Valdemar VI to
ate early astronomical clock in Strasbourg built grant the League 15% of the profits of the Dan-
in 1352 (Ungerer, 1949; Wahlin, 1923: 26), but ish trade. The towns in the Baltic region that
now destroyed. The accuracy of these first were members of the League became very rich
clocks was not impressive, they could be fast and could afford the great expense that was
or slow by up to one hour a day and had to be involved in the construction of large astronom-
corrected, sometimes twice a day (Cipolla, ical clocks, although not all Hanseatic towns
2003), and it was consequently thought unnec- could afford them.

essary to provide them with a minute hand. In
spite of this, clocks with verge escapement
were used in Europe until the seventeenth
century when they were replaced by more ac-
curate clocks with pendulum escapements and
seconds precision.

In this paper | will study the physical layout
of extant medieval astronomical clocks in towns
in the Baltic region: Wismar, Rostock and Stral-
sund (in Germany), Gdansk/Danzig (Poland),
the monastery of Doberan (Germany), and Lund
(Sweden). The first four towns were important

Secondly, the clocks were a matter of and wealthy Hanseatic towns on the coast of
money and prestige. The clocks were a kind the southern Baltic. The Doberan Abbey, 15
of status symbol meant to display the affluence kilometers west of Rostock, was an economic
of the cities. Growing from a few North Ger- centre that became very wealthy. Lund, al-
man towns in the late 1100s there was the though not a Hanseatic town, was at the time
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Figure 1: The extent of the Hanseatic League around 1400 is shown in green (after Andree, 1886: Plate 28)

the Archdiocese of Scandinavia and an import-
ant ecclesial power in the Baltic region. Figure
2 shows a map of the locations of these towns
marked in red.

There is very little known about the build-
ers of these clocks in the Baltic region. It is
probable that the very similar clocks in Dober-
an, Stralsund, and Lund were built by Nikolaus
Lilienfeld from Rostock of whom it is only known
that he was a ‘horologer’ (Schukowski, 2008).
The clocks in Gdansk and Rostock also exhibit
great similarities and were built by Hans Dir-
inger from Nuremberg, of whom only is known
his year of death, which was 1477 (ibid. )

‘ ,Rostoék Stralsund

Doberan |

' \Wismar

There were two types of clocks, an older
type, Type | and a younger one, Type Il. Fig-
ure 3 shows typical clocks of the two types:
on the left is the older type, the clock in the
Cathedral of Lund (Sweden) and to the right is
the younger clock in the Church of Saint Mary,
Rostock (Germany). At the top there is a clock
dial, and at the bottom a calendar disk. The
Lund clock has in the middle a set of automata
that at special times performs a procession of
the three Holy Kings before Virgin Mary. The
clock in Rostock has a similar set of automata
above the clock dial. The Rostock clock was
then the largest clock in Europe with a total

Figure 2: Location of medieval clocks in the Baltic region (after Google Earth; map modifications: Lars Gislén)
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Figure 3. The two clock types. To the left the clock in Lund, to the right the one in Rostock (after Wikipedia).

height of 14 meters.

2 THE CLOCK DIALS

Both types of clocks have a dial divided into 24
hours with a pointer for the display of the Sun
and its location in the ecliptic. There is also a
pointer showing the position of the Moon rela-
tive to the Sun and a display of the phases of
the Moon. Both types lacked a minute hand.

2.1 Type |l Clock Dial

In this type of clock, the dial shows the celest-
ial sphere mapped onto a plane using a ster-
eographic projection. This kind of mapping,
already known in the antiquity, was also used
to construct the astrolabe, a practical astro-
nomical instrument for the calculation of posi-
tions and other data of astronomical objects.
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The stereographic projection follows a linear
ray from one of the celestial poles via a point
on the celestial sphere to hit a horizontal equa-
torial plane at the mapped point (see Figure 4).
A stereographic projection maps all the points
on the celestial sphere, except the Pole itself,
into points on the horizontal plane. An import-
ant property of this projection is that circles on
the celestial sphere are mapped into circles on
the plane and that angles between lines on the
sphere are preserved in the mapping. For an
astrolabe, the South Celestial Pole was used
as the origin for the projection ray, for the ast-
ronomical clocks in most cases the North Cel-
estial Pole was used.

