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OF

SIMON STEVIN






DE HEMELLOOP

THE HEAVENLY MOTIONS

From the Wisconstighe Ghedachtenissen (Work XI; i, 3)






INTRODUCTION TO THE WORK
§ 1

In order to understand the place of Stevin’s work on astronomical theory it
is necessary first to give a short survey of the opinions prevalent among scholars
in the second half of the sixteenth century.

Copernicus’ great work De revolutionibus appeared in 1543 under the more
extensive title, due to Osiander: De revolutionibus orbium coelestium. Immediately
after its publication it became the object of assiduous study, at the main Protestant
university of Wittenberg as well as among scholars at other seats of learning.
This interest concerned not so much the heliocentric theory, but rather the
numerical elements of the orbits. From the first the heliocentric theory was
sharply attacked by the Protestant theologians. Melanchthon (the "praeceptor
Germaniae”), the foremost among the Wittenberg professors, in a scries of
lectures and in his Initia doctrinae physicae, dismissed it as absurd 1). This
qualification determined the opinion of contemporary authors. At the same time,
however, Copernicus, because of the new basis he afforded for the computation
of the celestial motions, was praised as the renovator of astronomy, the first
and most famous of astronomers, the new Ptolemy. Several students of the book
computed in advance the positions of the planets or the moon with the aid
of the new data, and they were able to show that these were in better agreement
with the observations than the Alphosine Tables. Foremost among them was
Erasmus Reinhold 2), professor of mathematics at Wittenberg. First he had to
correct several errors in the computations of Copernicus, and in many cases he
derived new elements himself. Thus he was able to construct new and better
tables, called the Prussian Tables, published in 1551 and reprinted several times
afterwards. The new heliocentric world-system, however, is not even alluded to
in this work. Reinhold’s tables were used by Johannes Stadius 3) for the com-
putation of his “Ephemerides” (daily tables) of the celestial bodies. These
tables, destined chiefly for use in astrological prognostics, were published in 1556
for the first time, and in later years in five new editions.

In his valuable work on the origin and the extension of the Copernican doctrine,
Ernst Zinner 4) enumerates a number of authors of widely used textbooks on
astronomy. Besides Melanchthon’s book, mentioned above, with 17 impressions,
and Clavius’ explanation of the astronomical work of Sacrobosco, which appeared
in 1570 and up to 1618 passed through 19 impressions 5), he mentions Kaspar
Peucer, Hartmann Beyer, Michael Neander, Victor Strigel, Heinrich Brucaeus,
Georg Bachmann, Alb. Leoninus, Paolo Donati, G. A. Magini, Jean Bodin and
others 6). They all reject the earth’s motion or are silent on it. And he remarks:

1) Ph. Melanchthon, Initia Doctrinae Physicae, 1549 (Ed. Bretschneider in Corpus Refor-
matorum, Vol. 13, p. 179). Cf. p. 216 Liber I.

2) Erasmus Reinhold, Prutenicac Tabulae coelestium motuum (Tiibingen, 1551).

3) Joh. Stadius, Ephemerides novae et exactae, ab Anno 1554 (Koln, 1556).

4) Ernst Zinner, Entstehung und Ausbreitung der coppernicanischen Lehre (Erlangen, 1943).

5) Chr. Clavius, Opera mathematica V tomis distributa (Mainz, 1612).

%) Kaspar Peucer, Hypotheses astronomicae (1571).—Hartmann Beyer, Quaestiones novae
(15491573, 6 impressions).—Michael Neander, Elementa Sphaericae doctrinae (1561).—
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"Were there any adherents of the new doctrine? We might have doubts, if we
consider that until 1590 the work of Copernicus was reprinted only once 7),
whereas the textbooks mentioned above together saw 62 ‘impressions. In these,
the new doctrine either was not mentioned at all or was termed absurd; seldom
was its special character set forth” 8). Only in England in 1576 an enthusiastic
description of the new doctrine was added by Thomas Digges 9) to a new edition of
a book on prognostics by his father 10).

