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1. Astronomical clock of Archduke Ferdinand II of Austria, front view (Kunsthistorisches Museum Wien)
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The Kunsthistorisches Museum in Vienna houses a large 
interior astronomical wooden cased clock (Fig. 1) bear
ing the coat of arms of Archduke Ferdinand II of Au
stria (Fig. 2), dated 1572.1 This clock originated in the 
chamber of art and wonders at Ambras Castle in Inns
bruck, where it was stored in the 5th cabinet. The item 
is listed in the postmortem inventory of Archduke Fer

dinand II, where it is described as: But a large clock, 
the housing made of wood gilded with silver, and it 
is a complete Astrolabe showing all the days and the 
planetary hours, was made in Bohemia.2 The museum 
curators in Vienna attribute its construction to Jan 
Táborský of Klokotská Hora (1500–1572),3 who was 
the keeper of the Prague Astronomical Clock at the 
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1   KHM Vienna, Holzkastenuhr, Inv. Nr. Kunstkammer, 543.
2   „Aber ain grosse Uhr das Geheüß von holz mit silber 

Vergult, Unnd ist ain gannzes Astrolabium Zaigt alle tag Unnd 
die Planeten stund, ist in Behamb gemacht worden.“ Das Na-
chlassinventar Erzherzog Ferdinands II. (1529–1595), in KHM 
Vienna, Kunstkammer, KK 6652, fol. 441r. For an online ver-
sion visit https://repository.khm.at/viewer/Nachlassinventar/
Ferdinand/1596/.

3   Jan Táborský of Klokotská Hora (1500–1572) was a mul
titalented Renaissance personality, scribe, and owner of a book
binding and illumination workshop. Artists such as Fabián 
Purléř and Matouš Ornys worked for this workshop. He also 
devoted himself to poetry and music. He attended lectures in 
mathematics and astronomy at the university, which he used to 
his advantage in caring for the Prague Astronomical Clock. He 
was an Utraquist by faith, but at the same time he was very loy-
al to the Habsburg Ferdinand I. During the disputes between 

the Bohemian Estates and the king in 1546 and 1547, he sided 
with the king and was accused of treason by his neighbours in 
the predominantly Utraquist New Town. This is probably why 
he moved to Prague’s Old Town, becoming a burgher there in 
1548. Probably also because of his loyalty, in 1551 he received 
the title „of Klokotská Hora“ (von Ahornperk), and in 1556 he 
was elevated to the noble, vladike status. For the then-emper-
or Ferdinand I, i.e. sometime after 1556, he also made a small 
wooden model demonstrating the functions of the astronom-
ical clock, which he describes in his Report. The mention of 
this model may have led some authors to believe that this was 
the clock made for Ferdinand II, which I disprove. At the same 
time, it is possible that Táborský, after his experience with that 
first model, also initiated the construction of this fully-fledged 
astronomical clock. For more on the graduals from his work-
shop, see Ema Součková, Výzdoba hudebních rukopisů Jana Tá­
borského z Klokotské Hory (Prague, 2019).

Abstract: The Kunsthistorisches Museum in Vienna houses a large astronomical wooden cased clock inspired by 
the Prague Astronomical Clock, made for Archduke Ferdinand II of Austria in 1572. Archival sources confirm that 
this clock can be attributed to clockmaker Pavel Frejlich from Litomyšl. The previous attributions to Jan Táborský 
of Klokotská Hora have been ruled out due to his death in January 1572 and his non-clockmaker background. This 
clock also provides insights into elements used at the time of its creation on the Prague Astronomical Clock, such 
as the crank-rocker mechanism for the oscillation of the Bohemian hours’ chapter ring and the auxiliary ring with 
moon phases, neither of which have been preserved to this day.

Key words: Astronomical clock – Prague astronomical clock – Archduke Ferdinand II of Austria – Pavel Frejlich 
from Litomyšl – Jan Táborský of Klokotská Hora
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4   Henry C. King and John R. Millburn, Geared to the stars: 
The evolution of planetariums, orreries and astronomical clocks 
(Toronto, 1978), pp. 55–56.

5   Klaus Maurice, Die deutsche Räderuhr: zur Kunst und Tech­
nik des mechanischen Zeitmessers im deutschen Sprachraum. 2. 
Katalog und Tafeln (Munich, 1976).

6   Hans Bertele, The Bohemian Clock of the Habsburgian 
Clock Treasures in Vienna, Antiquarian horology, 2:3 (1957), 
pp. 41–46.

7   Alois Primisser, Die Kaiserlich-Königliche Ambraser-Samm­
lung (Vienna, 1819), pp. 202–203, Eduard von Sacken, Die 
k. k. Ambraser-Sammlung (Vienna, 1855), pp. 132–133.

8   Zdeněk Horský, Pražský orloj (Prague, 1988), p. 120. Hor
ský also considers this astronomical clock to imitate the Prague 
Astronomical Clock but erroneously attributes Rudolf II or 
Maximilian II as its commissioners.

