D. Roegel: Astronomical clocks 1735-1796, 2025 (v.0.15, 8 September 2025)

CH. 6. FRATER FRIDERICUS’S MECHANISM IN BAMBERG (1772) [0:4.1]

Chaptel’ 6 (Oechslin: 4.1)

Frater Fridericus’s mechanism in

Bamberg (1772)

This chapter is a work in progress and is not yet final-
ized. See the details in the introduction. It can be read
independently from the other chapters, but for the no-
tations, the general introduction should be read first.
Newer versions will be put online from time to time.

6.1 Introduction

The machine described in this chapter was designed in 1772 by Frater Frideri-
cus a S. Christophoro,! a discalced Carmelite from Wiirzburg, and constructed
by the mechanician Johann Georg Fellwock (sometimes spelled Felbéch or Fel-
beck) (1728-1810).% It was acquired for 300 to 400 gulden by the Banz Abbey,
near Bamberg.?

By 1813, the machine was located in Bamberg, but in 1900 it was in Munich.
Since at least 1937, it is again in Bamberg, now in its historical museum.*

The Fridericus/Fellwéck machine shows the motion of the Earth around
the Sun (not pictured), the motion of Mercury, and the Earth-Moon system
positioned opposite the main Earth. The Earth therefore appears twice on
this machine. The representation of the motion of Mercury is clearly inspired
by Nefstfell’s machines.

1For other descriptions of this machine, see Hess [4, p. 92-98], Bassermann-Jordan [1,
p. 101], Stoehr [10, p. 80|, King [7, p. 232], Henck [3, p. 106-109], the 1989 exhibition
catalogue [11, p. 68-69, pl. 23], and Oechslin [8, p. 35, 37, 218].

2See |5, p. 26| and |6, p. 112].

318, p. 222]

4For details on the history of this machine, see [8, p. 234] and [2]. Fowler has observed
that there are similarities between the front dials of Neftfell’s machines, and the dials of
some “Gutwein-clocks,” clocks with geographical dials made in or around Wiirzburg around
1760. One of these clocks may have been made by Johann Georg Fellwock [2, p. 26-29]. This
suggests an influence of the making of these clocks on the Neftfell and Fridericus/Fellwock
machines, or conversely.
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Figure 6.1: General view of Frater Fridericus’s clock in Bamberg. (photograph
by the author)

Figure 6.2: The upper part of Frater Fridericus’s clock in Bamberg. The Earth
globe is at the front. (photograph by the author)
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Nefstfell was in fact an important influence in Frater Fridericus’s work, as
he was his teacher, and because Fellwock also worked with Nefstfell for the
construction of his second machine.® This explains why Frater Fridericus’
machine has an appearance reminiscent of Neftfell’s planetariums and, at first
sight, Frater Fridericus’ machine looks like a simplified version of Neftfell’s
machine. Not only is the general appearance similar, but the front Earth-
Mercury system of Neftfell’s machine is here laid horizontally. Instead, the
machine of Frater Fridericus and Johann Georg Fellwéck does not display the
orrery which fills most of Nefstfell’s machines.

6.2 The going work

The going work is driven by a weight and regulated by a pendulum, but Oechs-
lin doesn’t give the details of the gears. All we know is that the rope arbor 4
makes a turn in 12 hours, clockwise, as seen from the left. We therefore have

Vi =-2 (6.1)
Then
13
Vi=Vix|(—-=]=1 6.2
0=V (26) (6.2)
26
0_v0 )=
Ve = V3 (26) (6.3)

6.3 The main driving motion

The 26-teeth wheel on arbor 6 meshes with a 340-teeth contrate wheel with
a vertical axis 7 (see figure 6.3). A crank can be put on arbor 6 and used to
move the machine in the future or in the past. The velocity of the 340-teeth
wheel is

26 13
0 0
_ _ _ 2 4
Ve = Ve x ( 340) 170 (6.4)
170
P) = SEEn 13.0769 ... days (6.5)

6.4 The motion of the Earth around the Sun

The axis of the Earth is fixed on frame 26 and this frame rotates around the
central axis which may be thought of the Sun. The motion of this frame is
obtained using epicyclic gears located on the frame. This is somewhat similar

58, p. 226-227]
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Figure 6.3: Detail of Frater Fridericus’s clock in Bamberg. At the bottom,
we can see the 26-teeth wheel which meshes with the 340-teeth wheel with a
vertical arbor. A crank can be put in the hole to rotate that wheel. Frater
Fridericus’s signature is also partly visible. (photograph by the author)

to the constructions used by Neftfell in his planetary machines. There is a
train which is constrained by two relative motions. First, there is the motion
of the frame 7 seen above. Second, there is the relative motion of the fixed
frame 8 which carries a 498-teeth internal gear. We can therefore compute the
motion of frame 8 as a function of the motion of frame 7, but with respect to
the moving frame 26. We have