Yet the number of adherents slowly increased. Christopher Rothmann,
astronomer at the Cassel observatory, in his correspondence with Tycho Brahe,
in 1589-90, with very well-chosen arguments defended the motion of the earth 11).
Tycho Brahe himself tried to combine the simplicity of the Copernican system
with the central position of the earth at rest by a system specially devised —
in 1583, as he said —: the planets in describing circles about the sun are carried
along with it in its yearly orbit. Though here the motions were only nominally
different from Ptolemy’s, the Tychonic system found adherence as a symptom
of an incipient critical attitude towards the old doctrine. In Italy in 1585
Benedetti spoke of the earth as a subordinate body 12). Giordano Bruno, extending
the Copernican system into a fantastic conception of a world of innumerable
suns and inhabited planets, expounded it during his travels all over Europe.
Kepler 13) in his *’Mysterium Cosmographicum”, his first work, published in 1596,
endeavoured to give the heliocentric system a deeper philosophical basis by
explaining the number of the planets (six) and their distances by connecting
them with the five regular polyhedra. The English physician William Gilbert 14)
in 1600, in his book on magnetism, introduced the daily rotation of the earth as
Copernicus had done, but he did not speak of its yearly revolution.

This enumeration shows that when Simon Stevin, in explaining to his
illustrious pupil the motion of the celestial bodies, expounded the Copernican
as the true beside the Ptolemaic as the untrue system, he sided with an extremely
small group of renovators. Whereas the other adherents had expressed their
opinion occasionally, in short remarks or in connection with other subjects, Stevin’s
book was the first textbook destined to give a simple and easy exposition of the
heliocentric theory. Soon after its publication (in Dutch in 1605, Work XI; i, 3) a
Latin version appeated in the Hypomnemata Mathematica (Work XIb). A French
translation of the Wisconstighe Ghedachtenissen was published by Girard in 1633 in
his posthumous edition of the Works of Stevin: Oexvres Mathématiques de Simon
Stevin (Work XIIT).

Victor Strigel, Epitome doctrinae de primo motu (1564).—Heinrich Brucaeus, De motu primo
(1573—1604). Georg Bachman. Epitome Doctrinae de primo motu (1591).—Albert Leoninus,

eoria motuum coelestium (1583).—Paolo Donati, Theoriche overo Speculationi intorno_alli
Moti Celesti (1575).—]J. A. Magini, Ephemerides coelestium motuum (1599—1616).—Jean
Bodin, Universae Naturae Theatrum (1597).

7) Basle, 1566.

8) Ernst Zinner, lc., pp. 275-276.

®) Alae seu Scalae Mathematicae (1573).

19) Leonard Digges, A Prognosticon everlastinge. . . (1576).

1) ¢f. Tychonis Brahei Dani Opera VI, p. 217.

12) 1. B: Benedicti Diversae Speculationes, p. 195 and 256 (1585).

13) Joh. Kepler, Mysterium Cosmographicum (1596).

1) W. Gilbert, De Magnete, Magneticisque Corporibus, et de Magno Magnete Tellure;
Physiologia Nova (1600).



§ 2

In his discussion of the orbits of the heavenly bodies, Stevin follows a special
method. He knows that in order to derive these orbits one has to proceed from
the observed positions of the sun, moon, and planets in the sky. It would, however,
have taken too much time to make such. observations with his pupil, Prince
Maurice, while this was also beyond the scope of their joint studies. On the other
hand, an attempt to derive the orbits from the few observations communicated
by Ptolemy and Copernicus would be too difficult. He therefore proceeds from
existing printed tables, taking as such the ephemerides computed by Stadius.
Since these tables are based upon elements derived from observations, he assumes
that they represent the observed motion of the heavenly bodies, and may therefore
be used instead of observations for an explanation of the astronomical system.
They offer the further advantage that the positions are given for all consecutive
days. He calls them “ervarings dachtafels” (empirical ephemerides). Though in
the Definitions 22 and 23 he distinguishes the empirical ephemerides as
determined by instruments, and the computed ephemerides predicted through
knowledge of the orbits, he refers to the computed ephemerides as empirical.

Another characteristic of his work is that the theory is presented according to
both world-systems. In his First and Second Books the orbits are treated as in the
Ptolemaic system, with the earth at rest at the centre; in his Third Book the
Copernican theoty of the moving earth is introduced. His own opinion on this
point is clearly shown by the fact that he calls them the apparent and the true
motion (p. 4 of the Cortbegryp). The arguments are to be given later on,
because the “unknown’ motions, to be treated afterwards, show that there is no
firm basis as yet for a good theory.

