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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
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tangle of all these distances and circles, he separates the lines and letters belonging
to either system into two drawings on page 192. The positions of the sun and the
earth are C and A; in the old system A is fixed and the sun moves on a circle
through C (centre B); in the new system C is fixed and the earth moves on a
circle through A (centre K). The fundamental law of the epicycle-theory states
that the radius vector of the planet on its epicycle is always parallel to the
radius vector of the sun on its circle, so that the arc described by the sun
is the sum total of the arcs described by the planet on its epicycle and
by the epicycle’s centre on the deferent. In the old system Mars’ deferent is
HRE (centre G), in the new system Mars’ orbit is NVM (centre Q). At
conjunction the epicycle’s centre was at H, Mars at F; in the new system Mars
was at N, the earth at P. At a later time the centre had progressed from H to R,
Mars from F to T; in the new system Mars had passed from N to V, the earth
from P to X (atc PX = arc HR + arc ST). Owing to the equality of circles
and arcs, RT and KX as well as AR and KV are seen to be equal and parallel.
Then from the equality of triangles ART and KVX, AT and XV are demonstrated
to be equal and parallel. This means that Mars is seen from the earth in the
same direction and at the same distance according to both systems.

The same demonstration is then given for Venus as an instance of an inner
planet. Because the planet’s deferent is equal in size to the sun’s orbit, with the
centres at a small distance, it is more difficult in this case than in that of Mars
to disentangle the combined drawing for Venus (on page 196). A separation of
the combined drawing into its two components is here all the more necessary; we
therefore give these two drawings on page 17.

The positions of the earth and the sun are denoted by A and C; in the old
(geocentric) system, A is fixed and the sun moves on a circle (centre B) through
C; in the new (heliocentric) system, C is fixed and the earth moves on a circle
(centre K) through A. The eccentricity of the sun’s orbit is AB = CK, that
of Venus’ orbit is AG = KQ. For time zero we take an upper conjunction at
the apogee; the centre of the epicycle is at H, Venus itself at F; in the new
system Venus is at N, the earth at P. We have to show that at any other time
the lines joining the planet to the observer in the old and the new system are
equal and parallel. As to their length, we observe that the orbit of the sun
and the deferent of the planet (in the old system) are equal in size to the
orbit of the earth (in the new system); the planet’s epicycle also is equal
to the planet’s orbit in the new system. This entails the equality of all semi-
diameters drawn from any point of such a circle to its centre; GR =GH = BC =
KP = KX, and HF = RT = QN = QV. As to the directions of these lines,
we observe that they rotate entirely uniformly. The planet (in the old system)
has two motions, one along the epicycle (e.g. the arc ST) and another with the
epicycle along the deferent (e.g. the arc HR). These two motions combined in the
heliocentric system convey the planet by its uniform rotation from N to V, so
that QV is equal and parallel to RT.

Positions eccentric to these circles (e.g. A) do not fall under these headings,
so that here an additional computation is needed. For this purpose we compare
the acute-angled triangles AGR and QKX. AG and QK (the eccentricity of the
planet’s orbit) as well as GR and KX are equal and parallel; so the triangles are equal
and similar, and consequently their third sides AR and QX are equal and parallel.
Since the triangles ART and XQV now have two pairs of sides equal and parallel,
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Motion of the planet Venus
according to the geocentric system (above)
and to the heliocentric system (below).
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this holds also for the third pair AT and XV. This means that the planet is seen
from A (the earth in the old system) and from X (the earth in the new system)
in the same direction and at the same distance,

For the understanding and the derivation of the motions in longitude Stevin
considers the old, untrue system with the earth at rest to be the simplest and
most appropriate — probably because it directly represents the observed motion.
It is different, however, with the latitudes of the planets, For this reason he
omitted the latter from his Second Book, and postponed them until, at the
end of the Third Book, he should have treated them according to the true
system of the moving earth; for, so he says, in this way we can arrive better
at a causal knowledge of the motion in latitude. This reverse way of arguing,
viz. the derivation of the older imperfect theory from the new, more perfect
theory, is an indication of the real underlying character of the problem. Whereas
for the three upper planets the epicycle theory was the direct expression of the
observed phenomena of the longitudes, this was not the case with the latitudes.
Here Ptolemy’s theory was an artificial construction; it was complicated because
two independent inclinations had to be derived, viz. one of the epicycle to the
deferent, and one of the deferent to the ecliptic. The new heliocentric system
required one angle only, the inclination of the planet’s orbit to the ecliptic.
Copernicus, assuming that Ptolemy’s theory was a good representation of the
observed motions in latitude, had to make the inclination variable by assigning
an oscillation (between opposition and conjunction) to the orbit. With the
epicycle itself, Stevin discarded also its special inclination and stated as the
basic structure for the geocentric system: the epicycle in its course along the
deferent always has to keep parallel to the plane of the ecliptic.

In dealing first with Saturn, Stevin starts from the values in Ptolemy’s tables,
which he assumes to represent Ptolemy’s observations. In these tables the maximum
northern latitude (at a longitude 50° behind the apogee, i.e. at longitude 183°)
is 3°2/, the maximum southern latitude is 3°5’, the planet in both cases being
at the lowest point of its epicycle. Ptolemy had derived 2926’ for the deferent’s
inclination, 4°30’ for the epicycle’s inclination. From the latitude 3°2’ and the
known distances Stevin finds 2°43’ for the inclination of Saturn’s orbit to the
ecliptic. He shows how easy the computation of Saturn’s latitudes is now, since
they follow directly from the horizontal distances of Saturn from the earth and
the vertical distances of Saturn above or below the ecliptic. Ptolemy’s observation
that near the nodes Saturn does not show any latitude, which is accidental
in his theory, is a necessity in the new theory, because it shows the epicycle at
that time to coincide with the ecliptic. In explaining this state of affairs, Stevin
cannot refrain from remarking that it forms a strong argument in favour of the
moving earth.

The other planets for which the same holds are mentioned in brief statements
only, in which their numerical data are given. More space is devoted to Mercury.
Stevin begins by expounding Ptolemy’s theory of the latitude of Mercury, as
an instance of the two inner planets, in the form given by Peurbach and also
used by Copernicus. It assumes three oscillations. An oscillation of the deferent
about the line of nodes as axis makes its inclination vary between zero and 1°45’
to the South. The epicycle has two oscillations about two perpendicular axes,
one axis tangential to the deferent’s circumference, the other in'the radial direction;
when the former is zero, the latter reaches its maxima' in opposite senses in apogee
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and perigee; and conversely the former reaches its maxima in opposite senses at
longitudes 90° and 270°, when the latter is zero. Stevin mentions in margine
their Latin names deviatio, declinatio, reflexio, and himself calls them afweging,
afwycking, and afkeering; they have here been translated by “deviation”,
“declination” and “deflection”. Stevin has no use for this complicated theory.
The greater simplicity — he says — of the heliocentric system was not realized
by Copernicus himself, who slavishly copied Ptolemy’s three oscillations, with
the numerical values given in the Tables, and incorporated them in his funda-
mentally different world-system. Stevin draws the former epicycle (representing
the planet’s orbit) as a small circle at rest about the centre of the larger
surrounding circle (the earth’s orbit, formerly the deferent) and then has to
determine its inclination to the latter. From the “observed” latitudes (in reality,
as always in his explanations, taken from Ptolemy’s tables) of Mercury at two
opposite points at 90° and 270° from the apogee, 1°45’ North and 4°5” South,
he derives (as illustrated in the lower figure on page 248) an inclination 5°32".

In this short paragraph of Stevin's work the simple construction of the
heliocentric system is used as the new basis of computation. Of course it was
done in one instance only; much more was not yet possible at the time. His was
not the task which Kepler was to accomplish afterwards. He was only interested
in explaining the theory of the heavenly motions, not in constructing numerical
tables for their computation.

As a Supplement (Byvough) Stevin gives what should have been the last
chapter of the Second Book, with the treatment of the latitudes in the old
geocentric system. He introduces it by presenting this system in a form different
from the original one. Originally the two lowest planets, Mercury and Venus,
in contrast with the three upper planets have deferents that are completed in a
year and thus represent the earth’s orbit, whilst the smaller epicycles here
represent the planets’ orbits. Instead of the size of the circles, Stevin now takes
their function in the system to be their specific character. In: all cases the circles
representing the earth’s orbit are to be called epicycles; deferents is to be the
name for the planets’ circles. Accordingly, for Venus and Mercury the old terms
have to be interchanged. He says it in the following way: the circles which are
called deferents here are epicycles, and conversely; and he uses these names in the
following propositions. Instead of two kinds of planets with different characters,
we now have one homogeneous series, with only the size of their orbits regularly
decreasing from Saturn to Mercury, the earth finding its place among them.
In an illustrative drawing on page 260 Stevin pictures the planetary system
in which all the orbits have been provided with terrestrial circles of equal size
and all parallel to the ecliptic. v . I -

Stevin’s task was to show that the phenomena of latitude, too, are the same
in the two systems. This was not difficult, since his corrected geocentric system,
with the epicycles parallel to the ecliptic, was a formal transformation of the
true system. He compares this geocentric system with Ptolemy’s and finds that
for the upper planets Ptolemy came very near to the truth, since he found. the
two inclinations (for Saturn 2026’ and 4°30”) to be nearly equal, the difference
being only 2°4’. His criticism (pages 277 and 279) that Ptolemy’s tables are
not in conformity with his theory is unfounded (cf. p. 279, note 3). His statement
that for the two lower planets Ptolemy’s theory was not successful is true; the
basic reason is that the epicycle theory did not fit Mercury.
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Stevin knows that his exposition of the motions of the planets is neither exact
nor complete. An Appendix is therefore added on the “unknown motions”
observed by Ptolemy, i.e. on motions which formerly were unknown and had
not been included in the theory as given in Stevin's three Books. They are
Ptolemy’s “second inequality” of the moon, and his introduction of a ”punctum
aequans” in the orbits of the planets. Since, in his treatment of the former,
Stevin (in his Propositions 2 to 5) renders Ptolemy’s discussion rather exactly,
it was not necessaty to reproduce it here in detail. The other point is dealt with
by Stevin in the 6th Proposition of the Appendix.

Ptolemy had found that the simple theory of the epicycle’s centre uniformly
describing an eccentric circle about the earth does not tally with the observed
motions of the planets. The motion along the deferent is not uniform, but
it seems to be uniform when viewed from the equant (pancium aequans) situated
at the same distance as the earth from the centre of the deferent, but on the
opposite side. This irregularity of the motion along the deferent is the main point
in Ptolemy’s planetary theory. The radius vector drawn from the equant to the
epicycle’s centre, though of variable length, rotates perfectly uniformly. Since
the planet moves uniformly along the epicycle, the anomaly, reckoned from
the apogee of the epicycle as its zero point, also increases uniformly when
viewed from the same point. Stevin directs the reader’s attention to this point.
He first remarks that Ptolemy must have found the simple theory entirely
satisfactory as long as he considered only the oppositions to and conjunctions
with the sun, i.e. the planet in the nearest and the farthest point of the epicycle,
where it has the same longitude as the centre of the epicycle. But in the other
points it is different. He takes an example where shortly before opposition
(anomaly 150°) the planet is observed to have a smaller longitude, hence has
progressed farther on its epicycle than had been computed. With the aid of a
figure he shows that this can be accounted for if the zero from which the
anomaly in the epicycle is reckoned is shifted in a forward direction. Then, in
order to see it coincide with the epicycle’s centre, Ptolemy had to look not from
the centre of the deferent, but from another point, situated nearer to the apogee
of the deferent. The precise situation of this point, when computed, would have
turned out to be exactly the puncium aequans. In this deduction, instead of the
most striking property, viz. the non-uniform motion of the epicycle along the
deferent, the less striking, non-uniform motion of the planet along the epicycle
is used to introduce the punctum aequans.

This is Stevin’s explanation of Ptolemy’s theory for the planets Saturn, Jupiter,
Mars, and Venus. For the more complicated motion of Mercury he simply
reproduces Ptolemy’s description of the circles and their motions.

Thereafter Stevin explains how the same “unknown motions”, first of the
moon (in Proposition 8), then of the planets (in Proposition 9), are dealt with
by Copernicus. For the planets Stevin first introduces the “unknown motions”
into the geocentric theory. The distance of the earth from the centre of the
deferent is diminished by one-fourth of its value; e.g. for Saturn, instead of
0.1139, it is taken 0.0854. The one-fourth subtracted (here 0.0285) is taken
as the radius of a small circle, which is described by the planet in such a way
that in apogee and perigee the effects are subtracted, whereas in a lateral position
they are added. Copernicus of course presents this construction on a heliocentric
basis; the deferent is now the planet’s orbit, with the sun at a distance from
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the centre of 0.0854 times the orbit’s radius; the planet, in addition, describes
the small circle (of radius 0.0285) twice in one revolution. Stevin supposes that
Copernicus, though he did not say so, had devised the small circle first in the
geocentric, and then transferred it to the heliocentric theory. In any case he
himself has chosen this method in order to make the matter cleater to his
readers. ‘

In the case of Venus the centre of its circle, of radius 0.7194, situated within
the circle of the earth with radius 1.0000, does not have a fixed eccentric position,
but moves on a small circle with diameter 0.0208 in such a way that its
eccentricity varies between once and double this amount. It is described by the
centre of Venus’ orbit twice a year in a direct sense; the eccentricity is at its minimum
when the earth is in the planet’s line of apsides, and at its maximum when
it is at a distance of 90°. Stevin, as in all these cases, does not make any comparison
with observations; his task is solely to expound the theories of Ptolemy and
Copernicus; and he simply adds: “’by this means, Copernicus says, the longxtudes
of Venus are always found in the right way”.

The still more complicated system of circles for Mercury as devised by
Copernicus is expounded correctly by Stevin in his 12th Proposition. The centre
of Mercury’s orbit describes a small circle with radius 0.0316 every half year
in such a way that the eccentricity is greatest when the earth is in Mercury’s
line of apsides, and smallest when its longitude is 90° different. In addition, the
planet moves to and fro linearly along the radius of its orbit; such a linear
movement, as Stevin demonstrates in his 11th Proposition, is produced by two
circular movements in opposite directions.

The Book closes with an article on the “unknown motion” of the stars, dealing
with the precession of the equinoxes. The difference between Ptolemy’s value
(1° in a century) and the larger values of later authors is thought by Stevin
to be perhaps due to wrong equinoxes caused by irregularities and differences
of the refraction. He points to the abnormal phenomenon of the sun observed
by the Dutch mariners in Novaya Zemlya in 1596-97, which he also ascribes to a
refraction, abnormally large in February, caused by the cold nebulous atmosphere.
New measurements of stellar altitudes and refractions in the countries of ancient
astronomy as well as at its present centres, he says, will be needed to remove
these uncertainties. Moreover, for greater precision in measuring the positions
of the planets and the stars better instruments are necessaty, such as those
constructed and used by Tycho Brahe. The present deviations between observations
and theory show that our theory is unsatisfactory and must be improved by means
of the best observations available.

Little did Stevin suspect that at the very time when he wrote these words, mapping
out the programme in a vague and general way, Kepler was already engaged in
establishing the true theory of the planetary motions.
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SUMMARY

OF THE HEAVENLY MOTIONS

In the beginning of the description of the Heavenly Motions I will assume the
matter to be altogether unknown, and then 1 will proceed with the discussion in
the same order in which it seems to have taken its progress in actual fact,
describing it in three books. '

The first book, of the finding of the motions of the Planets and of the fixed
stars by means of empirical ephemerides, on the assumption of a fixed Earth.

The second, of the finding of the motions of the Planets by means of
mathematical operations, on the assumption of a fixed Earth, and the first
inequalities.

The third, of the second inequalities, in which Copernicus’ assumption of a
moving Earth is set forth.
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af [alick int bow[cfrwm’ derde bowck handelen.
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SUMMARY OF THIS FIRST BOOK

After the definitions have been described, this first book is to comprise eight
sections, of the finding by means of empirical ephemerides of the motion of
“Sun, Moon, Saturn, Jupiter, Mars, Venus, Mercury, and of the fixed stars, all
this on the assumption of a fixed Earth as centre of the universe; for though
in reality it revolves in a circle, like the other Planets, nevertheless it is easier
to understand the elements of this science from the apparent than from the
true motion, as will be set forth more in detail in the 7th proposition of the 3rd
book. As to further theories, for which the true assumption of the moving Earth
is better suited, T will deal thh thosc in the third book referred to above.



BEPALINGHEN.

=< Nghefien in des drichouckhandels 4 bouck,
3(} befchrevenfijn de bepalinghen der Hemelfche
43 Y3y ronden boghen en punten die wy daer behouf-
N ¢ den, foo houdenwy de{elve hier voorbekent:
SRR Sulexdatnu gheftelt fullen worden de refteren-

epalinghm int volghende noodich.

de
1 BEPALING.

Den tijtvan datde Sonnensmiddelpunt uyt het mid-
dachront gaer,totdattet vvederdaerin comt, is een *na- Dies narue
tuerlicken dach. En die natuerlicke dagen vvorden 0oc Bie ine-
oneven ghefeyt. Enfulcke tijtint ghemeen * oneven tijt. %o,

Tempws ink=
. quale.
Defe tijt eens natuerlicken dachs isvan een keerdes * evenacrs, met noch Aequators,

fulcken boochfken desfelfden ,alffer deurlijdt te wijle deSon met haer eygen

loop daerentufichen te rugh ghegaen is. Nu byaldienal die boochf{'kens eve-

groot waren, {oo fouden de natuerlicke daghen al evelanck fijn, t' welck nieten
ghebeurt. De reden van dierboochl'kens onevenheyt is tweederhande : Ten

ccrfien deur dien de Sonwechboochfkensop dientijt vande Son befchreven

nict evegrooten fijn,om de * uytmiddelpunticheyts wille. Ten anderen al Excensyici-
warenfe evegroot, nochtans foo en gaenfe met gheen even boochfkens destarem,
evenacrsdeur * t'middachront, om de fcheef heyt of afwijcking des * Duyfle- 5. diandy

raers. En hoe weldit verfchil op een dach ongevoelelick is, nochtans op veel Zodiaci.
daghen ’famen cant merckelick fijn.

2 BEPALING.

* Natuerlickjacris d€ tijtder Sonnens omloop,vviens 4.
begin eneinde cen ghenomen punt is dat altijes evevyije

vande lentfne blijfc, gheducrende 365 daghen suyren,
met nocheen onfeker ghedeclte.

Ptolemens hecf dat onfeker ghedeelte boven de 5 uyren , ghefteltop s5 @
12 @ :«Albaregni op 46O 24 ®. Ander hebben ander uytcomft bevonden.

3 BEPALING.
Egipsjacrisdat 365 daghen begrijpt.

Defe Egipfche jaren verleken by de natuerlicke verloopenalle vier jaten by.
canseen dach.

As 4 BEPA.
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DEFINITIONS

Since in the 4th book of the treatise on trigonometry 1) the definitions of the
heavenly circles, arcs, and points which we there needed have been described,
. we here assume them to be known, so that the remaining definitions needed
hereafter will now be given.

15t DEFINITION.

The time from the moment when the centrc of the Sun leaves the meridian
up to the moment when it returns thereto is a natural day. And these natural
days are also said to be unequal And such time in general: unequal time.

This time of a natural day is of one revolution of the equator, together with
an arc thereof such as it passes through while the Sun with its proper motion
has meanwhile gone back. If all these arcs were equal, all the natural days would
have the same length, which does not happen. The reason of the inequality of
these arcs is twofold. Firstly, that the arcs of the Sun’s orbit described in that
time by the Sun are not equal, because of eccentricity. Secondly, even if they
were equal, yet they would not pass with equal arcs of the equator through the
meridian, because of the obliquity or deviation of the Ecliptic. And although
.this difference is insensible in one day, yet it may be perceptible in a large
number of days taken together.

2nd DEFINITION.

A natural year is the time of the Sun’s revolution, whose beginning and end
is an adopted point which always remains at the same distance from the vernal
equinox, this being 365 days and 5 hours, with an uncertain fraction in addition.

Ptolemy 2) has put this uncertain fraction over and above the 5 hours at 55m 12s;
Albategni 3) at 46m 24s. Others have found other results.

3rd DEFINITION.
An Egyptian year is one that comprises 365 days.

These Egyptian years, when compared with the natural years, shift nearly
one day in every four years.

1) Work XI; i, 14. See Vol. II B, p. 755.

2) Syntaxis III 1 (Translation of Mamtlus, I, p. 146).

) Abu-’Abdallé.h Muhammad ibn J4bir ibn Sinan al-Battini, al-Harrani, al-S4bi (born
near Harran in Mesopotarma, 850?—Damascus 928?). His prmcxpal work, al-Zidj,
translated into Latin in the early part of the 12th century, and into Spanish somewhat
later, was printed at Marburg (De Scientia Stellarum, 1536) and at Nuremberg (De Motu
Stellarum, 1537).
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4 BEPALING.

Iuliaenfchejaren fijnvvelcker drie 365 dagenvervan-
ghen,het vierde 366, hebbende dan de maent Februarius
29 daghen, dacrfe anders maer 28 en heeft.

Om t'verloop der Egipfche jaren weerom teinnen,en t'natuerlickjaer naer-
der te commen, 100 heeft Iulins Cefar den voor{chreven dach alle vier jaren in
Februario veroirdent , welck gedaente van jaren luliaenfche genaeme werden.

s BEPALING.

Soo men neemt het nacuerlick jacr te hebben fooveel
even dagen cn even uyren met haer gedeclte,alferoneven
dagen en oncven uyren met haer gedeeltein fijn:Sy vvor-

Dirs eguats den * evedaghen oock middeldagen ghenoemt. En fi ulc-

gde ey ken tijeint ghemeen * eventijtende middeltije.
equale Tem- :
pws imedium,

Doirfacck des nacms middeldaghen, isvan weghen datfe middelmatich fijn
tufichen de langher en corter natuerlicke daghender 1 bepaling,

6 BEP ALING.

* Dyvaeldersfijn feven vveereldlichten, dicint uyter-

Plasese, . 2
lick anfien fchijnen fonder regel teloopen atoffedvvael-
den, met naem Saturnus, Iupiter,Mars,Son, Venus, Mer-
curius, Macn. :
Hoewel den Eertcloot eyghentlickme een Dwaelder is, nochtans anghe-
fien wy om de redenen vooren int Cortbegrijp verhaclt, dic nemen vaft te
ftaen,foo en wortfe hier onder de Dwaclders niet ghetelr.
7 BEPALING.
feomions Uy tmiddelpuntichront noemtmen diens middel-
g punt buyten den Eertcloot ftact. Maer * middelpun-
w.  tichront diens middelpunt oockdesEertcloots middel-
- puntis.

Laet
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4th DEFINITION.

Julian years are such that three of them contain 365 days, the fourth 366,
the month of February then having 29 days, whereas otherwise it has only 28.

In order to recover the shifting of the Egyptian years and come nearer to the
natural year, [#lius Caesar ordained the above-mentioned day to be added every
four years in February, which kind of years were called Julian years.

5th DEFINITION.

If the natural year is taken to have as many equal days and equal hours with
their fraction as there are unequal days and unequal hours with their fraction in
it, they are called equal days and also mean days. And such time in general:
equal time and mean time.

The origin of the name mean days is that they are the mean between the
longer and shorter natural days of the 1st definition.

6th DEFINITION.

Planets are seven luminaries which in outward appearance seem to move
without rule, as if they were wandering; their names are Saturn, Jupiter, Mars,
Sun, Venus, Mercury, Moon.

