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COPERNICUS AND THE ORIGIN OF HIS
HELIOCENTRIC SYSTEM

BERNARD R. GOLDSTEIN, University of Pittsburgh

The introduction of a heliocentric system by Copernicus (d. 1543) is often considered
to be a major blow to the traditional cosmology of his time and an epoch-making
event in the history of science. But what was the question for which heliocentrism
was the answer? For astronomers in the late Middle Ages cosmic distances were
based on Ptolemy’s nesting hypothesis that was originally described in his Plan-
etary hypotheses and transmitted to the Latin West through Arabic intermediaries.
Copernicus specifically rejected this hypothesis in De revolutionibus, 1.10, although
he might have expressed himself more clearly. It will be my goal here to understand
the reasons why Copernicus rejected this tradition of cosmic distances and the geo-
centric system in which it was embedded.

First, it is important to distinguish astronomical issues, such as the use of the equant,
from cosmological issues, such as the location of the centre of planetary motion and
the order of the planets in space. Ptolemy had motion on a planet’s deferent move
uniformly about the equant point, a point other than the centre of the deferent, in
violation of the principle of uniform circular motion stated in Almagest, ix.2 (see
Figure 1). Indeed, at the beginning of the Commentariolus Copernicus argued that
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FiG. 1. An equant model: T is the Earth, D is the centre of the deferent circle whose radius is R, and Q is
the centre of uniform motion for C that lies on the deferent.
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a planetary model with an equant is flawed. But we now know that Muslim astrono-
mers, beginning in the thirteenth century, were able to produce many models that
resolved the problem while maintaining a geocentric framework.' In other words, the
equant was an astronomical problem whose solution did not impinge on cosmologi-
cal issues. In the Commentariolus, Copernicus’s earliest treatise on planetary theory
(probably written shortly before 1514), he says nothing about his motivation with
respect to cosmological issues, although he may allude to it (see below: Comment
[1]). On the other hand, Copernicus gives a detailed account of his motivation for
constructing a new cosmology in De revolutionibus, 1.10, and it reveals much of his
original thinking on the issue, although this passage was certainly revised (possibly
more than once) between his initial insight and the final draft.

I propose a new account of Copernicus’s initial acceptance of the heliocentric
hypothesis that depends primarily on a simple computation of the sidereal periods
of Venus and Mercury (i.e., their heliocentric periods) motivated by his reading of
Aristotle with the commentary of Averroes (twelfth century A.D.), Vitruvius (first
century B.C.), and Martianus Capella (early fifth century A.D.), among others. All
the sources cited here were available before 1514, the approximate date of Coper-
nicus’s first draft of his heliocentric system. It is important to recognize that no new
astronomical data were required; all that was needed could be found in the Almagest.
Let me outline Copernicus’s reasoning before presenting the evidence in the texts
of Copernicus.

The key principle for Copernicus is that the periods of the planets are longer as
their orbs are farther from the centre of motion. This principle was stated by Vitruvius:
the periods of the planets are longer as their distance from the centre of motion, the
Earth, increases. Copernicus was aware that this principle works well enough in a
geocentric system for Saturn, Jupiter, and Mars. But it fails for the Sun, Venus, and
Mercury whose periods are all one year. In the Almagest, ix.1, Ptolemy discussed the
order of the planets from the Earth, and concluded that there was no available evidence
to decide the question. Hence, he argued, one should simply accept the order that
appears most plausible, putting the Sun in the middle with three planets above it and
three planets (including the Moon) below it. In a later work, the Planetary hypoth-
eses, Ptolemy reconsidered the question and concluded that the nesting hypothesis,
according to which the greatest distance of one planet is equal to the least distance
of the planet above it, allowed him to fix the order and the distances of the planets
from the Earth.? Copernicus did not abandon the distance—period relationship stated
by Vitruvius; rather, he rejected Ptolemy’s argument for the order of the planets from
the Earth based on the nesting hypothesis because it violated the distance—period
relationship for the Sun, Venus, and Mercury. In De revolutionibus, .10, Coperni-
cus indicated that, having rejected geocentric systems (in all the varieties known to
him), the choice is either to find a different centre of motion, or to accept that there
is no principle governing the order of the planetary orbs and no reason why the orb
of Saturn should be in the highest position rather than Jupiter or any other planet.
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Implicitly, Copernicus rejects the second choice as absurd. At this point he calls
attention to a text by Martianus Capella in which Venus and Mercury are said to go
around the Sun. This account also differed from Ptolemy’s ordering, and suggested
that the distance—period relationship might work if a centre of motion other than the
Earth were chosen. To be sure, Martianus Capella did not present a full heliocentric
system, for the Sun and the outer planets still revolved around the Earth.