In dealing with the motion of the sun, Stevin first deduces the length of a
year by deriving from Stadius’ ephemerides the moments of return to the same
longitude. From an interval of 52 years between 1554 and 1606 he finds 365d Sh
45m 55s. Finding that this deviates widely from Ptolemy’s value (365d 5h 55m
12s, which, however, we know to be too long by 7m), he realizes that the
interval of 52 years used was still too short for an exact result. He therefore
adopts Ptolemy’s value, so that the table of the sun’s mean motion, which
he adds to his treatment, is identical with Ptolemy’s table. Stadius’ ephemerides
furthermore show that the daily increase of the sun’s longitude is smallest in
June (577), greatest in December (1°1”); so the sun moves in an eccentric circle.
To find the longitude of its apogee, Stevin determines by trial and error a date in June
such that in an equal number of days before and after that day equal arcs of
longitude were desctibed. Thus he finds 94°24/, holding for 1554. Another method
consists in finding two opposite longitudes of the sun, such that each of the semi-
circumferences is covered in the same time; the result was 95°14’. From the data of
1594 in the same way he finds 97°53/, 3°29’ more, from which follows a yearly
increase of 5/13”. The interval of 40 years of course is too small to give a reliable
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tesult for this increase; hence he compares his longitude of the apogee with Ptolemy’s
value of 659307, 1455 years earlier, from which follows a yearly progress of 17207

This is the method followed throughout for all the moving celestial bodies.
In the case ‘of the moon, in Chapter 2, which has been omitted from this abridged
edition, a number of different periods have to be derived. First the moon’s motion
”in het own orbit”; this is how he denotes its motion from apogee through
perigee to the next apogee. Stevin perceives that the greatest daily progress
(in. perigee) is different for full moon and quarters. In'orderto aveid such
irregularities in the derivation of the period, he makes use-of three' dates of
most rapid ‘motion coinciding with full moon (in 1569, 1572, and ‘1581), and
finds a petiod (the anomalistic month) of (written in sexagesimals) 2753256
days, corresponding to 27d 13h 10m 24s. The corresponding daily ‘motion:of
13°4’ is in accordance with Ptolemy’s value of 13°3’54”56". Thereupon:he
derives the rapid progress in longitude of the lunar apogee; from an interval of
16,393 days (nearly 45 years), in which the apogee made 5 revolutions, a daily
increase of 6/35” is found (Ptolemy gave 641”). Adding this motion of the
apogee to the first-derived lunar motion relative to the apogee, he gets 13°10’ 35"
for the daily motion in longitude. From direct comparisons of the longitudes
after five intervals of 9 years minus 9 days each, he finds 13°9’ for the moon’s
daily motion in longitude, which is sufficiently in accordance with the other
value.

The mean length of a lunation is derived from two oppositions with an
interval of 19 years in which occurred 235 oppositions; the result in days and
sexagesimals is 29;32 days (7.e. 29d 12h 48m). The corresponding daily progress
in elongation (called by Stevin the moon’s gain) is found to be 12°11/25", which
is hardly different from Ptolemy’s value of 12°11/27”. The same progress, when
computed by simply subtracting the sun’s daily motion from the moon’s, is
12°11”. Finally the return of the latitude is derived from the statement that
in 1,089 days the same maximum of latitude returned 40 times at the same
longitude; consequently, the daily progress is 13°13'23", and the daily motion
of the node is 3/10”. For all these motions tables are given, “taken from
Ptolemy’s tables”.

The 3rd chapter deals with the motion of Saturn. The retrogradations shown in
the ephemerides indicate that Saturn moves on an epicycle, and that the centre
of the epicycle describes an eccentric circle (the deferent). In order to eliminate
the oscillations due to the epicycle, Stevin only makes use of longitudes in the
opposition to the sun, because then the centre of the epicycle is situated behind
the planet at the same longitude. To derive the longitude of  Saturn’s apogee,
he makes use of the same method as with the sun; finding a longitude such
that the arcs described in the same interval (here about 7 years) before and after
this opposition are equal. Thus he finds 268°20’; a special computation is added
to make sure that this point of symmetry is the apogee and not the perigee.
Tables are then given for the mean motion in longitude of the epicycle’s centre,
and also of the planet on its epicycle. The latter is found as the difference between
the sun’s and Saturn’s mean motions.