Although the Earth is in reality also a Planet, yet because for the reasons
related hereinbefore in the Summary we assume it to be fixed, it is not reckoned
here among the Planets.

7th DEFINITION.

Eccentric circle we call a circle whose centre is outside the Earth. But
concentric circle, a circle whose centre is also the centre of the Earth.



‘DES HEMELLOOPS. 7

Laet A BCeen rondt
fijn diens middelpunt D,
en E den Eertcloot: Dit
foo wefende , A B Cheet
uytmiddelpuntichront.
Maer oo men naem het
punt D den Eertcloot te
fijn, v’foude dan middel-
puntich hecten.

C

8 BEPALING.

Delinivan des uytmiddelpuntich ronts middelpunt
toteen Eertcloots middelpunt heet * uytmiddelpuntic-Lseses
heytlijn. | e

Als indeformder7 bepalingde lini D E. »

9 BEPALING.

Uytmiddelpuntichrones x verftepunt noemtmen dat e,

verft vanden Eertclootis: En % nacftepunt dat den Eerta Perigeum,
cloot naeft ftaet. ~

Lact inde form der 7 bepaling de uytmiddelpunticheyt D E op beyden fij-
den voortghetrocken worden totinden omtreck an A, enC, Twelck foo fijn-
de, wanthet punt A, inden omtreck A B C alderverft vanden Eertcloot Eis,
¢n C aldernactt, foo wert A des uytmiddelpuntichronts A BC verftepunt ge-
noemt, en Chetnacftepunt.

1o BEPALING.

Dvvacldervvechiseen u ytmiddelpuntichrontdaerin pyemwe
cen Dvvacelder loopt. Via Plancte,

11t BEPALI NG,

Wefendeopeen puntals middelpunt, inden omtreck
A4 cens
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Let ABC be a circle, whose centre shall be D, and E the Earth. This being so,
ABC is called eccentric circle. But if the point D were taken to be the Earth, it
would be called concentric.

8th DEFINITION.

The line from the centre of the eccentric circle to the centre of the Earth is
called line of eccentricity.

Thus, in the figure of the 7th definition the line DE.

oth DEFINITION

Apogee of the eccentric circle we call the point farthest from the Earth, and
perigee the point nearest to the Earth.

In the figure of the 7th deflrutlon let the line of eccentricity DE be produced
on either side to the c1rcumferer1ce, at A and C. This being so, because the point
A on the circumference ABC is farthest from the Earth E, and C nearest to it,
A was called the apogeé of the eccentric citcle ABC, and C the perigee.

10th DEFINITION.

Planet’s orbit is an eccentric circle in which a Planet moves.



8 BEPALINGHEN

eensuytmiddelpuntichronts,befchreven eencleen ront,
dacrin men neemteen Dvvaclder te loopen: Datcleen-
f)r{;;zj:j der heet*inront, en vgrooter * inrontyvech.
epryclum,
Laetindeform der 7 bepaling opeenich punt als A des uytmiddelpuntich-
ronts A B C belchreven worden hercleenderrondt FG H daerin men neemt
een Dwaclder teloopen , t'felvecleender hectinront ,en t'grooter A BCin-
rontwech,

1z BEPALING.

Inronts verftepunt noemtmen datverft vanden Eert-
m Clootis: En* nacftepunt dat die naeftis: Maer *inronts
et middelverftepunt, dat verft van fijn vvechs middelpunc

auxvera.

Perigenm 3. X : 1
Sese.; is: En * middelnacefte puntdat die naeft is.

‘angss vere,

:::L‘F"’J‘I" Laet indeform der7 bepaling de middellijn C A voortghetrocken worden

Oppofirem 1Ot Finden omtreck des inzonts : Tfelve punt Fboven alle punten des inronts

waugis medie. ten verften vanden Eertcloot E fijnde, men noemetinronts verftepunt, en H
naeft wefende heet naeftepunt. Maer om nu te verclar de gedaente vant mid-
delverftepunt, en middelnacfte punt, foolact hetinront ghecommen fijn tot
cen ander placts fijnswechs, ick neem met fijn middelpuntan B,dacr na fy ge-
trocken de rechte D BK, fniende den omtreck ten nacftenan I, enten verften
an K: Sghelijcxde rechte EL B M, fniendeden omtreckten nacfienan L en
ten verften an M : Dit foo wefende , M is om de veorgaende redenen verfte
punt,en L nacflepunt : Maer X verft van D is middelverfiepunt, en 1 naet D
middel naeftepunt: Sulcx dat defe twee verftepunten M, K; hetinront daer we-
fende,verfcheyden plactfen hebben : Maer als het inronts middelpunt an des
wechsverftepunt A , of naeftepunt Cis, dan fijn verftepunt en middelverfte,
punt een felve,alfoo oock fijn naeftepunt en middelnacftepunt, D’oirfacck des
nacms van middelverftepunt en middelnacftepuntisdefe : Want K cen verfte-
puntis, t'welck uyt D ghefien altijt ecenvaerdelick everas voortgaet ;maer M
alfnu raficher dan tragher, tufichen welck deloop van Kals middelmatich fijn-
de, wort middelverftepunt gheheeten.

13 BEPALING,

Desinrontsboochfken tufichen de tvveeverftepun«
seguai tennoemick *verftepuntensbooch: T'ander tufichende

i mei- tyvee nacfte punten, nacftepuntensbooch,

Als tboochfken K M inde form der 7 bepaling tufichen t'verflepunt
K, en het middelverfiepunt M heet verftepuntenfbooch, maer I L nacfie-

tenfbooch.
B 14 BEPA-
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11th DEFINITION.

When about a point as centre, on the circumference of an eccentric circle,
there be described a small circle, on which a Planet is taken to move, the smallet
circle is called epicycle and the larger, deferent.

In the figure of the 7th definition, let there be described about any point
of the eccentric circle ABC, such as A, the smaller circle FGH, on which a Planet
is assumed to move; this smaller circle is called epicycle, and the larger ABC,
deferent.

12th DEFINITION.

The epicycle’s apogee we call the point which is farthest from the Earth, and
perigee that which is nearest to it. But the epicycle’s mean apogee: the point
which is farthest from the centre of its orbit, and the mean perigee: that which
is nearest to it.

In the figure of the 7th definition let the diameter CA be produced to F on
the circumference of the epicycle. This point F being farthest of all points of
the epicycle from the Earth E, it is called the epicycle’s apogee, and H, being
nearest, is called perigee. But in order to explain the nature of the mean apogee
and the mean perigee, let the epicycle have arrived at another point of its orbit,
I assume with its centre in B. Thereafter let there be drawn the straight line
DBK, intersecting the circumference at the nearest point in I and at the farthest
in K; likewise the straight line ELBM, intersecting the circumference at the
neatest point in L and at the farthest in M. This being so, for the above reasons
M is the apogee and L the perigee. But K, being farthest from D, is the mean
apogee, and I, being nearest to D, is the mean perigee, so that these two apogees
M, K, when the epicycle is in this position, are in different places. But when the
epicycle’s centre is in the orbit’s apogee A or perigee C, the apogee and the
mean apogee are one and the same point, and so are the perigee and the mean
perigee. The origin of the name mean apogee and mean perigee is as follows:
because K is an apogee which, viewed from D, always moves at uniform velocity,
but M moves now faster, now slower, between which the motion of K, as being a
medium value, is called the mean apogee.

13th DEFINITION.

The epicycle’s arc between the two apogees I call arc of the apogees, the
other between the two perigees, arc of the perigees.

Thus, the atc KM in the figure of the 7th definition, between the apogee M 1)
and the mean apogee K 1), is called arc of the apogees, but IL, arc of the perigees.

1) In the Dutch text, for K read M and for M read K.
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14 BEPALING.

Wechs eerfte halfront noem ickde booch vant verfte-
punt tottet nacftepunt, na’tvervolgh der trappen, dats
van t'begin totten 180, d’ander booch tvveede halfront.

15 BEP A LING.

Schijnbaer Dvvaclder is cen punt dacr hy fchijnt tc
vvefen,doch eygentlick niet enis: En Schijnbaerloopcen
booch dic hy {chijnt teloopen, doch eyghentlick niet en
loopt.

Laet A'B C den Dwaelderwech beteycken&, diens middelpunt D, en E den
Eertcloot,op welckeals middelpunt befchrevé fy den Duyfteraer G B, Voort
fy ghetrocken deur E D des duyfteraers middcllini FI, fniende den Dwaeldet-

A wech in A alsverftepunt, en inC

M " alsnaeftepunt : En den Dwaclder

fy inde wéch ant punt B, denr

vwelck uyt Egetrocken isde rech-

te lini E B G. Dit {oo wefende,

den Dwaeldereyghentlick an B

fijnde, fal uyt den Eertcloot E ge-

fien, inden duyfteracr fchijnen te

wefen tuflchen de vafte fterren

an G,endaerom heetet felve punt

(o} G fchijnbaer Dwaelder. Maer fo

hy van B voortloopt, ick neem

tot K, endeur K ghetrocken de

réchte lini E KH | den Dwacldet

- die eyghentlick gheloopen heeft

I denbooch BK,faluyt den Eert-

cloot Eghefien fchijnen gheloo-

pente hebbenden booch G H , die metten eyghen loop B K onghelijck is: En

dacrom heet de felve booch G H (daetmen anders oock wel voor neemt den
houck B E K of G E H) des Dwaelders {chijnbaetloop.

= ©

VERVOLGH.

Deur dit voorbeelt van fchijnbaer Dwaelder en fijn fchijhbacr loop met
felling eens uytmiddelpuntighe wechs, isoock derghelijcke openbaer met
ftelling eens inronts,

Voort, deurt'ghene hier ghefeyt is van fchijnbaer Dwaelderen fchijnbaer
loop , is kennelick genouch watmen verftaen fal met chijnbaer booch, fchijn-
bacr verfiepunt als F, {chijnbacr nacftepunt als I, en dierghelijcke, welcke hier
naalft de fake vereyfcht ghenoemt fullen worden,

16 BEP A
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14th DEFINITION.

The first semi-circle of the orbit I call the arc from the apogee to the perigee,
in the order of the degrees, i.e. from the beginning to 180 degrees; the other
arc, second semi-circle.

15th DEFINITION.

Apparent Planet is a point where it appears to be, but is not in reality, and
Apparent Motion is an arc through which it appears to move, but does not
move in reality.

Let ABC denote the Planet’s orbit, whose centre shall be D, and E the Earth,
about which as centre let there be described the Ecliptic FGH. Further let there
be drawn through ED the ecliptic’s diameter FI, intersecting the Planet’s orbit
in A as apogee and in C as perigee. And let the Planet be in the orbit at the
point B, through which is drawn from E the straight line EBG. This being so,
the Planet, which is in reality at B, will, viewed from the Earth E, appear to be
in the ecliptic between the fixed stars at G, and on this account this point G is
called apparent Planet. But if it moves on from B, I assume to K, and through K there
be drawn the straight line EKH, the Planet, which has in reality moved through
the arc BK, will, viewed from the Earth E, appear to have moved through the
arc GH, which is different from the proper motion BK. And on this account
this arc GH (for which is sometimes also taken the angle BEK or GEH) is
called the Planet’s apparent motion.

SEQUEL.

From this example of an apparent Planet and its apparent motion on the
assumption of an eccentric orbit the same is also evident on the assumption
of an epicycle.

Furthermore, from what has been said here about the apparent Planet and
apparent motion it is sufficiently obvious what is to be understood by apparent
arc, apparent apogee, e.g. I, apparent perigee, e.g. I, and the like, which will be
mentioned hereinafter, when required.



Additio.
Diminatio.

Profta phe-
refis.

10 BEPALINGHEN
16 BEPALING.

Middeldvvaelderis een verdocht punt inden duyfte-
racr eenvacrdelick voortgaende, en altijc ant {chijnbact
verftepuntvvefende, alsdenvvaren Dvvaclder gheenin-
ront hebbendean fijn vvechs verftepuntis: Maereenin-
ront hebbende, als des felfden inronts middelpunt ant
verftepuntis:En fijnloophect middelloop.

Als by voorbeelt wanneer den Dwaclderinde form der 15 bepaling is ant
verftepunt A, foo iffer een verdocht puntant {chijnbaer verftepunt Faltijt cen-
vaerdelick voortgaende, fulcx dat wanneer den waren Dwaclder weerom ghe-
commen is ant verfiepunt A, ghedaen hebbende een volcommen keer, foo fal
dat punt commen fijn an v'fchijnbaer verftepunt, oock ghedaen hebbende cén
volcommenkeet , met {00 veel meerals daerentufichen het fchijnbaer verfie-
punt geloop€ heefi: Sulck punt heetMiddeldwaclder,en fijn loop middelloop:
De felve hier verclaert fijnde op den tijt eens volcommen keers des waren
Dwaclders,wy fullen omalles noch breeder uyt te legghen,voorder verclaring
doen op deel eenskeers , tot welcken einde ick aldus fegh : Den waten Dwael-
der ghecommgn fijnde ick neem van A tot B, foo fal den middeldwaclder vol-
ghende t'gheftelde dacrentufichen gheloopen hebben een booch ghelijck met
A B,welcke fyF L (teweten L foo gheftelt,datE L evewijdeghe fymet D B)
en noch foo veel meer als dacrentufichen denloop des fchijnbaer verftepunts
bedraecht,'t'welck fy van M tot F: Inder voughen dat M Lis den middelloop
overcommendein tijtmet des waren Dwaclders wechloop A B, en heet mid-
delloop, uyt oirfacck dat foodapighe even loopen middelmatich fijn tufichen
de {chijnbaer raficheren tragher.

Deurdit voorbeclt van Middeldwaclder en middelloop met fielling ecns
dwaclderwechs,is oock derghelijcke openbaer met fielling cens inronts, want
nemende desinronts middelpuntals voot Dwacelder, foofalalt’ghene vooren
ghefeyt is daer op overcommen.

17 BEPALING.

Voordering is 'ghene den vvaren Dyvaclder in den
duyfteraer {chijnbaerlick voorder is dan den Middcl-
dvvacelder :En*achtering t'gene hy fchijnbaerlickmeer
achtervvaert is. En defer tvvee ghemeene naem vvore
* yoorofachteringh ghefeyt.

Als by voorbeclt den waren Dwaelder inde form der 1 bepaling geloopen
hebbendevan Atet B, en fchijnbaerlick fijnde an G, foo fal daerentufichen
den Middeldvvaclder geloopen hebbéde booch FLgelijckmet A B : Twelck
{foo wefende, d€ Dwaclder is in d€ duyfteraeran G fchijnbaerlick meer achter-
waert dan den Middeldwaclder L, foo veel als de booch G L, en daerom heet
de felve booch G L achtering, welcke achtering overal int cerfte halfront des

wechs
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16th DEFINITION.

‘Mean Planet is an imagined point which moves uniformly in the ecliptic
and is always at the apparent apogee when the true Planet, if it has no epicycle,
is at its orbit’s apogee; but if it has an epicycle: when the centre of this epicycle
is at the apogee; and its motion is called mean motion.

Thus, when in the figure of the 15th definition the Planet is at the apogee 4,
there is an imagined point in the apparent apogee F which always moves
uniformly, so that when the true Planet has returned to the apogee A, and has
performed a complete revolution, this point will have arrived at the apparent
apogee, having also performed a complete revolution, with the addition of the
distance meanwhile passed through by the apparent apogee. This point is called
Mean Planet, and its motion mean motion. This having been expounded here
with regard to the time of a complete revolution of the true Planet, in order
to set forth everything even more fully we shall give a further explanation
with regard to part of a revolution, to which end I say as follows. When the
true Planet has come, I assume, from A to B, according to the supposition the
Mean Planet will meanwhile have passed through an arc similar to AB, which
shall be FL (to wit, L being so placed that EL shall be parallel to DB), with the
addition of the distance meanwhile passed through by the apparent apogee, which
shall be from M to F. In such a manner that ML is the mean motion corre-
sponding in time to the distance AB passed through by the true Planet, and it
is called mean motion because such uniform motions are the mean between the
apparently faster and slower ones.

From this example of the Mean Planet and mean motion on the assumption
of a Planet’s orbit the same is also evident on the assumption of an epicycle, for
when we take the epicycle’s centre for the Planet, all that has been said above
will apply thereto.

" 17th DEFINITION.

“Voordering” (advance) is the amount by which the true Planet is apparently
in advance of the Mean Planet in the ecliptic, and “achtering” (lag) is the
amount by which it apparently lags behind. And the common name of these
two is “voorofachtering” (advance-or-lag1). :

Thus, when in the figure of the 15th definition the true Planet has moved
from A to B and is appatently at G, meanwhile the Mean Planet will have
passed through the arc FL, similar to AB. This being so, the Planet in the
ecliptic at G apparently lags behind the Mean Planet L, as much as the arc GL,
and for this reason this arc GL is called lag, which lagging takes place all through

1) This expression, being the English equivalent of Stevin’s Dutch word, will be used
here instead of Ptolemy’s Greek word prosthaphairesis. ’



pEs HEMerLrLoOPS. 131

wechs ghebeurt, Maeralsfulex met voordering valt,'welck overal int tweede
halfrondt ghefchict , men noemet voordering, en foodanighe twee int ghe-
ghemeen voorofachtering, .

Merckt noch datmen foo wel den houck D B E,alsde booch G L,achtering
des Dwaclders noemt , om dat de ghetalen hacrder t1. even fijn , uyt oirfacck
dat G L booch isdeshoucx G E L, even fijnde met D BE.

Tot hier toe is voorbeel befchreven vaneen Dwaelder in een wech loo-
pende,macr bové dien een inrondt hebbende, hy heeft tweederley voorofach=
tering, d'eene van wegen fijn inrondts middelpunt, t'welck een voorofachte-
ring ontfangt van ghedaente ghelijck de bovefchreven des Dwacldersin fijn
wech, d’ander van wegen fijn loopint inrondt , en de voorofachtering veroit-
facckr deur defe twee voorofachteringen rfamen, wortintgemeen des Dwacl-
ders voorofachtering ghefeyt.

Lact tot breeder verclaring inde formder 7 bepaling den Dwaelder intin-
rondt {ijn an N, alwaer hy benevens de achtering die hyvan weghen fijnins
rondts middelpunt ontfangt , voordering crijcht des houcx BEN, welck by
dander D B E vervought (te weten vergaert alffe beyde cennamich fijn maex
van malcander ghetrocken verfcheennamich wefende als hier)datter uyt comt
is des Dwaelders voorofachtering

Mercke noch t'ghetal der trappen des verftepuntenfboochalshier M K, of
des nacftepuntenfbooch als 1 L, altijt t'overcommen met het getal der voorofs

achtering vant middelpunt des inrondts als D B E, om dat 1 L befchreven is
opt middelpunt B.

18 BEPALING.

Eerfte voorofachtering is dic des middelpuntsvantin-
rondt. Tvvccdcvoorofachtcring die desDvvaeldersing
inrondt. Gheeffende voorofachtering die veroirfacckt
vvort deur t'vermenghen van deerfte en tvveede.

Den Dwaelder fonder inrondt maer een voorofachtering hebbende, te we-
ten die hy doorde middeluytpunticheyt fijns wechs crijcht, en behouft gheen
ondexfcheyden namen van cerfte tweede noch gheeffende voorofachiering
defer bepaling, welcke alleen de Dwaelders toecommen ininronden loopen-
de,wiens cetfte en tweede beyde voordering fijnde, hacr fommeisgheeffende
voordering, ende beyde achtering wefende, hacr fomme isgheeffendeachte-
ring,macr d’cen voordering d'ander achtering fijnde, foo is haez verfchil mette
naem van t'grootfte ghetal der twee deghecffende voorofachtering,

19 BEPALING.

Tghene d’een Dyvaclderopeengheftelde tije voordet

loope als d’ander, of daer op vvint, yvort x Dvvaelder- mom 4.
vvinft ghehce ten. Jransia,

Defen tijt wort dickwils verftaen te beghinnen opde faming tweer Dwacl-
ders, fulcx dat mette {chijnbactbooch na t'vervolgh der trappen vandé ua;tch-
en
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the first semi-circle of the orbit. But if this is positive, which happens all through
the second semi-circle, it is called advance, and these two together, advance-or-lag.

Note also that both the angle DBE and the arc GL are called lag of the Planet,
because the numbers of their degrees are equal, owing to GL being the arc of
the angle GEL, which is equal to DBE,

Up to this point the example has been described of a Planet moving in an
orbit; but if it also has an epicycle, it has two kinds of advance-or-lag, one cwing
to its epicycle’s centre, which receives an advance-or-lag of a similar nature
to that described above with regard to the Planet in its orbit, the other owing
to its motion on the epicycle, and the advance-or-lag caused by these two
together is generally called the Planet’s advance-or-lag.

With a view to a fuller explanation, in the figure of the 7th definition let
the Planet be on the epicycle at N, where, in addition to the lag it receives owing
to its epicycle’s centre, it receives the advance of the angle BEN; when the latter
is combined with the other, DBE (to wit, added when they have the same sign,
but one subtracted from the other when they have the opposite sign, as here),
the result is the Planet’s advance-or-lag.

Note also that the number of degrees of the arc of the apogees, such as
here MK, or of the arc of the perigees, such as IL, always corresponds to the
amount of the advance-or-lag of the centre of the epicycle, such as DBE, because
IL has been described about the centre B.

18th DEFINITION. -

The first advance-or-lag is that of the centre of the epicycle. The second
advance-or-lag is that of the Planet on the epicycle. The total advance-or-lag is
that which is caused by combining the first and the second.

The Planet without an epicycle, having only one advance-or-lag, to wit, that
which it receives owing to the eccentricity of its orbit, does not need the different
names of first, second or total advance-or-lag of. this definition, which are only
to be assigned to the Planets which move on epicycles; when its first and second
are both advances, their sum is the total advance, and when both are lags, their
sum is the total lag; but when one is an advance and the other a lag, their
difference, with the sign of the larger of the two, is the total advance-or-lag.

19th DEFINITION.

That by which one Planet moves in advance of another in a given time, or
gains thereon, is called the Planet’s gain.

This time is frequently understood to begin at the conjunction of two Planets,
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ften Dwaclder totten fnelften, int ghemeen Dwaclderwinft beteyckent wort,
welcke men foo wel berckent met middeldwacldersalsware.

20 BEPALING.

Tvvee vveereltlichten een felve {chijnbaer duyfteraer-
conjuntio. ]angde hebbende vvordeninx famingghefeyt. Maereen
Oppefiione. {chijnbacr half rondtverfchillende, in* tegheftant.

21 BEPALING.

Der Middeldvvaclders faminghen en tcghcﬂandcn}
pts vvorden haer* middelfaminghen ende middeltegeftan.
[E:Zimﬂf den ghefeyt.

L]

22 BEPALING.

Ervarings dachtafels der Dvvaeldersfijn vvaerin oir-
dentlickvandach tot dach befchreven ftaende plactfen
Lnnmems der Dvvaclders foomenfedeur* vvifconftuygen daer toe
machemat- bequaem dadelick bevonden heeft, met tij¢ haerder fa-
minghen , foo mette vafte fterren als onder malcander,
voort haeranclevende alsduyfteringhen, grootheytdes
wverduyftere deels, over vvelcke fijde verduyftert, vvan-

neer beginnende,vvanneer cindende,endierghelijcke.

23 BEPALING.

Eppemeri= Berekende dachtafels der dvvaelders,fijn dicdeurken-

" nisdesHemelloops berckent vvordé,vvacr inoirdentlick

vandach totdach befchreven ftacn,der Dvvacldersplact-

fen, {foo. men meynt datfe in toeccommende tijden fijn

fullen: Voortduyfteringhenvan Son en Maen, methaer
anclevende.