It is my contention that, with these arguments in mind, Copernicus made several
related assumptions, all of which appear in the Commentariolus:* (1) the Sun is at
rest at the centre, and the Earth moves around it; (2) the Sun is the centre of motion
for all six planets (the ‘five’ plus the Earth); and (3) the Moon is not a planet; rather,
it is a ‘fellow traveller’ with the Earth around the Sun. The suggestion to make all
six planets move around the Sun in order to maintain a modified form of the dis-
tance—period relationship depended on finding the periods of the planets around
the Sun, rather than around the Earth. The order of the periods for Saturn, Jupiter,
and Mars was not in doubt, and so it only seemed necessary to demonstrate that
the heliocentric periods of Venus and Mercury were less than a year, and that the
period of Mercury was less than the period of Venus. It was this calculation of the
periods for Venus and Mercury that, I believe, initially convinced Copernicus that
he was right to construct a heliocentric system and that this system had the proper-
ties of harmony (harmonia) and commensurability (symmetria) that he emphasized
in De revolutionibus, 1.10. That is, the clinching argument for his initial acceptance
of the heliocentric system was that the heliocentric period of Venus was less than a
year; Copernicus gives this period as “in the ninth month” in the Commentariolus,
although he should have computed 225 days (see below: Comment [6]). Neverthe-
less, the miscalculation did not affect his argument. There were also a number of
consequences of the heliocentric system that made it attractive, notably, it gave a
coherent account of retrograde motions (and the ordering of their durations for dif-
ferent planets). Indeed, at the end of De revolutionibus, .10, Copernicus claimed
that the motion of the Earth provided a causal account of retrograde motion (Quae
omnia ex eadem causa procedunt, quae in telluris est motu).* But consequences of
a system are different from the initial motives for constructing it.

To construct a heliocentric system in any detail, Copernicus needed to transform
Ptolemy’s geocentric models (modified to resolve the equant problem) to heliocentric
models. But, in my view, this was done only after he made an initial commitment
to a heliocentric system. For this purpose he depended on two propositions in Regi-
omontanus’s Epitome of the Almagest, as Swerdlow has argued persuasively.’ Regi-
omontanus’s propositions, in the first instance, would transform geocentric models
for the outer planets into a Tychonic system with these planets going around the Sun
while the Sun goes around the Earth; whereas for the inner planets it would transform
geocentric models to heliocentric models (see Figures 4(a)—(d), below); hence, these
propositions do not imply a heliocentric system, as acknowledged by Swerdlow and
Neugebauer.® They argued that Copernicus decided on a heliocentric system to avoid
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the intersection of the orbs of Mars and the Sun in the Tychonic arrangement, a prob-
lem that bothered Tycho Brahe later on and that was only resolved by the recognition
that there are no solid material orbs in the heavens.” But there is no evidence that
Copernicus was concerned with this intersection of orbs, and I think it unnecessary
to ascribe such a view to him. In any event, a Tychonic system would not satisfy
the distance—period relationship, for the ordering of the planets (including the Sun)
in it is not dependent on the order of their periods. Of course, Copernicus argued
explicitly against the Ptolemaic system as violating the distance—period relationship;
I conclude that the only system known to him that did satisfy this relationship was
the heliocentric system that he advocated.