The 4th and the 5th chapter deal with the motions of Jupiter and Mars. The
description is said by Stevin to be similar in kind to that for Saturn, and
to differ ouly as to the quantities. Hence we omit them.in this edition. The
same holds for Venus and Mercury as treated in the 6th and the 7th chapter.
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Here, however, some difficulties arise, because there are no oppositions where the
epicyclic movement is eliminated. Both coincidences of the planet with the
epicycle’s centre are conjunctions with the sun, where the planet cannot be
observed. What can be observed is the greatest elongations on the evening and
the morning side. Hence Stevin derives from Stadius’ longitudes of the planet
and the sun a table of the dates and the values of greatest elongation. Like
Ptolemy, he uses elongations from the mean, not from the actual sun. The
differences between these values show that the deferent is an eccentric circle.
As to the longitudes of apogee and perigee in this circle, he explains that they
may be found by looking for a case where at the same longitude the eastern and
the western greatest elongations are equal. But he does not pursue this method
any further, because he does not have a sufficient number of such data available.
Since the construction of such tables, he says, would take more time than it
behoves him to spend on it, and the aim is not to derive the planets’ orbits
with the utmost exactitude, but to understand matters in a general sense, he will
use an easier, method. From Stadius’ tables he derives the conjunctions of the
planets with the sun just as if they could have been observed, and he uses them
in the same way as Saturn’s oppositions. From one case, taken by way of example
only, he finds 82° for the longitude of the apogee of the Venus-deferent (which
leaves differences partly above 1°). Then he remarks that a more exact deter-
mination should have given 76°20’, because this value had been used by Stadius
as the basis of his tables. Exactly the same method is followed for Mercury, where
59°51’ for its apogee is taken from Stadius.

After the planets have been discussed, a short chapter deals with the fixed
stars. The constancy of their relative distances and alignments since Ptolemy
is stated, and the amount. of the precession 1°29’ in a century (7.e. 53 a year)
is derived from a comparison of the longitudes of Spica, as determined by Ptolemy
and as found in Stadius.

The Second Book, entitled O the finding of the Motions of the Planets by Means
of Mathematical Operations, extends the previous general knowledge by geometrical
computations, resulting in numerical values for the eccentricities and dimensions.
It presents the method followed by Ptolemy in computing, from three positions
of a planet at known moments of observation, the exact place of the earth within
the circular orbit of the planet. There is nothing new or peculiar in Stevin’s
exposition of the method, so that it was not necessary to include it in this edition.
Simpler cases are treated by means of plane trigonometry.

The first application deals with the sun; from three longitudes taken from
Stadius, Stevin computes an eccentricity of 0.0325 — which he expresses by
325 parts, 10,000 of which are equal to the radius of the solar circle — and
a longitude 95°41’ of the apogee. From other such sets of data he finds the
values 326 and 318, 95°9’ and 95°14’. He then explains how from these elements
the distance of the sun from the earth is computed, as well as the (negative
or positive) correction that must be applied to the longitude of the mean sun
to get the sun’s true longitude. In translations-and older astronomical treatises
this correction — our modern aequatio centri — is called by the Greek term
prosthaphairesis; Stevin is the only author of the time to render this term by an
exact translation into his own language; voorofachtring, literally: advance-or-lag.

These results are applied in the derivation of the equation of time. The
inequality of the days (intervals between two consecutive meridian passages of
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the sun) had- m@m&m@w Ptolemy; the Ancients reckoned withtthe true
solar time. In the 16th century, however,' roughly  regulated clocks had “comne
into use, and these1éd to‘the conception of 4 "mean‘time’’, deviating periodically
from the true' solar *titne: " Stevin' says that he ‘has-borrowed the treatment*6f
these concepts from Regiomontaius; who ‘said ‘that he'took thém from the Arabian
Geber: 'but ‘they seem not to be Arabian findings; ‘but’ rather remnants from
the Age of the Sages” 15). Besides the eccentricity of the solat circle producmg
a yearly periodical inequality in the angular velocity of ‘thesufy Mte is the
obliquity of ‘the ecliptic to the equator causing the equatorial “progress to be
alternately smaller and larger than the ecliptical progress He finds from ‘a’ table
by Reinhold that the diffetence between longitude and right ascension”téaches
a maximum of 2°28/24” when the sun is about 46° distant from the: eﬁﬁﬁoﬁ%
He adds a- geometrical demonstration that this maximum occurs when' th?ﬁl'fé
of the polar distance is equal to the square root of the cosine of the ol :
i.e. when the ecliptical and the “equatorial” longitude (i.e. the right asceﬁs‘ﬂaﬁ%
complement one another to 90°. The results of these computations are used to
derive the deviation of the natural from the mean days, for the eccent‘ncxty on the
one hand and for the obliquity on the other.