9   Jan Táborský’s last will was proclaimed on January 23, 
1572, so he must have died shortly before that date. See Archiv 

2. Coat of arms of Ferdinand II 
of Austria on his astronomical 
clock, rear view (Kunsthistorisches 
Museum Wien)
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hlavního města Prahy [The Prague City Archives, hereinafter 
AHMP], Sbírka úředních knih a rukopisů, sign. 2120, Kniha 
testamentů, Kšaft Jana Táborského, fol. 134.

10   AHMP, Sbírka úředních knih a rukopisů, sign. 1867, 
Sprawa o Orlogi Prasskem. For transcription see Josef Teige, 
Jana Táborského z Klokotské Hory zpráva o orloji staroměst-
ském, Časopis Společnosti přátel starožitností (1901).

11   Ibidem Teige, pp. 11, 14, 25.
12   Zikmund Winter, Řemeslnictvo a živnosti 16. věku v Če­

chách (Prague, 1909), pp. 469–484.
13   I use the spelling Frejlich introduced by Winter, as it is 

the most established form in the secondary Czech literature. 
We can also find variants of Frohlich, Fröhlich, Frolich, Fre-
lich, or Fraylich in the sources. The name Pavel hodinář z Li-
tomyšle [Pavel the Clockmaker from Litomyšl], without any 
cognomen, is also used. His sons also used variants of this cog-

nomen. Adam is written in his last will as Adam Frelich, while 
for his brother Vavřinec’s widow, we find the variant Fraylich. 
As for his first name, he signs Czech letters with Pawel and 
German with Paul. a study on the life and works of Pavel Frej
lich and his sons Vavřinec and Adam is being prepared for pub
lication.

14   Václav Břežan and František Mareš, Vácslava Březana 
Život Petra Voka z Rosenberka (Prague, 1880), p. 109.

15   Státní okresní archiv Litoměřice [State District Archives 
Litoměřice, hereinafter SOkA Litoměřice], fond Archiv měs-
ta Litoměřice (NAD 452), Donkovy nepravé knihy, inv. no. 20 
(rkp.), sign. IV D 2:3.5.1.

16   For a preliminary study in Czech and a list of Frejlich’s 
clocks see David Knespl, Hodinář Pavel Frejlich z Litomyšle a au
torství interiérového orloje Ferdinanda II. Tyrolského, Zpravo­
daj Společnosti přátel starožitných hodin 37 (2022), pp. 2–14.

time, a hypothesis also considered by King and Mill-
burn in their book on the development of astronomical 
clocks.4 Maurice lists the clock as number 204 in his 
well-known catalogue of mechanical clocks in Ger-
man-speaking areas but does not specify the maker.5 
Bertele’s 1957 article describes the clock without iden-
tifying the clockmaker,6 and Primisser’s and Sacken’s 
descriptions of the Ambras collection only mention 
its Bohemian origin.7 Horský also refers to this clock 
in his book on the Prague Astronomical Clock, again 
without crediting the maker.8

Táborský must be ruled out as he died in January 
1572, not in 1575,9 as stated in the clock description 
of the Kunsthistorisches Museum, and it is unlikely 
he completed the clock just before his death. Tábor-
ský was the keeper of the Prague Astronomical Clock 
between 1551 and 1556 and again after 1560. He also 
comprehensively described the clock in his Report on 
the Prague Horologe of 1570.10 He took proper care of 
the clock and contributed several important improve-
ments despite not being a clockmaker himself. He re-
lied on the locksmith Skřivan and later the clockmaker 
Mikuláš for craftsmanship.11 We, therefore, must look 
for another creator.

A comprehensive overview of the clockmakers ac-
tive in the 16th century in the Czech lands was com-
piled by teacher, writer, and historian Zikmund Win
ter (1846–1912) in his book on crafts and trades of the 
16th century in Bohemia12 based on a thorough archi-
val study. He names the clockmaker Pavel Fröhlich or 
Frejlich from Litomyšl13 as one of the most important 
tower clockmakers of that time. The exact dates of 

Pavel Frejlich’s birth and death remain unknown. The 
earliest record in which his name appears is a 1544 
order for a clock destined for Moravská Třebová. His 
last-mentioned work is a wind vane instrument for 
Peter Vok of Rosenberg, made in 1585.14 From a 1598 
letter of recommendation from Matouš Ornys of Lind-
perk to Pavel’s son Adam, when he sought the con-
tract to complete the Litoměřice astronomical clock, 
we can understand that his father Pavel had already 
passed away some time previously.15 In addition to 
the clock for Moravská Třebová, he built several oth-
er tower clocks, among others for the White Tower at 
Prague Castle, Kouřim, Litomyšl and Kadaň.16

Referring to the transcripts of the records from the 
Provincial Archives in Innsbruck, Winter states that 
in 1571, Archduke Ferdinand II of Austria ordered an 
astronomical clock from the master Fröhlich of Lito-
myšl. However, such an order has not been found in 
these transcripts. It is likely that Archduke Ferdinand 
had previously placed the order. He moved to Inns
bruck from Bohemia at the beginning of 1567. We can 
only speculate when precisely the order was made. 
The order could undoubtedly have been sent from 
Innsbruck. However, Archduke Ferdinand probably 
conceived the idea while still in Prague, where he be-
came acquainted with the Prague Astronomical Clock 
and might have desired a scale model. Pavel Frejlich 
had worked for Ferdinand before, building the clock 
for the White Tower at Prague Castle. Also governor 
Hoberk (see below) refers to Pavel, the clockmaker, as 
Ferdinand’s favourite. Ferdinand probably met Pavel 
and placed the order personally at that time.
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17   Václav Hoberk of Krahy was the Litomyšl Pernštejns’ 
estate governor. He also supervised the construction of Lito
myšl Castle and was the administrator of the mining district in 
the Žďár region.