Sulcke berekende dachtafels gaen nu veel in druck nyt,als van Toannes Stoffie-

7us, Erafmus Rbeinoldws,Leqvitins, Stadius, A Maginus,, Martinus Everarts yen
gicrghelijcke.

24 BEPALING.

Tempuspe- Keertijt eens Dvvaelders noemtmen,invvelcke deur

cen groote menichteder gagheflaghen kecren van fijn
ron-
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so that by the apparent arc, in the order of the degrees, from the slowest Planet
- to the fastest the Planet’s gain is generally denoted, which is calculated with
mean as well as true Planets.

20th DEFINITION.

When two luminaries have the same apparent ecliptical longitude, they are
said to be in conjunction. But when they differ by an apparent semi-circle: in
opposition.

21st DEFINITION.

The Mean Planets’ conjunctions and oppositions are called the Planets’ mean
conjunctions and mean oppositions.

22nd DEFINITION.

Empirical ephemerides of the Planets are tables in which are described in
regular order, from day to day, the positions of the Planets as they have been found
in practice by means of suitable mathematical instruments, with the times of their
conjunctions, both with the fixed stars and among themselves, further their
related phenomena, such as eclipses, size of the eclipsed part, on which side
they are eclipsed, when the eclipse begins, when it ends, and the like.

23rd DEFINITION.

Calculated ephemerides of the Planets are tables which are calculated by means
of knowledge of the Heavenly Motions, in which are described in regular order,
from day to day, the positions of the Planets as they are expected to be in the
future; further eclipses of Sun and Moon, with their related phenomena.

Such calculated ephemerides are now frequently printed, e.g. those of Jobannes
Stofflerus, Erasmus Rheinoldus, Leovitius, Stadius, Maginus, Martinus Everarti,
and the like 1). ’

1) Johannes Stoffler (Blaubeuren 1452—ibid. 1531), professor of mathematics at
Tibingen. Author of the Tabulae Astronomicae (Tubingen 1500 and 1514). Jointly with
Pflaum he published ephemerides of the planets for 1499—1531: Almanach Nova (Ulm,
1499). Later he published alone the sequel: Ephemeridum opus. .. a capite anni 1532
in alios 20 proxime subsequentes. . . elaboratum (Tiibingen, 1531 and subsequent editions
in 1533 and 1548). :

Erasmus Reinhold the Elder (Saalfeld 1511—ibid. 1553), professor of mathematics at
Wittenberg. Shortly after his ephemerides for 1550—1551 (Tiibingen, 1550) appeared
his celebrated Prutenicae T abulae coelestium motuum. (Tiibingen 1551 and several subsequent
editions up to 1585), dedicated to the Duke Albrecht von Preussen. They were based
on the work of Copernicus and remained the best until the publication of the Rudol-
phine tables; they E)rmed the basis for the Gregorian reform of the calendar.

Cyprian Leowitz (Leowitz in Bohemia 1524—Lauingen 1574), mathematician to
Count Otto Heinrich, author of Ephemeridum novum atque insigne opus ab A. 1556—1606
accuratissime supputatum (Augsburg 1557).

Johannes Stadius (Leonhout near Antwerp 1527—Paris 1579), professor of mathe-
matics at Louvain and Paris, author of Ephemerides novae et exactae ab A. 1554 ad A. 1570
(Cologne 1556; later editions up to 1591 contain an extension up to the year 1606). They
were based on the Prutenicae Y%bulae. :

Giovanni Antonio Magini (Padua 1555—Bologna 1617%), professor of mathematics,
physics and astronomy at Bologna, author of Ephemerides coelestium motuum ab A. 1581—
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ronden, ghevonden vvort de ralheyt van yder rondts
loop op bekende tijt.

MERCKT.

Den duyfteraer fal hierghelijck den evenaer en meer ander ronden, ghe-
declt worden in 360 trappen , fonder twaelf teyckens te ghebruycken elck van
sotr. of namen van dien na doude ghewoonte, wacr af ick de reden inden
AnhangdefesHemelloops verclazen fal.

B EERSTE
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24th DEFINITION.

The period of revolution of a Planet we call the time in which from a great
multitude of observed revolutions is found the velocity of the motion in each
circle in a known time.

NOTE.

The ecliptic, like the equator and other citcles, will here be divided into 360
degrees, without using the twelve signs, each of 30 degrees, or their names
as used of old, the reason of which I will set forth in the Appendix to these
Heavenly Motions 1).

1620 (Venice, 1582), later extended to 1608—1630 (Frankfurt 1608 and 1610) ; a supple-
ment appeared in 1614 (Venice) and 1615 (Frankfurt).

Martin Everart or Everaerts (born at Bruges), mathematician and surgeon. Ephemeri-
des meteorologicae anni 1583 (Antwerp 1582); Ephemerides novae et exactae (Leiden 1597),
relating to the years 1590—1610. In new editions, they were extended up to 1615
(Heidelberg, 1600 and 1602).

. 1) This explanation is not found in the Appendix.
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FIRST CHAPTER

OF THE FIRST BOOK

Of the Finding of the Sun’s Motion
by Means of Empirical Ephemerides

Before I come to the Sun’s motion in particular, I will describe the following
first Proposition of the finding of the Planets’ motions, relating to her and the
others in common.



SONLOOPS VINDING DEVR ERV.&c. 1g

1 VOORSTEL,

Teverclaren hoet {chijnt dat de Menfchen eerft bego-
ften tot kennis vandeloop der* Dvvaclders te gheraken, Planctarim,

of daer toc fouden meugen beginnen tecommen, fooder
gantfch gheenafen vvaer.

Ant hetkennelickis datmen om ecn conft wel en grondelick te

s / s ) verftaen , behoort an te vanghen met haer uyterfte beginfelens

Soo fal ick mijn ghevoclen fegghen hoet fchijot datfy deden die
cerft begoften de ghedaenten des Dwaclderloops te leeren »ofhoemen foude
meughen doen datter gantfchelick niet af befchreven en ware. Om dan van
defe Hemellche fiof eerft deur acrtfche by voorbeelt te fpreken, ick fegh dat ge-
lijck ymant diein Caert wil brenghen een Lant{chap dat noyt caertiche wijfe
gheteyckent en was, of daer hem gheen teyckening noch onderrichting af ter
handt ghecommen enis,foude mocten het Landtfchap of felf dadelick befien,
of feker onderricht hebben vande genediet dadelick gefien hadden : Alfoo ee-
nen dic de manicr desloopsder Dwaelderswil verftaen en befchrijven , moet
ectft haerloop of felf ghefien hebben, of daer af fekerlick onderricht fijnvan
hemlien diet deur dadelicke ervaring weten:En fulex hebben de voorganghers
ghedacn , welcke alfoofe eertijts ernfielick gafloughen de plaetfen der Hemel s
fche lichten , ende fiende tufichen de groote menichte der vafte fterren ,bene.
ven Son en Maen noch feker vijfbeweeghlicke, diensloop int uyterlick anfien
feer ongheregelt fcheen,nu ras,dan flap,fomwijlen flil ftaen, en ettelicke macl
te rugh keeren , fy hebben hun begeven tottet onderfoucken der oitfaken diex
ongeregeltheyt,beginnende metdaghelicx feer nauga te flacn, en op te teycke-
nen haer {chijnbaer plactfen tufichen de vafte ftetren, oock Maen duyfterin-
ghen,en Sonduyfteringhen,met hacr omftandighen,als tijt van haer begin tot-
tetcynde,hoe groot t'verduyfterde decl was,en op welcke fijde verduyftett,on-
der wat duyfteracrlangde en breede 'middel der duyftering ghefchiede, en tot
wat plaets des Eertcloots {y dat gageflaghen hadden. Het ftreckte oock tot noch
meerder fekerheytdeshandels, op te teyckenen den tijt met ander omftandi-
ghen vande duyfteringhen der vafte fterren, te wetenalsfy die vande Dwael.
ders bedecke faghen , en oock de duyfteringhen van dander Dwaclders ondeg
malcander. vytde bovefchreven fchijnbaer plaetfen der Dwaclders, merckten
{y haer daghclick{che veranderingen in langde en breede, welcke fy dachtafel-
fche wijfe opteyckenden , daer by noch voughende de bovefchreven anclevin.
ghen van der Dwaclders duyfteringen: En creghen alfoo de nacommelinghen
metter tijt,benevens haer eygen gageflagen dachtafels, oock die haerder voor-
gangers van feer veel jaren : Inde felve hadden fy bequame middel omde ghe-
dacnte des eyghen loops der Dwaelders t'onderfoucken, ghelijck oock fouden
ghehadt hebben Hypparchus, Prolemens, en hun nacommers, by aldienfe thact
derhandt ghecommen waren,

Maer verloren blijvende, en federt gheen ander foo ghemaecke wefendeals
de facck vereyfcht, ick fal om defen handel te verclaren, in die placts nemen ec-
nighe berekende nu in druck uyrgaende,alsdie van Szadins , want hoewelfe op
cffentijt berekent fijn:daermen de ervaringsdachtafels op oneven of natuerlic-
kemacckt , en datfe daer benevens niet genouch mette facck en ov‘:xcoxmm:x;i

' Ba cen
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1st PROPOSITION.

To set forth how man first seems to have begun to acquire knowledge of the
motions of the Planets, or might begin to acquire it, if there were none at all.

Because it is obvious that, in order to understand a science well and thoroughly,
one should start with its first principles, I will give my opinion how it seems that
those proceeded who first began to learn the nature of the planetary motions,
or how one might set about it if there were no description of it at all. In order
first to speak of these heavenly matters by means of terrestrial examples, I say
that just as a man who wishes to map out a region of which no map has ever
been drawn or of which no drawing or report has come into his hands, would
either have to inspect the region actually himself or to have reliable information
from those who had actually inspected it: thus a man who wants to understand
and describe the manner of the motion of the Planets must either first have
seen their motion himself or must have been reliably instructed on it by those
who know it from practical experience. And this is what our predecessors did,
who — when formerly they seriously observed the positions of the heavenly
luminaries and saw, among the great multitude of the fixed stars, besides the
Sun and the Moon at least five more moving stars, whose motion to all outward
appearance seemed very irregular, now fast, now slow, sometimes stopping, and
several times returning — started to examine the causes of this irregularity, beginning
by observing every day very closely and noting their apparent positions among
the fixed stars, also Lunar eclipses and Solar eclipses, with their circumstances,
such as the time from their beginning to their end, how large was the eclipsed
part and on which side it was eclipsed, at what ecliptical longitude and latitude
the middle of the eclipse took place, and in what place on the Earth they had
observed this. It also tended to greater certainty in the treatment to note the
time and other circumstances of the eclipses of the fixed stars, to wit, when they
saw them covered by the Planets, and also the eclipses of the other Planets among
themselves. From the apparent positions of the Planets described above they
noted their daily changes in longitude and latitude, which they recorded in the
manner of ephemerides, adding thereto the circumstances described above, of the
Planets’ eclipses. And thus, in due time, the successors obtained, besides the
ephemerides observed by themselves, also those of their predecessors of a great
many years. In these they had suitable means for examining the nature of the
true motion of the Planets, as Hipparchus, Ptolemy, and their successors would
also have had, if these had come into their hands.

But because these remained lost and no others have since been made such
as the matter requires, in order to set forth this subject I will take instead some
calculated tables, now printed, namely those of Stadius1); for though they are
calculated for exact time, whereas empirical ephemerides are made for unequal
or natural time, and though moreover they do not agree sufficiently with the facts,

1) See note p. 45.
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Obfervato-
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eenfdeelsdeur mifrekeninghen dieder vallen, ten anderen om dat den Hemel-
Joop nu niet ghenouch bekent enis, doch falt voorbeeltfche wijfe meughen
beftaen, om daer me mijn voornemen te verclaren : Te weten hoemen voor
U¢erfte vermoedt de Dwaelders te loopen in uytmiddelpuntige ronden,en ee-
nighe boven dien nochin inronden. Ten andeten hoemen daer deur vindt
der Dwaclders middelloopen : Voort de fchijnbaer duyfteraerlangden der ver-
ftepunten of nacftepunten van weghen eninronden.

Den Dwaelderloop dus verre deur platte verftanelicke redenen uytden rou-
wen bekent fijnde, foo falick daer naintiweede bouck en d'ander volghende
voorder commen tottet onderfoucken defer ftof deur wifconftighen handel,
na d'oirden int Cortbegtijp des Hemelloops verclaert : Want datmen de bo-
velchreven dinghen ten eerften begint te foucken nadewijfe van Hypparchus,
en Peolemesns ter handt ghecommen, en deur hemlien onsachtergelaren (daer
wy hun danck af fchuldich fijn) te weten deur fcker wifconftighe wercking,
ghegront op cen Dwacldersdrie gagheflaghen fchijnbaer duyfteraerlangden,
de natuerlicke reden fchijnt te willen dat d'cerfte onderfouckers daer me niet
en begoften , macr dat veel andercdinghen voor moeften gaen, deur welcke
men leerde dattet gaflacn van fulcx totfoo feker gront vande kennis des He.
melloops ftrecken foude, voort dat die wifconftighe werckinghen daer na tot
meerder overvloeten fekerheyt by d’ander vervought wierden. En alfoo fal
ick die oock befchrijven , na dat de facck cerft deur wercking met ervarings
dachtafels verftaen falfijn : Merckt noch dat nadien den Eertcloot int uyterlick
anfien {chijnt {lil tc ftaen ,en datden anvang der leering dcs Hemelloopsop
fulcke ftelling begoft heeft, oock alfo bequamelicker en verftaenlicker begint,
foo fullen wy r'felve hier na volghen , befchrijvende op fulcken gront het eer-
fic en tweede bouck , maerintderde den Hemelloop mette natuerlicke ficl-
ling eens roerenden Eertcloots.

Voort is te weten dat de befchrijving des Hemelloops Prolemens ter hande
gecommen,na fijn eygen feggen feer eenvoudich was,namelick de Maenloop,
gelijck vande Son in eenuytmiddelpuntichront,en dander Dwaelders alleene-
lick in uytmiddelpuntige inronden: Maer Prolemens achtende dat fulcx niet ge-
nouch met fijn dadelicke ervaringg overeen en quam, heeft de fpiegeling deur
hem daer toe verdocht, ghemengt mette voorfchreven eenvoudige ftelling,en
daeraf een werck gemaeckt : Sgelijcx heeft oock Copernicus op de ftelling eens
roerendé Eertcloots gedaecn:Doch ick en fal hierdie vermengde wijfe niet vol~
gen,macr den Hemelloop met d'cerfte eenvoudige ftelling alle€ befchrijve,op
dat wy die voor t'cerfte alfoo hebbg;gelijckfe Prolemens ter handt quam, en van

die naverdochie oneventhedé wefende onnatuerlick duyfter en gemift, fal ick

in cen Anhang befonderlick handelen, op dat voor den leerlinck te claetlicker
blijcke watter inde verbetering des Hemelloops gefocht wort, omalfoo op cen
vafter voet na bequamer * fpiegelinghen te menghen trachten, want dit de be-
quaemfte wechis die my nu te voren comt, om op den cortfien tijt mette mee«
fteclacsheyt, fiin VORSTEL ICKE GHENADE te doen verftaen t'ghene
my vandé loop der Dwaelders bekent is, oock mede om opentlick te do€ blijc-
ken,hoe noodich ervarings dachtafels en * Gaflagers fijn, om tot fulcken ken-
nisdefer conft te gheraken, alflerinden Wijfentijtaf gheweeft heeft.

MERCKT.

Eer ick voorder comme fal nochdit fegghen : Te weten dat mijn voorne-

mennict en is metgroote fekerheyt te bewijfen der Dwacelders toccommen-
deware
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on the one hand owing to miscalculations, on the other hand because the Heavenly
Motions are not sufficiently known, yet by way of example it will be permissible
to explain therewith my intention: to wit, how firstly the Planets are supposed
to move on eccentric circles, and some moreover on epicycles. Secondly, how
thus the Planets’ mean motions are found. Further the apparent ecliptical
longitudes of the apogees or perigees of the orbits and epicycles.

The Planets’ motions thus far being roughly known by means of simple
intelligible reasons, I will thereafter, in the second book and the others, proceed
to examine this matter by mathematical means, in the order set forth in the
Summary of the Heavenly Motions. For though the above things are now at once
examined after the manner of Hipparchus; and as they came into Ptolemy’s hands
and were left to us by them (for which we owe them thanks), to wit by certain
mathematical operations, based on three observed apparent ecliptical longitudes
of a Planet, it is natural to suppose that the first investigators did not begin in
this way, but that many other things had to precede, from which people learned
that the observation of this would tend to produce a sure basis of knowledge
of the Heavenly Motions, further that those mathematical operations were thereupon
added to the others for greater completeness and certainty. And thus I will
also describe them, after the matter has first been understood by means of
empirical ephemerides. Note also that since to outward appearance the Earth
seems to stand still and the beginning of the knowledge of the Heavenly Motions
started from this assumption, and -also begins thus more suitably and under-
standably, we shall imitate this here, describing on this basis the first and the
second book, but in the third the Heavenly Motions on the natural assumption of
a moving Earth.

Further it is to be noted that the description of the Heavenly Motions, as it
came into Ptolemy’s hands, according to his own reports was very simple, namely,
the motion of the Moon, like that of the Sun, in an eccentric citcle and the other
Planets only in eccentric epicycles. But Ptolemy, being of opinion that this was
not sufficiently in agreement with his actual experience, combined the theory
devised by him for this purpose with the above-mentioned simple assumption and
wrote a treatise about it. The same was also done by Copernicus on the assumption of
a moving Earth. But I will not here follow this mixed method, but will describe
the Heavenly Motions only on the first simple assumption, so that we may first
have it as it came into Pfolemy’s hands; and with those inequalities devised
afterwards, which are unnaturally obscure, and are erroneous, I will deal in
particular in an Appendix, in order that it may appear all the more clearly to the
pupil what is sought for in the improvement of the Heavenly Motions, thus
to be able to strive on a firmer basis after more suitable theories, because this
appears to me the most suitable method for making his PRINCELY GRACE
understand in the shortest possible time and with the greatest clearness what is
known to me about the motions of the Planets, and also for showing manifestly
how needful are empirical ephemerides and Observers for acquiring such
knowledge of this science as existed in the Age of the Sages.

NOTE.

Before I go on, I will also say this: to wit, that my intention is not to prove
with great certainty the Planets’ future true positions, but only to set forth the
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deware plaetfen , maer alleen te verclaren de manier des loops, nemende
voorbeelden die beft te pas commen , ghewis of onghewis, uyt oirfacck dat
'den handel int gheheel na mijngevoelen om der orbekende tweede onevent-
heden wille, alfnu gheen ghenouchfaem vafte gront en heeft ,cn cen nicawe
ghewiffer vereyfcht,die foo haeft niet gheleyt en fal connen worden, ecnfdeels
om datter geen geflacht vanvolck en is die in haer aengeboren tael hun heel
crnftelick daerin tfamen oeffenen, en vervolghens nietfoo veel Gaflaghers
en cor.nen ghevonden worden als de faeck vereyfcht , ghelijck daer af breeder
ghefeytis onder de 6 bepaling des eerften boucx vant Eertclootfchrift. Tenan-
deren dat bovendien fulcke verbetering oock tijt vereyicht.

TBEsLVYT.Wyhebben dan verclaert hoet {chijnt dat de menfchen eerft
begoften tot kennis vande loop der Dwaelders te gheraken , of daer toc fouden
. mcughen beghinnen te commen , focdergantich gheen af en waer, na den
cyfch.

2 VOORSTEL

Deur crvaringsdachtafels de lanckheytdes natuerlick
jaers te vinden.

Men beghint billichlick mettet onderfoucken derlanckheyt des natuerlick
jacrs,omdatmen een feker bepaclde tijt behouft , waer in alder Dwaelders en
Hemelen loopen berekent worden, Op datwy dan totte facck commen, t'is
noodich datmen om t’volghende lichtelick te verftaen,hebbe de voorfchreven
dachtafels van Stadius,of immersander in haer placts,welcke wy nemen al oft
crvarings dachtafels waren, want fonder die foude alles duyfierdervallen. De
fclve dan by der handt wefende,, ick fouck in eenich jaer , ick ncem het cefte,
wefende t')aer 1 5 54 op welcke middach de Sonde Lentfne ten naeften was,
en bevinde opten 11 Maerte, want doen waffe onder den 3591, 59 ®,Uwelck
alleenlick 1 @ vande Lent{ne is. Ick fouck daernaopt volghende jaer:1sss,
wanneerde Son weetom was inden vootfchreven 359 tr. 59 O, en bevinde
den 11 Maeste namiddach te 5 uyren 36 ©,want op den middach wafle na
tytwijfen des dachtafelsinden 359 tr45 ®,fulcx datter noch gebreed den tijt
desloops van 14 @ : Om welcke te vinden ick fie inde dachtafeldatde Son
docnop cen dach liep 1 tr. dats 60 @, daerom fegh ick, 60 (D geven 24 uyren,
wat de bovefchreven 14 ® comt alfvooren s uyr 36 ®. Maer vanden 11
Maert 1554,totten 11 Maert 1555,{ijn 365 daghen ,dacrom t’jacr foude nadie
seckening dueren 36 daghen suyr36 ®.

Ditisaldus eerft voorbeeltiche wijfe metten loop van een Son keer bere-
kent, opdatallesclaerder en grondelicker verftacn worde. Maer anghefien
men op veel keeren of jaré, meer fekerheyt heeft dan op een of weynich (want
opduyfent jaren een uyre ghemift, en maecke op cen jaer maer  uyrs, daer
anders op een jaer een uyr ghemift, voor t'felve cen yder jaereen heele uys be-
draecht) foo fullen wy nu daer toe foo veel jaren nemen alffer inde dachtafels
fijn. ‘

Ick fouck dan opt laetfte jaer , wefende het 1606, wanneer de Son weerom
wasinden 3 s91r. 59 O, enbevinde den 10 Maerte na middach 11u0yr 47®

48 G, want op den middach waffeinden 3591x. 30® , fulcx daternoch ghe-
o B3 bragk
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manner of their motion, taking the examples that are most appropriate, either
certain or uncertain, because in my opinion the treatment as a whole does not
have a sufficiently firm basis, on account of the unknown second inequalities,
and requires a new and more certain foundation, which it will not be possible
to lay so soon, on the one hand because there is no nation whose members
together practise this science very earnestly in their native language, and further
because there cannot be found as many observers as are required for the matter,
as has been stated more fully in the 6th definition of the first book of Geography.
Secondly, because such an improvement also takes time.

CONCLUSION. We have thus set forth how men first seem to have begun to
acquire knowledge of the motion of the Planets, or might begin to acquire it, if
there were none at all; as required.

- 2nd PROPOSITION.
To find the length of the natural year by means of empirical ephemerides.