Next the distance, the diameter, and the parallax of the sun are dealt with,
especially with a view to their subsequent use for the eclipses. For the finding
of the parallax he assumes two observers, one at a more northern, one at a more
southern l'atltude, 'such as now could easily be done through the -great Dutch
navigations”, if they both measure every day the solar altitude. When afterwards
they compare their measurements made on the same days at known latitudes
under the same meridian, the parallax can be found and the distance deduced.
Though not workable at the time, the principle of later determinations of the
parallax is clearly indicated. As a fictitious instance he supposes an observed
parallax of 2/, and derives the sun’s corresponding distance to be 1, 147 times
and its radius 5 times the semi-diameter of the earth.

The 3rd chapter deals with the moon. In ‘the same way as w1th the sun,
the eccentricity and the longitude of the apogee are computed from three obser-
vations (7.e. from data of Stadius), taking account of the rapid motion of the
apogee. Parallax and distance are also deduced. The latitudes of the moon and
the_ motion of the nodes afford the basis for a computation of the eclipses.

In the 4th chapter Saturn is first dealt with in the same way. With this
dxfference, however, that Stevin does not here derive eccentricity and apogee,
as Ptolemy was obliged to do, from three oppositions, but takes the latter from the
First Book, the derivation of the eccentricity ((0.1170) thus being much simpler.
The radius of the epicycle is found to be 1,150 when the radius of the deferent
is 10,000. He also gives here the demonstration of Apollonius of the condition
for retrogradation of a planet. The other planets are treated shortly, sfnCe ’éhe
demonstrations are the same as for Saturn. :

- The last chapters of this Book deal with the planets con;unctibﬁs’ nd'
oppositions, 7.e. chiefly with the eclipses of sun and moon. Since there is nothing
of peculiar character in these chapters the Second Book has been ém‘nt‘ted from
this edition. :

Exceptlon had to be made for the two "Remarks” at the élbse 6f thts Book -

16) See Vol. I, p- 7 and 46 and the selection at the end of Vol. III
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which for this reason have been included — because they show Stevin’s attitude
‘towards the problems of the heavenly motions. First he remarks that in the last
~ chapters only the conjunctions of sun and moon have been treated, because
the metions of the planets are not sufficiently well known for an exact computation
of their conjunctions. Then he says that he originally intended to add a sixth
chapter on the unknown irregularities detected by Ptolemy and by Copernicus,
and a seventh chapter dealing with the motions in latitude. Because of the
uncertainty of their explanation he had postponed them till after the Third Book,
as being problems that still had to be cleared up. After some time, however, they
~ became so much clearer to him, on the assumption of a moving earth, that he

decided to treat them more extenswely in a supplement and an appendix to the
Third Book. RN

The Third Book ex_piuns the ‘motions of the planets on the assumption of a
‘moving earth. Stevin assumes that this true motion of the celestial bodies had
been known in the "Age of the Sages”, but that this knowledge was afterwards
lost to men, so that Ptolemy did not know of it. Until at last Copernicus had
again revealed this system, or a similar one. Stevin's arguments are primarily
based on the simplicity and naturalness of the Copernican system: the velocity
of the revolutions increases regularly as their size decreases, so that the starry
heavens are at rest and the rotation of the small terrestrial globe is the most rapid.
The argument is corroborated by the belief that all revolving motions in nature
~ take place in the same direction, from West to East. The prejudice that the
heavy earth cannot appear as a luminous star is dispatched by simply assuming
that the earth is a heavenly body. Whilst in disproving Ptolemy’s fear that buildings
will be demolished by the velocity of the motion and the resistance of the
air, Copernicus, as a philosophical thinker, stresses the contrast between natural
and forcible motions, Stevin, being a practxcal engineer, refers to everyday
experience, such as with a stick in rapidly flowing water. '

In the Summary and in the first sections dealing with the general theory
of the planets we meet repeatedly with the expression the “heavens” of the
planets (the literal translation of Stevin's bemelen). This term implies a structure
of the planetary system entirely different from that according to our modern
ideas. On the outside we have the highest "’heaven”, that of the fixed stars, which
is the immobile sphere assumed by Copernicus. Arranged inside this are the
“heavens” of the planets, which are evidently understood as analogous spheres
carrying along in their axial rotation the planets themselves. In the same paragraph
the planets are said to move in eccentric circles; this is how they appear in the
drawing on page 120, which in the wording of Proposition 1 is called the
arrangement of the heavens of the planets. The two expressions used
indiscriminately in the subsequent sections are sometimes given side by side, as
alternatives, e.g. the planets revolvmg ‘in the largest circles or heavens....”
(page 125).