Figure 5 illustrates the stereographic pro-
jections of parallel circles (right) and the local
horizon (left). The angle between the zenith and
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Tropics of Cancer and Capricorn, touching the

RTINS former from the inside and the latter from the

Figure 4: Stereographic projection principle (diagram: Lars

Gislén).

and the celestial north pole is the 90° comple-
ment of the latitude of the site of the clock.
The local horizon of the site will be mapped as
an off-centre circle in the plane. The ecliptic
will be mapped into an off-centre circle with a
diameter that is the sum of the radii of the

outside (see Figure 5 left).

As an example of the clock dial of a Type |
clock, Figure 6 shows the dial of the clock in
the Cathedral of Lund together with a comput-
er-generated stereographical mapping for the
latitude of Lund.

The white concentric circles are the map-
ings of the parallel circles. The edge of the
central red region is the local horizon, the edge
of the central black region shows the limit for
dusk and dawn when the Sun is assumed to
be 10° below the horizon. The red off-centre
circle to the left is the ecliptic corresponding to
the outer rim of the ecliptic band to the right.
The ecliptic band moves with the Sun, the Sun
moving slowly anti-clockwise 360° relative to
the ecliptic band during one year. The inter-
section between the solar pointer and the outer
rim of the ecliptic band shows the location of the

Celestial North Pole

Tropic of Cancer

Tropic of Capricorn

Celestial North Pole
Zenitl

Figure 5: Mapping

parallel circles and the local horizon (diagrams: Lars Gislén).

Figure 6: On the left is a computer-generated stereographic dial for the latitude of Lund (diagram: Lars Gislén)

the dial of the clock in Lund.
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Figure 7: The Stralsund and Doberan clock dials (Wikipedia).

Sun in the sky. The numbered curved lines on
the right in Figure 6 show the so-called tem-
poral hours that divide the bright part of the
day into twelve equal parts. These were used in
the beginning of the fifteenth century when the
Sun was still the main time reference. In later
clocks only the division of the day and night
into 24 equal hours was used—equinoctial
hours—an adaptation to time now being deter-
mined by mechanical clocks. The clock dial
shows both kinds of time: the older temporal
time and the newer equinoctial time. In Figure
6, the dial to the right shows noon time at the
summer solstice when the Sun is just leaving

the zodiac sign of Gemini and entering Cancer.

Also shown is the Moon pointer on the border
between Libra and Scorpio. At the end of the
Moon pointer is a half-silvered ball that by its
rotation shows the phase of the Moon. From
the dial it is possible to determine the time of
sunrise and sunset for a given position of the
Sun in the ecliptic and also to find approxi-
mately the same quantities for the Moon if the
ecliptic latitude of the Moon is neglected. The
average townsman would not have been ex-
pected to comprehend all the available astro-
nomical information. The Lund clock is dated
to 1423 and was renovated and reconstructed
in 1923 after having been neglected for several
hundred years (Wahlin, 1923). By then, only
the clock dial and some wheels from the clock-
work remained.

Figure 7 shows the old type of clock dials
of the still extant but not working astronomical

clocks in Stralsund (1394) and Doberan (1398).

The clock in Doberan lacks the ecliptic ring and
the pointers. All the towns with astronomical
clocks in the Baltic region originally had clocks

Page 261

of this type but they were destroyed or replac-
ed by newer clocks later on. In Liibeck the old
clock was replaced in 1561, only to destroyed
by fire in 1942. The clock of this older type in
Marienkirche in Wismar, Germany (Figure 8)
was destroyed in 1945.

