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Chapter 25 (Oechslin: 3.2)

Nelstfell’s Planetenmaschine in
Munich (c1755-1761)

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.

25.1 Introduction

The astronomical machine described here was constructed around 1755-1761
by Johann Georg Neftfell (1694-1762).8 The machine was constructed for
Adam Friedrich Graf von Seinsheim (1708-1779) who was the Prince-Bishop
of Wiirzburg from 1755 to 1779 and Prince-Bishop of Bamberg from 1757 to
1779 and NeRtfell was given 4000 gulden for it.?

The clock described here was located in the physikalische Kabinet of the
University of Wiirzburg. It entered the collections of the Bayerisches Natio-
nalmuseum in Munich in 1877 where it is now exhibited (Inv.-Nr. Phys 254).4

This machine is very similar in appearance to Neftfell’s machine kept in
Vienna and which was constructed in 1753. The Munich machine was badly
damaged during WWII and was considered beyond repair, but thanks to the
remarkable work of Ludwig Oechslin and others, it could be restored at the

IFor a biographical notice of Nefitfell, see the description of the Vienna machine.

2For a summary of the history of this machine, see Hess [4, p. 73-77] and Oechslin |9,
p. 223]. On possible persons who helped Neftfell in the construction of his machines, see
Oechslin [9, p. 219-220]. One of them was the mechanician Johann Georg Fellwock (some-
times spelled Felbiich or Felbeck) (1728-1810).% The best sources for Neftfell’s machines are
Hess [4] and Henck [3]. Besides Oechslin’s work [9, p. 33, 36-37, 53-55, 199-203], see also
King [5, p. 229-232] and Seelig’s articles [13, 14, 17, 15, 16].

4CE. [1, p. 19, 23] and [16, p. 441]. Rontgen confirms the year 1877 [11, p. 12], but in
1882 Schlereth still locates the machine in Wiirzburg [12, p. 44]. Seidl shows the location
of Neftfell’s machine in Munich in 1902 [18, pl .XLVI]. This machine was exhibited at the
1989 Hahn exhibition [19, p. 60-61]. See also [9, p. 234].
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end of the 1980s.5 This was to a great extent possible because of the existence
of the Vienna machine.

The most obvious difference between the two machines is that the base is
decorated of simple columns in Munich, but of griffins in Vienna. There are
also a number of sculpted figures in the Munich machine.® However, there are
also some differences in the gears. The descriptions of the two machines are
very similar and overlap to a large extent, but that way they can be read in
any order.

It should moreover be observed that Frater Fridericus’s machine in Bam-
berg, made with the help of Johann Georg Fellwock in 1772 (Oechslin 4.1),
is really a simplified version of Neftfell’s machines. It has the same general
cylindrical appearance, there is no orrery, and the entire front Earth-Mercury
system is laid out horizontally.

Both of Neftfell’s machines are about 2 meters tall, they have a diameter of
about 1 meter, and have a prismatic glass case containing the planetary system.
Due to this construction, almost all the gears can be seen. In the front of the
machine, there is a large dial representing the Earth-Mercury system.

These two machines are both very daunting, especially because it is rather
difficult to understand them at first sight. I am going to split the machine in
three parts: the going work, the orrery and the Earth-Mercury system.

50n the restoration of the machine for the 1988-1989 exhibitions, see [13, 10, 8, 17].
50n these figures by Johann Peter Wagner (1730-1809), see Seelig [14, 15].
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Figure 25.1: The location of Neftfell’s machine in 1902. (source: |[18,
pl XLVI|)
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Figure 25.2: Neftfell’s machine in 1902 (detail). (source: [18, pl .XLVI])
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Figure 25.3: Neftfell’s machine as it appears today. (photograph by the au-
thor)
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Figure 25.4: Detail of some of the figures inside Neftfell’s machine. (photo-
graph by the author)
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Figure 25.5: The gears from the front dial of Nefstfell’s machine seen from the
side. (photograph by the author)
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Figure 25.6: The top of the case of Nefstfell’s machine. (photograph by the
author)

Figure 25.7: The upper level of Nefstfell’s machine, which all the planets moving
in a tilted plane. (photograph by the author)
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25.2 The going work

The going work is set behind the Earth-Mercury system. It is weight-driven
and regulated by a pendulum. The going work contains two winding drums,
that add up their strengths for a unique output on arbor 9 which makes one
turn clockwise (seen from the front) in 24 hours. We have

T) =1 (25.1)

We can therefore deduce that the first drum (arbor 2) must have the ve-

locity
60 15 2 2

P) = 1.5 days (25.3)

The second drum (arbor 8) has the same velocity:

90 15
TY = T9 - T 25.4
: 2><(15)><<90) (25.4)
P? = 1.5 days (25.5)

Each drum makes a turn in 36 hours and they turn in the same directions. In
the Vienna machine, the two drums make a turn in two days.

These two drums can be rewound using the winding arbors 1 (for the first
drum) and 7 (for the second drum).

A gear train connects the drums to the escape wheel on arbor 6. We have

TS = T x (—‘?—g) X (—%) X (-%) X (-5—76> (25.6)

= T9 x 2160 = 1440 (25.7)
1
P) = 1440 days = 60 seconds (25.8)

The escape Wheel having 30 teeth, we deduce that the pendulum should make
a half swing in 2 30 = 1 seconds. Its length should be about 1 m.

The only output of the going work is arbor 9 which makes one turn clock-
wise in one day. This arbor is prolonged by arbor 11 through a coupling.
These two arbors can be desynchronized using a shiftable 70-teeth wheel on
an arbor also named 11 by Oechslin, but which I will call 11’. The arbor 11
immediately drives the Earth-Mercury system in the front. On arbor 11, there
is also a 30-teeth wheel which drives a train towards the orrery. For now, I
will merely assume that the going work directly drives the orrery.

The motion of arbor 11 is also transferred to arbor 46 which drives Saturn.
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25.3 The Ptolemaic allegories

At the bottom of the machine, there are several allegories of the planets rotat-
ing around the Earth. This is a very simplified representation of the Ptolemaic
system. The Earth is located is the middle and pictured as a wooden sculp-
ture by Johann Peter Wagner (1730-1809).7 It is surrounded by the Sun, Mars,
Jupiter and Saturn. The planets Mercury and Venus do not seem to be there,
and are perhaps missing.