18   More details on Archduke Ferdinand II’s time in Prague 
and Innsbruck, his architectural projects, his patronage of artists 
and scholars, and the famous collection of armour, art and cu-
riosities at Ambras Castle can be found in Sylva Dobalová and 
Jaroslava Hausenblasová (eds.), Archduke Ferdinand II of Au­
stria: A Second-Born Son in Renaissance Europe (Vienna, 2021). 
About the travels of Ferdinand II to Bohemia see Václav Bůžek, 
Ferdinand von Tirol zwischen Prag und Innsbruck: Der Adel aus 
den böhmischen Ländern auf dem Weg zu den Höfen der ersten 
Habsburger (Vienna, 2009), pp. 22–23.

19   David von Schönherr, Urkunden und Regesten aus dem 
k. k. Statthalterei-Archiv in Innsbruck, Jahrbuch der Kunsthis­
torischen Sammlungen des Allerhochsten Kaiserhauses 14 (1893), 
p. CXXXVI, reg. 10336.

20   Ibidem, in comment to reg. 10336.
21   Národní archiv [National Archives, hereinafter NA], 

Opisy Innsbruck, Box 1568–1571 (reg. 4) (not folioed). On tran
script: „Kanc. arch. místodrž. Inšp.“, original sign. Ferd. 395/95.

22   Andreas Pächele served both Ferdinand I and Arch-
duke Karl, as he mentions in an undated letter, probably from 
1568. See Erich Egg, Das Handwerk der Uhr- und der Büchsen­
macher in Tirol (Innsbruck, 1982), p. 60. In this letter, he asked 
Archduke Ferdinand II for employment – a request rather than 
a confirmed appointment, as Egg erroneously suggested. By 
1572, Pächl appears on a list of Trabants named Anndree Bächel, 
Uhrmacher (clockmaker), receiving a monthly salary. On March 
7th, 1581, Pächl was recorded as a clockmaker on a debtors’ list. 
Later that year, on May 8th, he was described as a Leibtrabandt 
who also worked as a clockmaker and was entitled to a salary 
and an annual rent reimbursement. By January 24th, 1590, ar-
chival records again refer to him as a Leibtrabandt. For further 
details, see Elisabeth Reitter, Künstler und Handwerker am Hof 
Erzherzog Ferdinands II. (1567–1595), PhD. Diss. University of 
Innsbruck, 2024 (unpublished dissertation, publication planned 
for 2025), p. 660. I want to thank Elisabeth Reitter for her con-
sultation on archival material.

23   NA, Opisy Innsbruck, Box 1568–1571, reg. 4 (not folio
ed). On transcript: „Kanc. arch. místodrž. Inšp.“ [Statthalterei-
Archives in Innsbruck], orig. sign. Ferd. 399.

Crafting such a complicated clock must have tak-
en the clockmaker many months, if not years. There-
fore, Winter’s assertion that the clock was ordered in 
1571 is probably just an interpretation. As evidenced 
by the correspondence between Archduke Ferdinand, 
the clockmaker Pavel, and the governor of Litomyšl, 
Václav Hoberk of Krahy,17 contained in the mentioned 
transcripts, the clock was probably originally sup-
posed to be delivered by mid-1571, or perhaps even 
earlier.

In 1571, the Archduke visited Central Bohemia.18 

On September 16, 1571, he sent the first urgent request 
from Křivoklát (Bürglitz) through governor Hoberk, 
asking for prompt delivery of the ordered clock.19 
Then, on September 30, he wrote from Křivoklát again, 
strongly demanding that Hoberk command the clock
maker to come to Innsbruck at his own expense and to 
deliver the clock.20 These demands went unanswered.

In October 1571, Ferdinand sent a certain Vondřej 
Pachele to Litomyšl to collect the clock. On October 
7 in Karlovy Vary (Karlsbaad) he provided him with 
a letter of safe conduct written in Czech, in which he 
asks all his brother’s subjects in the Kingdom of Bo-
hemia to let Pachele go anywhere without hindrance 
and to give him all necessary assistance, including 
help with carrying the clock and showing him the way, 

in return for reasonable remuneration. In a letter he 
signs personally, Ferdinand assures everyone that his 
princely grace will appreciate and reward their coop-
eration.21