The main passage in which Copernicus indicates the motivation for heliocentrism
occurs in De revolutionibus, .10 (numbers in square brackets refer to the comments,
below):

We see the ancient philosophers were willing to take the sequence of the wander-
ing stars as being in accordance with the size of their revolutions,[1] assuming the
principle that if objects are carried along at equal speed, those which are further
away seem to move more slowly, as Euclid proves in his Optics.[2] Hence they
consider that the Moon goes round in the smallest circle. They make Saturn the
highest, because it goes round in the largest circuit in the greatest time; Jupiter
under it, and after that Mars.... On the other hand those who place Venus and
Mercury below the Sun point out in defence of their argument the extent of the
space which they find between the Sun and the Moon.[3] For they discovered
that the greatest distance of the Moon from the Earth was sixty-four and a sixth
units taking the radius of the Earth as one unit, and was one eighteenth of the
smallest separation of the Sun from the Earth which was 1160 units. [The space
between the Sun and the Moon is filled by the orbs of Venus and Mercury.] ...
But what reason can be produced by those who put Venus below the Sun, and
Mercury after it, or put them in some other order apart from each other, for not
similarly placing their circuits (circuitus) apart from each other, and away from
the Sun, even if the argument from their speed or slowness does not prove the
order wrong? Then it must be either that the Earth is not the centre to which
the order of the stars and spheres is referred, or else that there is no system in
the order, and no reason is apparent why the upper position should be given
to Saturn rather than to Jupiter or any other planet. Consequently I think we
should certainly not despise the argument which was well known to Martianus
Capella,[4] who wrote the Encyclopedia, and certain other Latin writers.[5] For
they believe that Venus and Mercury revolve round the Sun which is in the middle
of them, and they think that is the reason why they do not diverge further from it
than the curvature of the spheres allows, because they do not go round the Earth,
like the rest, but have their spheres turned the other way.... The first and highest
of all is the sphere of the fixed stars, which contains itself and all things, and is
therefore motionless.... There follows Saturn, the first of the wandering stars,
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F1G. 2. N. Copernicus, De revolutionibus, Cracow, Jagiellonian Library, MS 10,000, f. 9v.

which completes its circuit in thirty years. After it comes Jupiter which moves
in a twelve-year-long revolution. Next is Mars, which goes round biennially.
Annual revolution holds the fourth place in which as we have said is contained
the Earth along with the lunar sphere which is like an epicycle. In the fifth place
Venus returns every nine months. Lastly Mercury holds the sixth place, making
a circuit in the space of eighty days.[6] In the Middle of all is the seat of the Sun
(see Figures 2 and 3).[7]®

Comments

[1] Copernicus does not name these philosophers, and the clearest statement of this
relationship in Antiquity is given in Vitruvius’s De architectura, ix.1.14 (quoted
below: see Comment [6]). But Copernicus probably had in mind a passage in Aris-
totle’s De caelo, ii.10, for it was interpreted by Averroes as being equivalent to this
relationship, and this tradition of interpretation goes back at least to Simplicius.
Aristotle says:

Let there be a study of their ordering — the way in which each [body] moves in
that some are prior and others posterior — and how they are related to one another
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FiG. 3. N. Copernicus, De revolutionibus (Nuremberg, 1543), f. 9v.

in their distances on the basis of [works] on astronomy, since it is discussed
[there] sufficiently. It happens that the motions of each are in proportion to their
distances (kata logon ... tois apostémasi) in that some [motions] are faster and
some slower. That is to say, since it is supposed that the outermost revolution of
the heavens is simple and fastest, and that the [motions] of the others are slower
and more numerous — for each moves in a direction opposite to the heavens
along its own circle — it is actually reasonable that the [body] nearest the simple
and primary revolution goes through its own circle in the longest time, and that
the one that is farthest away in the least time; whereas of the others the nearer
always [goes through its own circle] in more time and the farther in less time. The
reason is that the one that is nearest [the outermost revolution] is dominated [by
it] most of all and the one that is farthest [is dominated] least of all on account
of its distance; whereas the intermediate [bodies] are actually in the proportion
of their distances, just as the astronomers in fact prove.’