The work is suitably started by investigating the length of the natural year,
because a certain well-defined time is needed in which the motions of all the
Planets and the Heavenly Bodies are calculated. To come to the matter, it is
necessary, in order to understand the sequel easily, to have the above-mentioned
ephemerides of Stadius, ot others instead for that matter, which we use as if they -
were empitical ephemerides, for without them everything would be more obscure.
These tables therefore being to hand, I seek in some one year — I take the first,
which is the year 1554 — at what noon the Sun was nearest to the Vernal
Equinox, and find on 11th March, for then it was at 359°59’, which is only 1’
~ from the Vernal Equinox. I then seek in the following year 1555 when the Sun
was again at the above 359°5%, and find 11th March, after noon at 5Sh 36 m,
for at noon according to the ephemeris it was at 359°45’, so that the time of
the motion of 14 is still wanting. In order to find this, I see in the ephemeris
that the Sun then moved in one day 1°, that is 60’; therefore I say: 60" give
24 hours, what do the above 14’ give? This gives, as above, 5h 36m. But from
11th March 1554 to 11th March 1555 there are 365 days; therefore, according
to this calculation the length of the year would be 365d 5h 36m. *

This has thus first been calculated by way of example for the motion of one
revolution of the Sun in order that everything may be understood more clearly
and thoroughly. But since the certainty is greater for many revolutions or years
than for one or few (for one hour’s error on a thousand years only makes
1/1000 hour on a year, whereas one hour’s error on one year amounts to a whole
hour for every year), we shall now take for this as many years as there are in the
ephemerides. ' ‘ :

I then seek in the last year, which is 1606, when the Sun was again at
359959, and find 10th March, after noon, at 11h 47m 48s, for at noon it was
at 359°30’, so that the time of the motion of 29’ was still wanting. In otder to
find this, I see in the ephemeris that the Sun then moved in one day 59’;
therefore I say: 59’ give 24 hours, what do the above 29’ give? This gives,
as above, 11h 47m 48s. Now from 11th March of the year 1554 to 10th March
at 11h 47m 48s of the year 1606, 52 revolutions have taken place, which the
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brack den tijt desloops van 29 ® : Om welcke te vinden, ick fie inde dachtafel
dat de Son doen op een dach liep 59 D, daecrom feghick, 59 ® gheven 24 uy-
ren , wat de bovefchreven 29 @ tcomt alfvooren 11 tiyren 47 @ 48 @. Nu
vanden 11 maerte int jaer 1554, totten 10 Macrte 11 uyr47 @ 48 @ int jaer
1606, {ijn ghefchiet 52 keeren , wacroverde Son gheloopen heeft 183992 da-
ghen 11 uyren 47 © 48 (@ (te weten 52 mael 365 min 1 (ick fegh min 1 om
dattetis vanden 11 Magcrte totten 10 Maerte) dats 18979, met noch 13 dagen
der 13 fchrickeljaren, die in Februarius vervought worden) Dit {oo fijnde, ick
fegh, 52 keerenduyren 18992 dagen 11 uyren 47 @ 48 @, hoc langh fal 1 keer
duyren: Comt voor de begheerde lanckheyt des jaers nadefe rekening, 365 da-
ghen suyrengs @ 55 ®.

TeesLVYT. Wy hebben dan dear ervarings dachtafels de lanckheyt
des natuerlick jacrsghevonden;naden eyfch.

3 VOORSTEL.

De Sonnens middelloop op een ghegeven tijt te vin-
den,en daer afeen tafel te befchrijven.

1 MERCK.

Int 2 Voorftelis ghefeyt het jacr bevonden te wefen van 365 daghen s uy-
ren 45 @ 55 @, waer op men als gront fonde moghen voortvaren,int maken
van nieuwe tafels des middelloops der Son:Doch. want my rfelve moeylick
foude vallen, dat oock daerbenevens dit befluyt vande lanckheyt des jaers
(ghelijck cockalleander na den wijfentijt) weynich fekerheyts heeft, en dat
alles maer voorbeeltfche wijfe en ghefchiet,om de redenen van dies breeder
verclaert int 1 voorflel, foo fal ick om fulcke moeyte te {chuwen, nemende
lanckheyt des jaers by Prolemens befchreven , en detafelen by hem daer op be.
rekent. Defelanckheyt des jaers heeft hy na de wijfe alfvooren bevonden van
365 daghen s uyren 55 @ 12® , die in ander verdeeling fonder uyren te noe-
men,doen 365 daghen 14 © 48 ®,ofteanders 365 ;¥ daghen.

En fulcx als hier in dit merck ghefeytis vande Sonloop, derghelijcke falint
volghende cock alfoo ghedaen worden met Prolemesns tafels der middelloo-
pen van dander Dwaelders,die ick nemen fal in plaets van nieuwe te maken,

TGHEGEVEN. Hetisdentijt vaneen dach. TBEGHEERDE. Men
wil daer op de Sonnens middelloopgevonden hebben, Tw ER c k. Ick fegh,
op 365 ;2 daghen,loopt de Son 3601r. deur het 1 merck defes voorftels, wat op
1 dach 2 Comt yoor rbegheerde 59, 8.17. 13. 12. 31

2 MERCK.

Wy hebben hier een voorbeelt gheftelt, int welcke de Sonnens eyghen-
loop eens dachs ghevonden wert dooreen reghel van drien , waer me kenne-
lickis hoemen deur derghclijcke wercking , de Sonloop fcude vinden vanalle
ghegheven tijt, maer want die wercking moeyelick valt, endedat boven dien:
ons fulcx in defen handel dickwils te vooren comt , foo wordender tafels ghe-
maeckt , om van alle ontmoetende tijt den loop met lichticheyt te vinden,
welck maeckfel ick befchrijven fal als volght.

MAECK.-
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Sun performed in 18,992d 11h 47m 48s (to wit: 52 X 365 minus 1) (I say
minus 1, because it is from 11th March to 10th March), that is 18,979 plus
13 days of the 13 leap years, which are added in February). This being so,
I say: 52 revolutions take 18,992d 11h 47m 48s, how long will 1 revolution
take? According to this calculation the required length of the year is 365d
5h 45m 55s.

CONCLUSION. We have thus found the length of the natural year by means
of empirical ephemerides; as required.

3rd PROPOSITION.

To find the Sun’s mean motion in a given time, and to descnbe an ephemens
thereof.

1st NOTE.

In the 2nd Proposition it has been said that the year has been found to be
365d Sh 45m 55s, on which basis we might proceed to make new ephemerides
of the Sun’s mean motion. But because this would be difficult for me, while
moreover there is little certainty in this conclusion as to the length of the year
(just as in all other things subsequent to the Age of the Sages), and everything
is only done by way of example, for the reasons set forth more fully in the
1st Proposition, I will, in order to eschew this trouble, take the length of the
year described by Ptolemy, and the tables calculated by him thereon. This length
of the year was found by him in the above manner to be 365d 5h 55m 12s, which
by another division, without mentioning hours, makes 365;14,48,1) or otherwise

37
36315

And the same as has been said in this note for the Sun’s motion will also
be done hereafter for Ptolemy’s tables of the mean motions of the other Planets,
which I will take instead of making new ones.

SUPPOSITION. The time is one day. WHAT IS REQUIRED. The Sun’s

mean motion is required to be found. PROCEDURE. I say: in 365150 days the

Sun moves 360°, by the first note of this proposition; what does it move in one day?
The required value is 0°;59,8,17,13,12,31 2).

days.

2nd NOTE.

We have here given an example in which the Sun’s proper motion of one
day was found by the rule of three, from which it is evident how by a similar
operation the Sun’s motion might be found in any given time, but because this
operation is difficult, while moreover we shall often meet with it in this work,
tables are made for easily finding the motion for any time that may occur, the
construction of which tables'I will describe as follows.

1) In sexagesimals of a day, hence meaning 365 + 14 60 + = 3600 days.

%) In angular (or analogous) quantities written sexagesimally, the successive sexagesi- -
mal subdivisions (which Stevin indicated by ‘writing the digits 1, 2, . . . in small circles)
in accordance with modern practice are separated by commas. The whole numbers
are followed by a semi-colon. If there are only few subdivisions, the ordinary notation in
degrees, minutes, and seconds is used.
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MAECKSEL DES TAFELS

VANDE MIDDELLOOP
DER SON.

59 8.17.13.12.31,

Ghenomen het -;,comt voor 1uyr 2@ 27.50.43. 3. I.

Diens dobbel voor 2uyr 4@ §55.41.26. 6. 2.

Ende foo voortgaende men crijcht den loop van aldander uyren tot 23 toe:

Daer na tot den loop van cen dach, vergaert den loop van noch een dach,

men heeftfe van twee : Ende {00 vervolghende men crijchtfe van meer dagen,
oock van Egipfche jaren tot 8 10, ghelijckfc inde nabefchreven tafel ftacn.

VA NDE bovefchreven loop eensdachs,dats van 24 uyren docnde

B4
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CONSTRUCTION OF THE TABLE
OF THE SUN’S MEAN MOTION.

If of the above-mentioned motion of one day, that is 24 hours,
being 0°;59, 8,17,13,12,31
there be taken %, we get, for 1 hour 0°; 2,27,50,43, 3, 1

The double of this is, for 2 hours 0°; 4,55,41,26, 6, 2

And, proceeding in this way, we get the motion of all the other hours, up to 23.
If thereupon to the motion of one day there be added the motion of another
day, we have the motion of two days. And, proceeding in this way, we get it

of more days, also of Egyptian years up to 810, as they .appear in the
following table.

[The following table (pp. 20-21) has not been reproduced here]
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GHEBRVYCK DES TAFELS.

~ Lact begheert fijn de Sonnens eyghen loop op 879 Egipfche jaren 66da-
genzuyren. T'wE R CK. Sooinde tafel de 879 Egipfche jaren 66. dag. 2 uyr.
metten middelloop van dien al in ecn reghel ghevonden wicrden , wy fouden
ten cerften den beghecrden middelloop hebben, fonder cenighe vergaring van
ghedeelten te behouven:Macr dat nict wefende, wy mocten verlcheyden ftic-
ken by malcander voughen die t'famen dat he¢l maken:Tot defen cynde neem
ick ten eerften uyt de tafel de jaren die de begheerde 879 nacft fijn,als 810 ,dic
ftellende met haer middelloop alleenelick tot @ toe (als totte facck ghenouch
fijnde , om dat de reft dient tottet macckfcl der tafel , niet tottet ghebruyck van
dien,fooint lactfte deel der nabefchreve waerfchouwing opt maeckfel der tafel,
breeder verclaert fal worden) En de gheftalt der wercking fal dufdanich fijn:

810. jaren. 163tr. 4. 12.

Nu ghebreken my noch 69 jaren , daer toe neem icker (hoe wel men die
noch anderfins fonde meughen nemen) 45 en 15 : Dacrna 6odag.en 6dag,
ende ten lactften de tweeuyr : De felve altemael oirdentlick vervought onder
de bovefchreven 810jaer, ende alles vergaert na t’behooren , foo falde gheftale
der wercking fijn als hier onder.

810 jaer, 163 tr. 4. 12
$4 jacr. 346 tf.  s2. 17
15 jaer, 356 tr. 2I. Il
6o dag, sotr, 8. 17.

6 dag, $ it S$4e $Oe
2 uyr. otr, 4. 56,

931 tI. 25. 43.

vytdefeg31tr. ghetrocken al de hecleronden diederin fijn elck van 360 tr.
comt twee ronden ,die ick verlact, ende reft 211 tr. welcke mette reft doen
2111525 @ 43 ® , doch verlatende de 43 @ , comt ten nacften voor den be-
ghecrden loop op den ghegheven tijt 211 tr. 26 ®.

T BEsLYYT. Wy hebben dan de Sonnens middelloop op een ghegeven
tijtghevonden, en dacr af cen tafel befchreven, na den eyfch.

WAERSCHOVWING OPT MAECK-
SEL DER TAFEL

Hier valt te bedencken dat de tafel van een dach vermeerderende, vereyfche
ghemaceckt te worden altijt deur menichvulding of vergaring , ende niet deur
deeling of aftrecking : Als by voorbeelt, my bekentgeworden fijnde den loop
van 18 jaren, doende 168 tr. 49. §2. 9,9. 45.0. fooickdaer mewil vindenden
loop van 4 mael 18, datsvan 72 jaren, ick menichvuldighe den voorfchreven
loop met 4,¢fi comt (hecle ronden verlaten) 315 tr. 9. 28. 36. 39. 0. 0. T'welck
alfoo deur menichvulding wel gaet , ghelijck boven ghefeyt is : Maer foo ons
deur ander wech eerft bekent hadde geweeft de felven loop van 72 jaren , ende
datmen deur verkeerde wech der voorgaende, dats déelende dien loop 315 tr.
9. 28, 36. 39.0. 0. deur 4, foude meenen te vinden den loop van 18 jaren ,ten
foude niet volgen, als blijckt, want fulck vierendeel den loop van 18 jaren nict
uyt cn brengt, ende dat om bekende oirfaken , te weten datmen al mcnicl;‘vul-

dighen-
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USE OF THE TABLE.

Let it be required to find the Sun’s proper motion in 879 Egyptian years
66 days and 2 hours. PROCEDURE. If in the table the 879 Egyptian years 66 days
and 2 hours, with the mean motion thereof, were all found in one line, we should
at once have the required mean motion, without having to add together any
parts. But this not being so, we have to add different parts which together form
the whole. To this end I first take from the table the years which are nearest
to the required 879, namely 810, recording them with their mean motion only
to seconds (this being sufficient for the matter, because the rest serves for the
construction of the table, not for its use, as will be set forth more fully in the
last part of the caution to be given hereafter about the construction of the table).
And the form of the procedure will be as follows:

810 years 163° 412"

Now there are still 69 years short; for this I take (though one might also take
them differently) 541) and 15. Thereafter 60 days and 6 days, and finally
the two hours. When these are all placed in the right order below the above-
mentioned 810 years and everything is propetly added together, the form of the
operation will be as shown below.

810 years 163° 412"
54 years 346° 52 17” 2)
15 years 356° 21’ 11”
60 days 59° 817”7

6 days 5° 54’ 50”
2 hours 0° 4’56”
931° 25" 43"

When from these 931° I take all the complete citcles which are contained therein,
each of 360°, I get two circles, which I discard, and the remainder, 211°, which
together with the rest make 211°25’43”; but when I discard the 43", T get
approximately 211°26’ for the required motion in the given time.

CONCLUSION. We have thus found the Sun’s mean motion in a given time,
and described a table thereof; as required.

CAUTION ABOUT THE CONSTRUCTION OF THE TABLE.

It should be borne in mind that the table, progressing by days, requires to be
made always by multiplication or addition, and not by division or
subtraction. For example, when I have found the motion of 18 years, making
168;49,52,9,9,45,0 3), when I wish to find by means of this the motion of
4 times 18, that is of 72 years, I multiply the above-mentioned motion by 4,
and this makes (whole citcles being discarded) 315;19,28,36,39,0,0. Which is
thus done correctly by multiplication, as has been said above. But if by other
means this motion of 72 years had first been known to us, and if by the converse
method to the above, 7.e. dividing that motion of 315;19,28,36,39,0,0 by 4, we
thought we might find the motion of 18 years, this would not follow, as is

1) For 45 in the Dutch text read 54.

%) For 146 in the Dutch text read 346.

%) This example has been taken from the tables of the moon (Book I, second chapter,
p. 47 of the Dutch text).
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dighende heele ronden verlaet,dicmenal deelende daer by foude moeten doer.s
maer defclve onbekent fijnde encan niet bequamelick te weghcghebrocht
worden. Tisoock openbaer wacrom datter werck deur de bovefchrevendee-
ling gheen hindernis en crijcht deurdeelingdesdachin uyren , ghelijckt oock
en foudein de ghedeeltendes tijts van 365 daghen , namentlick om dat dacrin
gheen heel ront encan wefen.

'V OoRT, anghefien wy van cleender ghedeeltendan ® als @ ® &c.
indadelicke ervaringhen weynich of gheen fekerheyt en hebben | als
Ufijnder plaets verclaertis,fo mocht ymant dencken,waerom defe Son-
loopen inde tafel cleender dan met @ befchreven fijn tot () toe, te weten
waerom datmen nict en feyde denloop eens dachs te wefenalleenelick van so
@, achterlatendede reft : Ofte wacrom datmen eventot (¢ comt,ende niet tot
noch clecnder gedeelt& : De reden daerafcan deur ' voorgaende openbaer fijn:
‘Want na dien der ouden voornemen was , te befchrijven een tafel van s10 ja-
ren,begrijpende 295650 dagen , endedat de Sonloop der felve gevonden wort
deur verfaming van foo veel dagelicfche Sonloopen (wantvan elcke tijt des ta-
felshaer loop deur reghel van drien te vinden, alseensgedaenis int vinden des
loops van 1 dach,men foudealfoo wel cen tafel meughen makenallcentot @
toe, maer fulck maeckfel foude veel te moeyelick vallen, als boven ghefeyt is)
daer uyt foude volghen datterinde Sonloop vande voorfchreven 810 jaren,ge-
mif foude fijn over de 2956 somael 8@ (dieder boven de 59 @ fijn,bedragen-
de over de 657 tr. Daerom de Sonloop der tafels in ( teeinden en waer uyt
oitfacck van fulcxniet behoorlick. -Endeomde felvereden falmen oock ver-
ftaen,dattet niet behoorlick en waer die te einden in @,®), of @, wantin @
cindende,ende ecnighe @ daeran ghebickende,ofte overfchietende, hetfoude
inde grootetijden eenige @ feyls connen geven, want 30 (® genomen 295650
macl,maken over de 40® , welcke deur vergaring van vericheyden gedeelien,
feyl van eenighe @ foude connen veroirfaken. Inder voughen datin fulck an-
fien,de Sonloopen destafelstor ® fouden moeten commen,om int gebruyck
vap dien {cketheyt van @ te hebben: Doch tot noch meerder gewifheyt,ende
om Sonloopen te meughen berekenen op grooter tijden dan 810jaren, fo heb-
ben de ouden,ghclijckt fchijnt,tot @ ghecommen , ende met goede reden tot
gheen cleender ghedeelien,als onroodich fijnde.

MERCKT.

Ghelijck hier een tafel gemacckt is mette gevonden eygenloop der Son eens
dachs; Alfoo fullen int volgende tafels gemae&t worden mette gevonden loop
eensdachs van d’ander dwaclders, ende haer Hemelen : Doch wy en fullen al-
daer noch manier des maeckfels , noch des ghebruyex van dien, befchrijven,als
gelijck fijndeande voorgacnde. Men fal cock verftaen de bovefchreven wacet-
ichouwing overde ghelijcke volghende tafelen ghemeen te wefen,

4 VOORSTEL.

Deur ervarings dachtafels te vinden de {chijnbaer
* duyfteracrlangde van des Sonvvechs verftepunt en Longiudiné
dacs 2
nacftepunt frvmvdion
Alfmen
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apparent, because such fourth part does not give the motion of 18 years, such
from well-known causes, to wit that, in multiplying, whole circles are discarded,
which, in dividing, would have to be added thereto; but since they are unknown,
this cannot be brought about adequately. It is also evident why the procedure of
the above-mentioned division is not impaired by the division of the day into
hours, just as it would not be in parts of the time of 365 days, namely because
there cannot be a whole circle therein. ' A

. Further, as we have little or no certainty in practical experience of parts smaller
than 1/, such as higher-order sexagesimals, as has been set forth in its proper
place, one might think why these Sun’s motions have been described in the table
in parts smaller than 1/, down to sixth-order sexagesimals, to wit, why it was
not said that the motion of one day was only 59, discarding the rest. Or why
we go precisely up to sixth-order units, and not to even smaller parts. The
reason for this may be evident from what precedes. For as it was the intention
~ of the Ancients to describe a table of -810 years, containing 295,650 days, and the
Sun’s motion therein is found by addition of as many daily Sun’s motions
(for by finding for each time of the table its motion by the rule of three,
as has once been done in finding the motion of one day, one could thus make
a table only up to 17, but the construction of this would be much too difficult,
as has been said above), it would follow therefrom that in the Sun’s motion in
the above-mentioned 810 yeats there would be an error of more than 295,650
times 8” (which there are in addition to the 59”), which is more than 657°.
On this account it would not be right to end the Sun’s motion in the tables
at 1’. And for the same reason it is also to be understood that it would not be
right to end them at the second, third or fourth order of fractions, for if we
stopped at the fourth and there should be some of the 5th order short or in
~ excess, this might produce an error of some seconds in long periods, for if we
take 295,650 times 30 fifth-order units, this makes more than 40”, which through
the addition of different parts might cause an error of several times 1’. In such
a way that in this respect the Sun’s motions in the table would have to go up to the
5th order if we are to have a certainty of 1’ in using it. But for the sake of even
greater certainty, and in order that they might be able to calculate Sun’s motions
in periods greater than 810 years, the Ancients apparently went up to the 6th
order, and with good reason not to smaller parts, this being unnecessary.

NOTE.

Just as here a table has been made by means of one day’s proper motion of
the Sun as found, thus tables will be made hereafter by means of the motion
of one day, as found for the other planets and their Heavens 1). But we shall
there describe neither the manner of making the table nor its use, since they
are identical with the preceding case. It is also to be understood that the
above-mentioned caution applies to the similar following tables as well.

4th PROPOSITION.

To find, by means of empirical ephemerides, the aPparent ecliptical longitude
of the apogee and perigee of the Sun’s orbit.