The clockmaker Vondřej Pachele, or Andreas (or 
Anndre) Pächl or Pächele in German,22 did indeed ar-
rive in Litomyšl to find that the clock was not ready. 
Pavel thus wrote a letter in German on October 28, 
1571, apologizing to Archduke Ferdinand for not hav-
ing delivered the clock on time due to his illness. He 
further writes that he and the clockmaker (Pachele) 
had examined the clock thoroughly and concluded 
that the couriers could not have made the long journey 
to Innsbruck without damaging the clock. It would 
then have taken the clockmaker several months to as-
semble it. He promises that the work will be finished 
by the first Sunday of Lent, to which he pledges him-
self in the presence of the archduke’s clockmaker and 
his governor, Hoberk. He promises that the iron clock-
work will be completed, run, and strike reliably and 
that the work of the foundryman and goldsmith will 
also be provided. Further, he promises to go to Inns
bruck despite his age and deliver the clock himself.23 
He does not promise a clock case; he speaks only of 
the clockwork, and it seems that the wooden case was 
not part of the order.
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24   NA, Opisy Innsbruck, Box 1568–1571, reg. 4, Letter 
by Hoberk dated March 21, 1572 (not folioed). On transcript: 
„Orig. [inal] Statthalterei Archiv zu Innsbruck“, no signature.

25   AHMP, Sbírka úředních knih a rukopisů, sign. 535, 
Kniha měšťanských práv, fol. 65r.

26   Matouš Ornys of Lindperk was a painter and illuminator 
of several graduals, besides Litomyšl Gradual and the graduals 
of the Lesser Town of Prague, Třeběnice, Mladá Boleslav, and 
the Old Town of Prague from the scribal and illumination work-
shop of Jan Táborský. In addition, he worked as a geometer and 

land surveyor. For his bibliography see Ema Součková, Výzdoba 
hudebních rukopisů Jana Táborského z Klokotské Hory (Prague, 
2019), pp. 70–101; Kateřina Horníčková and Michal Šroněk 
(eds.), Umění české reformace (1380–1620) (Prague, 2020), esp. 
pp. 459–462.

27   Regionální muzeum v Litomyšli [Regional Museum of 
Litomyšl], Graduál literátského sboru v Litomyšli z roku 1563, 
inv. no. R 203.; Josef Štěpánek, Litomyšlský graduál, Výroční 
zpráva c. k. Státní školy střední v Litomyšli (Litomyšl, 1887), 
pp. 1–24; Součková (note 26), pp. 70–71.

However, even this time, again Frejlich failed to 
meet the deadline. By mid-March, though, it seemed 
the clock was finally ready. On March 21, a month after 
the promised date, Hoberk wrote a letter to Ferdinand, 
again excusing the clockmaker for failing to arrive in 
Innsbruck on time with his work. The clockmaker had 
intended to report to Innsbruck in person, but his old 
illness had struck him again, preventing him, by di-
vine intervention, from completing the work. Hoberk 
explains that this is why he failed to fulfil the task. 
However, he has reportedly already prepared two 
stallions and a carriage and secured the load so that 
the clock will be comfortable and unable to move. He 
will then send a messenger and load the clockmaker, 
the archduke’s old favourite, sick man, onto the cart 
so that he does not have to travel on foot and can de-
liver everything undamaged to the archduke’s home. 
Although the outraged Archduke Ferdinand initially 
demanded the clockmaker bring the clock at his own 
expense, Hoberk asks for the archduke’s leniency and 
reimbursement of the incurred transportation and 
provisioning costs and to ensure the clockmaker a safe 
and trouble-free journey home.24

Probably shortly after this date, Frejlich finally man-
aged to depart for Innsbruck with the completed clock. 
We do not know precisely when the clock arrived in 
Innsbruck, how long Pavel spent there, whether the 
wooden case had already been prepared, or whether 
he was involved in fitting the clock. The clock is then 
only mentioned later in the 1596 inventory.

Although Jan Táborský did not make the clock, 
which was not completed until after his death, he like-
ly played a role in its creation. He and Pavel knew each 
other very well. When Pavel was admitted as a burgh-
er in the Old Town of Prague in 1563, one of his guar-
antors was none other than Jan Táborský.25

The second guarantor was the illuminator and land 
surveyor Matouš Ornys of Lindperk (1526–1600).26 
We have other evidence of friendship between Pavel 
Frejlich and Matouš Ornys. Frejlich was of the Utra
quist faith and a member of the literary fraternity in 
Litomyšl. As a respectable and wealthy burgher, he 
contributed to the creation of the Litomyšl Gradual by 
the illuminator Matouš Ornys in 1563.27 In this grad-
ual, we can also find Pavel’s artisan’s mark (Fig. 3). 
Pavel also collaborated with Matouš Ornys in 1585 

3. Artisan's mark of Pavel Frejlich from Litomyšl, Litomyšl Literary Gradual of 1563 (Regional Museum in Litomyšl)
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4. The current appearance of 
the Prague Astronomical Clock 

to construct a wind vane instrument for Petr Vok of 
Rosenberg.28 Even after Pavel’s death, Matouš Ornys 
remained a family friend, as we see from the letter of 
recommendation for Pavel’s son Adam.29

The appearance and construction of Frejlich’s clock 
both clearly show inspiration from the Prague Astro-

nomical Clock (Fig. 4). Frejlich must have known the 
clock and especially its mechanisms very well. This 
was possible only thanks to his friendship with Jan Tá
borský. 