The allegories move on a carrousel, all at the same speed. This motion is
obtained from arbor 11’ whose motion is transferred to the arbor 140, then to
the arbor 141. All these arbors make one turn in 24 hours. The arbor 141
carries a 180-teeth wheel which meshes wish a similar wheel on tube 142. This
apparently causes the motion of the allegories on arbor 145. This arbor has
the following velocity:

Vi, =1 (25.9)
56 14 14 28
Vi = Vi % 11> <—%) X (_E) =5 (25.10)
29
Pl = 53 24.8571 ... hours (25.11)

which may be an approximation of the lunar day.

25.4 The orrery

The most unusual feature of this machine is that the planets do not move in a
horizontal plane, or near a horizontal plane. In almost every orrery, the planets
move either in or near a horizontal plane, or in or near a vertical plane. In
Nefstfell’s machine, the ecliptic is tilted by an angle of 23.5° and the planets
move in or near that tilted plane.® Consequently, the plane of the equator is
a horizontal plane, although it doesn’t have any particular significance here.
For instance, no horizontal plane is materialized through the Earth.
Moreover, the planets only move indirectly in the ecliptic. In fact, there
are horizontal base motions, and the planets are on vertical arms that glide
along tilted guides. This all gives a very unusual appearance to this machine.
As mentioned above, the input to the orrery is a gear train starting with
the horizontal arbor 11 making one turn clockwise in a day. The motion of
this arbor is transferred to arbor 46 which is used to drive the gears for Saturn.
Then, the motion of arbor 11 is transferred to arbor 71 which drives the other

planets:
30 78
V2 = VO x (—7—8) X <—%> =V} =-1 (25.12)

"For more on these allegories and Johann Peter Wagner, see Seelig [14, 15].
80n this construction, see in particular [9, p. 146-147].
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Arbor 71 also makes one turn clockwise in a day.

All the planets are driven similarly, sitting on carriages which are stuck
between moving wheels and wheels that are not moving. Neftfell used large
wheels which are about the size of the orbits, and Oechslin assumes that he
took his inspiration from a British orrery by John Rowley he had been working
on and which had been bought in 1723 in England by Prince Eugene Francis
of Savoy-Carignano (1663-1736) [21, p. 42]. This orrery may have been similar
to the one by Adams described in this book [9, p. 154, 210].

I am first considering the mean motions of the planets, then the rotations
of the planets and the satellites of Jupiter and the Moon. Finally, I am con-
sidering the motion of the Moon.

25.4.1 The mean motions and rotations of the planets

I am starting with Saturn and going backwards to Mercury. These systems
are in fact all independent and could be described in any order, but I believe it
is easier to look at them from the front to the back, and also from the outside
to the inside. The descriptions below are very similar, because the structures
are similar. However, I prefer to repeat the descriptions, so that the motions
can be studied in any order.

All the planets are given a motion of rotation around their axis, but I will
only analyze the rotation of Mercury, Venus, the Earth and Mars after each
analysis of the mean motions. The rotations of Jupiter and Saturn will be
examined when I describe their two satellite systems.

As mentioned above, Neftfell first produces horizontal motions, and tilted
slopes ensure that these motions are transferred near the ecliptic. I assume that
each slope is adapted to its planet and that different planets therefore have
different slopes. It is also possible that some of the orbits have been made
eccentric, but this should be checked. In addition, one should keep in mind
that the transfer from the horizontal plane to the tilted plane is a projection
and that it does alter the motion.® But Neftfell did not implement irregular
motions, other than possibly those resulting from offset orbits.

The mean motions of the planets are obtained through epicyclical gear
trains. In each case, there is an input motion and the rotation of a set of
gears on a mobile carriage, this rotation being determined by a constraint on
another wheel, in this case a fixed wheel. These constructions often lead to
periods whose rational expression contains large primes:

e for Mercury, the period involves the prime number 317;
e for Venus, the period involves the prime number 2411;
e for the Earth, the period involves the prime number 296983;

e for Mars, the period involves the prime numbers 101 and 173;

9This was also observed by Oechslin, see [9, p. 201-202].
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e for Jupiter, the period involves the prime numbers 131 and 389;

e for Saturn, the period involves the prime number 51817.

Nefstfell’s construction makes use of gears whose teeth numbers contain
only small primes, the largest being 109. It is therefore tempting to view
Nefstfell’s construction as a way to avoid the use of large primes in gear trains.

However, I do not believe that Nefstfell chose to reach the exact ratios he
finally produced. His objectif must have been much more to have the planets
on moving carriages, and the complex ratios that these constructions entailed
were rather side effects. This is therefore entirely different from Frater David’s
methods which aimed at obtaining specific ratios without resorting to too large
primes. I am giving some details of Frater David’s methods in the introduction
of this book.

Nefstfell also gives the revolution periods of the planets in his description
of the clock [7],!° and the periods implemented on the clock are only approxi-
mations of these values:

Mercury 87d 23h 14m 40s 87.9685. . .
Venus 224d  17h  44m 11/12 224.7395. ..
Earth 36bd  5h  48m 58s 1/4 365.2423. ..
Mars 686d 23h 31m 57s 686.9805. . .
Jupiter 4332d  14h 49m 31s 56" | 4332.6177...
Saturn | 10759d ~ 5h 10759.2083. . .

Nefstfell does not give the actual periods on his machine.

25.4.1.1 The motion of Saturn

On arbor 46, there is a 25-teeth wheel which meshes with a 897-teeth contrate
wheel on frame 47. This wheel turns counterclockwise (from above) with the

velocity
25 25
0 =V ) == 25.1
Vir V46X( 897) 897 (25.13)
897
P, = S5 = 35.88 days (25.14)

Above the 897-teeth wheel, there is a 900-teeth wheel with interior gearing
which meshes with a 25-teeth wheel which is part of a carriage 54 of which one
pinion meshes with a fixed 690-teeth wheel. This causes the entire carriage to
move, and the carriage supports Saturn and its satellites. All these motions
take place in a horizontal plane, but the carriage itself has an arbor 48 on which
the Saturn system moves up or down, as [ will show later. The problem is to
find the velocity of the carriage 54. I don’t want to resort to some memorized
formula. We need to be able to compute the motions without any cryptic

10The number of days for Jupiter is mistakenly given as 4323, an obvious typo.
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magic. We can do so by setting ourself in the reference frame of the moving
carriage. We can merely compute the velocity of the 900-teeth wheel (frame
47) from that of the 690-teeth wheel (frame 53, fixed). We have

690 25 109 103 25 25
V54 — V54 o _ - _ _ _ -
ar = Vas X | T ) X\ T ] X g )~ 10 )\ "25) 900

(25.15)

258221) s 258221 (25.16)

= V3 x (“ 864 )~ ' 64

It is important to note that the last ratio % is positive, because the motion
of arbor 48 is in the same direction as the frame 47, the 900-teeth wheel having
an interior gearing.