1) Gf. Third Book, Chapter 1; also Introduction, p. 11.
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Alfimen dc dachtafels van Szadius (die wy om de redenen des 1 voorfiels
nemen al ofleuyt ervaringhen befchreven waren) wel deurfiet, men bevint
onevenheyt inde {chijnbaer Sonloop, te wet& op d’een tijt wel 3 of 4 © fdaechs
meer als op d’ander, endacrbenevens dattet een jaer voor t'anderna, den lcop
ontrent het middel van luniusaltijt ten {lapften is,daghelicx van 57 ®. Als by
voorbeeltopden 15 luniusint jaer 1555, bevinde ick de Son onder den. 92 tr.
39 ,en opden 16 dacrna onderd€ 93 tr. 36 (@ :Sulcx datfc opdien dach van-
den 15 Iuniustotten 16,geloopen heeft 57 O : enfo veel looptfe oock van yder
15 luniustotten 16 op cick der volgende ende voorgaende jaren. Maer ontrent
half December iffe alle jare ten {nelften van ontrent 1 tr. 1 @.Nuditaldusjaer-
licx ghebeurende , hetgheefi den eerflen omderfouckers der oirfaken defer din-
ghen billichlick vermoen,dat de Son in een rondt dracyt,diens middelpunt des
Ecrtcloots middelpunt nict en is,maer daer buyten, Om t'welck deur een form
breeder te verclaren, laet
A Bden duyfteraer fijn,
diens middelpunt dats d&
Eertcloot C, en DE de
Sonwech , dier.s middel-
punt F, t'verftcpunt D,
t'naeftepunt E:Laet daer
I na van C torten cuyfte.
B racran G, gerrocké wor-

den CG rechthouckich

G C op A B, en fniendc de
Sonwech inH. Ditfoo

H\ wefende , men fiet doir-

faeck waerom de Sonin

haer wech loopende van

D tot H meer dan cé vie-

rendeel ronts, nochtans

B inden duyfteraer fchijn-

baerlick van A tot G al-

leenclick een vierendeclronts: Sghelijcx waerom fy in haer wech eyghentlick
Joopende van H 1ot E min dan een vierendeelronts,nochtansinden duyfteracr
fchijnbaerlick van G 10t B cen volcommen vierendeelronts. Men fiet cock de
oirfacck waerom de Son over even fchijnbacrboghenals A Gen G B oneven
tijden loopt,te weten langer van D 1ot H,dats de {chijnbaerloop A G, dan van
H tot E,dats de fchijnbactloop G B, Maer in des fchijnbaerloops twee half ron-
den A G B, B Alooptfe even foo lang als in des eyghen loops twee halfronden
DHE,ED. Hieruytisopenbacr datde Son ant verfiepunt D wefende, int
middel van haer {chijnbaer tracchfie loop moet fijn ,en an v'naeflepunt E int
middel van haer {chijnbaer fnelfte, Maer om dat middel, twelck rbegeerde de-
fesvoorftelsis,op cen fekervoet te foucken,, ick falder eerft defe verclaring af
doen. Laetinden duyfteraer gheteyckent worden de twee punten I en Kal-
foodat de booch A 1 even fyan AK : Daernafy ghetrocken van C tot linden
duyfteraer de lini C 1,fniende de Sonwech in L,fghelijex CK fniendede Son-
wech in M. Ditfoo fijnde,tisopenbacr dat ghelijck de fchijrbacr booch AT
over dcen fijde, even is mette fchijnbaer booch A K over d’ander ,alfoo is de
Sonwechbooch D L over d’een fijde,00ck even mette Sonwech booch D M
overdander : En vervolghens alle twee {chijnbaerboghen dic over beyde fij«
den van
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If we look through the ephemerides of Stadius (which for the reasons mentioned
in the 1st proposition we use as if they had been described from experience)
attentively, we find inequality in the Sun’s apparent motion, to wit at one time
as much as 3’ or 4’ a day more than at another, and moreover that year in and
year out its motion is always slowest about the middle of June, being 57" daily.
Thus, for example, on 15th June of the year 1555 I find the Sun at 92°39,
and on the 16th after that at 93°36, so that in that day, from 15th June to 16th,
it moved 57’; and the same is also its motion from every 15th June to the
16th in each of the following and preceding years. But about the middle of
December its motion is fastest every year, namely about 1°1. Since this happens
every year, it gives the first investigators of the causes of these things reasonable
conjecture that the Sun revolves in a circle the centre of which is not the centre
of the Earth, but outside it. In order to explain this more fully by
means of a figure, let AB be the ecliptic whose centre is the Earth C, and
DE the Sun’s orbit, whose centre is F, its apogee D, its perigee E. Thereafter
let there be drawn from C to the ecliptic, at G, CG at right angles to
AB and intersecting the Sun’s orbit in H. This being so, we see the cause why
the Sun in its orbit, while moving from D to H more than a quarter circle, yet
in the ecliptic appears to move from A to G only a quarter circle. Likewise why,
moving in reality in its orbit from H to E less than a quarter circle, yet in the

~ ecliptic it appears to move from G to B a complete quarter circle. We also see the
cause why the Sun passes through equal apparent arcs such as AG and GB in
unequal times, to wit, longer from D to H, i.e. the apparent motion AG, than
from H to E, i.e. the apparent motion GB. But through the two semi-circles
AGB, BA of the apparent motion it moves just as long as through the two semi-
circles DHE, ED of the proper motion. From this it is evident that the Sun, when
it is at the apogee D, must be in the middle of its apparently slowest motion,
and at the perigee E in the middle of its apparently fastest motion. But in order
to seek this middle — which is the thing required in this proposition — on a
sure basis, I will first give the following explanation of it. Let there be marked
in the ecliptic the two points I and K, in such a way that the arc AI shall be
equal to AK. Thereafter there shall be drawn from C to I in the ecliptic the
line CI, intersecting the Sun’s orbit in L; likewise CK, intersecting the Sun’s
orbit in M. This being so, it is evident that just as the apparent arc Al on the
one side is equal to the apparent arc AK on the other side, the arc of the Sun’s
orbit DL on the one side is also equal to the arc of the Sun’s. otbit DM on the
other side. And consequently the two apparent arcs which are equally large
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den van A evegroot fijn , gheven cock twee Sonwechbogen over beyde fijden
vi D evegroot. Hier uyt volght dat alfmen inde ervarings dachtafels een fchijn-
baer plaets fulcx vint , dat haer twee loopen op even tijden over beyde fijden
evegroot fijn,de felve plaets de Sonnens fchijnbaer verfiepunt moet wefen.

Het foucken van dien gaetaldus toe: Ick verkies eenighe maent van Iunius
(dacrin men den {chijnbaerloop over al ten tracchften vindt) als neem ick Iu-
niusintjaer 1554, onderfouck dacr me het voornemen op ecnighen dach die
by raming ontrent het middel des traechfien loops der Sonis , ick neem op dé
10,alwaer de Son bevonden wort onder den 88 tr.2 () :Maer binné drie maen-
den dacer te-vooren (welcke drie maenden, of tijt waer me de Son ontrent een
vierendeel hacrs wechslcopt,ick liever neemalsander,om de redenen die daer
af int volgende Merck verclaert fullen worden) te weten den 10 Maerte,wafle
onderden 359 1tr. doendedie booch 89 tr. 2 ® : En bimnen dric maenden na
den 10 lunius, dats totten 10 September ,alwaer de Son is cnderden 176tr.
39 ®,wort fulcken booch bevonden van 881r. 37 @ , welcke niet even fijnde
metie 89 tr. 2 @, fooen wasonderden 88 tr. 2 @ het verflepunt niet.

Daerom dit alfoo ondetfocht op een ander dach, ick neem op den 15 Tu-
nius,alwaer de Son beyonden wort onderden 92 1. 49 @, ick vinde de booch
op drie maenden daerte vooren van 88 tr.5 3 (O , en op drie macnden daerna
van 88 tr. 46 -, welcke twee noch niet even {ijnde, en de laetfie bcoch cleen.
der dan d’cerfie,ghelijck inde voorgaende onderfoucking, tis teycken daimest
noch voorder.in Iunius moet commen : I ater onderfocht worden opden 19
dach,alwaer ick de Son vinde onder d€ 96 tr.39 ,en den booch op drie maen-
den daer te voor van 88 tr. 46 (D, maer op drie maend€ dacrnavan 88 tr.51 ®©,
welcke twee noch niet even fijnde,en de lactfte nu grooterdan d'eerfie,tis teyc-
ken dat ick te verre in Junius gecommen ben, en deyfeh moet : Daerom onder«
fouckick dergelijcke opdé 16,alwaerick de Son bevinde onderdé 93 tr. 46 @,
en de booch op d'eerfte dric maenden van 88tr. 51 ® , maer op de lactftedric
van 88 1r.48 O : Twelck noch nict effen commende, ick verfouck dergelijcke
op d& 17 van lunius,en bevinde dan de Sonind€ 9411. 43 @, endeerfic booch
opdrie maenden van 88 tr. 48 @ ,de lactfte van 88 tr. s0®.

Sulex dat ick tot hier toe bevonden heb t'verftepunt te moeten wefen tuf-
fchenden 93 tr.46 @ ,en den g4 tr. 43 ® . Maer om nu noch naerder tc com-
men,ick fic dat de Jactfie booch op den 16 van luniuste cleen bevondé wiert,
en op den 17 te groot, twelck teycken is, t'begheerde tufichen beyden te moe«
ten {chuylen,tec weten opden 161unius met eenighe uyren: Daerom dit onder-
fouckende eerft neem ick op den 16 Juniusmer noch 12 uyren , dacr na met
meer,ick vinde mette 16 uyren de Son te wefen onder den 94 tr.24 @, en d’eer-
fte booch op driec maenden van 88tr. 49 @, maer de laetfte van 88 tr. 40 @ 20
®,t'welck weynich verfchilt , doch diet noch nauwer begeerde,mocht metge-
deelten van uyren wercken, Dit oo fijnde,ick houde den bovefchreven g4 tr.
24 @ voor de begheerde {chijnbaer duyfteractlangde des verftepunts: Waer
toe vergaert 180 tr. comt voor begheerde fchijnbaer duyfteracrlangde desnae-
ftepunts 274 tr. 24 ©. Merckt dat Copermicus dit verfte punt t'fijnder tijt ficl-
deonder den 96 tr. 40 ® :Dochdit comtaldus na t'inhoudt defer dachtafels
op die manier ghewrocht. ,

Maer beneffens de felve , foo iffer noch eenander dietot proefvan deerfte
verftrecken can, welcke ick oock verclaren fal als volght :

Hier vooren is gefeyt de Son fchijnbaerlick evenfoo lang teloopen inteen
halfront A G B, alsintander B A, wacr uytvolght, dat alfmcg inde dachtafels

twee
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on either side of A also give two atcs of the Sun’s orbit which are equally large
on either side of D. From this it follows that if we find in the empirical
ephemerides an apparent point such that the motions on both sides of it in equal
times are equally large, this point must be the Sun’s apparent apogee.

The seeking of this takes place as follows. I choose some month of June
(whete the apparent motion is always found to be slowest), for example June
of the year 1554, investigate therewith the object in view on some day which is
estimated to be near the middle of the slowest motion of the Sun, for example
on the 10th, when the Sun is found at 88°2’. But three months previously (which
three months, or time in which the Sun moves about one-fourth of its orbit,
I take rather than any other, for the reasons that will be set forth about it in
the succeeding Note), to wit 10th March, it was at 359°, that arc being 89°2'.
And three months after 10th June, 7.e. on 10th September, when the Sun is at
176°39’, this arc is found to be 88°37’; and this not being equal to 89°2’, the
apogee was not at 88°2’.

Therefore, when this is examined on another day, for example, 15th June,
when the Sun is found to be at 92°49, I find the arc three months previously to
be 88°53’ and three months afterwards 88°46, and these two not yet being equal
and the last arc smaller than the first, as in the preceding investigation, this
is a sign that we have to be further still in June. Let it be examined on the
19th day, where I find the Sun at 96°39’, and the arc three months previously
88°4¢, but three months afterwards, 88°51’; and these two still not being equal,
and the last now larger than the first, this is a sign that I have come too far
in June and have to go back. I therefore examine the same thing on the 16th,
where I find the Sun at 93°46’, and the arc three months previously, 88°51’,
but three months afterwards, 88°48’, and this still not being equal, I examine
the same thing on 17th June, and then find the Sun at 94°43’, and the first
arc three months previously 88°48’, and the last 88°50’.

Thus I have hitherto found that the apogee must be between 93°46’ and
94943’ But in order to come nearer still, I see that the last arc on 16th June
was found to be too small and on the 17th too large, which is a sign that the
required point must be between the two, to wit on 16th June with a few hours
added. Therefore, investigating this, I first take 16th June with 12 hours in
addition, thereafter with more; I find that with 16 hours the Sun is at 94°24’,
and the first arc three months previously 88°49’, but the last 88°49'20”, which
is a slight difference, but who should wish it even closer might operate with
parts of houts. This being so, I take the above-mentioned 94°24" to be the
required appatent ecliptical longitude of the apogee. When to this is added 180°,
we get for the required apparent ecliptical longitude of the perigee 274°24’
(Note that Copernicus in his day put this apogee at 96°40”). But this results
from the data of these ephemerides, made in the said manner.

But in addition to this there is still another manner that may serve as proof
of it; which I will also set forth as follows:

It has been stated above that the Sun apparently moves as long in the one
semi-circle AGB as in the other BA, from which it follows that when we have
found in the ephemerides two apparent places of the Sun which are 180° apart,
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twee fchijnbacr Sonplaetfen ghevonden heeft 180 tr. van malcander, fulcx dat
de Son overelck halfront eveveel tijts geloopen heeft, d’cen dier twee plactfen
tfchijnbaerverftepunt d’ander vichijnbaer naeftepunt te moeten wefen. Om
deur fulcke wech ' verftepunt te vinden, ick vergaer 18o tr.totten voorfchreven
04 tr.24 © des fchijnbaer verftepunts,comt gelijck bove gefeytis 274 tr. 24 ®
voor fchijnbaer naeftepunt : Ick fouck daer nainde dachrafels wanneer tot die
placts de fchijnbaer Son was,en bevinde int felve jaer 1554in December dé 16
dagh 8 uyr 16 ® : By aldi& nuden tijt des Sonloops dier 180 1tr. te weten vandg
16 lunius 16 uyr, tou€ 16 December 8 uyr 16 ®, even waer ande Sonloop des
ander halfronts : Ofanders gefeyt datden felven loop duerde den helft des jacrs
doende 182 daghen 14 uyren s8 ,foofoude d’eerfighevonden placts des ver-
frepunts de begheerde wefen: Maer vanden bovefchreven 16 Iunius 16 uyr tot-
ten 16 December 8 uyr 16 ©, fijn 182 daghen 16 uyr16 ® , twelck allecne-
lick 1 uyr 18 ® te veel fijnde,foo en ift niet verre van daer, Doch om t’begeer-
de nacrder te commen,ick verfouck derghelijcke tot een ander placts,nemende
vverftepunt te fijn daer deSon fchijnbaerlick was op den 18 lunius, te weten
inden g5 tr.41 @ , en volghendedaer me de bovefchreven manier van werc-
king , vinde over den lcop des halfrontsouyr 25 @ te luttel, fulcx datnadefe
wijfe vverflepunt moet wefen tufichen den 94 tr. 24 @ ,enden o5 tr. 41 @:
Maer om de faeck noch naerder te commen, ick verfouck derghelijcke tot een
plaets tuflchen de twee voorfchreven , ick neem op den 17 dach 13 uyren van
Iunius,op welcken tijt ick inde dachtafels merck de Son geweeft te hebben on-
der den g5 tr. 14 ®, en volghende daer me de bovefchreven manier van werc-
king,vinde den loopdes halfronts vanouyr2 ® te cleen,twelck als vooreven
meughende genomen worden , foo foude na defe wijfe t'verftepunt fijnonder
den 95 tr.14 @, dat nud’ander bevonden wiert onderden o4 tr. 24, @ die al-
leenclick verfchillen so(®,wefende indefen gevallevan cleenderacht,en con-
nende fpruyten uytder dachtafels onvolcommentheyt.

VERVOLGH.

Ghelijck hier de twee boghen elck van drie maenden loops evegroot vallen,
alfoo moeten om de voorgaende redenen (de dachtafels wel fijnde) alle andex
foadanighe twee boghen op even tijden gheloopen oock evegroot fijn, als by
voorbeelt op 1 maent doende 3 1 dagen voorennaden 17 Iunjus1s 54,wasde
Son bycans eveverre vant verftepunt, te weten over d'een fijde 29tr. 37 (D),
overd’ander29tr. 39 D. Endeop twee maenden van 61 daghen wafle over
d’een fijde 58 tr. 31 D,overd’ander ss tr. 33 D. Angaendedit verfchilken van
2 ©,dat fpruyt openbaerlick uyt onvolcommenheyt der tafels.Maer tot ander
plaetfen can furlck verfchil groot ghevonden worden : Als by voorbeclt opden
14 September 15 54,was de Son onder den 18o1tr, 36 ®,en op 3 maenden daer
tevooren, hadfe 3 tr. s @ fchijnbaerlickmin geloopen dan op 3 maenden dacr
na, want opden 14 lunius;te weten dacr te vooren 3 maenden doende 92 da-
ghen,wafleonderden g1 tr. 51 @ :Maer 02 daghen na den 14 September, te
weten opden 15 December waffe onder den 273 tr, 2 @ : Deerfie fchi jnbaer-
loop doende 89 tr, 21 @ , isals vooren 3 tr, s @ cleenderdan de tweede,doen-
deg2tr. 26 ®. ’

MERCKT.

Hier bovenisghefeyt, dat ick verclaren foude de reden waerom hetnemen
desijts waer me deSon cen vierendeslrontsvan tverftepunt comt, fekerder

befluyt
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in such a way that the Sun has passed through each semi-circle in the same time,
one of these two places must be the apparent apogee, the other the apparent perigee.
In order to find the apogee in this way, I add 180° to the above-mentioned 94°24’
of the apparent apogee, which makes, as said above, 274°24" for the apparent
perigee. I then look up in the ephemerides when the apparent Sun was in that place
and find this to be in the said year 1554 in December, the 16th day, at 8h 16m.
If the time of the Sun’s motion through those 180°, to wit from 16th June at
16h to 16th December at 8h 16m, were equal to the Sun’s motion of the other semi-
circle; or in other words: if the said motion took half a year, making 182d 14h 58m,
the place of the apogee fitst found would be the one required. But from the above-
mentioned 16th June at 16h to 16th December at 8h 16m there are 182d 16h 16m,
which, being only 1h 18m too much, is not far amiss. But in order to come nearer
to the required value, I examine the same thing in another place, taking the
apogee to be where the Sun was apparently on 18th June, to wit at 95°41’, and
carrying out therewith the above method of operation, I find the interval over
the semi-circle to be Oh 25 m short, so that the apogee must be between 94°24’
and 95°41’. But in order to come nearer still to the matter, I examine the same
thing in a place between the two mentioned above, for example, on 17th June
at 13h, at which time I find in the ephemerides that the Sun was at 95°14/,
and carrying out therewith the above method of operation, I find the interval
over the semi-circle to be Oh 2m short, and since this can be considered equal,
in this way the apogee would be at 95°14’, so that, since the other was found
to be at 94°24’, they differ only by 50’, which in this case is insignificant and
may be due to the imperfection of the ephemerides.

SEQUEL.

~ Just as here the two atcs, each of the motion of three months, are equal, for
the above reasons (the ephemerides being correct) all other two such arcs passed
through in equal times must also be equal; for example, one month — making
31 days — before and after 17th June 1554 the Sun was almost the same distance
from the apogee, to wit, on the one side 29°37’, on the other side 29°39’. And
at two months — 61 days — (before and after the said date) it was on the one
side 58°31’, on the other 58°33’. As to this small difference of 2/, this is
evidently due to the imperfection of the ephemerides. But in other places this
difference may be found to be large. For example, on 14th September 1554 the
Sun was at 180°3¢’, and 3 months before it had moved apparently 3°5" less
than 3 months after, for on 14th June, to wit, 3 months — making 92 days —
before, it was at 91°51”1). But 92 days after 14th September, to wit, on 15th
December, it was at 273°2". The first apparent motion, being 89°21’, as before
is 3°5” less than the second, being 92°26.

NOTE.

Above it has been said that I would set forth the reason why a more certain
conclusion is gained by taking the time in which the Sun has reached a point

1) Instead of 91°51’, a value of 91°15’ has been used in the subsequent computations.
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befluyt gheeft alsander tijt waer me fy nacrder of verder vantverftepuntis:Om
nu daer toe te commen ick fegh by voorbeelt aldus : Op den 12 Maerte 15535,
wasde Son onder den o tr.4s @), en dric maenden daer te vooren , te weten 90
dagen (tis wel waer dat d’alder meefte fekerheyt het recht vierendecl jaers foude
fijn,doch tvoornemé fal hier me genonch conné verclaest wordé) hadfe 3 tr.
7 ® fchijnbaerlick meer gheloopen,dan op 3 maendendaer na, Ditgroot ver-
{chil ons meer verfekerende dan cleen dar den 180 tr. 36 ® wijt vant {chijn-~
bacr verftepunt is,wort bemeré deur de bovefchreven neming des tijts waer
me dc Son een vierendeelronts loopt: Want foo wy,by voorbeelt gefeyt,maer
ghenomen en hadden 2 daghen voor en naden 14 September, wy fouden den
loop fulcker twee boghen evegroot bevinden,elck van 1 t1. 58 ®,fonderken-
nisofwy ant verftepunt waren of nict. Maer dattet nemen van twee even tije'
den waer me de Son verder dan cen vierendeelronts vant verflepunt comt, ooc
achterlick {ijn, wort dacr deur verftaen, datmen daer me comt tot twee cleene
boochfkens niet wijt van tnaeftepunt, wacr af de reden de felve isals vantver-
fiepunt. , : *

Noch is te weten,dat al hebben Wy hier boven ghefeyt van tnemen des tijts
waer mede Son een vierendeelronts vant verflepuntis , daer by verflactmen
fulcx nietalleenelick tewefen het vierendeel jaers als boven ghenomen wiert,
maer alle tijden die de Son daer brengen,als een of meer heele jaren met noch
cen vierendcel daer toe : Oock drie vierendeelen jaersalleen, of met cen of et-
telicke heele jaré dacr toe,op alle welcke de Son een vierendeelronts van r'ver-
fiepunt comt , uyrghenomen fao veel als t'verftepunt daerentufichen moche
verloopen fijn, 'welck op weynich jaren van gheenderacht en s,

Noch flact teghedencken dat t’ghenc hier inditmerck gefeyt isde Sonloop
angaende , derghelijcke occk plaets tc houden met d’ander Dwaelders daerint
volghende af ghehandelt fal worden, wantmen daer int foucken van haer ver-
ficpunten, om de bovefchreven redenen oock de meefte fekerheyt heefi met-
tet nemen des tijts waer me den Dwaclder een vierendeelronts vant verfte
punt comt. -

TBEsLVYT. Wyhebbendan deur ervarings dachtafels ghevonden de
fchijnbaer duyfteracrlangde vande Sonwechs verftepunt en nacfiepunt, na
den eyfch

s VOORSTEL

Deur ervaringsdachtafels den loopvande Sonvvechs
% verftepunt te vinden. _ Apogeun,

Eerft gefocht hebbende gelijck int 4 voorftel de {chijnbaer duyfteraerlang-
de van des Sonwechs verftepunt, en dieint jaer 1554 bevonden inden 94 tr.
24 (D ,ick fouck op de felve wijfe waer die op eenich volghendejaer , ick necm
1594 gheweeft heeft, enbevindefe inden 97 tr. 53 @ , waer onderdeSon be-
vonden wiert opden 20 Iunius, want drié maenden daer te vooren wafle on-
derden o tr. en dric maenden daer naonder den 186 tr,46 @ , wienstwee bo-
gheneven fijn doendeelck 88 tr. 53 @. Sulcx datvant jaer15s4, tot 1594, ma-
kende 40jaren , fo is tverftepunt op dien tijt verloopé volgende defe dachrafels
en voor t'begeerde 3 tr. 29 @, want {o verre ift vanden 94 tr.24 O totten 97 tr.
53 ©.En hier me wort bekent desverftepunts loop opalle ghegheventijt: Als

Ca by voor.
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a quarter circle away from the apogee than by taking another time in which
it is nearer to or further away from the apogee. To arrive at this explanation,
I say, for example, as follows: On 12th March 1555 the Sun was at 0°45’, and
in three months before this, to wit, 90 days (it is true indeed that the greatest
certainty would be the exact quarter of a year, but the intention can be sufficiently
set forth in this way), it had apparently moved 3°7’ more than in three months
after. That this large difference gives us' greater certainty than the small one
does, -about this longitude of 180°36’ being far away from the apparent apogee,
is perceived from the above-mentioned ascertaining of the time in which the
Sun moves through a quarter circle. For if, for example, we had taken only
2 days before and after 14th September, we should find the motion of two such
arcs to be equal, each 1°58’, without knowing whether we were at the apogee
or not. But that the taking of two equal times in which the Sun reaches two
points further than a quarter circle away from the apogee would also be less
accurate, is understood from the fact that thus we get two small arcs not far
away from the perigee, the cause of which is the same as with the apogee.

It is also to be noted that, though we have spoken above of the taking of the
time in which the Sun has reached a point a quarter circle away from the
apogee, it should be understood that this is not only the quarter of a year as
was taken above, but all those times which bring the Sun there, e.g. one or
more whole years with a quarter added. Also three quarters of a year alone, or
with one or several whole years added, at all of which times the Sun reaches a
point a quarter circle away from the apogee, except for the amount the apogee
- should meanwhile have moved, which is of no significance in a few years.

It is also to be borne in mind that what has been said in this note with regard
to the Sun’s motion also applies to the other Planets which will be dealt with
hereafter, for there, in seeking their apogees, the greatest certainty is for the
above-mentioned reasons also reached by taking the time in which the Planet
has reached a point a quarter circle away from the apogee.

CONCLUSION. We have thus found, by means of empirical ephemendes
the apparent ecliptical longitude of the apogee and perigee of the Sun’s orbit;
as required. .

5th PROPOSITION.

To find, by means of empmcal ephemerides, the motion of the apogee of the
Sun’s orbit.