A difficulty with appealing to this passage is that if the periods are strictly propor-
tional to the distances measured from the outermost sphere, they are not proportional
to their distances from the Earth: If P is a planet’s period, d its distance from the
outermost sphere, and D the distance from the Earth to the outermost sphere then,
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where d is proportional to P, the distance from the Earth to a planet, D — d, is not
proportional to P.

The text of Aristotle’s De caelo in Latin translation appears in Aristotelis opera cum
Averrois commentariis, which was printed many times in the fifteenth and sixteenth
centuries. This edition consists of a Latin translation of the Greek text by William
of Moerbeke (thirteenth century) together with a Latin translation by Michael Scot
(thirteenth century) of the Arabic version of Aristotle’s text by Ibn al-Bitriq (ninth
century) that was included by Averroes in his long commentary, and Scot’s Latin
translation of Averroes’s long commentary on Ibn al-Bitriq’s version of Aristotle’s
text. In the translation of the Arabic version of De caelo, 1i.10, the Latin has “accord-
ing to its distance” (secundum suam remotionem) instead of “in proportion to their
distances” (secundum rationem ... elongationibus [ed. 1562: ipsis spatijs]) that
appeared in the immediately preceding translation of De caelo, ii.10, by William of
Moerbeke.!° This is not a typographical or copyist’s error, for Moerbeke is following
the Greek text whereas Scot is faithful to the Arabic version quoted by Averroes.
Moreover, in his long commentary, Averroes argued against the strict proportionality
that appears in the Greek text of De caelo, ii.10. As Endress characterized the view
of Averroes, “Aristotle’s statement on the connection between the planet’s velocity
and its distance from the first heaven does not imply a mathematical, proportional
ratio”."" The doctrines of Averroes were very much at the centre of philosophical
discussion when Copernicus was a student in Italy (1496—1503)." In particular, Achil-
lini (d. 1512), one of the most celebrated philosophers in Italy at the time, published
in Bologna an Averroist attack on Ptolemy while Copernicus was a student there;
Achillini discussed De caelo, 1i.10, as well as Averroes’s comment on it and, in this
context, he also cites Averroes’s Comment 44 on Aristotle’s Metaphysics XII which
includes the following:!*

It is also evident that the rank of these movers relative to the first mover must
follow the order of the spheres in space because their precedence in position
and magnitude determines their hierarchy in nobility. But with regard to their
velocity of motion, we find them in the opposite situation, I mean the closest to
the Earth is the fastest.'*

Simplicius (sixth century) had already ignored the strict proportionality, and took
Aristotle to provide an order for the planetary distances (according to their periods)
that can be measured either from the outermost sphere or from the Earth:

It turns out, he [Aristotle] says, that the motions are in proportion to their distances
because [planets] that are nearer the Earth, like the Moon, move faster whereas
those that are farther move more slowly in the proportion of their distances.
Now then, this [claim], which was appropriately introduced, justifiably raised a
problem for the account of the ordering, that is, of the distances, namely, why the
[planets] circling near the Earth move faster and the [planets] that are higher and
come closer to the fixed [sphere] move more slowly, just as the [star] of Saturn
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which returns in position after 30 years [moves more slowly] than the Moon
which makes a revolution in a month...."

The same principle in a heliocentric context appears in the section on the order
of the spheres in Copernicus’s Commentariolus: “One [planet] exceeds another
in rapidity of revolution in the same order in which they traverse the larger or
smaller perimeters of [their] circles.”'® A parallel passage occurs elsewhere in the
Commentariolus:

But the sphere of Saturn completes a revolution in the 30th year, the sphere of
Jupiter in the 12th, and the sphere of Mars in the 23rd [MSS: 29th; corrected by
Swerdlow] month, just as if the size of the spheres slowed down these revolu-
tions."”