Let me provide a brief history of the Prague Astro
nomical Clock. The year of its foundation is 1410, when  

28   Note 14. 29   Note 15.
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5. Alois Čermák, Prague Astronomical Clock, 1836 (National Gallery Prague)
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30   Bohemian or Old Bohemian Hours was a historical 
method of measuring time introduced in the Czech lands dur-
ing the reign of Charles IV. It originated in northern Italy, where 
it began to be used in connection with the spread of mechan-
ical clocks. Italian and, consequently, Bohemian hours start at 
sunset and use a 24-hour chapter-ring. Sunset thus always falls 
on the 24th hour. This made it easy to estimate the remaining 
daylight hours without knowing the exact time of the sunset, 
although the clock had to be continuously or periodically reset 
according to the actual sunset time. This system, however, was 
gradually replaced by a system of time that counts 2x12 hours 
from midnight and noon, then known as the German hours, the 
system we still use today. German hours began to be used in the 
Czech lands at the beginning of the 16th century, which is why 
Táborský added them to the astronomical clock. Bohemian 
hours fell into disuse during the seventeenth century. In Italy, 
however, Italian hours survived until the nineteenth century. 
Both Bohemian and Italian hours are characterized by 24-hour 
dials with the numeral 24 in the horizon plane, as an analogy of 
the sunset below the horizon, i.e. at position 3 of the modern 
clock. Several clocks with these dials have survived to this day, 
especially in Italy.

31   The Letter of the Lord Mayor [Litera Mayor] was 
found in 1962 by Dr. Stanislav Macháček in an extended tran-
scription of Táborský’s Report. See AHMP, Sbírka úředních 
knih a rukopisů, sign. 7916, Zpráva o Staroměstském orloji 
a další písemnosti spojené. See also Stanislav Macháček, Nález 
nové zprávy o vzniku orloje na Starém Městě v Praze, Časopis 
Společnosti přátel starožitností 70 (1962), pp. 159–161.

32   The passage strike is the simplest type of striking mech-
anism, which strikes the bell once on each passage through the 
hour. This mechanism was easy to make and was used in the 
earliest tower clocks and interior clocks in the 14th century. 
In contrast, the counting strike, which strikes the bell multiple 
times to indicate the number of hours, requires a much more 
complex mechanism. The earliest clock with this striking was 
built in Milan in the 1330s. We know it from the description 
of the Milanese chronicler Galvano Fiamma (1283–1344), 
who wrote in 1336: „They have a marvelous clock, which has 
a huge hammer that strikes the bell 24 times according to the 
24 hours of the day and night, so that at the first hour of the 
night it makes one sound, and at the second two strokes, thus 
distinguishing one hour from the other, which is very useful for 
people of all estates.“

the previous town hall clock, originally built and main-
tained by the clockmaker Albert (also Albrecht), was 
rebuilt by Mikuláš of Kadaň. Albert’s clock was prob-
ably a simple clock with one hour hand pointing on 
a 24-hour chapter ring of the Bohemian hours,30 ac
companied by a basic striking mechanism. As we know 
from the Letter of the Lord Mayor,31 Mikuláš added an 
astronomical dial – the astrolabe, and a lower calendar 
dial. He invented and introduced a unique mechanism 
to automatically turn the twenty-four-hour chapter 
ring by 60 degrees to display Bohemian hours. Since 
the hours are counted from sunset, it is necessary to 
ensure that the beginning of this scale is always set 
to this varying point in time during the year. Mikuláš 
also wholly rebuilt the striking work. He replaced the 
simple passing strike with a complex mechanism for 
counting the hours.32 On the train, he used wheels from 
Albert’s clockwork. These wheels have survived to this 
day and are distinguishable from Mikuláš’ work by the 
style of the blacksmithing.

Thus, the astronomical clock had already acquired 
its functions and overall form with two approximately 
equally-sized dials, the lower with a calendar and the 
upper in the shape of an astrolabe depicting the ho-
rizon, equator and tropics, dusk and dawn, the lines 
of unequal (planetary) hours, the zodiac, hands with 

symbols of the Sun and Moon and a rotatable outer 
chapter-ring of Bohemian hours. The overall appear-
ance was, therefore, like what we see today.

However, the clockwork, dials, and hands have un-
dergone several repairs and modifications over the cen-
turies. The painting and artistic concepts of the calen-
dar and astrolabe, including the zodiac, have changed. 
Allegorical figures on the sides of the dials have been 
altered. The apostles were added later and underwent 
several changes. Changes have also been made to the 
mechanism of the lunar sphere and the movement of 
the 24-hour chapter-ring.

The last major repairs to the clock were carried out 
in 1865. The clockwork was substantially modified, re-
placing the original verge and foliot with an external 
precision chronometer with a Denison gravity escape-
ment. The crank-rocker mechanism of the 24-hour 
chapter-ring movement was replaced, and the dial 
work of the Sun, Moon, and zodiac was modified, 
adding a correction gear to improve its accuracy. The 
clock’s frame was shortened. However, the previous 
state of the clockwork had been documented in rea-
sonable detail.