First having sought, as in the 4th proposition, the apparent ecliptical longitude
of the apogee of the Sun’s orbit, and having found it in the year 1554 at 94924/,
I look up in the same way where it was in some later year — for example, 1594 —
and find it at 97°53/, at which the Sun was found to be on 20th June, for three
months before it was at 9° and three months after at 186°4¢’, which two arcs
are equal, since they are each 88°53’. Thus, according to these ephemendes, from
the year 1554 to 1594, making 40 years, the apogee in that time (as required)
has moved 3°29, for that is the distance from 94°24’ to 97°53’. And in this way
the motion of the apogee in any given time becomes known. For example, in
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by voorbeelt om die te hebben op cenjaer,ick fegh 40jaren gheven 3 tr.29 @,
wateen jaertcomts @ 13 @.

Merckt dat int berekenen defer dachtafels heeft moeten ghemift fijn,doch
het voorbeelt can dienen om te betoonen de wijfe hoemen met beter ervarin-
ghendoen fal,maer om de faeck naerder te commen , men foude d’cerfte erva-
ring meughen nemen over veel langher tijt gefchiet,als die Profemens befchrijfc
int 4 hooftftuck fijns 3 boucx 463 jaren nat’overlijden vanden grooté Alexan-
der alwaer hy feght des Sonwechs verftepunt ghevonden te hebben onder des
duyfteraers 65 t1. 30 @ {en hoe wel ick volghende fijn gheftelde vinde 65 tr,
30(®,doch latet voorbeeltfche wijfe fijn foo hy feght) Voor d’ander ervaring
ghenomenden bovelchreven g7 tr. 53 ® ghebeurt op den 20 Iunius 1594,
twelck was 1918 jaren na  4/exander ,foo heeft het verftepunt van d’een tije
tot d’'ander bedraghende ontrent 1455 jaren,gheloopen 32 tr. 23 ®, want foo
verre ift vanden 65 tr. 30@ totten 97 tr. 53 : En alfmen hier me wil vinden
den loop eens ghegheven tijts,ick neem eens jaers, men feght 145 5 jaren ghe-
ven 32tr. 23 O, wat 1 jacr?comt 1 @ 20 D: En dit laetfie getal (in plaets vant
ecrfte s @ 13 @) fal ick ghebruycken in voorbeelden daer van defenloopge-
handeltwort.

TBEsLVYT. Wyhcbbendan deur exrvarings dachtafels den loop vande
Sonwechs verftepunt ghevonden, naden eyfch,

6 VOORSTEL

Deur ervarings dachtafels de Sonnens loop in haer
vvech te vinden.

D& loop vande Sonwechs verftepunt wort op cen jacr be-

vonden deur het 5 voorftel van 1® 200
Die ghetrocken vande middelloop der Son oock op ‘een

jaer, te weten ecen Fgips doende deur het 3 voorftel 359 tti4s @.

Blijft voor begheerde loop der Sonin hacr wech op een

Egips jaer 359tr.43® 40.0).
Ende isopenbaer datalfoo ghevonden fal worden den loop van alle voorge.
ftelden tijt.

TBEwWYs. AngefiendeSon op cepjaer inden duyfteracr fchijnbaerlick
cen keer doet, en dat dacrentufichen haer wech felf 1 @ 20® geloopen heeft,
foo moetfein haer wechdie 1 @ 20 @ min gheloopen hebben,

TBESLVYT. Wyhebben dan deurervarings dachtafels de Sonnens loop
in haerwech ghevonden,naden eyfch.

7 VOORSTEL,

Deur ervarings dachtafels de Sonvvechs afvvijcking
vanden * evenaer te vinden.

De Sonnens dagelickiche fchijnbaer duyfteraerbreeden , en worden in defe
dachrafels nevens haer fchijnbaer duyfteraerlangden niet befchreven , maerin
fommige dachtafels deur gemeene reghel met een tafcl gevonden: Doch by ale
dienfer ftonden , ghelijckie in ware ervarings dachtafels fijn (‘'welckmen lee-
tings halven fich mach inbeelden oo te wefen) men fonde die grootfte b:‘ccc-

n
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order to have that in one year, I say: 40 years give 3°29’; what does one year
give? It gives 5'13”.

Note that in the calculation of these ephemerides errors must have been made,
but yet the example may serve to show the way in which to proceed with better
experiences. But in order to get nearer to the matter, we might take the first
experience a much longer time ago, such as Ptolemy describes in the 4th chapter
of his 3rd book, 463 years after the death of the great Alexander, where he
says he has found the apogee of the Sun’s orbit at 65°30" of the ecliptic (and
though, following his supposition, I find 65°30’, let it be as he says, by way of
example 1)). When for the other experience the above-mentioned 97°53’ is
taken, which happens on 20th June 1594, which was 1918 years after Alexander,
the apogee has moved 32°23’ from one time to the other — amounting to about
1455 years — for this is the distance from 65°30’ to 97°53’. And if from this
we wish to find the motion in a given time — for example, in one year — we
say: 1455 years give 32°23’; what does 1 year give? It gives 1’20”. And it is
this latter value (instead of the first 5’13”) which I shall use in examples in
which this motion is dealt with.

CONCLUSION. We have thus found, by means of empirical ephemerides,
the motion of the apogee of the Sun’s orbit; as required.

6th PROPOSITION.
To find, by means of empirical ephemerides, the Sun’s motion in its orbit.

The motion of the apogee of the Sun’s orbit is found to be in '
one year, by the 5th proposition, 120"
This being subtracted from the mean motion of the Sun, also
in one year, to wit an Egyptian year, making by the 3rd proposition 359°45’
There remains, for the required motion of the Sun in its orbit
in an Egyptian year 359°43’40¢
And it is evident that thus the motion in any suggested time will be found.
PROOF. Since in one year the Sun apparently performs one revolution in the
ecliptic, while its orbit itself has meanwhile moved 1°20”, it must have moved
those 1/20” less in its orbit.
CONCLUSION. We have thus found, by means of empirical ephemerides, the
Sun’s motion in its orbit; as required.

7th PROPOSITION.

To find, by means of empirical ephemerides, the deviation of the Sun’s orbit
from the equator.

The Sun’s daily apparent equatorial latitudes 2) are not described in these
ephemerides in addition to its apparent ecliptical longitudes, but in some
ephemerides are found by a common rule with a table. But if they were there,
as they are in true empirical ephemerides (which we may imagine to be the case
for the sake of instruction), the greatest latitudes would be found twice a year,

1) The sense of the passage in parentheses is not clear; there must be a clerical error in
it. The quotation refers to Syntaxis I11, 4 (Manitius, I, p. 167).
%) Stevin’s duysteraerbreeden (ecliptical latitudes) is an error for evenaerbreeden.
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den,}aeriicx tweemacl vinden,d'eenc ontrent den 12 van lunius nat'Noorden,
dander ontrent den 12 van December na ¢ Zuyden , en datin defe dachtafels
volghernide Copernics ftelling van 23 tr. 28 @+ En datmen hier op noch vorder
lette, men foude mercker fulex altijts te gebeuren wefende de Son fchijnbaer-
lick gotr. vanden Lentine , waer uytnien “befluyt de Sonwechs afwijcking te
wefen vande felve 23 tr, 28 (D, om datfulcke breetheyts booch ghetrocken op
delanckheyisbooch doende cen vierendeélronts ; voorgrootheyt haers tegen-
ovethoucx verftrecke , als blijckt inden handelderclootiche drichoucken.

TeeEsLvYT. Wyhcbben dan deorervaringsdachtafels de Sonwechs af-
wijcking vanden evenaer ghevonden,na den eyfch.

8§ VOORSTEL

Deur ervarings dachrafels te make berekende * dach- ghomer.
tafcls des Sonloops van toecommende tijden. s

Alfmen in Stadius dachtafels (diewy om de bovefchreven reden€ hier hou-
den al offe deur ervaringhen ghevonden watren) fiet na t'ghelijck vervolgh der
fchijnbaer Sonplaetfen van d'een tijt by d'ander verlek€, omdeur de Sonplaet-
fen des voorleden tijts, te oordeelen vande Sonplaetfen destoeccommenden,
men merckt datmen overal van vier tot vier jaren,de Son op ghclijcke daghen
bycans onder cen felve duyfteraerlangde vint. Alsby voorbeclt intjaeriss4
den 1 van Januarius wasde Son onder den 290 tr. 36 (D.En vicr jaer daer na,te
weten den 1 lanuarius 1558 onder den 290tr. 37 ®. Voortindejaren 1562,
1566,1570, 1574, 1578, telcken op den 1 lanuarius wiert{e bevonden onder
dé zgotr. 37(®, 29011, 36 D, 290tr. 37 D, 290t 37 O, 290 tr. 38 D, cnal-
foo met ander dierghelijcke:

Hier uyt machimen befluyten, dat by aldien de dachtafels niet voorder gage-
flagen waren dan neem ick tott€ 1 van lanuarius 1 578, en datmg nadien voor-
Ieden tijt wilde maken dachtafcls van toecommenden tijt, mé fonde de 4 vol-
ghendc jaren meughen maken met fulcken voortganck, als de vier voorgaen-
de,feggende de Son op den 2 van lanuariusint Iaer 1574 te fullen fijn, tot fulc.
ken fchijnbaer plactsalffe was den 2 Ianuarius int jaer1570, te weten onder
den 291 tr. 38 : Maer op d¢ 3 lanuarius onder den 292 tr.40 D, en fo voorr,
welckedachtafelfche wijfc opgeteyckent, men crijcht berekende dachrafels des
Sonloops van toecommendetijden;na ’begheerde,

1 MERCK.

Byaldien de lancheyt des natuerlic jaers effen waer vi 365 dagg 6 uyten , ge-
lijck het luliaens jacrinhout , daer en foude gantfchelick geen verandering val-
len van 4 tot 4 jaren : Maer t’'wiert in defe dachtafels deur het 2 voorftel bevon.
den alleenelick van 365 dagen s uyren 45 @ 55 @ jdaerom gebreecteralle jare
14.0D 5 (@ van ecen uyr, op welcke de Sonloop bedraccht nagenouch 35 @.die
doen te vier jaren 2 ® 20 (®,en fo veel foudemen na die rekening alle vier jaré
tot yder dach der voorgaende moceten toedoen. Maer de langde des jacrs geno-
mE na Prolemens rekening op 365 dagen 14® 48@, waerantotte 356+ dagé
alleenclick gebreken 12  ecns daechs, op welcke de Sonloop bedraccht nage-
nouch oock 12 @,die doen te vier jaren 48 @ , en fo veel foudmé na Prolemens
rckeninge des jacrs;alle vier jaren tot yder dach der voorgacnde mocté toedog.

Cs z MERCK
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one about 12th June towards the North, the other about 12th December towards
the South, and such in these ephemerides according to Copernicus’ assumption of
23°28". And if we observed this further, we should perceive that this always
happens when the Sun is apparently 90° from the Vernal Equinox, from which
we conclude that the deviation of the Sun’s orbit is the said 23°28’, because
the arc of the circle of latitude at 90° longitude represents the magnitude of
its opposite angle, as appears from the work on spherical triangles.

CONCLUSION. We have thus found, by means of empirical ephemerides,
the deviation of the Sun’s orbit from the equator; as required.

8th PROPOSITION.

To make, by means of empirical ephemerides, calculated ephemerides of the
Sun’s motion in future times.

If in Stadius’ ephemerides (which for the above-mentioned reasons we here
use as if they had been found by experience) we look at the similar sequence of
the apparent positions of the Sun of one time as compared with another, in
order to judge from the positions of the Sun in the past what will be the
positions of the Sun in the future, we perceive that every four years the Sun is
found on similar days almost at the same ecliptical longitude. Thus, for example,
in the year 1554, the 1st of January, the Sun was at 290°36’. And four years
later, to wit, on 1st January 1558, it was at 290°37’. Further in the years 1562,
1566, 1570, 1574, 1578, each time on 1st January, it was found at 290°37,
290°367, 290°37/, 290°37/, 290°38’, and the same in other similar years.

From this it may be concluded that if the ephemerides did not contain
observations beyond, for example, 1st January 1578, and if from this past time
it was desired to make ephemerides of the future, the 4 following years could be made
by the same procedute as the four preceding years, saying that the Sun would be on
2nd January of the year 1574 in the same apparent place as it was on 2nd January
of the year 1570, to wit, at 291°38’. But on 3rd January at 292°40’, and so on;
and when these values are recorded in the manner of ephemerides, we get calculated
ephemerides of the Sun’s motion in future times; as required.

1st NOTE.

If the length of the natural year were exactly 365d 6h, as the Julian year
comprises, there would be no change at all every four years. But in these
ephemerides it was found by the 2nd proposition to be only 365d 5h 45m 55s;
therefore every year the hour is short of 14m S5s, in which the Sun’s motion
amounts to almost 35”7, which makes in four years 2/20”, and this amount according
to this calculation we should have to add every four years on every day to
the preceding value (of the Sun’s longitude). But if the length of the year
were taken according to Prolemy’s calculation to be 365;14,481), where in

365 14 days a day is short of only 12 X %1-07) of a day, in which the Sun’s motion

also amounts to almost 12, in four years this makes 48, and this amount would
according to Prolemy's calculation of the year have to be added every four
years to the longitudes of the preceding years.

12

') Ptolemy here uses sexagesimals of a day: 0;0,12 = zn = 4m48s.



30 SONLOOPS VINDING DEVR,&c.

2 M ERCK,

Merckt wijder datmen hier fietde oirfaeck van t'vetloop destijts, te weten
wacrom den 1 Maerte die nu int voorjaer comt , met lancheyt van tijt inde {o-
mer foude vallen, daer na inden Herbft,en fo voorts ,'tén waer dat fomwijlen
voorcommen wicrde met afcorting van daghen ghelijck intjaeris82 met io
daghcn ghedaen is,want volgende derekening der lanckheyt des jaers van Pro.-
lemens , foo beloopet op de 300 jaren een dach,t’'welck na de rekening des jaers
van anderen meer bedraecht. '

3 MERCK.

Soo yemant de dachtafels van Szadius, voorder onderfocht op de voet als bo-
ven, hy foudc faute bevinden: -Lact by voorbeelt hier ghenomen worden al de
Sonplaetfen opden 1 Jaunarius van 4 tot 4 jaren,als hier na volght :

1554 290 tr. 36 O
1558« 290 tr. 37 ©
1562. 200 tr. 37 D
15§66. 290 tr. 36 O
1570. 290 tte 37 (D
1574, 2901, 37 ©
1578. 290 tr. 38 (©
1582. 200 tr, 39 ®
1586, 200tr. 39 @
1590.  290tr. 40 (@
1594« 290 tt. 40 D
1598. 201 tr. 3I (O
1602. 29I tre 32
1606. 291 tr. 7 (O

Alwaermen een tamelick vervolgh fiet totopt jaer 1594 (doch niet ghenouch
vermeerderende) maer van daer voort opt jaer 1598, is by de 51 D onbehoor-
lick verfchil,en by de 25 @ vant jaer 1602 tot 1606. Doch ten isgheen feylinde
bovefchreven ghemeenheyt der reghel , maer openbaerlick deur mifrckening
of mifdrucking,

TBEsSLVYT. Wyhebben dan deur ervarings dachtafels ghemaeckt bere-
kende dachtafels des Sonloops van toecommende tijden, naden eyfch.

Tot hiertoc is befchreven mijn voorghenomen anvang vande kennis des
Sonloops diemen deur ervarings dachtafels crijcht, op welcke men alsgeleyde
gront nu voorder met wifconflighe flof foude meughen handelen,macr ick fal
cerft verclaren derghelijcken anvang deur ervarings dathtafels van d'ander
Dwaclders, en daer nahet 2bouck befchrijven vande wifconftighen handel
der Dwaclders int ghemeen, volghende t'voornemen verhaelt int Cortbegrijp
des Hemelloops.

TWEE.
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2nd NOTE.

Note further that we here see the cause of the shifting of time, to wit, why
the 1st of March, which now comes in spring, would in the course of time
fall in summer, thereafter in autumn, and so on, unless this were prevented
sometimes by an omission of days, as was done in the year 1582 by 10 days,
for according to the calculation of the length of the year by Prolemy this runs
into one day in 300 years, which, however, is more according to the calculation
of the year by others.

3rd NOTE.

If anyone were to examine the ephemerides of Stadius further on the same
basis as above, he would find errors. Let there, for example, be taken here all
the Sun’s positions on the 1st of January every four years, as follows below:

1554 290°36 1582 290°39’
1558 290°37’ 1586 290°39’
1562 290°37’ 1590 290°40’
1566 290°36’ 1594 290°40’
1570 290°37’ 1598 291°31/
1574 290°37’ 1602 291032’
1578 290°38’ 1606 291° 7

In the above we see a fair sequence up to the year 1594 (but insufficiently
increasing), but thence to the year 1598 there is an inadmissible difference of
51/, and of 25’ from the year 1602 to 1606. But this is not an error in the
above-mentioned general rule, but is evidently due to miscalculation or misprints.

CONCLUSION. We have thus made, by means of empirical ephemerides,
calculated ephemerides of the Sun’s motion in future times; as required.

Up to this point have been described my intended beginnings of the knowledge
of the Sun’s motion which is acquired by means of empirical ephemerides, upon
which as foundations we might now proceed further with mathematical material.
But I will first set forth similar beginnings by means of empirical ephemerides
of the other Planets, and thereafter describe the 2nd book, of the mathematical
treatment of the Planets in general, according to the intention related in the
Summary of the Heavenly Motions.

[The second chapter of the First Book, on the finding of the Moon’s motion
by means of empirical ephemerides, has not been reproduced)
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ONDERSCHEYT

DES EERSTEN
BOVCX,VANDE VIN-

ding van Sarurnusloop deur
ervarings dachtafels,

1y VOORSTEL,

Te vetclaren hoemen deut ervarings dachtafels uye
den rouvven merckeden tijt van Saturnus omloop: Met-
te ghedacntevan fijn deyfing en flilftant: Oock dat hy in
cen inrontdrayt.

Tvoornemen fijnde t'ondetfoucken de ghedaente van Saturnusloop deur
ervarings dachtafels (in wiens placts wy de berckende van Szadiss gebruycken,
om de reden€ verclacrt int 1 voorfiel) ick let op de derde pilacr hem angaende.
Ghenomen dan dat my ten cerflen voorvaltden 1 lanuatius vant jaer 1 5 54,0p
welcken dach ick hem vinde onderden 342 tr. 27 ® : Opcen jacrdact na, te
weten den 1 Januarius 1555, vinde hem ghewecft t¢ hebben onderden s sz .
53 @ , t'welck opdat jacr 11 tr. 26 @ ghevoordertis. En fghelijcx vindeick
hem den 1 Januarius opt volghende jaer 1556 ghevoordertic fijn noch 11 .
51 (. En foo voortgaende totopt jacr 1584,bevinde hemdan op den 1 lanua-
rius weerom gecomé tewefen wat over de placts dacer hy intjaer 1554 begott,
te weten onder den 347 tr. 54 ®, hebbende overdien keer ghedacn by de der.
tich jaren. Enfgclijcx onderfouckende totander plactfen,bevinde hem overal
ontrent de 30 jaren cenkeer tedoen.

Daer na voorder acht nemende op de ghedaente fijns loops in yder jaer, ick
bevinde hem d'cenmacl te verrafich, d'andermacl te verflappen, ja fomwijlen
flil te ftacn,en dat noch meer s ettelickemael te deyfen. En op de faeck nauwer
lettende, men bevint het middel dier deyfingen altijt te gebeuren wefende Sa-
turnus ontrent tegheftant der Son,en hoehy de Son naerder comt,hoe hy met
voortganck meer verfnelt. Om hier afby voorbeclt te fpreken, int jacr1s69
int begin van Iunius,fietmen hem daghelicx 1 ® loopg, dacrnadagelicx 2 @,
daes na noch meer, tottet begin va September, loopende dacr dagelicx 8 @,en
dacr ontrent ten fnelft€ geweeft hebbende, begint int laetfie desfelven magts
weerom te vertragen dagelicxmeer en meer,ja fulcx dat hy eintlick vanden 18
tott€ 24 lanuarius 1 s 70 ftille flact onder den 202 tr.20 ®.En daer na begint hy
tedeylen, t'welc eygentlick anvangende op dé 21 lanuarius,duerttotten 11 Iu-
nius,vexrvanghendc 141 dagen,diens helft wefende 70 dagen, foo valt het mid-

delop
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THIRD CHAPTER

OF THE FIRST BOOK

of the Finding of Saturn’s Motion

by Means of Empirical Ephemerides

15th PROPOSITION.

To set forth how the time of Saturn’s motion is roughly found by means of
empirical ephemerides; with the nature of its retrogradation and standstill; also
that it moves on an epicycle.

The intention being to investigate the nature of Saturn’s motion by means of
empirical ephemerides (instead of which we use the calculated ephemerides of
Stadius, for the reasons set forth in the 1st proposition), I note the third column
relating thereto. Let us therefore assume that I chance first upon 1st January of
the year 1554, on which day I find it at 342°27". One year later, to wit on 1st
January 1555, I find it to have been at 353°53/, which is an advance of 11°26’
in that year. And in the same way I find it on 1st January of the following
year 1556 to have advanced by 11°51’ more. And continuing like this up to
the year 1584, I find that on 1st January it has come back to a little beyond the
place where it started in the year 1554, to wit at 347°54’, having performed
this revolution in about thirty years. And when I investigate this similarly in
other places, I find that it always performs one revolution in about thirty years.

When thereafter I further attend to the nature of its motion in every year,
I find it to move faster at one time, slower at another, nay sometimes to stop
and, what is more, to retrograde several times. And when we observe the
matter more closely, we find that the middle of these retrogradations always
occurs when Saturn is neatly in opposition to the Sun, and the nearer it comes
to the Sun, the faster becomes its motion. To give an example thereof: in the
year 1569, at the beginning of June, we see it move 1’ daily, thereafter 2’ daily,
thereafter even more, up to the beginning of September, when it moves 8’ daily,
and having moved fastest at about that time, it begins to move slower again
in the latter part of this month, more and more with every day, even in such
a way that at last from 18th to 24th January 1570 it stands still at 202°20".
And thereafter it begins to retrograde, which, starting in reality on 21st January,
continues to 11th June, which makes 141 days, one half of which is 70 days;
thus the middle falls on 1st April, and not long from that date, to wit, on 30th
Match, only 2 days before, Saturn and the Sun were in opposition, so that,
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. delopden 1 April, en nict feer verre van daer, tewet& den 30 Maerte, allcene-
lick 2 dagen daer te vooré, waft tegeftant van Saturnus en de Son. Sulcx dat ge-
lijck ghefeyt is, het middel der dey(ing gebeurtaltijt wefende Satutnusontrent
tegheftantderSon. Maer hoe hy de Son naerder comt, hoe hy meer verfnelt,
inder voughen datdefnelfteloop altijt ghebeurtontrent faming,alsinde bove=
fchreven fnelfte loop van September,dacr was hyin faming (genomen daimen
hem deur ervaring hadde connen fien) op den 2 der felver maent. Men fiet
oock dat vap yder tegheftant tot tegheftant, vanfaming tot faming , van begin
derdeyfing tot begin derdeyfing,is over al een jaer met ontrent noch een halve
maent: Als vande tegheftant op den 17 Macrte 1569 ; totten ecrftvolgenden te-
gheftant ghebeurende op den 30 Maerte 1570, is een jacr met ontrent een hal-
ve maent, op welcken tijtoveral een deyfingghefchiet , geduerendeals vooren
ontrent de 140 daghen,te weten twee of dricdaghen meer of min : Wiensghe-
daente wy deur de dachtafels verclaren wilden, :

Dit bovefchreven gheeft vermoeden Saturnusin gheen wech te loopen als
de Son,waer nyt foodanighedeyfing nict volghenen can, maerin een inront:
Sulex dat hy ontrent tegheftant der Son altijt isan des felven inronts nacfte-
punt,alwacr hy om fijn loop intinront meer achterwaertgaende,dan hem den
loop vant middelpunt desinronts inden inrontwech voorwaert brengt, foo
wort daer uyt de deyfing veroirfacckt. Maer ontrent faming mette Son ant
verftepunt wefende , fal dacr foo veel raficher moeten loopen dan desinronts
middelpunt,als fijn voorwacrt lcopingintinront veroirfacckt

Saturnusdan om fulcke oirfaken d'eenmacl voorwaert d'ander achterwaert
loopende,daer volght uyt datter by foodanige verandering cen tijt van ftilftant
moet wefen: En weerom verkeert ghefeyt,nadienmendefe voortlooping, ftil-
ftant, en deyfing fiet, foo merckimend’oirfacck waerom datter een inront ge-
feytwort, TBEsSLVYT. Wyhcbbendan verclacrthoemendeur exvarings
dachiafels uyt den rouwen merckt den tijt van Saturnus omloop, mette ghe-
da;mc van fijn deyfing en filftant : Oock dathy in een inrontdracyt, naden
eyfch,

16 VOORSTEL.

Te verclaren hoemen deur ervaringsdachrafelsmerck
Saturnus inronts vvech uytmiddelpuntich tevvefen.