434 14 7 20\ 48
26 _ 26 ,, 107 _= - - — 6.6
Va V7X32X(50)X<2o>x(69>x498 (6.6)

10633
_ 26 .
= Vi x ( 286350) (6.7)
that is
10633
2 _ (v/0 26 B
VI = (V24 V) x( 286350> (63)
and
10633 10633
26 1 — o _ .
Vo' % ( +286350) Ve x ( 286350) (6.9)
206983 10633
20 =Vix (- 6.10
0 986350 7\ 286350 (6.10)
therefore
10633
Vel =Vix | — 11
o = VX ( 296983) (6.11)
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and
10633 13 10633 138229
Vo =V = = 6.12
26~ Y77 596983 170 . 296983 50487110 (6.12)
50487110

0
= 0RO a65.0495. . d 6.13
26 = 7138229 ays (6.13)

This is an approximation of the tropical year. The same value is given by

Oechslin. The Earth moves counterclockwise around the center of the machine
in one year.

155

See at the beginning the rights associated to this document.




D. Roegel: Astronomical clocks 1735-1796, 2025 (v.0.15, 8 September 2025)

CH. 6. FRATER FRIDERICUS’S MECHANISM IN BAMBERG (1772) [O:4.1]

6.5 The rotation of the Earth

Figure 6.4: The Earth globe on Frater Fridericus’s clock in Bamberg. (photo-
graph by the author)

The Earth is carried by the arbor 12 which is located on frame 26. We can
compute the motion of this arbor with respect to its supporting frame:

217

26 _ 26, O0F _ y26 ., 210
Vis = Vi x % V¥ x 16 (6.14)
but we saw earlier that
10633
26 26
_ _ 1
Vs = Vr X< 286350) (6.15)
therefore
286350 286350
26 26 0
_ _ _ 1
Ve V8><< 1MB3> Vas X 5633 (6.16)
138229 286350 372255
50487110 ~ 10633 ~ 5048711
and so
372255 217 80779335
26
_ 210 SUIF999 1
127 5048711 16 80779376 (6.18)
80779376
o= = 1.0000005 ... days =24 h 0.0438... s (6.19)

127780779335
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The Earth thus turns counterclockwise in slightly more than 24 hours with
respect to the supporting frame. In such a model, the Earth should actually
make a turn in exactly 24 hours and this is not entirely true here.%

6.6 The shadowline on Earth

The boundary between the day and the night is shown by a circle surrounding
the Earth and this ring is made to oscillate with the help of a feeler in contact
with a large tilted ring. The inclination of this ring is not clearly visible
in Oechslin’s photographs. This large ring is currently (2025) not correctly
positioned, and the feeler is not in contact with it (see figure 6.5).

Figure 6.5: The tilted ring S for the shadowline of the Earth on Frater Frider-
icus’s clock in Bamberg. This ring should go through the two fixations circled
in blue, but doesn’t. The feeler for the shadowline therefore is not in touch
with the tilted ring, as it should normally be. (photograph by the author)

6.7 The Mercury system

The Mercury system is located on a fixed central frame which is not given
any particular name by Oechslin. Mercury rotates on an circular orbit which
is offset from the center of the machine, thus producing an eccentric motion
which is that of frame 28. The motion of this frame within the fixed frame is

6See also Oechslin’s observations on Frater Fridericus’ machine [8, p. 198].
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obtained by the rotation of the frame 26. We have

108 40 54
Vgg = Vgﬁ X (—2—6> X (—4—0> = Vgﬁ X E (620)

138229 54 287091

_ _t90aad 9= 40197 (6.21)
50487110 ~ 13 25243555
25243555
Pl =" —87.9287... d .22
O 557091 87.9287 ays (6.22)

This is an approximation of the orbital period of Mercury. The same value is
given by Oechslin.

Around the path of Mercury, a tilted slope of about 5.6° (figure 6.6) is used
to move Mercury up and down, thus simulating the angle of its orbital plane,
whose actual value is about 7°.

Figure 6.6: The central part of Frater Fridericus’s clock in Bamberg, with the
motion of Mercury. The tilted ring causes Mercury to move up and down.
(photograph by the author)

A hand goes from the axis of the Earth to Mercury and extends to the
outside dial. This supposedly serves to show the geocentric position of Mercury,
but it can only work if 1) the ratios of the orbits of Mercury and the Earth
are correct, and 2) if the outside dial is at an infinite distance, which of course
it isn’t. We can however see if the orbits are represented to scale. Mercury’s
semimajor axis is about 57.9 million kilometers, and Earth’s is about 149.6
million kilometers, thus a ratio of about 2.58. On Frater Fridericus’ machine,
the ratio is about 221/61 = 3.62, and this is a very bad approximation, and also
a surprising one, given that the relative distances of the planets were already
well known at the beginning of the 17th century. Consequently, it appears
that the representation of the geocentrical position of Mercury is quite bad. It
is not very accurate and only gives a vague idea of where Mercury is located
in the sky. A better result would have been obtained if the orbits had been to
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scale, and if the hand for Mercury’s position had been obtained as a parallel
to the Earth-Mercury line and going through the center of the machine.