2.2 Type ll Clock Dial

The dials in Figure 9 are characteristic of the
younger clocks, the clocks in Gdansk and Ros-
tock, which were constructed by Hans Diiring-
er (d. 1477) in 1464 and 1472, respectively.
They are comparatively modern recreations of
the original dials.

In these dials there is no stereographic
mapping and the temporal hours have disapp-
eared in preference for the equinoctial hours.
The Moon’s phase is shown in a circular aper-

R : Ak

Figure 8: The clock dial of the clock in Wismar (after
Wahlin, 1923: 24).
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Figure 9: The Gdansk and Rostock clock dials (Wikipedia).

ture. The Sun’s and the Moon'’s position in the
ecliptic is shown by a Sun and a Moon image,
respectively. In the Gdansk dial the time of the
day is shown by a separate pointer.

3 THE CALENDAR DISKS

The calendar disks show the days of the year
as 365 radial slots, one for each day of the
year. Each day slot carries information for that
day. The original calendar disks of the clocks
in Doberan and Stralsund perished long ago.
The calendar disk of the clock in Rostock has
been periodically updated, the latest update
was in 2018 and now contains no original data.
The original calendar disk of the Lund clock
was lost and a new one made when the clock
was reconstructed in 1923. The new calendar
disk was modelled after consulting several
calendar disks of other ancient astronomical
clocks in Europe.? The calendar disk of the
clock in Gdansk is the only original one extant
and will be analysed below.

4 THE GDANSK CALENDAR DISK
4.1 Sunday Letters and Golden Numbers

All calendar disks display Sunday or dominical
letters. The days of the year, starting with the
first of January are labelled by a repeating
sequence of the seven letters A, BC, D, E, F,
G. The last day, 31 December, will then be la-
belled A. Each year will be associated with
one of these letters and the days marked with
this letter will be Sundays. Leap years will have
two Sunday letters, one to be used before 28
February, the other to be used after that day of
the year. The year 2019, for example, has
Sunday letter F, 2020 being a leap year has
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Sunday letters E and D, 2021 has Sunday
letter C, the Sunday letter stepping backwards
in the sequence for each subsequent year.

The golden number, numerus aureus, is a
number from 1 to 19, associated with each year.
There is a simple rule to calculate the golden
number for a given year: divide the year by 19,
keep the remainder and add 1.

The golden number for the year 2020 is
then 7. The golden number is used to find the
dates of the New Moons of a year. The back-
ground for the golden numbers is the fact that
19 mean solar years are almost exactly equal
to 235 synodic months or lunations something
that has been known by astronomers for thou-
sands of years. Using mean Julian years of
365.25 days and mean synodic lunar months
of 29.53059 days we have 365.25 x 19
6,939.75 days and 29.53059 x 235
6,939.68865 days.

This means that, on average, New Moons
will repeat on the same date every 19 years,
the Metonic cycle named after the Greek ast-
ronomer Meton (fifth century BCE), but the
cycle was in use much earlier in the Babylon-
ian and Hebrew calendars. There will be a
variation of about one day plus or minus for
the true Moons because the Moon’s orbit is not
a perfect circle and also because the solar
year being every fourth year a leap year. Thus,
we can for each year mark the days with a
New Moon with the golden number of that year
and we will have an approximate repeating 19-
year calendar of New Moons.

Golden numbers in combination with Sun-
day letters were very important for the Christ-
ian Church as tools for determining the date of
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Figure 10: The calendar disk of the Gdansk clock. (Wikipedia)

Easter Sunday, which occurs on the first Sun-
day after the first (ecclesial) full moon on or
after 21 March. In both the Lund and the
Gdansk calendar disks the day slots have both
Sunday letters and golden numbers. Unfortun-
ately, a few of the golden numbers on the
Lund disk are in error due to scribal errors
writing the Roman numbers in the reconstruct-
tion in 1923. The Gdansk disk shows not only
the golden numbers of the days but also the
mean times of the respective New Moons (see
Figures 10 and 11).