Now, we have

258221 o 258221

54 _ y/0 54 _ /53 _ 25 1
Vir = Vi +Vy Vi X 361 54 X 364 (25.17)
Therefore
258221 258221 259085
V%:V&XT@T+V&:V&X(8M +Q:V&X7ﬁf (25.18)
And
864 25 864 1440
VO YOy 22 = 25.19
54 477 959085 897 T 259085 15493283 ( )
15493283
0 =" 1 2243 ... 25.2
o 0 0759.2243 ... days (25.20)

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

The motion of Saturn around its axis is described below in the section of
Saturn’s satellites.

25.4.1.2 The motion of Jupiter

The mean motion of Jupiter is obtained like that of Saturn.

On arbor 71, there is a 30-teeth wheel which meshes with a 360-teeth
contrate wheel on frame 72. This wheel turns counterclockwise (from above)
with the velocity

30 30 1
0 — V0 i I 95.21
Vo = Vi X ( 360> 360 12 (25.21)
PY, = 12 days (25.22)

Above the 360-teeth wheel, there is a 361-teeth wheel which meshes with
a 30-teeth wheel which is part of a carriage 77 of which one pinion meshes
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with a fixed 306-teeth wheel. This causes the entire carriage to move, and the
carriage supports Jupiter and its satellites. All these motions take place in a
horizontal plane, but the carriage itself has an arbor 73 on which the Jupiter
system moves up or down, as I will show later. The problem is to find the
velocity of the carriage 77. We can do so by setting ourself in the reference
frame of the moving carriage. We can merely compute the velocity of the 361-
teeth wheel (frame 72) from that of the 306-teeth wheel (frame 76, fixed). We

have
306 95 62 30
355725 355725
s 76
— _ = 25.24
Vg X ( ]38 ) 77 X 7088 (25.24)

The last ratio % is positive for the same reason as in the case of Saturn.

Now, we have

355725 o _ 355725

V;; = V(7)2 +V57 = V$$ X Togg T X 083 (25.25)
Therefore
355725 355725 356713
0 — 0 0 _ 0 1 — 0 2 2
And
088 1 988 247
vO — VO _ — 2527
T VT2 X SEeTs T 12 356713 1070139 (25.27)
1070139
p —5p — 43325465, days (25.28)

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

The motion of Jupiter around its axis is described below in the section of
Jupiter’s satellites.

25.4.1.3 The motion of Mars

The mean motion of Mars is obtained like those of Jupiter and Saturn.

On arbor 71, there is a 30-teeth wheel which meshes with a 202-teeth
contrate wheel on frame 89. (In Vienna, we have the equivalent ratio 15/101.)
This wheel turns counterclockwise (from above) with the velocity

30 15
0y = V2 _— == 25.2
Vo V”x< 202) 101 (25.29)
101
P&::ngzazw3”.d%m (25.30)
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Above the 202-teeth wheel, there is a 204-teeth wheel which meshes with
a 30-teeth wheel (102/15 in Vienna) which is part of a carriage 94 of which
one pinion meshes with a fixed 194-teeth wheel (97 in Vienna). This causes
the entire carriage to move, and the carriage supports Mars. All these motions
take place in a horizontal plane, but the carriage itself has an arbor 97 on
which Mars moves up or down, as I will show later. The problem is to find the
velocity of the carriage 94. We can do so by setting ourself in the reference
frame of the moving carriage. We can merely compute the velocity of the 204-
teeth wheel (frame 89) from that of the 194-teeth wheel (frame 93, fixed). We

have
194 49 37 30
94 __ 1794 . _ = _ 25.31
Vo Vggx(—8>x( S)X( 8)><204 (25.31)
879305 879305
— 94 o _ 93 2 ] 2
\@“<( 8m4> 91" Tg704 (25.32)

The last ratio 230—04 is positive for the same reason as in the cases of Jupiter
and Saturn.
Now, we have

879305  _, _ 879305

94 0 94 93 _
Vgg = Vgo + Vi© = Vgy X 704 01 X ~gmo (25.33)
Therefore
879305 879305 888009
And
8704 15 8704 43520
VO =Vl x — = — = 25.35
94 89 " 888000 101 . 888009 _ 29896303 ( )
29896303
0
= 686.9554... d 25.36
9= 43520 ays (25.36)

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

Mars also rotates around its axis. In the (synodic) reference frame 94, we
have

194 49 37 13 22

513227 513227
=\@§X<_ 768 )::84X 768 2
43520 513227 87248590 (25.39)

20896303 8 768 89688909
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And in the absolute frame:

513227 513995
Vo, = Vir + V5, = Vi, x ( s T 1) = V), x s (25.40)
4
_ 43520 513995 _ 87379150 (25.41)
20896303~ 768 89688909
o _ B9O88909 ) o6a. . days =24 h 38 mn 3.87... s (25.42)

9 7 87379150

The same value is given by Oechslin. This period is close to the actual sidereal
rotation of Mars.

25.4.1.4 The motion of the Earth

The mean motion of the Earth is obtained like those of Mars, Jupiter and
Saturn.

On arbor 71, there is a 13-teeth wheel which meshes with a 170-teeth
contrate wheel on frame 98. This wheel turns counterclockwise (from above)
with the velocity

13 13
0 = V2 ) = 25.4
Vos V”X( 170) 170 (25.43)
170
Py = I3 = 130769, days (25.44)

Above the 170-teeth wheel, there is a 217-teeth wheel which meshes with
a 16-teeth wheel which is part of a carriage 103 of which one pinion meshes
with a fixed 83-teeth wheel. This causes the entire carriage to move, and the
carriage supports the Earth. All these motions take place in a horizontal plane,
but the carriage itself has an arbor 107 on which the Earth moves up or down,
as | will show later. The problem is to find the velocity of the carriage 103.
We can do so by setting ourself in the reference frame of the moving carriage.
We can merely compute the velocity of the 217-teeth wheel (frame 98) from
that of the 83-teeth wheel (frame 102, fixed). We have

83 69 50\ 16
286350 286350
_ 103 _ — V102 25.46
1oz X ( 10633> 103 0633 (25.46)

The last ratio %67 is positive for the same reason as in the cases of Mars,
Jupiter and Saturn.

