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1. Introduction

Welcome to Prague — the capital of the Czech Republic, called the
“City of a Hundred Towers”, located in central Europe, and designated
as a World Heritage site by UNESCO. Many famous mathematicians,
physicists and astronomers have spent here very fruitful and creative
years, and left unforgettable traces in Prague, in particular, Giordano
Bruno, Tycho Brahe, Johannes Kepler, Bernard Bolzano, August Cauchy,
Niels Henrik Abel, Christian Doppler, Ernst Mach, Albert Einstein and
his mathematical colleague Georg Pick who was one of the people who
taught him the tensor calculus. During their stays in Prague the above-
mentioned scientists developed several fundamental mathematical and
physical theories and engaged in related activities. For instance, in the
beginning of the 17th century Kepler formulated the first two of his three
laws of planetary motion based on Tycho Brahe’s observations. In the
first half of the 19th century Bolzano constructed a nondifferentiable
continuous function (of a fractal character) and wrote a treatise on infinite
sets entitled Paradoxes of infinity (1851). In 1842 Doppler, professor of
mathematics at the Prague Technical University, first lectured about his

Her st/ FIER2 69



orld of Mathematics

I (Albert Einstein) FlAth i K24 R4 T7 e i ot (Georg
Pick), 1Mij Bz ¥ A& A% 7% T H sk SRR B K2 —
IREFE KA RS AR AR, N T LA G T i R
T ECE B A B, R B NFAH I Z TR T AE. T+
TALA), TF I A A AT R R FOUL I &5 2R, R AT B
B ZRKERZHE— B, A Bk, %
KRBT —ANEEE 2 RRRE, XA o BIELL R
B, I HUAEREE (infinite sets) A BEES T (LIS
&) (Paradoxes of Infinity, 1851). 18424F, AFHifG#L 1K
SR PR 2 W A H A Ovoeny trh(FEI 1) I £ 2K 2%,
HOORH BN (JGRRA “ 2N ) KRELA
TFEYF. T9VIAE R 19124, 52 D5 3y 45 7 Ay i b 4 [ 27
(Prague German University) HATELR P EE22#08%, IR0 T
J7SCAHRR TR TAE . HEREBHETER R /R B
o, (Karel Capek) I E7EA P K “robot” XAF ($ 50
PHRobota, RIEFH B 5 1). ALJFIHS M PN HIXLEE
A P A S NSRS . BNk, AT
WA RS IHIR) - G b — AN F 2@, g
R ) 0% )

Map of the Old Town in the center of Prague
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effect (later called the Doppler effect) at Charles University at Ovocny
trh (see Figure 1). Einstein, while a professor of theoretical physics at
the Prague German University, worked on his theory of general relativity
in 1911-1912. The famous Czech writer Karel Capek invented the term
“robot” in Prague. Before briefly detailing plaques, statues, and other
memorials to these personalities of Prague at the end of this paper, we
discuss some unexpected mathematics associated with a prominent

building at the heart of the Old Town Square of Prague.

In the center of Old Town in Prague (see Figures 1 and 2), there
is an astronomical clock (called “orloj” in the Czech language and
horologe in English) — an interesting rarity often visited by many
tourists, not only mathematical tourists. We found that there is a
surprising connection between this clock and triangular numbers. In this
article we take notice of special properties of these numbers that make

the regulation of the bellworks more precise.

Fig 2. B3R R LAT 494 B
Location of the astronomical clock at the Old Town Square
(Staroméstské nameésti)

The mathematical model of the astronomical clock of Prague was
invented by Jan Ondiejav, called Sindel (Joannes Andreae, cca 1375—
1456), a professor at Prague University founded in 1348 by the Emperor
Charles IV. In 1410, Sindel was the rector there. The astronomical clock
was realized by the skilled clockmaker Mikulas (Nicholas) from Kadan
in 1410, i.e., exactly 600 years ago.

The astronomical clock of Prague is placed inside an almost 60
m high tower of the Old Town City Hall. The clock has two large dial-
plates on the south wall of the tower (see Figure 3). Over the centuries
the construction of the clock has been renovated several times, for
example, by the clockmaker Jan from Ruze (called Master Hanus)
around 1490. A memorial plaque devoted to the creators of the clock is
on the left of the lower dial-plate.

The upper dial-plate of the astronomical clock is an astrolabe
controlled by a clockwork mechanism. It represents a stereographic
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Fig 3. AdaA& R I Aveqm A4t 2L The upper dial-plate of the astronomical clock

The dial-plates of the astronomical clock of Prague

projection of the celestial sphere from its North Pole
onto the tangent plane passing through the South
Pole. The center of the dial-plate thus corresponds to
the South Pole of the celestial sphere. The smallest
interior circle around the South Pole illustrates the
Tropic of Capricorn, whereas the exterior circle
illustrates the Tropic of Cancer. The concentric circle
between them corresponds to the equator of the
celestial sphere (see Fig 4).

An important property (known already to

Ptolemy) of the stereographic projection is:

Any circle on the sphere which does not pass
through the North Pole is mapped onto a circle as
well.

Therefore, the ecliptic on the celestial sphere
is projected on a circle, which is represented by
the gilded ring with zodiac signs along the ecliptic.
However, its center is not the South Pole, but the ring
eccentrically rotates around this pole (see Figure 4).
The astronomical clock also shows the approximate
position of the Sun on the ecliptic, the motion of the
Moon and its phases, and the rising, culmination and
setting of the Sun, the Moon and zodiac signs.

The gilded solar hand indicates the Central-
European time (CET) in the ring of Roman numerals.
Note that the difference between CET and the original
Prague local time is only 138 seconds. The clock-
hand with a small gilded asterisk shows the sidereal

time (see Figure 4). Twenty four golden Arabic
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Fig. 5 ZAY693£E (B @A ZANF S K+ At eIt 4615 4F)
A detail of the main clock. The three large concentric gears
behind are from the beginning of the 15th century

numerals are used for the ancient Czech time measured from sunset.
Twelve black Arabic numerals denote planetary hours of the Babylonian
time measured from sunrise.

The black circular area at the bottom of the dial-plate corresponds
to the astronomical night, when the Sun is lower than 18° below horizon.
The brown area stands for twilight (AVRORA in the morning and
CREPVSCVLVM in the evening). Sunrise is denoted by ORTVS and
sunset by OCCASVS.

In the main clockwork, there are three large original concentric
gears of the same diameter 116 cm (see Figure 5) which were originally
driven on one axis by three pinions, each with 24 teeth. The first gear has
365 teeth and turns round the zodiac ring once per sidereal day (23
hr 56 min 4 s). The second gear, which has 366 teeth, drives the solar
pointer and turns round once per mean solar day. Since the true orbit of
the Earth is elliptic, the Sun does not move uniformly on the celestial
sphere. Therefore, the position of the zodiac ring is at present slightly
corrected manually twice per year. The third gear, which has 379 teeth,
drives the Moon‘s hand and rotates according to the mean apparent
motion of the Moon. The lunar pointer is also at present manually
corrected due to the elliptic orbit of the Moon. The lunar pointer (see
Figure 4) is a hollow sphere with a hidden mechanism inside that
displays the phases of the Moon. It was developed in the 17th century
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