By aldien Satutnus inronts ech middelpuntich waer , dact uyt foude vol-
ghen dat hy opalle twee even tijden, d’een voor ontrent fijn tegeftantder Son,
d'ander daer na, evegroote fchijnbacr bogen moeftloopen , datteghen derva-
ring firijt. Om Uwelck deur cenformte verclaren, laethetront A BC Satur-
nusinrontswech beteyckengwaert meugelick middelpuntich fijnde, te weten
foo dat fijn middelpunt D des Eecrtcloots middelpunt is, daer na fy opAals
middelpunt befchreven het inront E F, diens verftepunt E ,cn naeftepunt F,
voort op D als middelpunt den duyfteraer G H,en G fijnfchijnbaer verftepunt
van E, Daer na fjn gheteyckent de twee punten I, K, inden inrontwech eve.
wijt van A , en de twee punten van L, M, int ingont evewijt van F, voort fy
van D deur L tot inden duyfteraer ghetrockende lini D L N, fghelijcx van D
deur M tot inden duyfteracs deliniD M O, Dit foowefende, ick fal hicrme

t'yoornemen verclaren.
Es Het
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as has been said, the middle of the retrogradation always occurs when Saturn
is nearly in opposition to the Sun. But the nearer it comes to the Sun, the faster
it moves, in such a way that the fastest motion always occurs nearly at conjunction;
thus, in the above-mentioned fastest motion of September, it was in conjunction
(assuming that we could have seen it by observation) on the 25th of this month.
We also see that from opposition to opposition, from conjunction to conjunction,
from the beginning of one retrogradation to the beginning of the next retrogradation,
it is' always one year with about half a month in addition. Thus from the
opposition on 17th March 1569 to the next opposition, occurring on 30th March
1570, it is one year and about half a month, in which time a retrogradation
always occurs, which takes, as before, about 140 days, to wit, two or three
days more or less; the nature of which we wished to set forth by means of the
ephemerides.

The above makes us suspect that Saturn does not move in an orbit like that
of the Sun, from which such retrogradation cannot follow, but on an epicycle,
in such a way that when it is nearly in opposition to the Sun, it is always at the
perigee of this epicycle; and because its motion on the epicycle is more backwards
than the motion of the centre of the epicycle on the deferent takes it forward,
the retrogradation is caused by this. But when it is at the apogee, nearly when
in conjunction with the Sun, it will have to move so much faster there than
the epicycle’s centre as is caused by its progress on the epicycle.

Since from these causes Saturn thus moves now forwards, now backwards,
it follows therefrom that with such change there must be a time of standstill.
And, vice versa, because we see this forward motion, standstill, and retrogradation,
we perceive the reason why it is said that there is an epicycle. CONCLUSION. We
have thus set forth how the time of Saturn’s motion is roughly found by means
of empirical ephemerides, with the nature of its retrogradation and standstill; also
that it moves on an epicycle; as required.

16th PROPOSITION.

To set forth how it is found, by means of empirical ephemerides, that Saturn’s
deferent is eccentric.

If Saturn’s deferent were concentric, it would follow therefrom that in any
two equal times, one before it is nearly in opposition to the Sun and the other
after this, it must move through equal apparent arcs, which is contrary to
experience. In order to set this forth by means of a figure, let the circle ABC
designate Saturn’s deferent, being — if possible — concentric, to wit, so that
its centre D is the centre of the Earth. Thereafter let there be described about
A as centre the epicycle EF, whose apogee is E and perigee F; further about
D as centre the ecliptic GH, and G the 1) apparent apogee of E. Thereafter let
there be marked the two points I, K, on the deferent at equal distances from 4,
and the two points L, M, on the epicycle at equal distances from F. Further let
there be drawn from D through L, up to the ecliptic, the line DLN; likewise
from D through M, up to the ecliptic, the line DMO. This being so, I shall
herewith set forth my intention.

1) For syn in the Dutch text read het.



Lengitudi-
wems Zodiaci.

56 SATVRNVSLOOPS VINDING DEVR

Het inronts mid.
delpunt ecrft geweeft
hebbendean Ien alf-
dan Saturnus an M,
en fchijnbaerlick an
O, foofy hetinronts
middelpunt daer na
gecommen van Itot
A, en op den felven
tijt Saturnus van M
tot F ant naeftepunt,
alwaer hydanomde
voorgaende redenen
fijn fal in tegheftant
der Son : Daer na {y
gheleden een andex
tijt even mette voor-
gaende,en fal daerens
tufichen het inronts
middelpunt moeten

H gecommen fijn van

A tot K, een booch

evenan AT en Satutnus van F tot L,een booch ¢venanF M, en Nfal dan Sa-
turnus fchijnbaer plactswefen, fooverre van G, als O van G, om deevenheyt
der houcken G D O, G D N: Sulcx dat ghelijck wy verclaren wilden,by aldien
Saturnos inronts wech middelpuntich waer,als def, dacr uyt foude volgen dat
hy op alle twee even tijden,d’ecn voor fijn tegheftant der Son,d’anderdaerna,
evegroote {chijnbaer boghen moeft loopen, Macer dat frijt teghen d'ervaring,
dacrom den intontwech is voor uytmiddelpuntich te houden : Teghen d'erva.
ringh te firijden wort aldus betoont : Lact ons tot vooibeelt nemen cenighe
tegheftantalsdie gebeurtis int jact 1569 den 17 Maerte, wefende Saturnus on-
derden 186 tr. 29 D:Maerop eenighentijt daer te vooren, ick neem 7 jaren, te
weten den 17 Maerte int jaer 1 §62,was hy onderden 88 tr. 14 ®,tufiché welc-
ke ecn booch is van 98 tr. 15 @ :Maer 7 jaren daer na,te weten op dé 17 Macr-
te 1576,was hy onder den 271 tr. 44 ®, waerop den booch (te weten vanden
186tr. 20 D af)doet 85 tr. 15 @, die 13 tr. verfchilt vande eerfte booch g3 tr.
15 ®. TBEsLVYT. Wyhebben dan verclaert hoemé deur ervarings dach-
tafels merckt Saturnus inrontswech uytmiddelpuntich te wefen,na deneyfch.

1i7 VOORSTEL

Deur ervarings dachtafels te vinden de {chijnbaer
* duyfteracrlangde van Satutnus inrontvvechs verfte-
punt,ennacftepunt.

N

Deur het 16 voorftel bemerckt fijinde dat den inrontwech middelpuntich
is, daer refte doen voorder te foucken fijn verftepunts fchijnbacr duyfteraera
langde:Tot defen einde heefimen verdocht , dat gebeurende een tegeftant van
Saturnus en de Son , als des inronts middelpunt isin fjn wechs verftepunt of

nacftc-
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The epicycle’s centre first having been in I, and then Saturn in M, and
appatently in O, let the epicycle’s centre thereafter have come from I to A,
and in the same time Saturn from M to F at the perigee, where it will
then for the above reasons be in opposition to the Sun. Thereafter let another
time equal to the preceding have elapsed, then the epicycle’s centre must
meanwhile have come from A to K, an arc equal to AI, and Saturn from F to
L, an arc equal to FM, and N must then be Saturn’s apparent position, as far
from G as O from G, because of the equality of the angles GDO, GDN; in
such a way that, as we wished to set forth, if Saturn’s deferent were concentric,
as this one, it would follow therefrom that in any two equal times, one before
its opposition to the Sun and the other thereafter, it must move through equal
apparent arcs. But this is contrary to experience, therefore the deferent is to
be assumed to be eccentric. That it is contrary to experience is proved as follows:
Let us take as example an opposition: such as took place in the year 1569 on
17th March, when Saturn was at 186°29’. But some time before, for example
7 years, to wit, on 17th March in the year 1562, it was at 88°14’, between
which there is an arc of 98°15’. But 7 years thereafter, to wit, on 17th March
1576, it was at 271°44/, so that the arc (to wit: from 186°29”) makes 85°15’,
which differs 13° from the first arc of 98°15’.

CONCLUSION. We have thus set forth how it is found, by means of
empirical ephemerides, that Saturn’s deferent is eccentric; as required.

17th PROPOSITION.
To find, by means of empirical ephemerides, the apparent ecliptical longitude
of the apogee and perigee of Saturn’s deferent.

It having been found from the 16th proposition that the deferent is eccentric 1),
it remained to find further the apparent ecliptical longltude of its apogee. To
this end it was imagined that, Saturn and the Sun being in opposition, when the

1) For middelpuntich in the Dutch text read wuytmiddelpuntich.
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naeftepunt ,dat hy dan op alle twee eventijdent, d'eene voor fijn tegheftant,
d'ander daer na, evegroote fchijnbaer boghen moetloopen : En weerom ver-
keert,alfmen inde ervarings dachtafels een tegheftantfulex vint, dathy opalle
twee even tijden,d’ecne voordic tegheftant , d'ander daer na,evegroote bogen
loopt,datdesinronts middelpunt in dic tegeftantan fijn wechs verfiepunt of
nacftepunt moet wefen,waer me de fchijnbaer duyfteraerlangde des felvé ver-
ficpuntsof nacfiepuntsbekentis.

Macrom van t'genetot hier toegefeyt is breeder verclaring te doen, foolaet
de volghende form ghelijck fijn met die des 1 5 voorfiels;en de letters vande fel-
ve beteyckening , uyrghenomen datdefe wech A B Cuytmiddelpuntichis, te
weten dat des Eertcloots middelpunt D, nu nict enfy des inrontwechs mid«
delpunt, maer P:En des inronts middelpunt A isan fijn wechs verftepunt,we-
fende Saturnus an des inronts naeftepunt F in teghefiant der Son. Dit foo fijn-
de, ick fic de twee {chiinbaer lcopen G N, G O, opeventijden noch evegroot
te moeten wefen,om de evenheyt der twee houcké G D N, G D O,veroirfaect
deurde evenheyt van F L metF M. Oock mede dat derghelijcke ghebeuren
moet, wefende des inronts middelpunt met fulcke gedaente an fijn wechs nae-
ftepunt gheteyckentmet Q. _

Merckt noch dat hier vooren gefeyt is, Saturnusaltijt antintonts naefteptint
te wefen ontrent fijn tegeflant der Son : Macr om hier nu eygentlicker te fpre-
ken ,fooiste weté dat

hy an fijn inrondts

A G o nacftepunt nict heel
E volcommelick en is

v danin tegheftant we-

T fende des inrontsmid-

delpunt nict alleene-
lican fijn wechs nae-
ftepunt, macr boven

P dien noch de Son in

' haer wechs verfte-

punt of nacftepunt,

c L want nadienfe inden
duyfteraer {chijnbacr-
lick oneventlic loopt,

Q en Saturnusin fijnine
ront eenvaerdich , foo
en can hyop alle tege-
ftantder Son nictant
inronts  naeftepunt
wefen, maer wel inal-
H Ic tegheftant der mid-
delfon,die deur de bes
paling eenparich loopt: Fn dacrom fullen tvy hier na om eyghentlickertefpres
ken,hem fegghen altijtant nacfiepunt of verftepunt te wefen, in fijn tegeftant
of faming der middelfon. ; .
Ditfoo ijnde , en om nu te commen tottet foucken der fchijnbacr duyfte-
facriangde van Saturnus inrontwechs veifiepunt of nacftepunt, t'is kennelick
deurde voorgaende redenen, datick inde ervarings dachrafelscen ﬁ;nde{ fege-
fanden der middelfon foodanich moet vinden,dat hy opalletwec even i é:dcn,
een
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epicycle’s centre is at the apogee or perigee of its deferent, it must move through
equal apparent arcs in any two equal times, the one before its opposition, the
other thereafter. And conversely: if we find in the empirical ephemerides an
opposition such that in any two equal times, the one before that opposition, the
other thereafter, it moves through equal arcs, the epicycle’s centre at that
opposition must be at the apogee or perigee of its deferent, with which the apparent
ecliptical longitude of this apogee or perigee is known.

But to set forth more fully what has been said up to this point, let the following
figure be similar to that of the 16th 1) proposition, the letters having the same
meaning, except that here the deferent ABC is eccentric, to wit, that the centre
of the Earth D shall not now be the deferent’s centre, but P. And the epicycle’s
centre A is at the apogee of its deferent whilst Saturn is at the epicycle’s perigee
F in opposition to the Sun. This being so, I see that the two apparent motions
GN, GO must still be equal in equal times, because of the equality of the two
angles GDN, GDO, caused by the equality of FL and FM. Also that it must
happen similarly when the epicycle’s centre with similar figures is situated at
the perigee of its deferent denoted by Q.

Note also that it has been said above that Saturn is always at the epicycle’s
perigee when it is nearly in opposition to the Sun. But to speak more truly,
it is to be known that it is not perfectly at its epicycle’s perigee except when
not only the epicycle’s centre is in opposition to the perigee of its deferent,
but moreover the Sun is at the apogee or perigee of its orbit; for since in the
ecliptic it moves apparently non-uniformly, and Saturn on its epicycle uniformly,
it cannot at every opposition to the Sun be at the epicycle’s perigee, but it can
at every opposition to the Mean Sun, which by the definition moves uniformly.
And therefore, to speak more truly, we shall hereinafter say that it is always
at the perigee or apogee when it is in opposition to or conjunction with the
Mean Sun. ,

This being so, and to come now to the finding of the apparent ecliptical
longitude of the apogee or perigee of Saturn’s deferent,.it is evident for the
above reasons that I must find in the empirical ephemerides one of its oppositions
to the mean sun such that in two equal times, the one before and the other

1) For 15th in the original read 16th.
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& cen dact voor d’ander daer na,evegroote fchijnbaer boghen loopt. Omdiete
foucken, ick flae het bouck open,en valt my ten eerfté voor, ncem ick; het jaer
1669,wacr in ick fijn tegeftant der Son bevinde gefchiet te fijn op den 17 Macr»
te,wefenide Saturnus onder den 136tr.29 @ (fis waer datmen in placts. der
ware Son foude behooren de middelfon te nemen , volghende de voorgaende
redenen, maet tistijts genouch dacr me te wercken int lactfte, alfmen fiet dat-
men deur neming der ware Son na ghenouch by ’begheerde comt) Hierme
verfouck ick hoe de bovelchreve twee bogen op even tijden (tot welcke tijden
‘ickom de redenen vant merck des 4 vootfiels, verkies 7 jaer,wefende byna het
viérendeel eens keers duerende ontrent 30 jaren deur het 14 voorftel) d'een
voor,dander na tegheftant,met malcanderovercommen, en bevinde hem op
» jaren daer te vooren (dats vanden 17 Maerte 1562 onder den 88tr.14®,
totten 17 Maerte 1569 onder den 186 tr. 29 () gheloopen:te hebben o8 1r.
15 ©: Maer op 7jaren dacr na (dats vanden 17 Maerte 1 69 onder den 186 tr.
29 (D totten 17 Maerte 1576 onder den 271 tr. 44 @) vindeick hem geleopen
te hebbé alleenelick 85 tr. 15 (®, ' welck veel verfchillende vande ecerfiebaoch
08 tr. 15 D,tc weten 13 tr. foo is vichijnbaer verfie of naeftepunt wijt vande
bovefchreven 186tr.29 @,00ck van fijn teghepuntden 6tr. 29 @ : Doch cen
van beyden en can ten hoochften maer 9o tr. van daer fijn,dacrom falmen det-
ghelijcke tufichen fulcke bekende palen menghen onderfoucken op de teghe-
ftanden vande volghende of voorgaende jaren,voor of na het jaer 1569:En ge-
commen fijnde, neemick , optjaer 1572, ficaldaer tegheftant te ghefchicn op
den 23 April, wefende Saturnus onder den 222 tr, 51 @ ,alwaerde rekening
gemaeckralsboven op 7 jaervooren na, vinde cintlick noch verfchil dertwee
boghen vang1r. 42 ® : Dacromonderfouck ick der ghelijcke tot een ander
~ plaets,te weten meer voorwaert,omdat d’eerfte booch te groot was , als by de
tegeftant dieder gebeurde int jaer 15760p dé 10Iunius onder d€ 268 tr.20 O,
alwacr de rekening gemacckt als boven, op 7 jaer voor en na,vinde eintlick gea
nouchfaem evenheyt,te wet€ alleenelic verfchil v 4 @, hier van cleéderacht,

Dit aldus foo na commende mette tegheftant der eyghen Son, ick fouckna

waer op dientijt de middelfon was,om op haer tegheftant nauwer rekening te
maken:Neem tot dien cinde de Sonwechs verftepunt na luyt des 4 voorftels
te wefen onder den 94 tr. 24 (®,alwaerde {chijnbaer Son en de middelfon deur
de 16 bepaling tfamen commende , en dat op den 16 Iunius,j crijgen foo veel
verfchil alsin 6 daghen loops vanden 10 totten 16 Iunius veroirfaeckt wort,
welck verfchil ick aldus vinde : De fchijnbaer Son heeft inde dachtafelsopde
6 daghen gheloopen § tr.44 @ , maer de middelfon deur het 3 voorftel s tr.
ss @, diealleenelick 11 @ verfchillende, en hier van gheender acht fijnde, ick
latet by de voorgaende rekening blijven, Diet nauwer begheerde , foudedefe
11 ® trecken vande Sonnens fchijnbaer duyfteraerlangde 88 tr. 20 ® , welcke
fy hadde op den 10 lunius,t'ghene datter blijft,te weten 88 tr.9 ®,is voor plaets
der middelfon, om daer op te berekenen Saturnus tegheftant die wat vrougher
valtals vande ware Son,en om voort de rekeninghen te maken alsboven.

Van defe fchijnbaer duyfteraerlangde des verftepunts of nacftepunts , mach
voorder proufghedaen worden op ander even tijden dan 7 jaren: Als by voor-
beelt,op 10 jaren voor en naden 10 Junius 1576 , vinde ick verfchil alleenelick
van s ® : En op 20 jaren alleenclick van 3 ®, waer uytick den bovefchreven
268 tr. 20 @ houde voor t begeerde.

Tot hier toeghevonden fijnde onder den 268tr, 20 ® het verfte of nacfte.
punt te wefen,daer reft noch te foucken wat elck van beyden is:Om dacr toete

come-
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after it, it moves through equal apparent arcs. In order to find that, I open the
book and I chance first, for example, upon the year 1569, where I find its
opposition to the Sun to have occurred on 17th March, when Saturn was at -
186°29’ (it is true that instead of the true Sun we ought to take the mean sun,
for the above reasons, but it is time enough to operate therewith at the end,
when we see that by taking the true Sun we come near enough to what is required).
Herewith I examine how the above-mentioned two arcs correspond in equal times
(for which times, for the reasons given in the Note to the 4th proposition,
I choose 7 years, which is nearly the fourth part of a revolution taking about
30 years by the 14th proposition), the one before and the other after the
opposition, and find that in 7 years previously (that is from 17th March 1562
at 88°14’ to 17th March 1569 at 186°29’) it has moved 98°15’. But in 7 years
subsequently (that is from 17th March 1569 at 186°29’ to 17th March 1576 at
271°44’) 1 find it has moved only 85°15’; and since this differs much from
the first arc of 98°15’, to wit: 13°, the apparent apogee or perigee is far away
from the above-mentioned 186°29’, also from its opposite point, 6°29’. But
only one of the two can at most be only 90° away therefrom; therefore the same
thing can be examined between such known limits at the oppositions of the
subsequent or preceding years, before or after the year 1569. And when I have
come, for example, to the year 1572, I see that opposition then occurred on 23rd
April, when Saturn was at 222°51’; if I there make the calculation as above,
for 7 years before and after, I at last still find the difference between the two
arcs to be 9°42’. Therefore I examine the same thing in another place, to
wit, further forward, because the first arc was too large, for example, at the
opposition that occurred in the year 1576, on 10th June, at 268°20’; and when
the calculation is made there as above, for 7 years before and after, I at last
find sufficient equality, to wit, a difference of only 4/, which is insignificant here.

This coming thus so near the opposition to the true Sun, I now find where
the Mean Sun was at that time, in order to make a more accurate calculation on
its opposition. To this end I take the apogee of the Sun’s orbit, according to
the 4th proposition, to be at 94°24’; and since the apparent Sun and the mean sun
coincide thete by the 16th definition, such on 16th June, they will differ as
much as is caused by 6 days’ motion, from 10th to 16th June, which difference I find
as follows: In the ephemerides the apparent Sun in 6 days has moved 5°44/,
but the Mean Sun by the 3rd proposition 5°55’, and since these values differ
only 11/, which is insignificant here, I leave it at the preceding calculation. Who
should require it more accurately, would have to subtract these 11’ from the
Sun’s apparent ecliptical longitude of 88°20’, which it had on 10th June; what
remains, namely 88°9, is the position of the Mean Sun, from which we may
calculate Saturn’s opposition, which falls slightly earlier than that of the true
Sun, and further make the calculations as above.

With regard to this apparent ecliptical longitude of the apogee or perigee,
" further attempts may be made in equal times other than 7 years. Thus, for
example, ten years before and after 10th June 1576 I find a difference of only 5/,
and in 20 years of only 3’; from which I assume the above-mentioned 268°20
to be the required value.