Now, we have

286350 4 286350

V103 _ /0 103 _ /102 _
98 Vs + Vo Vips X 10633 103 X 10633

(25.47)
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Therefore
286350 286350 206933
0 — VO 0 — VO 1 — 0
Vos = Vi X 7ga337 + Vios = Vies X | 7533 103 X 70633
(25.48)
And
10633 13 10633 138229
VO — VO _ — 25.49
103 = V98 X 506083 ~ 170 « 206083 50487110 (25.49)
50487110
0 2000 650405 . d 95.
s = “Taepyg = 3692425 days (25.50)

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

The Earth also rotates around its axis. In the (synodic) reference frame
103, we have

83 69 20
vig = vitgx (-5) x (-2) < (-3) 25,51

() () () (0 sy

143175 143175
= Vi > (_ 392 ): 03 X 365 (25.53)
138220 143175 80779335
_ (25.54)

50487110 8 392 80779376

108 — % = 1.0000005 . .. days = 86400.0438 ... seconds  (25.55)
The Earth practically makes one turn around its axis in 24 hours with respect
to the Sun. It should do so in exactly 24 hours, but it doesn’t. In fact, Oechslin
writes that the Earth makes one turn with respect to the Sun in one day, but
this is not true.

Now, in the absolute frame, we have:

143175 143567
VO =V v, =V — 41 =V — 25.56
107 107 T Vios 103 X 399 + 103 X 302 ( )
138229 143567 405002507
50487110 392 403896880
403896880
0 =23h 56 mn 4.1343... s (25.58)

107 = 405002507

This period is close to the actual sidereal rotation of the Earth.

25.4.1.5 The motion of Venus

The mean motion of Venus is obtained like those of the Earth, Mars, Jupiter
and Saturn.
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On arbor 71, there is a 20-teeth wheel which meshes with a 96-teeth con-
trate wheel on frame 122. This wheel turns counterclockwise (from above)
with the velocity

20 5
24
ﬁﬂ_ﬂg:48dws (25.60)

Above the 96-teeth wheel, there is a 103-teeth wheel which meshes with
a 21-teeth wheel which is part of a carriage 127 of which one pinion meshes
with a fixed 65-teeth wheel. This causes the entire carriage to move, and the
carriage supports Venus. All these motions take place in a horizontal plane,
but the carriage itself has an arbor 130 on which Venus moves up or down, as
I will show later. The problem is to find the velocity of the carriage 127. We
can do so by setting ourself in the reference frame of the moving carriage. We
can merely compute the velocity of the 103-teeth wheel (frame 122) from that
of the 65-teeth wheel (frame 126, fixed). We have

65 44 44 21
4719 . 4719
— ViZ X (__103) —vizs 400 (25.62)

The last ratio % is positive for the same reason as in the cases of the

Earth, Mars, Jupiter and Saturn.
Now, we have

4719, 4719

vgzvb+%”:W£xﬂ§:vmx1% (25.63)
Therefore
4719 4719 4822
And
103 5 103 515
0 0
= — = = 25.
Vizr = Vize X 4822 24 (4822 115728 (25.65)
115728
PY,, = — - 224.7145 ... days (25.66)

This is an approximation of the sidereal orbital period of Venus. The same
value is given by Oechslin.
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Venus also rotates around its axis. In the (synodic) reference frame 127,

we have
65 44 44 20 25
Vi = v (<2) o (<)« (5) < (3) < (-3) @en
1573 1573
Vi (0] = Vi x 20 25.05)
515 1573 810095
= = 25.69
115728 7 810096 (25.69)
810096
I3 = <0005 — 1000001 ... days = 86400.1066 ... seconds (25.70)

It would seem that Neftfell attempted here too to have Venus make one
turn around itself in 24 hours with respect to the Sun, although the basis of
this assumption is not clear. Like in the case of the Earth, Oechslin writes
that Venus makes one turn with respect to the Sun in one day, but this is not
true.

Incidentally, we can see that Nessfell uses a ratio ”T“, and such ratios
appear in several places, although there does not seem to be any good reason
for it.

Now, in the absolute frame, we have:

1573 1580
Viso = Vizo + Vigr = Vigy X <— + 1) = Viy, ¥ — (25.71)
515 1580 203425
= X = (25.72)
115728 © 7 202524
202524
U0 = So3po5 = 23 053 mn 37.3213... 5 (25.73)

The same value is given by Oechslin.

This period is very inaccurate, because Venus rotates much more slowly. It
makes one turn in 243 days. But in the 18th century, Venus’s motion around
its axis was still a mystery, and some thought it was rotating in 23 hours,
others in 25 days. The same problem occurs on the Vienna orrery.

25.4.1.6 The motion of Mercury

The mean motion of Mercury is obtained like those of Venus, the Earth, Mars,
Jupiter and Saturn.

On arbor 71, there is a 21-teeth wheel which meshes with a 84-teeth con-
trate wheel on frame 131. This wheel turns counterclockwise (from above)
with the velocity

21 1
Vi = Vi, X <—@> =1 (25.74)

PY., = 4 days (25.75)
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Above the 84-teeth wheel, there is a 88-teeth wheel which meshes with
a 21-teeth wheel which is part of a carriage 136 of which one pinion meshes
with a fixed 60-teeth wheel. This causes the entire carriage to move, and the
carriage supports Mercury. All these motions take place in a horizontal plane,
but the carriage itself has an arbor 138 on which Mercury moves up or down,
as I will show later. The problem is to find the velocity of the carriage 136.
We can do so by setting ourself in the reference frame of the moving carriage.
We can merely compute the velocity of the 88-teeth wheel (frame 131) from
that of the 60-teeth wheel (frame 135, fixed). We have

60 39 30 21
VI 1 (‘E) . (_7) . <_1_9) = (25.76)
8775 8775
= Viso x (_ZTg):: i%><2i§ (25.77)

The last ratio g—é is positive for the same reason as in the cases of Venus,
the Earth, Mars, Jupiter and Saturn.
Now, we have