The outermost rim of the Gdansk calendar
disk shows the Sunday letters. The next band
inwards gives the calendar date in the quite
complicated Roman calendar. Then follow four
bands of numbers, each covering a 19-year
interval: 1462-1481, 1482-1500, 1501-1519
and 1520-1538. In each of these intervals the
golden number of the first year is 1. Figure 11
shows a detail of part of the two inner bands
for the month of January.

Each band first shows the golden number
written as a Roman numeral. Then follows the
hour of the mean New Moon and finally the
minute, also in Roman numerals. As is explain-

ed by text on the disk both in Latin and in
German, the times are counted as 24 hours
starting from noon. For 2 January, the slot
with Sunday letter “b” in the middle of Figure
11, the golden number is viii = 8 corresponding
to the year 1470 and the time is ii li = 2:51.
Further down in the same band (not shown in
the Figure) we find again, on 31 January, the

‘:"‘.v-- ,' ' “;‘.-—“1_;" 't""'ﬂ; 1 ’ :; ;
[0l Y e O 1 A s~ .

Figure 11: Detail of the calendar disk (Wikipedia).
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golden number 8 associated with the time
16:35. The difference between these times,
31 January 16:35 — 2 January 2:51 = 29 days
12 hours and 44 minutes, precisely the length
of the mean synodic month.

The calculation of these numbers would
require an enormous amount of work. Each
19-year interval has 235 lunations, in total the
four 19-year bands require 235 x 4 = 940
calculated New Moon times. Table 1 shows in
the respective second columns these numbers
for the month of January for the four bands
and read from the disk. A few numbers cannot
be read and are marked by question marks
and there are two obvious printing errors that
have been corrected (marked in red). The left-
most column (G) is the golden number. Col-
umn D gives the disk times, AT the times ac-
cording to the Alfonsine Tables, and D-AT the
time difference.

4.2 The Origin of the Times

The most widespread astronomical canon at
the time was the Alfonsine Tables. These
tables were produced by a team of Jewish,
Christian, and Muslim scholars, sponsored by
King Alfonso X of Castile (1221-1284) and
were based on earlier Islamic works and obser-
vations as well as contemporary observations
made by astronomers in Toledo. The Tables
did not exist in printed form at the time of the
construction of the clock in Gdansk (the first
printed edition appeared in 1483—see Alfonso
and Leon, 1483), but they existed in manu-
script form in several versions and were the
standard astronomical reference of the time.

There were also quite a few derivations of
the Alfonsine tables, adapted for different long-

itudes, the most famous being Tabulae Eclyps-
ium (Peurbach, 1514) by George Peurbach
(1423-1461) for the longitude of Vienna but
with all of these derivations still using the par-
ameters of the Moon from the Alfonsine tables.
Again, these modified tables existed in printed
form only after the time of the construction of
the Gdansk clock. A comparison of the times
on the Gdansk disk and times calculated from
the Alfonsine Tables (AT) is shown in Table 1.

A 19-year interval can have either 6,939 or
6,940 days as there can be four or five leap
days in 19 years. This causes the time series
for the respective intervals to be displaced
relative to one another.

The time differences between the times on
the disk and the times calculated from the
Alfonsine Tables (D — AT) are almost constant,
the average being 1 hour 17 minutes. This
represents a longitude correction to the Alfons-
ine tables that, remembering that 15° of longi-
tude corresponds to one hour of time, amounts
to a longitude difference of about 19°15". The
1483 edition of the Alfonsine table also con-
tains a list of longitudes and latitudes of known
locations. The Alfonsine Tables were comput-
ed for the longitude of Toledo, Spain. The
prime meridian of longitude in the Tables was,
as already established by Marinus of Tyre,
Ptolemy’s predecessor, Fortunatae Insulae,
the Isles of the Blessed. These were semi-
legendary islands in the Atlantic located near
the Canary Islands although the precise lo-
cation is debated (Russo, 2013; de Grijs, 2017)
although this is not important for the argument
here. Adopting this as prime meridian meant
that all locations in the known world at that
time were situated east of the prime meridian,

Table 1: A comparison between disk times and the Alfonsine Table times for January.