Also, the external appearance of the clock under-
went significant changes. a new zodiac ring was made. 
Simple astronomical symbols replaced the painted figu-
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33   Note 10.
34   AHMP, Sbírka úředních knih a rukopisů, sign. 7916, 

Zpráva o Staroměstském orloji a další písemnosti spojené.
35   Bohuslav Balbín, Admirandum, & rarum opus, Horolo-

gium, in Miscellanea historica Regni Bohemiae Liber III. (Pra
gæ,1681), pp. 155–163.

36   The Babylonian hours are equal (equinoctial) hours that 
divide the day into 24 equal parts and are counted from sunrise. 
On sundials, they are marked HORAE AB ORTU SOLIS. This 
designation was a misconception of ancient authors because, in 
fact, the Babylonians used unequal hours, dividing the day and 
night separately into 12 parts. Babylonian hours are thus also 

rative representations of Moon signs, and a scale ladder 
was later added to its edge. The painting of the astro-
labe main plate was also changed. a new calendar plate 
was made and painted by the famous Czech Romantic 
painter Josef Mánes (1820–1871). Unfortunately, the 
previous calendar plate, which probably dated from the 
17th century, has not survived and is known only from 
a drawing by Alois Čermák from 1836 (Fig. 5). Fortu-
nately, the zodiac from the same period was stored in 
the Museum of Prague. We can get at least some idea of 
the previous form of the clock.

However, even this appearance is different from 
the appearance of the clock in the second half of the 
16th century, when Pavel Frejlich was building his 
clock for Ferdinand II of Austria. There are no icono-
graphic sources from this time. a comprehensive de-
scription of the clock, both its mechanisms and its di-

als, can be found in the Report on the Prague Horologe 
by Jan Táborský of Klokotská hora33 and its extended 
transcription,34 as well as in the description of the Jes-
uit mathematician Benjamin Slayer (1620–1670) con-
tained in the third book of the Miscellanea historica 
regni Bohemiae by Bohuslav Balbín.35

Thanks to these descriptions, we can then under-
stand the connections between the Prague Astronom-
ical Clock and its features and mechanisms at the time, 
and Pavel Frejlich’s astronomical clock. I shall now 
describe the dials of these clocks and explain their 
function. (For convenience, the individual parts are la-
belled with letters in Fig. 6 and referenced in the text.)

The astronomical dial in the upper half of the clock 
contains three concentric hour scales. The fixed outer 
chapter (a) is the German hours chapter, i. e. 2 × 12 
hours counted from midnight and noon. The second 
skeleton rotatable chapter-ring (b) is the Bohemian 
hours chapter. It is turned so that the 24th hour of each 
day corresponds to the time of sunset on the fixed Ger-
man hours scale. a similar Bohemian hours chapter 
ring can be found on the Prague Astronomical Clock. 
The third rotatable ring (c) is the Babylonian hours 
chapter, where the 24th hour always corresponds to 
sunrise. Such a chapter ring is not found on the Prague 
Astronomical Clock.36

The Bohemian hours chapter ring (b) is transpar-
ent, so a black background representing night is visi-
ble underneath. This thin sheet metal backdrop moves 
with it and overlaps with the light background repre-
senting the daylight, which is connected to the Baby-
lonian hours chapter ring (c). Thus, in winter, when 
the night is longer, the dark part is larger; in summer, 
when the daylight is longer, the light background is 
also larger. The boundaries between the light and dark 
backgrounds thus represent the time of sunrise and 
sunset.

The middle part of the dial between these three 
rings is fixed and constitutes the base plate of the 

6. Labeled layout of the dial

m
j

i

n

g

h

k l

fedcba



A RTICLES� 46

ry, Venus, the Sun, Mars, Jupiter and Saturn. The first hour after 
sunrise also determines the regent of the day, which is reflected 
in the naming of the days of the week. The equal hours (also 
referred to as the equinoctial) divide the day into the 24 equal 
parts we know today and correspond to the division of day and 
night on the equinoxes when day and night are of equal length.

39   Stereographic projection is a method for mapping 
a spherical surface, such as a celestial sphere, onto a plane us-
ing a geometric construction. This technique has been known 
since antiquity, first introduced by the Greek mathematician 
Hipparchus of Nicaea (c. 190–120 BC) and further developed 
by the Greek mathematician and astronomer Ptolemy in the 
2nd century AD. It forms the basis for the construction of astro-
labes and astrolabe-type astronomical clocks. In observational 
astrolabes, major stars, the ecliptic, and selected celestial coor-
dinates are projected onto the plane. In astrolabe-type astro-
nomical clocks, the changing positions of the Sun and Moon 
are projected alongside the ecliptic. The zodiacal belt repre-
sents the starry sky. The difference between north and south 
projections depends on the pole of the celestial sphere from 
which it is projected. Depending on the projection used, the 
appearance of the coordinate lines on the astrolabe varies. For 
instance, when using the projection from the north pole, the 
horizon arc is convex upwards, as seen on the Prague Astro-
nomical Clock and Frejlich’s clock. Conversely, with the pro-
jection from the south pole, the horizon is bowl-shaped.

known as Greek hours because, according to this misconcep-
tion, the Greeks adopted them from the Babylonians.