8775 ., 8775

VIS = VO, + Vi =VIE 118 V16 X g (25.78)
Therefore
8775 8775 9193
Via1 = Vige X 118 + Vi35 = Vigg X (m + 1) = Vi X 118 (25.79)
And
418 1 418 209
Vi =V0 x —— =" x — = 25.80
136 = V131 X 9793 = 1 9193 ~ 18386 (25.80)
18386
PY, = =87.9712... days (25.81)

209

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

Mercury also rotates around its axis. In the (synodic) reference frame 136,
we have

60 39 30 20 12
VI 1 (_E) « (_7) « (_1_9) « (_E) « (_%) (25.82)

11700 11700
136 0
_ _ _ v p
Vigs X ( 133 ) 136 X 133 (25.83)
_ 209 » 11700 _ 64350 (25.84)
18386 133 64351
e 64351
138 = m = 1.00001 ... days = 86401.3426 ... seconds (25.85)
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Again, it seems that Neftfell attempted here too to have Mercury make
one turn around itself in 24 hours with respect to the Sun, although the basis
of this assumption is not clear. And like in the case of the Earth and Venus,
Oechslin writes that Mercury makes one turn with respect to the Sun in one
day, but this is not true.

Now, in the absolute frame, we have:

11700 11833
0 136 O 0 1) = Vo 95,
Viss = Vigg + Vige = Vige X (—133 + ) 136 X 133 (25.86)
209 11833 130163
— — 25.87
18386 133 128702 (25.87)
128702
O = ——
b5 = Taoqgg = 23143 mn 502128 .. s (25.88)

Oechslin gives the same value, although there is a typo in his numerical eval-
uation.

This period is of course very inaccurate, because Mercury rotates much
more slowly. It makes one turn in about 59 days. But in the 18th century,
Mercury’s motion around its axis was still a mystery. The same problem occurs
in the Vienna machine.

25.4.2 The motion of the Sun

The motion of the Sun on tube 139 is derived from that of Mercury:

60 20
vig—vittx (-F) < (-3) (25,89
40 40 40
= Vgg X = Vgg X\—=]= V(1)36 X | ——= (2590)
9 9 9
0 136 0 0 40
Vizo = Vizg + Vigg = Vize X (1 — ) (25.91)
31 209 31 6479
=V =X (- ) = 25.92
Viae X ( 9 ) 18336 ( 9 ) 165474 (25.92)
165474
U9 = —~gjmg = —25:5400... days (25.93)

The same value is given by Oechslin. This is a good approximation of the
period of rotation of the Sun which is about 25 days at the equator, but the
direction of rotation is wrong. The rotation should have been counterclockwise
(from above), and in fact NeRtfell did it correctly in the Vienna machine.™

HSee also [9, p. 203].
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25.4.3 The satellites of Jupiter and Saturn
25.4.3.1 The system of Jupiter

The gears for the rotation of Jupiter and its satellites are contained in a un-
named frame which is gliding along a tilted slope. I will call this frame J.
The gears use exactly the same ratios as in the Vienna machine, although one
wheel has a different teeth-count. The frame J therefore does have a fixed
orientation with respect to the Sun. The motion of this frame is therefore
exactly that of the carriage 77 seen earlier.

Vo =V, (25.94)

The input to frame J is arbor 73 whose motion is

306 95 62
450585 450585 450585
VT (_ e ) =g B g A (950
24 4 2
7 50585 2853705 (25.97)

T 1070139 © 104 2853704

We can then easily compute the velocities of Jupiter and its four satellites
in the rotating frame. All these motions are directly obtained from arbor 73,
and not one from the other.

Vé:Véx(—g) (—%)zV%X%%UmMa) (25.98)
Vé:=V%><(—§%)><(—Z§)::V%><%£(kﬂ (25.99)
Vi = Vi % (—%) X (—1—2) = Vi, x % (Europa) (25.100)
véIG = V¥3 X (—%) X (—%) = V¥3 X % (Ganymede) (25.101)
Vé——V%><(—gg)><<—é%>::v%><f£%(cammm) (25.102)

And in the absolute frame:

29 o _ 2853705 29 247

0 _ v/ 0 _ vyl « 22 — — 25.1
Vio = Vio + Vi =V X 5+ Vo = o5ssr01 * 1o T omonze. (20109
82765349
= 25.104
34244448 (25.104)
34244448
0 = =9.9300... hours = 9 h 55 mn 48.2973 s (25.105)

80 7 89765349
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This is an approximation of the rotation of Jupiter around its axis which is
completed in about 9.8 hours. The same value is given by Oechslin.

217 o 2853705 217 247

Vo = Via + Vo = Vi X ooy + Vo = Sesaros * 3s1 T ooz (20100)
619506913

~ 1095822336 (25.107)

Py, = % = 1.7688 ... days (Io) (25.108)

Vas = Vi + V5 = Vi 26% Vo= 3:?2?82 8 % - 1053?39 (25.109)
185642977

= CE050E604 (25.110)

Py, = %;’Si;l =3.5509... days (Europa) (25.111)

Vi = Vi H VY =V X VU= S gy (5412

= % (25.113)

Py = % = 7.1548 ... days (Ganymede) (25.114)

Ves = Vi + V5 = Vi % Vo= Z:gg;gi 8 1;;) - 10%?39 (25.115)

= % (25.116)

o, = 730259032 _ 16 6887 ... days (Callisto) (25.117)

8 7 44116993

The same values are given by Oechslin. The periods of the satellites are all
good approximations of the actual ones.

25.4.3.2 The system of Saturn

The structure of the Saturn system is similar to that of Jupiter, except that
it contains two worms for the slow motion of Saturn’s fifth satellite, Iapetus.
The ratios are the same as in the Vienna machine, except for Titan. There are
also a few minor teeth-count differences, but which do not alter the ratios.

The gears for the rotation of Saturn and its satellites are contained in a
frame that I call S which is gliding along a tilted slope. This frame therefore
does have a fixed orientation with respect to the Sun. The motion of frame S
is therefore exactly that of the carriage 54 seen earlier:

Ve =V, (25.118)
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The input to frame S is arbor 48 whose motion is

690 25 109 103 25
vi=vix (<) < () < (7)< (-70) < (-3)
(25.119)
258221 258221 258221
:Vg‘%x(_ 24 ):Vgix TR Ry (25.120)
1440 y 258221 673620
15493283 24 673621

(25.121)

We can then easily compute the velocities of Saturn and its five satellites
in the rotating frame. All these motions are directly obtained from arbor 48,
and not one from the other.