Swerdlow comments: “This could indicate that after finding the heliocentric theory
gave the order and distances of the planets with certainty, Copernicus attempted to find
some precise correspondence between distance and period, but failing to accomplish
this, fell back on the possibility that the sheer massiveness of the spheres retarded
the planetary motions. There is no mention of this theory in De revolutionibus...”*®
I suggest that “size” here does not refer to bulk, but to the circumference of the orb,
and that Copernicus was alluding to the distance—period relationship according to
which the farther a planet is from the centre of motion, the longer is its period.

In his defence of Tycho Brahe, Kepler (d. 1630) included detailed comments
on Copernicus’s argument in De revolutionibus, 1.10, and referred to a number of
ancient writers not mentioned explicitly by Copernicus, but he did not cite this pas-
sage in Aristotle (see below: Comment [5]). Elsewhere, however, Kepler treated the
passage in De caelo as equivalent to an ordering principle such that the planetary
periods increase with distance from the centre of motion (apparently not taking “in
proportion” strictly), for in his Mysterium cosmographicum (1596), chap. 20, we
find the following:

First everyone wants each planet to proceed with a slower motion the further its
distance from the centre. For nothing is more reasonable, witness Aristotle, De
caelo, Book II, Chapter 10, than that “the motions of each should be in propor-
tion to the distances”. ... In Copernicus such a ratio is apparent at first sight. For
of the six moving orbs (orbium), the narrower always revolves faster.'

Hence, I think it likely that Copernicus took the distance—period relationship from
Aristotle as interpreted by his commentators.

[2] Copernicus alludes to the assumption that if the linear speeds of the planets are
the same (see below: Comment [6]), then the planet farthest from the centre of motion
would appear to have the longest period. This follows from Euclid’s Optics,* but is
inappropriate for Copernicus’s own system in which the distances are determined
from the transformation of Ptolemy models such that for an outer planet the radius
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FIG. 4(a). A geocentric model for an inner planet. ~ FIG. 4(b). A heliocentric model for an inner planet.

FIG. 4(c). A geocentric model for an outer planet.  FIG. 4(d). A heliocentric model for an outer planet.
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of the epicycle corresponds to the radius of the Earth’s orb, and for an inner planet
the radius of the deferent corresponds to the radius of the Earth’s orb (see Figures
4(a)—(d)). To illustrate these models we make the simplifying assumptions that the
orbs of the planets have no eccentricity and that their motions all take place in the
same plane.

In Figure 4(a), we represent a geocentric model for an inner planet; T is the Earth,
V is the planet, and S is the direction to the mean Sun. The directions of motion on
the deferent circle about T and on the epicycle about C are indicated by arrows. The
radius of the epicycle is r, and the radius of the deferent is R. The transformation to
a heliocentric model is shown in Figure 4(b). To do so, we identify C in Figure 4(a)
with S, i.e., the mean Sun is no longer a direction but a point at the centre of the
epicycle, and the planet moves in a circle about it. We then interchange the roles of
S and T such that both V and T move in circles about S. Note that r is now the radius
of the orb of an inner planet, and R is the radius of the Earth’s orb; the ratio /R is
unaffected by the transformation. For the geocentric model of an outer planet, see
Figure 4(c). The planet, M, moves on an epicycle whose centre is C and whose radius
is r, and C moves on the deferent circle whose radius is R about the Earth at T; the
directions of motion on the circles are indicated by arrows. In this case the direction
to the mean Sun is indicated by a dashed line from T parallel to the direction from C
to M. To transform this geocentric model into a heliocentric model, we introduce a
point S, in the direction of the mean Sun, at a distance r from T, and then we complete
the parallelogram, TSMC. If we fix T and let S move about T and M about S, we
have a Tychonic (geo-heliocentric) model, i.e., the planets move about the Sun and
the Sun moves about the Earth. But if we fix S and let both T and M move about it,
we have a heliocentric model, as in Figure 4(d). Note that in the heliocentric model
R is the radius of the orb of an outer planet, and r is the radius of the Earth’s orb; the
ratio R/r is unaffected by the transformations.