The belief that the planets are attached to spheres and are carried along in
their orbits by a rotation of these spheres was common among Arabian astronomers
in the late Middle Ages. In a sense it was opposed to the epicycle-theory. A system
of concentric spheres, detached from one another, could only be constructed
on the basis of single circular orbits, without epxcycles By removing the epicycles,
Copernicus opened the way for this ambiguous concept, and we find it clearly
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described in his works. What Stevin refers to as the “heaven” of a planet,
by Copernicus was called its orbis 16).

The system of the world described in the works of Copernicus thus is not identical
with our modern heliocentric theory of planets running their course freely through
empty space. Their orbis was sphere and circle at the same time. In the first of
the seven theses of the Commentariolus, in the words ”omnium orbium coelestium
Sive sphaerarum”, the term is explicitly identified with sphere. The seven theses
are followed by an exposition of the order of the orbs: De ordine orbium, from
the immobile orbis of the fixed stars down wvia the planets, from Saturn to
Mercury. In his great wotk De Revolutionibus this enumeration is repeated (in
Book I, caput X, just before the figure): “ordo sphaerarum sequitur in hunc
modum”. In this description he says that between the convex orbis of Venus and
the concave orbis of Mars there is space to take up “orbem quoque sive sphaeram”
for the earth. In his dedication to Pope Paul III he refers to his work as the
Books he wrote “de revolutionibus sphaerarum mundi”’. Accordingly, there can be
no doubt that the term orbis is regularly used by Copernicus to indicate a sphere.
At the same time there are numerous instances where it is used for a circular
orbit. In the Commentariolus, immediately after the seven theses, he says that
the magnitudes of the semi-diameters of the orbes will be given in the explanation
of “the circles themselves”. In the same treatise he speaks of the intersections
circulorum orbis et eclipticae, called the nodes. In his great work, when describing
how some authors added more spheres (up to an eleventh) beyond the outer
starry firmament, he says that this number of citcles (quem circulorum numerum)
will be shown to be superfluous. Sphere and Circle therefore are both
used as synonymous with orbis 17). There is some vagueness about the substance
or the substantiality of these spheres called orbes. Frisch on this subject observes 18):
”’Copernicus nowhere in his work either explicitly asserts or implicitly denies the
reality of the spheres”.

There can be no doubt that Stevin’s “heaven” of a planet is intended to
render in the vernacular what Copernicus denoted by orbis. There is, however,
a difference: the difference between the theoretical philosopher and the practical
engineer. What for Copernicus was an ambiguous geometrical concept, to Stevin
is a structure of physical objects and materials. In order to emphasize the spatial
character of the heaven he sometimes denotes it by hemelbol, “celestial sphere”.
Being natural objects and substances, they must be acting on one another. The
structure is a dynamical system. This opinion is not presented as a systematically
worked-out theoty, complete with proofs and arguments. With Stevin it is
rather a picture spontaneously arisen in the background of his mind, a vague
feeling appearing in some arguments. The basic idea, v7z. that bodies contained
in another body ate bound to share in the movement of the latter, may appear
obvious enough. In the world-system it means that outer spheres by their motion

18) Orbis is not identical with the modetn concept of orbit; its English equivalent is
orb, e.g. in the title of O. Mitchell’s populatr work The Orbs of Heaven (London 1853).

17) Edward Rosen (in the Introduction to the booklet Three Copernican Treatises)
summarizes the discussion of all these cases as follows: “When he deals with the planetary
theory, he uses orbis to mean the great circle in the case of the earth and the deferent in
the case of the other planets” (p. 21). “But when he is speaking more generally about the
structure of the universe or the principles, orbis regulatly means sphere” (p. 19).