52
ngzvi><(—5§)><(—Iﬁ)::vigx3(smMng (25.122)
24 26 312
S =Vy = — =) = Vi x — (Teth 25.12
Vg = Vig X ( 19) X ( 62) Vis X 539 (Tethys) (25.123)
19 31 19
s S Y _27) _vyS - ;
Vo = Vig X ( 31) X ( 52) Vig X 5 (Dione) (25.124)
47 12 47
s S = _22\ _vyS
Vs = Vig X ( 30) X ( 86) Vis X o1E (Rhea) (25.125)
27 8 18 .
Vi = ;><(—Zi)><(—§Z)::Vi><§§?(rmmn (25.126)
2 2 53 9
v&__vi><(—g ><<_16>><(_EI>><(_Z§) (25.127)
4
= Vi X % (Iapetus) (25.128)
And in the absolute frame:
673620 1440
0 _ S 0 _ yvS 0 _ 25.12
Var = Var Ve = Vs X3+ Vs = Gmeon X3 ¥ 15103283 (25.129)
46481220
S beiutnbed 25.1
15493283 (25.130)
15493283
0 = ToIs1200 — 9997 hours (Saturn) (25.131)
= 7h59m59.1505... s (25.132)
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The same value is given by Oechslin. The actual period of rotation of Saturn
is about 10.65 hours.

312 673620 312 1440
0 S 0 S 0

VO _vS L v v VO _ ST (951
59 59 T Vs 187X 559 T VS T G73621 < 580 | 15493283 (25.133)

4834745280 (25.134)
9125543687 '
9125543687
O = T 1.8874... d Teth 25.1
= 1830745230 887 ays (Tethys) (25.135)
19 673620 19 1440
VO — VS 4 VO — VS« —2 4 VO — —t 25.136
61 61+ a8 % 52+ S~ 673621 52+ 15493283 ( )
73611705
_ PR 25.1
201412679 (25.137)
201412679 .
81 = m = 27361 . days (Dlone) (25138)
47 673620 47 1440
VO =V V0 =vE « — 4+ VO = — 4+ —————  (25.139
6 = Vs + Vs = Vig X 515 + Vs = ot ¥ 575 + 1503083 )
145698564
_ EIOUIRODR 25.14
666211169 (25.140)
666211169
18 673620 18 1440
V9 =VE 4+ V2=V x — +V% = —— 4 (25.142
65 65+ Vs “X2w+ S m%mx2w+iw%%3 ( )
279291960
_ AIed oY 25.14
4446572221 (25.143)
4446572221
0 — T 15.9208... d Tit 25.144
65 = 570201060 ays (Titan) ( )
477
Voo = Vo + Vi = Vi X oos + Vs (25.145)
673620 y ATT N 1440 (25.146)
673621 © 37840 15493283 '
372238731
_ _ofeaonion 25.14
29313291436 (25.147)
29313291436
0 = = 78.7486 ... days (Iapetus) (25.148)

697 372238731

The same values are given by Oechslin. These period are good approximations
of the actual sidereal periods of the satellites of Saturn. Only the period of
Titan slightly differs from that in the Vienna machine.

25.4.4 The motion of the Moon
25.4.4.1 The mean motion

The main motion of the Moon is that of frame 111 which rotates around the
axis of the Earth. Its motion is obtained through arbor 99 which is located
on the Earth carriage 103. We can compute the motion of frame 111 in frame
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103:
37 12 12 6
Vil = Vgg? x (_Z§> X (—55) X <_§6> X (_i§> (25.149)
5328
= Vg 25.1
Vo' X {57339 (25.150)
and
83 69 50 143175
e () () () (5)
(25.151)
and therefore
143175 5328 95354550
V103 _ /103 . — ylos3 T 25.152
= Vi X 302 ) * 157339 ~ Y102 7700611 ( )
95354550 95354550
=V, = V0 _ 25.153
1957 7700611 1% 7700611 (25.153)
13822 4 2 1
_ 138229 95354550 _ 205509105 (25154
50487110 7709611 8729221319
8729221319
103 _ — 99.5306. .. days (25.155)

UL 995599105

The same value is given by Oechslin. This is the motion of the Moon with
respect to the Sun, and an excellent approximation of the synodic month. It
is however a slightly different ratio than the one used in the Vienna machine.

We can also compute the motion of the Moon in an absolute (sidereal)

frame:
295599105 138229 3194988991
0 _ /103 0 _ = 25.1
Vi = Vi + Vies 8729221319 +'50487110 87292213190 (25.156)
87292213190
? = 27.3216... days (25.157)

11~ 73194088991

The same value is given by Oechslin. This is an approximation of the sidereal
month. It is also a slightly different ratio than the one used in the Vienna
machine.

25.4.4.2 The nodes and the apsides

Nefstfell’s construction for the nodes and apsides in the Munich machine is
much simpler than in the Vienna machine. Here, we have a frame 113 which
rotates with the Earth. This frame carries a number of gears, two of which
mesh with a 138-teeth wheel on a fixed frame 112. One of these wheels drives
the train to the nodes tube 117, and the other one the train to the apsides
tube 121.
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We can compute the motion of tube 117 with respect to frame 113:

138 31 10 30
Viiz = Vi X (_735> x (—§g) X (_56) X <_16> (25.158)
2139 2139 2139

_ vyl _ yl2 2T ) = o _ 25.159
12 % 530 V118 % ( 2030) 103 X ( 2030) (25.159)

13822 21 422
138220 ( 2139\ 42238833 (25.160)

50487110 2030 14641261900
. 14641261900

P2 = ———————— = —346. . 25.161
113 59553 346.6303 ... days (25.161)

This is is the period of revolution of the nodes with respect to the Sun, the
so-called eclipse year. The same ratio was used in the Vienna machine.
We can then compute the motion of the nodes in the absolute frame:

V?N - Vﬂg + v(1)13 - Vﬁ? + V(1)03 (25-162>
42238833 138229 2152423
_ + —— (25.163)
14641261900 = 50487110 14641261900
14641261900
Pl = — _$802.2233... d 25.164
117 5152403 680 33 ays ( 5.16 )

which is a good approximation of the actual value of 6798 days. The same
value is given by Oechslin. This value is negative, because the lunar nodes are
retrograding.

Second, the 138-teeth wheel of frame 112 meshes with a 16-teeth wheel for
the revolution of the apsides. This wheel meshes in turn with a 12-teeth wheel,
whose arbor carries a 2-threaded worm which meshes with a 11-teeth wheel.
And the arbor of this wheel carries another 2-threaded worm which meshes
with a 37-teeth wheel which moves the apsides on tube 121.