Neugebauer compared the planetary distances from the mean Sun (the centre of
the Earth’s orb for Copernicus), based on the parameters in Ptolemy and Copernicus,
respectively, using the radius of the Earth’s (or Sun’s) orb as the unit. Neugebauer’s
results show that, with these assumptions, the distances computed with Ptolemy’s
parameters and those of Copernicus agree very closely, and do not differ greatly
from the modern values.?! With these values for the mean distances of the planets
from the mean Sun, the circumferences of their paths around the Sun may easily be
computed, and the circumference divided by the period yields v, the linear speed of
a planet. In units of the radius of the Earth’s orb, u, the mean distance of Saturn from
the centre of the Earth’s orb is 9.175u and its period is about 30 years, whereas the
mean distance of Jupiter from the centre of the Earth’s orb is 5.219u and its period
is about 12 years.?? Thus, for Saturn

v (Saturn) = 9.175u - 2 - n/30y = 1.92uly,
and for Jupiter
v (Jupiter) = 5.219u -2 - n/12y = 2.73uly,
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i.e., the linear speed of Jupiter is greater than that of Saturn. We now know from
Kepler’s third law that a planet’s period is proportional to the 3/2 power of its mean
distance from the Sun. But even without knowledge of Kepler’s third law, it is clear
that equal linear motion cannot be ascribed to the planets in the Copernican system.
There is no evidence that Copernicus ever computed values for the linear speeds
of the planets, and there was no precedent for such a computation in the works of
Ptolemy.

[3] Copernicus described Ptolemy’s nesting hypothesis only for the space between the
Moon and the Sun because the issue he addressed concerned the order of the inner
planets with respect to the Sun. The maximum distance to the Moon is given here
as 64;10 t.r. [terrestrial radii] as in the Almagest (and elsewhere), and the minimum
distance of the Sun is given as 1160 t.r. as in Proclus’s Hypotyposis.?* Copernicus
gave a correct account of Ptolemy’s cosmic dimensions, and rejected them because
Ptolemy’s distances do not conform to the distance—period relationship. One should
also note that Copernicus ascribed to Plato the view that the Sun’s orb was closer to
the Earth than those of Mercury and Venus. For Copernicus, this order is incompatible
with the nesting hypothesis, for it leaves much empty space between the orb of the
Moon and the orb of the Sun (given the range of values for the distances from the
Earth of the Moon and the Sun that were current among astronomers in the Ptole-
maic tradition). Similarly, Copernicus dismissed the view of Alpetragius (al-Bitriji:
¢. 1200) who placed the orb of Venus above the Sun and that of Mercury below it.*
To be sure, Copernicus did not call attention, here or elsewhere, to the gaps between
the planetary orbs that are a consequence of his heliocentric system.?

[4] The reference is to Martianus Capella, The marriage of Philology and Mercury,
viii, 857:
Tria item ex his cum Sole Lunaque orbem Terrae circumeunt, Venus vero et Mer-
curius non ambiunt Terram.... Three of these planets [i.e., Saturn, Jupiter, and
Mars], together with the Sun and the Moon, go around the globe of the Earth,
but Venus and Mercury do not go around the Earth.?

[5] There is some dispute about the identities of “certain Latin writers”. One of them
is surely Vitruvius, for in his De architectura, ix.1.6, he says:

Mercuri autem et Veneris stellae circa solis radios uti per centrum eum itineribus
coronantes regressus retrorsus et retardationes faciunt.... The stars of Mercury
and Venus, making their paths in the form of a crown around the rays of the Sun
as around a centre, perform back and forth motions, and retardations.?’

But in explicating Copernicus’s “certain other Latin writers” Kepler includes Pliny
and Macrobius, in addition to Vitruvius.? Pliny is cited in this context by Rheticus in
his Narratio prima,” but not Macrobius. As Eastwood comments: “For Kepler, the
question is not, “Where did Copernicus get the idea?’, but rather, “Where did the idea
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originate?’.”*® Kepler saw a chain of ancient authorities who supported heliocentrism,
and used this argument in his defence of Tycho Brahe against Ursus.?!