18) Johannis Kepleri Opera 111, p. 464.
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influence: lower spheres contained within them; the primary force thus derives
from the highest sphere, the outer firmament.
At first sight the character of these forces exerted by the higher upon the lower
spheres looks very peculiar. The heaven of Mars, rotating in two years, would —
Stevin says — in the absence of other forces impose the same two years’ period
- of revolution upon the earth’s aphelion. He asserts this without providing
‘any argument or proof. No proof can be given, because observation contradicts
such a rapid motion of the aphelion. Where the motion of a planetary aphelion
could be determined, it was less than one degree in several centuries. Evidently,
strong other forces must be at work, which prevent any considerable motion of
the aphelia. Stevin’s statements about these motions consist entirely in theoretical
-ideas, which are not clearly formulated or systematically developed. This shows
how he is struggling with the problem of understanding causes at a time when
there were present as yet only the first traces of a causal natural science. His
exposition impresses the modern reader as an entirely artificial and fantastic
mechanism: a planet like Mars, attached to a sphere carrying it around in two
years, at the same time carries the aphelion of the sphere of the earth along
with it in the same period of two years, though this sphere itself revolves
in one year. He himself sometimes refers to it as a contradiction, saying (p. 133)
that Jupiter’s heaven performs a revolution in 30 years, which it receives from
Saturn, but at the same time in reality rotates in 12 years about an axis of constant
direction; the enforced period relates to the aphelion that protrudes outwards,
and it is this bulge which in Stevin’s theory is drawn along in a rotation
in which the sphere itself does not share. When we call this an attempt
to understand something of the mechanism of the world, it should be borne -
- in mind that the physical character of these “heavens” plays no part therein
and remains indefinite; it is the geometrical forms — in this case the eccentric
~circles — which determine the motions. Probably Stevin took this idea from
his knowledge of the tides, where, in the abstract simplified case of the absence
of continents, a wave crest is drawn along by the moon to pass round the earth
in the moon’s period of 27 days, whilst the waters of the ocean themselves revolve
as one body in 23h 56m.

In the first Proposition of the Third Book Stevin effects a significant
improvement in the Copernican theory. Copernicus had assigned three motions
to the earth. Besides the axial rotation and the orbital revolution there was a
third — annual — motion. He was governed by the classical Greek idea of the
revolving body being carried around by its fixed connection with the radius
vector, so that the direction in space of the earth’s inclined axis of rotation
would describe a cone. To explain the constant direction of this axis in space, he
was obliged to compensate that motion by another conical motion of the axis
in the opposite direction, completed in one year.

Stevin is aware that this is an unnecessary complication. He does not believe
that two independent motions in nature can compensate one another so exactly.
Copernicus was less rigorous in this: he took the two movements to be independent;
their small difference explained the precession. Stevin is of the opinion that
their combined result should rather be considered as a single primary phenomenon.
He looks upon the constant direction of the axis in space as a fundamental
- property. In this respect he was guided by the researches of William Gilbert
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on magnetism, published in 1600, shortly before his own work. Just as the
magnet in the ship’s compass continues to point in the same direction in space,
notwithstanding the changing course of the ship, the axis of the earth continues
to point in the same direction in space during its annual revolution. Stevin
therefore calls this property of the earth ”haer seylsteenighe stilstandy” (literally:
“its loadstony standstill”), which has here been translated by “its magnetic rest”.
This is not a mere analogy; he quotes Gilbert’s opinion that the earth itself is a
huge magnet 19).

Stevin widens the scope of this idea by applying it to the orbits themselves.
From his ideas on the action of the “heavens” of the higher planets on the
orbits of the lower planets he had deduced that the aphelia would show rapid
rotations. In reality, however, they exhibited only minute, scarcely perceptible
displacements. He solved this contradiction by imparting a magnetic character
to the orbits. The directions of the planetary aphelia may also be said to be subject
to a magnetic constancy. This subjection is the force referred to above as keeping
the aphelia at rest. Whence does this force proceed? Arguing by comparison
with magnets in closed boxes, Stevin derives that the origin of these forces
is situated outside the spheres of the planets, in the sphere of the fixed stars.
The matter is different for the moon; its apogee has a rapid daily motion of
6’41” (with a period of nine years), and the origin of the forces is to be
sought in the regions of the nearer planets.