We can compute the motion of tube 121 with respect to frame 113:

1 1 2 2 4
V}%?—Vﬂ%x( 38)x( 6) 2 _gus 46 o e

6 )\ T1z) 1 e T i g7
= Vii; X (—%) = V{53 X (-%) (25.166)
g (i%) L I (25.167)
fﬁ;ﬁzz-—19§%§%§g§§§ = —3231.6024 ... days (25.168)

This is a good approximation of the revolution of the apsides, but with respect to
the absolute frame. And therefore it is false.'? Moreover, the value is negative,
and it should have been positive, which it is in the Vienna machine.

We should actually have found a period of about 411 days, which is the
period of revolution of the apsides with respect to the Sun. It would then

12 About the error in the motion of the apsides, see also [9, p. 203].
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seem that Neftfell mixed up his computations, and used a gear train meant
for the absolute motion of the apsides in the context of a synodic motion of
the apsides. The problem is not a mere typo or one wheel that could be easily
fixed.

If we now compute the motion of the apsides in the absolute frame, we

obtain
V?21 = V%;i’ + V(1)13 = V%%% + V?o:a (25-169)
3179267 138229 49900669
— = 25.170
10274126885 + 50487110 20548253770 ( )

o 20548253770
1217749900669

but this is the value that should have been obtained with respect to the Sun.

= 411.7831... days (25.171)

25.5 The Earth-Mercury system

The front part of the machine is the Earth-Mercury system and is focused
on displaying the apparent motion of Mercury. It is similar to the Earth-
Mercury system in Vienna’s machine. Both the Earth and Mercury rotate
around the central axis which represents the Sun. Such a main display with
Mercury on an astronomical clock is unusual, but the choice of that display
is certainly a consequence of the interest for the transits of Mercury in the
18th century. Neftfell certainly did not choose to display the Earth-Venus
system, because transits of Venus are much less frequent than those of Mercury.
This representation also has a pedogogical function, it serves to highlight a
particular part of the solar system, as stressed by Meier.!3 Finally, it is also
a way to illustrate the retrogradations of the planets, as Nefstfell explained
himself, and as Oechslin observed |9, p. 36].

The central axis of the panel represents the position of the Sun and the
Earth actually revolves around the Sun on an eccentric orbit. This eccentric
orbit is centered on a point which moves around the Sun as I will describe
below.

The input to the Earth-Mercury system is arbor 11 which comes from the
going work. This arbor makes one turn clockwise in one day:

VY =-TY, = -1 (25.172)

This arbor is also used to derive several other auxiliary motions which will be
described later.

25.5.1 The mean orbital motion of the Earth

Arbor 11 carries a 26-teeth wheel which meshes with a 340-teeth wheel on
frame 12. The axis of this frame is the central axis of the front part. The

13Cft. [6, p. 44-45].
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velocity of frame 12 (seen from the front) is

2 1
VY, = VY, x (-3%()) = % (25.173)

As I note below, it is possible that the distance between the axes of the
26-teeth wheel and the 340-teeth wheel varies, because of the motion of the
line of apsides.

Frame 12 also carries an interior wheel of 434 teeth, which meshes with a
32-teeth wheel which is part of a train located on frame 18 and ending with a
32-teeth wheel on tube 20. This tube is not fixed, although one might expect
it to be fixed. The frame 18 also carries the Earth’s meridian as well as an
arbor for the rotation of the Earth. We might therefore expect frame 18 to
rotate in a tropical year.

The motion of frame 18 is derived from a train laid between the meridian’s
axis and a fixed 249-teeth wheel on frame 17. We can compute the motion of
frame 18 by first considering the relative motion of frame 17 with respect to
that of frame 12:

434 14 7 30 24
18 _ /18 - - - - 25.174
Vir V12X32X(50)X(30)X<69>X(249> (25.174)

10633 10633
= Vi — = (V% +V}!2 25.175
12 % ( 286350) (Vis + Vo) X 556350 (25.175)
Hence
10633 10633 206933
Ox ———— =VV 1 =V0 x =——— 25.176
12X 586350 18" 286350 18 % 586350 ( )
And
10633 13 10633 138229
VO 0 _ _ 25.177
18~ V12 X 596083 ~ 170 296983 50487110 ( )
50487110
O = —365.2425... 25.1
b = Ty — 3052425 days (25.178)

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

25.5.2 The rotation of the Earth around its axis

We can now also compute the velocity of the central tube 20:
434 217

Vi = VI = VIS x T = (VB - Vi) x I (25.179)
13 138229 217 372255 217 80779335
_ (12 S RV x - = "= (25.180)
170 50487110 16 5048711 © 16 80779376
80779335 138229 405002507
VO —vis L yo — = 25.181
20 20 T Vis 80779376 + 50487110 403896880 ( )

o _ 403896880

20 = 105002507 — 0.9972... days = 86164.1343 ... seconds (25.182)
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The central tube 20 actually rotates with the velocity of the sidereal day.

Moreover, arbor 13 which carries the 32-teeth wheel meshing with the in-
terior gearing also carries the frame for the Earth’s meridian. Because of the
two 32-teeth wheels, the one on the central fixed tube 20, and the one on tube
13, arbor 13 replicates the motion of the central tube. The Earth therefore
rotates around a vertical axis (and not a tilted one) and makes one turn in one
sidereal day in the absolute frame.

25.5.3 The line of apsides

As mentioned above, the Earth actually revolves around the Sun on an eccen-
tric orbit. This eccentric orbit is centered on a point which moves like the line
of the apsides. However, since the motion of the Earth is obtained through the
26-teeth wheel on arbor 11 meshing with the 340-teeth wheel on frame 12, this
implies that there is a variable distance between the two axes. If this is the
case, then the teeth are probably such that the meshing is maintained, even
though the distance varies.!4

The motion of the line of apsides is that of tube 34. The slow motion of
tube 34 is obtained from that of arbor 11, with four intermediate worms:

1 1 1 1
9, =V? - - —— | x — 25.1
Vi, = Vi X ( 61) X ( 26) X ( 11) X 7 (25.183)

1 1
=V — = 25.184
1% ( 7798362) 7798362 ( )

P9, = 7798362 days ~ 21351 years (25.185)

The same value is given by Oechslin. This is a good approximation of the
period of tropical apsidal precession which is about 21000 years. The ratios
used here are slightly different from those used in the Vienna machine, resulting
in a slightly less accurate period.