37   Unlike portable astrolabes for astronomical observa-
tions, astronomical clocks do not have interchangeable tym-
pans, i.e., discs with coordinates for different latitudes. The po-
sition of the horizon line is, therefore, fixed for the latitude for 
which the clock was constructed. In clocks such as these, with 
Bohemian and Babylonian hours, the setting of the mechanism 
that determines sunrises and sunsets also depends on the lati-
tude. It would be interesting to find out what latitude this clock 
was designed for. Whilst in Litomyšl, which lies at 49°52′N, the 
longest day is 16 h 21 min, in Innsbruck, at 47°16’N it is 15 h 56 
min, a difference of 25 minutes, which would already be notice-
able on this clock.

38   Unequal hours, also called temporal or seasonal hours, 
change their length during the year (i.e. from season to season) 
according to the length of day and night. The day’s light and 
dark portions are divided into 12 parts. This is the oldest divi-
sion of the day, known since antiquity. This division of the day 
was particularly convenient for the use of sundials. With the 
introduction of mechanical, evenly running wheel clocks, their 
reading became problematic and led to the introduction of 
new time measurement systems. However, the unequal hours 
have retained their astrological significance. They are thus also 
referred to as planetary hours, where the individual hours are 
ruled by their regents, the classical planets: the Moon, Mercu-

astrolabe37 with the equator, tropics, horizon, and the 
lines of the unequal or planetary hours engraved on 
it.38 The zodiac circle bears zodiacal signs represented 
by figurative symbols, not astronomical signs, corre-
sponding to the assumed appearance of the Prague 
Astronomical Clock at that time.

Two hands move above the dial: one represents 
the Sun (i) and the other the lunar sphere (h). The Sun 
hand, topped by a depiction of a hand with outstretched 
fingers (j), as on the Prague Astronomical Clock, shows 
the current time on all three chapters (a, b, c). 

The position in the zodiac sign and the current un-
equal hour can be read below the Sun symbol. The fact 
that the Sun is always on the ecliptic, represented by 
the edge of the zodiac (e), even though the zodiac is 
placed eccentrically, is due to the ingenious construc-
tion of the rods, which is typical of the Prague Astro-
nomical Clock and is not found on other medieval as-
tronomical clocks.

The lunar sphere’s rotation, which shows the 
Moon’s phases, is achieved using an angled drive made 
of a crown wheel and a pinion with a 12:13 gear ratio 

in the centre of the zodiac (g). The rotation is derived 
from the Moon’s position relative to the zodiac, as was 
originally also the case with the Prague Astronomical 
Clock. Today, the lunar sphere is rotated by a gear hid-
den inside the sphere.

In the centre of the dial is a ring (f ), attached to the 
Sun hand, with 20 engraved circles. Initially, these circles 
probably contained images of the phases of the Moon in 
various silverings, but these have been lost over time. 
This element is also related to the historical appearance 
of the Prague Astronomical Clock. a similar ring was 
added to the Prague Astronomical Clock by Táborský, 
as he describes in his Report, and served as an auxiliary 
scale for the correct setting of the lunar indicator.

The overall geometrical construction of the astro
labe dial is based on a stereographic projection.39 The 
earliest medieval astronomical clocks, such as the 
Prague Astronomical Clock and the Baltic astronomi-
cal clocks in Doberan, Stralsund, and Lund, used pro-
jection from the North Pole. In the Renaissance, this 
projection was no longer used for astrolabe dials and 
was replaced by a projection from the South Pole.
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Below the astrolabe dial, there are two rotating cyl-
inders (k, l) with symbols of the regents of the plane-
tary hours for each day of the week: on the left (k) are 
the daylight hours, and on the right (l) are the hours of 
darkness. Each day of the week has the Latin name of 
the regent of that day: Lvvna, Mars, Mercvrivs, Jupiter, 
Venus, Satvrnvs, Sole. The corresponding cylinder is 
always turned at sunset and sunrise, respectively. In the 
upper corners are cut-outs with rotating discs showing 
the German names of the days and figural representa-
tions of the Greek gods – the astrological regents of 
these days. In the lower half of the clock is a brass cal-
endar disc with engravings, which turns once a year. 
On its outer edge, the Dominical (Sunday) letters are 
engraved, followed by the fixed holidays and the date 
for each day. a figure of a man in the upper left corner 
of the calendar points to the current date.40 Further to-
wards the centre, the months, including their length, 
are identified in a combination of old German and Lat-
in names.41 There follow the signs of the zodiac, always 
including the corresponding astronomical symbol; 
next, depictions of typical activities for each month.42 
The names and depictions of planetary regents for the 
days of the week complete the cyclical representation 
of time.

The markings on the outer edge of the calendar 
disk of the Prague Astronomical Clock, both in its cur-
rent appearance and its earlier 17th-century version, 
are identical to those on Archduke Ferdinand’s clock. 
However, the Prague Astronomical Clock also includes 
a cisiojanus.43 The thematic depiction of monthly ac-
tivities is similar, but the arrangement of the images 
differs. Can we conclude anything about the original 
appearance of the Prague Astronomical Clock calendar 
from this? The answer is probably not.