It is not only the orbits but the entire spheres constituting the "heavens” of
the planets which are subject to a magnetic force. It causes the poles of their
axes of rotation (hence also the orbital planes) to keep a constant direction in space.
It is the cause that, in spite of the considerable deviation of Mars from the
ecliptic, the ecliptic itself (the plane of the earth’s motion) keeps its constant
position. The constancy of the orbital planes, which the later science of theoretical
mechanics styles conservation of moment of momentum, is explained by Stevin
as magnetic stability. In his 3rd proposition he speaks of the doubts he had felt
with regard to the real cause of the planetary motions; his initial conviction that
the motion was transferred from the outer spheres to the inner spheres
was disproved by the practical tests. Sometimes he had wondered whether the
planets did not run their course freely through empty space like birds flying
around a tower”, until finally the principle of magnetic rest suggested itself as the
simplest solution of the problem.

Considerable space is devoted by Stevin to the transition from the old to the
new system. With regard to the moon the exposition of its course has become
more difficult; instead of simply describing a circle about a fixed centre, it now
has to revolve about a body which itself revolves in a yearly period. Stevin
assumes (in accordance with the Greek epicycle-theory) that in such a case as
this the radius vector of the earth to the centre of its circle is the natural
zero line for the position of adjacent bodies. Relative to this radius, which changes

19) It is to be noted that the constant direction of the axis in space had already been
mentioned by Copernicus and had even been compared to a magnet in his Commentariolus.
The Commentariolus was not ptrinted in the 16th century, but circulated in a few hand-
written copies. It is not probable that Stevin had seen one of these; Gilbert’s work is
quite sufficient as the soutce of his theory that the earth itself is a magnet.
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its direction in space by progressing 360° a year, ie. 59’8” daily, the small
advance of the moon’s apogee of 641" daily (360° in 9 years) is a retrogression
of 52/27” daily. In the same way the retrogradation (in the old system) of the
nodes of the moon’s orbit by 3’11” daily (360° in 18 years), relative to the
revolving terrestrial radius vector, is a retrogression of 1°2/19”. Formally this
contradicts Stevin’s view that all motions in the universe have the direction
from West to East; but no undue weight is to be attached to this, since apogee
and node are no bodies, and may depend on exterior forces in some other way.
In his short discussion of these points on page 135 Stevin cannot be said to have
succeeded in harmonizing them.

The ensuing method of computing the moon’s longitude — by first finding
the sun’s longitude and then subtracting the lag of the apogee — is demonstrated
on page 161 to be right. He remarks that the computation according to the old
system (7.e. using absolute positions in space) is more direct and rapid.

The orbit of the earth in the new system is exactly identical with what used
to be the sun’s orbit in the old system, with the same period and the same
relative positions. A special figure is given on page 148 to show how the two systems
result in the same observed longitudes and the same distances for the sun and
the earth. The former longitude of the sun’s apogee is identical with the new
longitude of the earth’s perihelion. The new data of the moon’s motion are
also shown to correspond directly to the old ones. The numerical data formerly
derived for the planets and now transferred to the new system are summarized
in a list, in which the earth ranks third in the series of the planets.

It is significant evidence of his practical-mindedness as well as of his pupil’s
that Stevin did not content himself with presenting the general argument that
of course all the relative positions and motions of the planets are the same in the
two world-systems. They want to see it in the details of each individual case.
For this purpose Stevin gives for each of the planets Mars and Venus (as instances
of an outer and an inner planet respectively) a drawing in which the connecting
lines and the circles for the two systems are combined. The desire to see their
relations illustrated in a geometrical drawing, however, was not the only motive.
The interchange of the sun and the earth as central bodies presented certain
difficulties. Copernicus neither mentioned nor solved these. In his 18th proposition
Stevin states that Copernicus evidently supposed the matter to be so clear that
no further proof was needed; but that he himself had met with difficulties, which
called for a more detailed investigation.

If we suppose that we shall arrive at the new system by simply interchanging
in the old system the;positions of the sun and the earth and identifying the old
deferent with the new planetary orbit, we are mistaken in the same way as
when we sometimes say for the outer planets that the motion on the epicycle
reflects the sun’s motion about the earth. The perfectly uniform course of the
planet on its epicycle, however, is not identical with the sun’s coutse (in the other
case) about the earth (which is not uniform), but with the sun’s uniform motion about
the centre of its circle. Hence, the deferent does not correspond to the planet’s
orbit about the sun, but to its orbit around the centre of the earth’s annual circle.
When we pass from the old to the new system, the earth at rest is to be replaced
by the centre of its orbit, and not by the sun.

On page 182 Stevin presents the combined drawing for Mars, which is discussed
in Proposition 15. Since the reader might easily be thrown into confusion by the