[6] The computations for Venus and Mercury are straightforward (and adequate results
do not depend on very precise parameters). To compute the sidereal periods of Venus
and Mercury we consider the Earth as moving instead of the Sun.

1. The synodic period of Venus is about 584 days.*

In 584 days the Sun (Earth) moves 584¢ - 0;59,8°¢ ~ 575;30°. Ex hypothesi,
Venus is closer than the Earth to the Sun and faster than the Earth; hence it
makes a complete revolution plus 575;30°. So (575;30° + 360°)/584¢ ~ 1,36,
and 360°/1;36°4 = 225 days.

This is the correct sidereal period, to the nearest day, for Venus;** Copernicus should
have computed 75 months, but in the Commentariolus he has “in the ninth month”
and in De revolutionibus, 1.10, he has 9 months.?*

2. The synodic period of Mercury is about 116 days.*

In 116 days the Sun (Earth) moves 116¢ - 0;59,8° ~ 114;20°. Then, by the same
reasoning as above, (114;20° + 360°)/116 ~ 4;5°, and 360°/4;5° ~ 88 days.

This is the correct sidereal period for Mercury to the nearest day;* in the Commen-
tariolus Copernicus has 88 days but in De revolutionibus, i.10, he has 80 days.”’

I cannot account for Copernicus’s mistakes in arithmetic which are found in his
earliest and latest works, but all he needed was to find that the ordering of the planetary
periods around the Sun conformed to the distance—period relationship.

Vitruvius (De architectura, ix.1.14) had already transformed the measuring of
planetary distances: whereas in Aristotle, the distance of a planet is taken with respect
to the outermost sphere, in Vitruvius it is taken from the centre of motion, namely,
the Earth. Note also that Copernicus, as Vitruvius, considered the planets to have
equal linear speeds (see above: Comment [2]). Vitruvius writes (De architectura,
ix.1.14-15):

The star Jupiter traversing its path (circinationem) between those of Mars and
Saturn, flies along a course greater than that of Mars and less than that of Saturn.
So, too, with the remaining stars, the farther distance they are from the limits of
heaven and the nearer they keep their path to Earth, the faster they seem to go,
because each one of them, in traversing a smaller circle, more frequently passes
underneath one which is higher up, and then overtakes it. In the same way, if
seven ants were to be placed on a potter’s wheel, and as many channels were
to be made around the centre of the wheel, growing in size from the smallest
to the outermost, and the ants were forced to make a circuit in these channels,
then, as the wheel was spun in the opposite direction, it would be no less neces-
sary for these ants to make their way against the rotation of the wheel, and the
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one whose channel was nearest the centre would have to finish his circuit more
quickly, but the one that traversed the outermost circle of the wheel, even if it
walked just as quickly, would complete its round much more slowly because of
the circle’s sheer size. In the same way these stars, striving against the course of
the cosmos, complete their circuit (circuitum) as they journey on, but because
of the rotation of the firmament they are carried back in redoublings because of
the daily twirling of time.*®

[7] The famous figure of the planetary orbs with their periods in De revolutionibus,
i.10, may have been inspired by the image of ants moving in seven channels on a
potter’s wheel in Vitruvius, De architectura, ix.1. Copernicus may have been reluc-
tant to cite it because of the general avoidance of analogies between celestial and
terrestrial matters (following Aristotle).

The figure in the autograph manuscript (Figure 2), illustrates Copernicus’s cos-
mology better than the figure in the editio princeps (Figure 3). In the printed edition
a circle has been added for the Moon, and the captions for the fixed stars and the
superior planets are one space too high.*

Conclusion

In sum, Copernicus’s initial commitment to a heliocentric system was a response to
an issue debated in the philosophical community at the time when he attended univer-
sities in Italy, c. 1500. Copernicus began by rejecting Ptolemy’s nesting hypothesis
and noting its incompatibility with the distance—period relationship that he took to
be the proper basis for ordering the planetary orbs from their centre of motion. The
order of the planetary periods around the Sun conforms to this relationship, but there
is no way for it to work in a geocentric world.
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