As regards the clockwork (Fig. 7), it contains three 
trains driven by mainsprings with fusees. On the left, as 

seen from the rear, is a going train with verge escape-
ment and a balance wheel on the top. In the middle is 
a strike work for a 24-hour strike, according to Bohe
mian hours. It uses a 24-hour countwheel with 23 not
ches and is very similar to the striking work made by 
Mikuláš of Kadaň for the Prague Astronomical Clock.44 
24-hour striking is applicable only in clocks that dis-
play Bohemian or Italian hours and is very rare today. 
The strike work on the right serves for 12-hour strik-
ing according to German hours, with a correspond-
ing countwheel with 11 notches. There is no 12-hour 
striking for German hours on the Prague Astronomical 
Clock. When Táborsky introduced the German hours, 
he only had to add ciphers on the astrolabe dial. We do 
not know whether he also considered adding a 12-hour 
strike. It was unnecessary because, at that time, there 
were already other tower clocks in Prague striking the 
German hours.

The dial work consists of three large wheels that 
control the movement of the Sun, the Moon, and the 
zodiac. The wheels are approximately 40 cm in diame-
ter and are driven by pinions on a common shaft from 
the going train. The gear ratios are as follows: zodiac 
372/39, Sun 354/37, and Moon 366/37. The construc-
tion of the dial work is similar to the original gear of 
the Prague Astronomical Clock, but the gear ratios are 
different.

The crank-rocker mechanism ensures the oscilla-
tion of the Bohemian and Babylonian chapter rings 
within a range of approximately 60 degrees, corre-
sponding to a four-hour difference between the long-
est and shortest days of the year in Central Europe. This 
mechanism is driven by the annual wheel, which com-
pletes one full rotation each year. This wheel and the 
attached crank can be observed below the other gears 
(Fig. 5). The connecting rod leading to the chapter 
rings is also visible. As Bertele also notes, the execution  

40   Bertele 1957 (note 6), p. 42, states that this figure repre-
sents an astronomer.

41   Ienner, Hornnung, Merz, April, May, Brachmonnat, Hew
monnat, Augustmonnat, Herbstmonnat, Weinmonnat, Winter
monat, Christmonat.

42   Sacken 1855 (note 7) states that the engravings were 
based on woodcuts by Hans Sebald Beham (1500–1550).

43   A cisiojanus is a calendar written in verse form, containing 
mnemonic aids to help people remember significant days and hol-
idays throughout the year.

44   The striking mechanism of the Prague Astronomical 
Clock has a special feature, an auxiliary countwheel, which 
rotates on the circumference of the large countwheel and was 
intended to make the striking more precise. This wheel is not 
found in Frejlich’s clock.
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7. The clockwork of Archduke 
Ferdinand II of Austria's 
astronomical clock, rear view 
(Kunsthistorisches Museum Wien) 

of the clock frame is like that of a tower clock.45 This 
is obvious since a tower clockmaker made the clock.

The clock case measures 112 cm in height, 80 cm 
in width, and 51 cm in depth and is crafted from soft 
pinewood. It features decorative grooved pillars with 
capitals and mouldings. The upper columns are par-
tially adorned with finely cut plaster veneer, while 
the lower pillars are gilded with gold leaf and silver. 
The wood is partially varnished and partially left in 

its natural state. The back of the case bears the paint-
ed coat of arms of Archduke Ferdinand II of Austria. 
As previously mentioned, the wooden case is not the 
work of Pavel Frejlich and appears to have been pre-
made for the commissioned clock. Frejlich’s clock-
work with dials was fitted into it afterward. The top 
rail overlaps the edge of the dial, suggesting that the 
delivered clockwork was larger than the carpenter 
anticipated.
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45   Bertele 1957 (note 6), p. 44.
46   Anton Strnadt, Beschreibung der berühmten Uhr- und 

Kunstwerke am Altstädter Rathhause und auf der Königl. Stern­

warte zu Prag (Prague and Dresden, 1791). The book also con-
tains a German translation of Slayer’s Latin description of the 
Prague Astronomical Clock from Balbín 1681 (note 35).

The astronomical clock made for Archduke Fer
dinand II of Austria is the only surviving work of the 
renowned and prolific Renaissance clockmaker Pav-
el Frejlich from Litomyšl. Unfortunately, none of his 
tower clocks, documented in historical archives, have 
survived. This fate was common for most of the old-
est tower clocks. Many were destroyed along with the 
buildings housing them, while others were replaced 
when clocks showing the Bohemian hours were re-
placed by clocks for German hours. Additionally, 
verge and foliot escapement could not meet the grow-
ing demands for accuracy, leading to their conversion 
to pendulum mechanisms or their eventual discard. 
Tower clocks often faced significant wear and tear, 

exacerbated by their exposure to harsh weather condi-
tions in church towers and town hall attics. Corrosion 
and bird droppings further degraded their condition, 
rendering them beyond repair. Consequently, most 
original tower clocks were eventually sold as scrap 
metal. The preservation of old machines as technical 
heritage was uncommon, and the high cost and diffi-
culty of producing iron encouraged recycling. Even 
the Prague Astronomical Clock narrowly escaped 
destruction at the end of the 18th century when city 
councillors considered scrapping it. It was saved only 
through the intervention of astronomer Antonín Str-
nad (1746–1799) from the Clementinum observa
tory.46