25.5.4 A front gear

The front panel carries one large ring with 352 teeth (frame 38). The velocity
of this frame is:

1 1 1 1
v0 170 _ S S 25.1
38 n X ( 103> % ( 16) x ( 16) % ( 352) (25.186)

1 1
— VY e 25.187
1% 9281536 9281536 ( )

P, = —9281536 days ~ —25412 years (25.188)

The same value is given by Oechslin. This is the period of precession of the
equinoxes. Oechslin adds a question mark to the value 352, and perhaps he

14See Oechslin’s observations on this problem [9, p. 154-155, 199-200].
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meant that the wheel is missing. It appears in any case that with a 352-teeth
wheel, we obtain almost the same period as in the Vienna machine, and perhaps
this is what Oechslin has been trying to achieve, if this is a reconstitution. Yet,
the period obtained is somewhat off the more accurate value of 26000 years.
If this wheel has been missing, then 352 is perhaps not the value that Nefstfell
had used. Perhaps Neftfell had actually used a 360-teeth wheel, in which case
he would have obtained a period of about 25990 years, much closer to what
was then thought to be the period of precession of equinoxes.

However, given that the front panel has the Earth rotate in a tropical year,
which is confirmed by the motion of the apsides (which otherwise would not
take place in about 21000 years), the zodiac is actually fixed. The actual
constellations should then move counterclockwise and this is presumably what
Nefstfell attempted to display, in order to show where in the sky Mercury is
located. But on Nefktfell’s machine, frame 38 moves clockwise, as if he wanted
to show a precession.

In any case, frame 38 is only used to position the actual axis of the Earth,
if I understand it correctly.

25.5.5 The motion of Mercury

The main front reference frame for Mercury is frame 34. We have seen above
that this frame moves with the motion of the line of apsides of the orbit of the
Earth. The Mercury wheel is a wheel on arbor 24 which pivots eccentrically
on frame 34. This will account for the elliptical orbit of Mercury, but it does
assume that the line of apsides of Mercury coincides with that of the Earth,
which is not the case.
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25.5.5.1 The mean motion of Mercury

The mean motion of Mercury is given by the Mercury wheel on arbor 24. This
motion is derived from that of tube 20. We have

36 18 18 7
34 _ yy34 _ 20 _° _= - 25.1
Vag = Vg % ( 18) x ( 36) . ( 68) - ( 163) (35.189)

63
__ /34
= Vi X 525 (25.190)
63 63
Vo, = Vii+ V3, = Vi x 5512 + V3 = (V3 — Vi) X 5542 + Vg, (25.191)
63 63 63 5479
=V X —— VI x (1= == ) =V x ——= + VI, x ——
20X S50 " MX( 5%9 20 X 5513 T V3 B4
(25.192)
405002 1 4
_ 405002507 63 5479 (25.193)
403896880 ~ 5542 | 7634700 ~ 5542
572949380244583
— (25.194)
50263193608696800
50263193608696800
o= = 87.7271 ... days (25.195)

247 572949380244583

This is a good approximation of the orbital period of Mercury. The same value
was used in the Vienna machine.

Of course, we could have ignored the term m, and this would only
have slightly altered the orbital period of Mercury. This is actually what
Oechslin did, and he gave the period as 87.728107 days. But the exact ratio
resulting from Neftfell’s construction is the one given above, not the one given
by Oechslin.

25.5.5.2 The inclination of Mercury’s orbit

Nefstfell has Mercury move radially depending on its distance from its line of
nodes. The orbit of Mercury is tilted by about 7 degrees, but on Nefstfell’s
panel for the Vienna machine, this angle is about 5 degrees, according to
Oechslin. This tilted orbital plane is represented by frame 30 which carries
a 259-teeth wheel. This is rotated using gears located on frame 34. We first
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compute the velocity of frame 30 with respect to frame 34:

52 1 1
Vi = Vig x (_56) X (_EZ) X <_§6> (25.196)
1 1 8
) x = x [ ——= 925.1
x ( 16) “ 16" ( 259) (25.197)
1
_y34 25.1
Va0 X 5569536 (25.198)
1
VO =34V =V —— 4 VY 25.199
30 30 T Vi 20 X 5569536 + Viy ( )
::(\@0-V@4)><556§5§64%\@4 (25.200)
1 1
— VO x —— VO - 925.201
Vao X prGona6 T Ve ( 5569536> (25.:201)
1 5569535
= V0 x VO o T 25.202
20 X 5560536 T '3 " 5560536 ( )
405002507 1 1 5569535
= X + X (25.203)
403896880 ~ 5569536 ' 7634700 5569536
3142112029261
_ (25.204)
10102586296593530880
o 10102586296593530880

= 3215221.5460. .. days ~ 8800 years
(25.205)

30 3142112029261

This is the period of the revolution of the nodes resulting from Nefitfell’s
construction, but it is possible that Nefstfell aimed at having the nodes fixed
and that his gears merely provide a very long period. The exact same period
was used in the Vienna machine, although with a slightly different train. The
period of the revolution of the nodes of Mercury was actually not well known
in the 18th century.

Oechslin, instead, found a wrong period of about 15207 years.

25.5.5.3 The viewpoint from the Earth

Finally, there is a guide linking the Earth to Mercury, and showing the back-
drop of the sky where Mercury is located. Nefstfell did however not attempt
to show the transits of Mercury.

25.5.6 The calendar part

The front panel also has a calendar display, which I am not describing here. It
shows the year in an opening like the Vienna machine. The Vienna machine
has a mention about the year 1828 not being a leap year. However, Gutwein’s
engraving of the front of the Vienna machine (figure 24.15) mentions the year
1826. 1 don’t know if a similar mention appears here.!

15See in particular Fowler’s brief description [2, p. 26-27].
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Nefstfell’s description of the clock also mentions that a day should be re-
moved every 126 years |7, p. 54]. After that time, the excess of the Julian year
to the tropical year accumulates to about a day, but it is not totally clear how
Nefstfell arrived at that value. In any case, on Gutwein’s engraving from 1754,
this is indicated by the two years 1826 and 1952.

25.6 Conclusion

Nefstfell’s clock follows a very original construction, and one can only be in
awe of his imagination, and also in admiration of Oechslin’s efforts to render
the structure of the machine in a plan, which is certainly not easy.
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