1463-1481 1482-1500 1501-1519 1520-1538

G | Day D AT |D-AT | Day D AT | D-AT | Day D AT | D-AT | Day D AT |D-AT
8 2 | 02:51 [01:35| 1:16 | 1 19:25 | 18:07 | 1:18 | 2 | 11:56 | 10:39 | 1:17 | 2 | 04:28 |03:11 | 1:17
16| 3 | 15:32 |[14:16/ 1:16 | 3 | 08:07 | 06:48 | 1:19 | 4 | 00:37 | 23:20 | 1:17 | 3 | 17:10 [15:52| 1:18
5 5 | 11:41 10:25[ 1:16 | 5 | 04:13 | 02:57 | 1:16 | 4 | 20:47 | 19:29 | 1:18 | 5 | 13:19 |12:01| 1:18
13| 7 |00:23 [23:06 1:17 | 6 | 16:56 | 15:38 | 1:18 | 6 | 09:28 | 08:10 | 1:18 | 7 | 02:05 [ 00:42| 1:23
2 8 |20:32 19:16/ 1:16 | 8 | 13:03 | 1148 | 1:15 | 8 | 05:35 | 4:19 | 1:16 | 7 | 22:08 |20:51 | 1:17
10 | 10 | 09:14 |07:57| 1:17 | 10 | 01:46 | 00:29 | 1:17 | 9 | 18:18 | 17:00 | 1:18 | 9 | 10:50 [09:32| 1:18
18 | 11 | 21:?? |20:38| -- 11 | 14:27 | 13:10 | 1:17 | 11 | 06:58 | 05:42 | 1:16 | 10 | 23:31 [22:13| 1:18
7 | 12 | 18:03 |16:47| 1:16 | 12 | 10:33 | 09:19 | 1:14 | 13 | 03:07 | 01:51 | 1:16 | 12 | 19:39 [18:23 | 1:16
15| 14 | 6:44 |05:28| 1:16 | 14 | 23:16 | 22:00 | 1:16 | 14 | 15:45 | 14:32 | 1:13 | 14 | 08:21 [07:04 | 1:17
4 | 16 | 02:53 |01:37{ 1:16 | 15 | 19:25 | 18:09 | 1:16 | 16 | 11:56 | 10:41 | 1:15 | 16 | 04:30 [ 03:13 | 1:17
12 | 17 | 15:34 |14:18| 1:16 | 17 | 08:07 | 06:50 | 1:17 | 18 | 00:40 | 23:22 | 1:18 | 17 | 17:10 [ 15:54| 1:16
1 19 | 11:44 [10:27| 1:17 | 19 | 04:15 | 02:59 | 1:16 | 18 | 20:48 | 19:31 | 1:17 | 19 | 13:18 [12:03 | 1:15
9 | 21 | 00:23 [23:08| 1:15 | 20 | 16:58 | 15:40 | 1:18 | 20 | 09:32 | 08:12 | 1:20 | 21 | 2:05 [00:44| 1:21
17 | 22 | 13:06 |11:49| 1:17 | 22 | 05:39 | 04:21 | 1:18 | 21 | 22:10 | 20:53 | 1:17 | 22 | 14:42 [13:25| 1:17
6 | 24 | 09:14 |07:58| 1:16 | 24 | 01:45 | 00:30 | 1:15 | 23 | 18:18 | 17:02 | 1:16 | 23 | 10:40 [09:34 | 1:16
14 | 25 | 21:46 |20:39| 1:17 | 25 | 14:28 | 13:11 | 1:17 | 25 | 07:00 | 05:43 | 1:17 | 24 | 23:33 [22:15| 1:18
3 | 26 | 18:06 |16:48| 1:18 | 27 | 10:35 | 09:20 | 1:15 | 27 | 03:08 | 01:52 | 1:16 | 26 | 19:41 [18:24 | 1:17
11| 28 | 06:46 |05:29( 1:17 | 28 | 23:18 | 22:01 | 1:17 | 28 | 15:51 | 14:33 | 1:18 | 28 | 08:22 [ 07:05| 1:17
19 | 29 | 19:27 |18:10( 1:17 | 30 | 11:59 | 10:42 | 1:17 | 30 | 04:30 | 03:14 | 1:16 | 29 | 21:?? [19:46| -