Finally, the central Mercury system also carries the year. This is obtained
as follows. The arbor 29 is part of the fixed frame of Mercury. This arbor
carries a 4-teeth or 4-pointed star wheel which advances by one tooth when
the frame 26 makes one turn, that is, every year. The arbor 29 thus makes a
turn in four years and carries a hand showing the cycle of four years.

This arbor also carries a 4-teeth wheel meshing with a 10-teeth (or stars)
wheel on tube 30, which carries the units of the year and makes a turn in 10
years. This motion is transferred to a wheel on arbor 31, and this arbor carries
a finger which advances a 10-pointed star wheel on arbor 32. The latter carries
the tens of the year and makes a turn in 100 years. The machine also seems to
show the hundreds and thousands, but Oechslin did not describe them in his
drawing. They may be constructed similarly, or perhaps only set manually.

6.8 The lunar system

The lunar system is located on the frame 26 and also makes a turn in one
tropical year. It is always opposite the main Earth sphere.

The motion within this system is derived from arbor 13, which parallels
the Earth arbor 12 seen earlier. Both of these arbors carry 32-teeth wheels
which mesh with the internal 434-teeth gear on frame 7. We therefore have

80779335 _

V26 — V26 _ ~
13 127780779376

(6.23)

6.8.1 The mean motion of the Moon

The Moon is on frame 19 which carries an 127-teeth internal gear. The motion
of this frame is derived from that of arbor 13:

15 50 50 12\ 12
26 _ 1726 1o v _9v _ 14 e 94
Vio V13X( 101)X( 37)X< 28>X< 12)X127 (6:24)
L2500 _ SOTT9335 12500 _ B2SHB®IH o

— V26 X — X —
1373322193 80779376 ~ 3322193 9584452767556

9584452767556
26 — = 29, . 2
19 = 3oan50808105 20300 days (6.26)

This is an approximation of the synodic month. The same value is given by
Oechslin.

The phases of the Moon are shown on a fixed ring fixed on frame 26.
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6.8.2 The lunar nodes

The lunar nodes are on frame 25. The motion of this frame is also derived
from that of arbor 13, using in particular two worms. We have

1 20 1
V3s = VI8 x <—%> X (—2—0> X (‘ﬁ) (6.27)

1 1
— V26 R, R 6.28
13 % ( 6798) 6798 (6.28)

P38 = —PI x 6798 ~ —6798 days (6.29)

This is an approximation of the period of precession of the lunar nodes and
the value is negative because the nodes are retrograding. The same value is
given by Oechslin.

The frame 25 carries a tilted slope (figure 6.7) which is used to move the
Moon up and down, so as to simulate its motion in an inclined orbit. The
inclination in this machine is a little bit more than 5 degrees.

Figure 6.7: Detail of Frater Fridericus’s clock in Bamberg. In the back, there
is the part for the motion of the Moon. The internal tilted ring is used to move
the Moon up and down. (photograph by the author)

6.8.3 The line of apsides

The lunar apsides are on frame 22. The motion of this frame is also derived
from that of arbor 13, using in particular two worms. We have

1 32 1 1 1
26 _ /26 _ ) =V )

P35 = P39 x 3232 ~ 3232 days (6.31)
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This is an approximation of the period of precession of the lunar apsides and
the value is positive because the motion is prograde. The same value is given
by Oechslin.

The frame 22 is not used to change the motion of the Moon, but rather
to change the position of the Earth with respect to the Moon. The shortest
distance between the Moon and the Earth, that is the perigee, moves like frame
22.

6.8.4 The rotation of the Earth

Within the lunar system, the Earth would have been on arbor 14, but it is
now missing. The motion of arbor 14 is derived from that of arbor 13, but the
arbor 14 is located on frame 22. So, we first compute the motion of arbor 14
with respect to frame 22:

6
VE=VEx (-5) = -v (6:32)
then
Vis = Vii+ Vo = = Vig+ Viy = = (Vi + Vig) + Vi (6.33)
Y2 4oy 20 gy o 34
Viz +2Vy Viz +2Viz X 3939 (6.34)
1 1615

_ 2% 1-2x — | = -V x - 6.35
13 > < 8 3232) 13 1616 (6.35)

80779335 1615 7674036825
=— X =— ~—1 (6.36)

80779376 1616 7678792448

So, the Earth makes a turn clockwise in about one day. This motion is however
wrong, as the Earth should move counterclockwise with respect to frame 26,
as it does on arbor 12.
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