31 | 15:35 [14:19/ 1:16 | 31 | 08:10 | 06:51 | 1:19 | 2/1 | 00:40 | 23:23 | 1:17 | 31 | 17:12 | 15:55 | 1:17
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avoiding negative numbers for their longitudes.
In this system Toledo has a longitude of 11° 0".
Thus, the location longitude of the numbers on
the disk is 11° 0" + 19°15' = 30°15'. Examining
the location table in the Alfonsine Tables
(Table 2), we find three potential targets: Prun-
suiga (Braunschweig/Brunswick), Nurenberga
(NUrnberg/Nuremberg), Uima (Ulm) in Germany
and two towns in Italy (Novaria and Mediolan-
us).

Neglecting the ltalian towns, we are left
with Brunswick, Nuremberg and Ulm. Of these
Nuremberg is the most probable alternative.
Nuremberg was the unofficial capital of the
Holy Roman Empire. It had a long tradition of
science, particularly astronomy, and calendar-
and clock-making (Cippola, 2003), it was the
site of one of the first printing presses, and
perhaps most important, it was the native town
of the clockmaker, Hans Diringer. A specula-
tion is that there already existed a pre-calc-
ulated list of times for the mean conjunctions
of the Moon and the Sun, the New Moons, for
the longitude of Nuremberg. Saving himself a
lot of work, Hans Diringer would use this list
for the construction of the calendar disk of the
astronomical clock in Gdansk. A true correct-
ion to the longitude of Gdansk would have
added about another half hour to the mean
New Moon times. Presumably, no one would
notice this as the true New Moon could deviate
about one day from this time.

5 CONCLUDING REMARKS

The medieval astronomical clocks in the Baltic
region were remarkably sophisticated mechan-
ical instruments and represented the state-of-
the-art clock-making at the time and were in-
tended for public display. Several of them have,
in addition to the astronomical function, elabor-
ate mechanical automata and organs that per-
form at special hours of the day. They were
extremely expensive and could only be afford-
ed by the most affluent towns in the Baltic
region that were part of the Hanseatic League.
These clocks were inspired by earlier clocks in
southern Europe made technically possible by
the invention of the verge escapement. They
represent a fundamental change in the meas-
urement and concept of time, from continuous
devices like water clocks, sand glasses, and
sundials to a discrete partition of time based
on oscillatory movement. The earliest clocks
displayed temporal hours, an indication that
the Sun was still considered the fundamental
time-keeper. In later clocks these hours were
replaced by equinoctial hours as more conven-
ient for mechanical clocks. It is a little surpris-
ing to find that the mean New Moon times on
the calendar disk of the clock in Gdansk, deriv-
ed from the Alfonsine Tables, are not the corr-
ect ones for the longitude of Gdansk but in-
stead for the longitude of the clock-maker,
Hans Duringer's hometown Nuremberg.

Table 2: An excerpt from the location table in the Alfonsine Tables.
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6 NOTES

1. A very early example of an elaborate ast-
ronomical clock is the one described in
1327 by the English monk Richard of Wal-
lingford (1292-1336) in Tractatus Horologii
Astronomici (see North, 1976; 2005; Lehr,
1981: 300).

2. For technical reasons the reconstructed
calendar disk was made to have 366 day
slots, the slot for 29 February being skip-
ed over in common years (Wahlin, 1923:
148).
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