It having been found thus far that the apogee or perigee is at 268°20’, it remains
to be found which of these has this value. To arrive at this, for the sake of a
clearer exposition thereof let ABC be Saturn’s deferent, its centre D, eccentric



ERVARINGS DACHTAFELS. 59

commen, laettot opentlicker verclaring van di€ A B C Saturnus inrontswech
fijn, dicns middelpunt D,uytmiddelpuntichpunt; of den Eertcloot E, verfte-
punt A, nae-
A frepunt Cyen
op Bals mid-
delpunt {y be
fchreven het
inront F G,
diens nacftes
punt F, en
middelnae-
ftepunt G,
Dit foo we-
D fende, U'blij&x

G datdeur dien
F A het verfte-
E punt is | foo
moetdé mid-
delloop A D
B int eerfte
halfront AB
/ Coveral gro-
c ter fijn dan
dé fchijnba-
zen AEB. Endeur f'verkeerdevan dien isopenbaer, datals des inronts mid-
delpuntsloop of Saturnus middelloop , cp een gefleldentijtint cerfte halfiont
grooter bevonden wort dan de fchijnbaer, foo moctet punt van dacrdetelling
begint het verficpunt wefen,maer t'verkeerde ghebeurende,alfdan hetnaefte-
punt. Ditfoo fijnde,ick fouck indedachtafels ecnighe tegeftant verre genouch
van A of C, dats verre ghenouch vanden 268 tr 20 ® of hacr tegenoverpunt,
en comt my te vooren,neem ick,de tegeftant gebeurt intjaer 1584den 15 Sep-
teniber,wefende Saturnus onder den 2 tr. 44 @ , 0p welcke fijn inronts mid-
delpunts fchijnbaer loop vanden 268 tr. 20 ® af,, doet 94 tr.24 ® voor den
houck A E B : Maer desfelven inronts middelpunts eyghenloop op dien tijtyte
weten vandé 10 Junius 1§76 tot defen 1 5 September 1584,geducrende 8 Egip-
fche jaren 99 daghen,doct deur hetvolghende 17 voorfiel 101 tr.6 @ voor den
houck A D B, welckegrooter fijnde dan A EBogtr.24® , oo moetom de
voorgaende redencn A dats onder des duyfteracrs 268 tr. 20(® het verftepunt
fijn ,en C onder desduyfteraers 88 tr, 20 @ het naeftepunt.

Angaende ymant nu mocht fegghen datde rechtelini die ten tijde der tege~
flant fire@e vanden Eertcloot E deur Saturnus F, niet nootfakelick desinronts
middelpunt B en ontmoet,om bekende oirfaken , te weten de uyimiddelpun-
gicheden vanden inronts wech en Sonwech , over fulcx twijffelende of rbove-
fchreven befluyt vaft gaet : Hier op wort geantwoort, datmen daer af volcoms
men fekerheyt can hebben in defer voughen : T'ghetal des inrontboochs tuf-
fchen Saturnus en 'middelnaeficpunt, cven bevondg fijnde mette nacftepune
tensbooch dieder ten tijde der tegheflant behoort tewelen , foomoet Saturnus
dan openbaerlick ant naeftepunt wefen.

Om 'welck ronderfoucken, ick treck den bovefchreven houck

AD B 101 tr. 6 ® van 1801r. blijfftden houck ED B 78 t:.Esd,d(!).

ndaen
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point, or the Earth E, apogee A, perigee C, and about B as centre let there
be described the epicycle FG, its perigee F and mean perigee G. This being so,
it appears that because A is the apogee, the mean motion ADB in the first semi-
circle ABC must always be larger than the apparent motion AEB. And conversely
it is evident that if the motion of the epicycle’s centre or Saturn’s mean motion
is found to be greater than the apparent motion in a given time in the first
semi-circle, the point from which counting starts must be the apogee, but if
the converse happens, then the perigee. This being so, I seek in the ephemerides
some opposition far enough away from A4 ot C, i.e. far enough away from 268°20’
or its opposite point, and I chance, for example, upon the opposition that
occurred in the year 1584, on 15th September, when Saturn was at 2°44/, where
the apparent motion of its epicycle’s centre from 268°20" makes 94°24’ for
the angle AEB. But the proper motion of this epicycle’s centre in that time, to
wit, from 10th June 1576 to this 15th September 1584, taking 8 Egyptian yeats
and 99 days, by the following 17th proposition makes 101°6’ for the angle
ADB, and because this is greater than AEB (94°24’), for the above reasons
A, i.e. at 268°20’ of the ecliptic, must be the apogee, and C, at 88°20° of the
ecliptic, the perigee. '

If anyone now should say that the straight line which at the time of the
opposition passed from the Earth E through Saturn F does not necessarily meet
the epicycle’s centre B, from known causes, to wit, the eccentricities of the deferent
and the Sun’s orbit, doubting whether the above-mentioned conclusion is quite
certain, to this it is replied that we can have perfect certainty about this in the
following manner: Since the amount of the epicycle’s arc between Saturn and the
mean perigee has been found equal to the perigee’s arc that ought to be there
at the time of opposition, Saturn must evidently be at the perigee.



60 SATVRNVSLOOPS VINDING DEV R

En den houck A E B datsoock DE B doetals vooren 94 tr, 240,
Defe twee houcken ED B, D E B, des driehoucx ED B, bedra-

ghen t'famen 173 tr, 18 M, welcke ghetrocken van 18otr,

blijft voor den houck DB E, t'welck oock is voor de naefte-

puntensbooch FG 6tr. 42O,
Nu fegh ickdat byaldien de inrontsbooch vant middelnacfte-

punt G tot Saturnus,ten tijde defer tegheftant oock bevon-

den wierde van 6 tr. 42 @ , dat alfdan Saturnus an t'naefte-

punt F, en vervolghensinde rechte lini E B foude moeten ge-

weeflt hebben , maer fulcke booch wiert bevonden van str,

27.@,want Saturnus heeft opde bovelchreven 8 Egipfche ja-

ren 99 daghen gheloopen int inront deur het volghende 18

vooifiel 354 tr. 33 ®, welcke ghetrocken van 360 tz, blijfrals

boven str.27 D,
Die vande 6tr. 42 ® alleenelick verfchillen 115 @,

Die nacrder overeencoming begheert,foude derghelijcke wercking meugen
onderfoucken meteen tegeflant voor of na de bovefchreven tot dathyfe von-
de. Als by voorbeelt,fulcx ghedaen mette tegeftandt int jacr 1583 den 3 Sep-
tember, vinde daer mete luttel 1 tr. 13 @. Maer mette tegeftandt intjacr 1579
dé 15 Iulivs,vil DEBvan33tr. 55 ®,BD E142tr.9®,en EB D4i.4Q®,
welcke drict’famen maken 180tr. 8 (D, datallcenclick 8 @ te veelis, en voor
ghenouchfaem overcomming mach ghehouden worden. Inder voughen dat
A het begheerde verflepunt bli)ft als boven onder den 268 tr. 20 ® , na ghe-
nouch overcommende metten 268 tr. van Rbeinoldusin Prusenicis tabulss.

Belanghendc dat de volcommenheyt foude vereyfichen met tegheflant det
Middelfonte wercken , fulcx fchijntin defe anvangfche wijfe der leering on.
noodich,te meer dat wy tot fo nauwe onderfoucking veel langdueriger dach.
tafels fouden moeten hebben dan defe. T8 E st vy T. Wy hebben dan deur
crvarings dachiafels gevonden de {chijnbaer duy fteraerlangde van Saturnusine
romwechs verftepunt en nacftepynt,na den eyfch,

18 VOORSTEL.

Deur ervarings dachtafels Saturnus middelloop op

cen ghegheven tijt te vinden, e¢n dacrafcen tafel te be-
{chrijven.

Het vinden desloops vant inronts middelpunt deur de ervarings dachtafels
gactaldus toe : Men fiet dar Saturnus ontrent de 3o jaren een fchijnbaer keer
des duyfteraers doet,dacrom fouckimen in welck jaer en dach ontrent 30 jaren
(of ontrent ettelicke 30 ja1€ als dedachrafels lang genouch duyzé)voor of nadé
bovefchreve 10lunius 1576,datontrent dé 10]unius Saturnusonder dé 26811,
20(® (wefende deur het 16 voorftel des inrontwechs verftepunt) in tegeflant
der Son is,enden keer ofkeeren alfdan ghefchiet, fijn pa ghenouch volcom-
men,om vande uytmiddelpunticheden des inrontwechs en Sonwechs gheen
binderlicke dwaling te crijghen : Voort isden tijt vand’een tegeftant tot d’an-
der bekent,waer deur mé oock vindt den loop censdachs, en tafelen mae&, die
gelijck inde Sonloop gefeyt is daer na op langer en langer tijden meer en meer
vexbetert worden. Maer om van tghene tot hier toe int ghemeen ghefcyt is,

nu by
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To investigate this, I subtract the above-mentioned angle ADB of
- 101°6¢’ from 180°; there remains the angle EDB of 78054
~ And the angle AEB i.e. also DEB, as before makes 94024/

These two angles EDB, DEB of the triangle EDB are together
173°18/, and when this is subtracted from 180°, there remains for the !
angle DBE, which is also the value of the perigees’ arc FG, 6°42

Now I say that if the epicycle’s arc from the mean perigee G to
Saturn at the time of this opposition were also found to be 6°42,

Saturn must then have been at the perigee F, and consequently on the

straight line EB; but this arc was found to be 5°27’, for Saturn has

moved, in the above-mentioned 8 Egyptian years and 99 days, by the

following 18th proposition, 354°33’ on the epicycle, and if this is

subtracted from 360°, there remains, as above, 5027/
which differ from 6°42’ only 1°15’

Who should wish for closer agreement, might make a similar investigation
with an opposition before or after the one described above until he found it.
Thus, for example, when I do so with the opposition in the year 1583, on 3rd
September, I find therewith 1°13’ short. But with the opposition in the year
1579, on 15th July, DEB was 33°55’, BDE 142°9’, and EBD, 4°4’, which three
- together make 180°8’, which is only 8’ too much and may be considered sufficient
agreement; so that A4 remains the required apogee, as above, at 268°20’, which
agrees substantially with the 268° of Rbeinoldus in Prutenicis tabulis 1).

As to the fact that perfection would require us to operate with opposition to
the Mean Sun, this seems unnecessary in this elementary instruction, the more
so because for such accurate investigations we should need ephemerides covering
much longer periods than the present. CONCLUSION. We have thus found,
by means of empirical ephemerides, the apparent ecliptical longitude of the apogee
and perigee of Saturn’s deferent; as required.

18th PROPOSITION.

To find, by means of empirical ephemerides, Saturn’s mean motion in a given
time, and to describe a table thereof.

The finding of the motion of the epicycle’s centre, by means of the empirical
ephemerides, takes place as follows. We see that Saturn performs in approximately
30 years one apparent revolution in the ecliptic; therefore we seek what year
and day approximately 30 years (or several times 30 years, if the ephemerides cover
a long enough period) before or after the above-mentioned 10th June 1576
Saturn is about 10th June at 268°20” (which by the 16th proposition is the
deferent’s apogee) in opposition to the Sun, and the revolution or revolutions
that have then taken place are sufficiently complete not to get any disturbing
error due to the eccentricities of the deferent and the Sun’s otbit. Further
the time from one opposition to the other is known, by means of which we also
find the motion of one day and make tables which, as has been said in the Sun’s
motion, are thereafter improved more and more in longer and longer times. But now
to give an example of what has so far been said in general, I seek in the ephemerides

1) See note p. 45.
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nuby voorbeelt te fpreken , ick foucke inde dachtafels ontrent 30jaren (of on.
trent ettellicke 30 jaren als de dachtafels langhe ghenouchduyren) voor of na
de bovefchreven tegheftant opden 10 Iunius 1576, cen tegheftant wefende
Saturnusten naeften by den 268 tr. 20 @ , wort bevonden op den 4 Iunius
1605 onderden 263 tr. 35 @, twelck vand’ander4 tr. 45 @ verfchilt, maerop
foo cleenen boochfken en connen de uytmiddelpunticheden gheen hinder-
lick verfchil by brenghen,immers op een voorbeeltfche leering als defe.

Ditfoo wefende, ick fie dat Saturnus , en vervolghens fijn inronts middel-
punt vanden 10lunius 1576, totten 4 Iunius 1605, doende 103 S6daghen, ge-
loopen heeft 355 tr. 15 ®, te weten vanden 268 tr. 20 @, totten 263 tr.
35 ® :Dacrom fegh ick, 10586 daghen, gheven 355 tr.15 ®, wat 1 dach?
Comt2(® 03 49®: T'welck luttel f{chilt van Copermicus gheftelde middel-
loop doende2 @ 3@ 36O ,daer Proleincss voor namby de2 ® 0@ 34 0.
En waer de bovefchreven tegheflandt (die 3 tr. 18 (D van rechte tegheftande
fchilt) naerder rechte tegheftandt gheweeft (nacrder foudemenfe connenvin-
den in dachtafels van langher jaren ghelijckmen in den Wijfentijt had) defe
loop eens dachs mocht oock naerder rgheftelde van Copernicms ghevallen heb-
ben. '

Nudan de loop eensdach wefende als boven, t'is kennelick heemen dacr
me foude connen maken , ghelijck vande Sonloopint 3 voorftcl ghedaen is,
1afels om daer deur met lichticheyt te vinden Saturnus inronts middelpunts
loop, andersghefeyt Saturnus middelloop, op alle ghegheven tijt inde * dact Prasi.

emeenclick te vooren commende.

Maer angheficn wy Prolemens tafels voorbeeltiche wijfe ghebruycken ful-
len, om de redenen van diergelijcke inde Sonloop en Maenloop verclactt, foo
falickfe ftellen als volght:

F TAFEL
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about 30 years (or about several times 30 years, it the ephemerides cover a long
enough period) before or after the above-mentioned opposition on 10th June
1576 an opposition with Saturn being nearest to 268°20’; this is found to be
on 4th June 1605, at 263°35’, which differs 4°45’ from the other, but on such
a small arc the eccentricities cannot cause any disturbing difference, especially
in instruction by means of an example, such as the present.

This being so, I see that Saturn, and consequently its epicycle’s centre, from
10th June 1576 to 4th June 1605, which makes 10,586 days, has moved 355°15’,
to wit, from 268°20’ to 263°35’. I therefore say: 10,586 days give 355°15';
what does 1 day give? This gives 2;0,49 minutes, which differs little from
the mean motion given by Copernicus, which is 2;3,36 minutes, for which
Piolemy took about 2;0,34 minutes. And if the above-said opposition (which
differs 3°18’ from exact opposition) had been nearer to exact opposition (they
could be found nearer in ephemerides covering more years, such as people had
in the Age of the Sages), this motion of one day might also have been nearer
the value given by Copernicus.

The motion of one day thus being as above, it is evident how one might make
tables therewith, as has been done for the Sun’s motion in the 3rd proposition,
by means of which to find easily the motion of Saturn’s epicycle’s centre, in
other words Saturn’s mean motion, as it usually appears in practice in any
given time.

But since we shall use Prolemy’s tables by way of example, for the reasons set
forth for a similar matter in the Sun’s motion and the Moon’s motion, I will
give them as follows.



62 TAFEL VAN SATVRNVS
uysen tr.I@ (©] @l@ @,@ pagt)tr, | O @ O’ ® @t@
1| o O sl 323 48 42 10 o 20 5| 35| 14| 48 30
2 o‘ o 10| 2| 46 37;—.1; n| o 22 6 '8' 46| 17| 21
3| o o 15| 4f 1126 6 12| O 24| 6f 42| 17| 46 12
4 d o 20 j3;s 14!? 13) ©f 26| 7 15] 49| 15| 3
—5_ ol dz5 6 59' 31 31 —;; o 28 7 49‘ 20 4-3_5:
KK o 30 8 zz} 52| 13 15| 930 8 zz[ 52| 12] 45
7| o o 35| 9| 46 40 55 16| ©of 32| 8| 56| 23| 41 36
8 o o::_c;' 11 10: zg'l 37 17| © 34| 9| 29| 55| 10 27
_s_)_ o °i__4_5_1 12 34!-1_2‘_1—9 18| O 36| 10| 3| 26| 39| 18
£00:5°155317; 19| O] 38/ 10| 36/ 58| 8| ¢
13 TI_:I ss| 15 zx’ ss| 43 20| o 40 11| 10 29 37_6
-:;—"1—;—;_1—6'21313 21| o 42 n]El 1 ¢ st
130 o 1 s/ 18 ol 33| 8 23| O 44| 12{ 17] 32| 34] 42
14 o 1| 10 19 sgl 21| so T; O| 46| 12 5it’ 4 3|33
15| o . 1] 15| 20| 57| 10| 32 —z_;, O| 48| 13| 24| 35| 32| 24
16 of 1| 20 22| 20 59 14 25| ol so 13| s8 7| 1 15
17| o 1 25| 23| 44/ 47 55 26| O $2 14.! 31| 38| 30 ©
18| o| 1| 3025 8 36/ 38 27| of 54| 15| 3| ol 58| 57
19/ O 1| 35| 26 32| 25| 20 28 OI 56| 15| 38| 41 27-;;1
20 0; 1| 40 27| 56| 14| 2 ~z_9 OJ 58 16, 12 12| 56| 39
21 O: 1| 45| 29| 20| 2| 4§ _;)-_;’ O| 16| 45| 44| 25| 30
Tz;_;: 1/ 50| 30| 43| 51] 27 6o_2‘ O 33 31‘ 28| 51| ©
;0'15532. 7| 49 9 —9_03’05017131630
Dagé 120 4| I 71 2| 57| 42/ o
1 O 2| of 33| 31 28} 51 150 S—; 23| 48 42/ 7| 30
2 O 4| 1| 7| 2|57 42 380] 6 1) 40 34| 26| 33 o
3] o 6f 1| 40 34.] 26/ 33 210 71 1) 57| 20| 10| 58| 30
>4°8214 5’5524 240_3[214 5| ss| 24 o©
5| o 10| 2|47 37]24 15 ;; 9} 2| 30 51| 39| 49 30
6 of 12| 3| 21 8/336 510}24_73724150
7| o 14| 3| 54| 40 21 57 330/ 11| 3| 4 23| 8| 40| 3d
8 of 16| 4| 28 u’so|48 360 12| 3| 21| 8| 531 6 o
9 o 18] | 1] 43 10l 39 J




MIDDELLOOP.

6

el @ O 0 0) @ 0] ® umu.®<3®<3®<§
1_51323_5_5_333015 fZSi“’”‘*"f”‘_‘(’ 7| 39
2 243 26| 47| 53| 1| o 39 288280 18| s5| 14| 25| 12| o
—;—3;: 40 11 49—; 30| 45 306140/ 20 6—;—3; 16| 30
—4—;‘—5—;;5 46| 2| 1| of —3—2: o| 21 17—;‘4.; 21| o
»——5- 611 6| 59| 42| 32| 31| 15 342220 22| 28| s} 52| 25| 30
.—6-73”:5“2_; 39| 3| 1| 30 ;—63 8o 2'3;3_9 3.—1- 30, ©
7| 8s| 33| 47| 35| 33| 31| 45 378300} 24| sof O] 10| 34| 30
_; 97| 47| 11| 32) 4| 2| o 396{160| 26| o 57| 19 39—;
" oliial of 35| 28 34| 52| 15] 414| 20| 27| 11| s4l 28] 43| 30
10122| 13| 59 25 K 2 30 432240 23 22| 51 37 48 O
11|134] 27| 23| 21| 35| 32| 45} 450100 29| 33| 8| 46/ 52| 30
"12]146) 40/ 47 18 6| 3| © 468(320 30| 44| 43| 55| 57| o
13158 54| 18 14 36| 33| 15 486(180| 31| $5/ 43| 5| 1| 39
a1 7| 35| 11| 7] 3| 30 o4 49| 33| 6 40 14 6| o
7;1_8; 201 591 7| 37| 33| 45 §22|260! 34| 17| 37| 23 10_3;
—;:5195 34| 23| 4 3—;——0 ;4_0120 35| 28| 34| 32| 15| o
—{;zcy 47| 47| ©| 38]. 34| 15 558340 36| 39| 31 41_1;_;:
18220 1} 10 57 of 4f 30 576200| 37| 50| 28| 50| 24| o
36| 80| 2| 21| 54/ 18 ol o 594| 60 39| 1| 25 59—5;
salsoo| 3| 32 51 27-1_3»_37; 12280 40| 12| 23| 8 33| o
—7_2160’ 4| 43 4816_13—6 l630] 40| 41} 23| 20| 17| 37| 30
g0l 20| 5| 54| 45 45:;-3; a—g o}4‘.2 34| 17| 26| 42 o
-1_0—8240 7 5\ 42| 54| 270 © 666220 43| 45| 14| 35| 46! 30
126(100 8~1—6i 40| 3| 31| 30 684 80| 44| 56| 11| 44| 51| ©
144[320 9| 27| 37| 12| 36| © |rozjso0l 46| 7| 8| 53| 55| 30
162180 10 38lt 34| 21} 40| 39 720160} 47 18—;_—; o o
180 40 11_4—9-\ 31| 30| 45| o 738 20| 48 29\ 3| 120 4| 39
1982’603 13-31—2—8 39] 49| 39 756|240 49;\ of 21 o/ O
216[201 14| 11| 25| 48| 54| © 774100| 50| 50 57| 39| 13| 30
234340 15 22| 22 57{ 58| 30 -7-9;,,’320 s2| 1| 54| 39 18] o
‘zyz‘zool 16| 331 2¢| 7} 31 o ];1_0;8;! 53! nl 511 48| 22! 30

F2

TsE



64 SATVRNYSLOOPS VINDING DEVR

TBESLVYT. Wy hebbé dan deur ervarings dachtafels Saturnus middel-
loop op een ghegheven tijt ghevonden, en dact af een tafel befchreven, naden

eyfch.
19 VOORSTEL.

Deur ervarings dachtafels Saturnus loop in fijn in-
rontop cen ghegheven tijt te vinden, en daerafeen tafel

te befchrijven.

TGHEGHEVEN. Laet te vinden fijn Saturnusloopin fijn inrondt op
cen dach,

MERCKT.

Nadien ick rwerck defes voorftels befchreven hadde na de ghemeene wijfe,
treckende Saturnus middelloop vande Sonnens middelloop, ghelijck hier on-
der blijcken fal, fo heeft fijn VORSTELICKE GHENADE tot grontlic-
ker kennis der oirfaken (foo wel van d’ander volghende Dwaclders,alwaer det
ghelijcke fal ghedaen worden, als van defe) daer by noch begeert en vervought
een werck op Saturnus eyghen gront ghebout,als volght.

1 WERCK.

Hy heeft hier toe inde dachtafels gefocht twee van Saturnus tegeftandé met
de Son, lange tijt van malcanderghefchiet, byna en onder een felve plaetsdes
duyfteraers,want daer me moeten 0o wel fijn keeren int inront als de Sonkee-
ren volcommen wefen , fonder van eenighe uytmiddelpunticheden hinder te
crijghen, en oock onnoodich fijnde rekening te maken mette Middelfon , om
bekendereden. Dreerfie van fulcke twee tegheftanden nam hy dieder viel op
den 10 Iunius 1576 , d’ander den 4 Iunius 1605 ; tufichen welcke fijn by de 29
jaren, doende 10586 daghen, waer op Saturnus intinront fooveel keeren ghe-
daen heeft alffer tegheftanden gebeurt fijn,welcke bevonden wierden 28, elcke
van 360 tr. maken 10080 tr. Hierme fegghende, 10586 dagengeven 1008otr,
wat 1 dach  Comt voor t’begheerde s7® 7. s5. weynich verfchillende van
Copernicws en Prolemens befluytint volghende.

2 WERCK.

Vande Sonnens middelloop eensdachs,doende deur

het 3 voorftel otr,59. 8, 17.13.12. 31
Getrocken Saturnus middelloop eens dachs , doen-

de deur het 17 voorftel otr, 2. 0. 33.31.28,51.
Blijft voor begheerden Saturnusloop in fijninront

op cen dach Ol §7- 7043+ 41.43.40.

TBEWYS

Anghefien Saturnus altijt ant inronts nacftepuntis in fijn tegheftantder
Middelfon deur £'voorgaende, foo moet nootfakelick dien inrontfloop even
fijn ande middelloopder Son , min fooveel als bedraccht des inronts middel-

puntsloop. )
g Om
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CONCLUSION. We ‘haveg thus found, by means of empirical ephemerides,
Saturn’s mean motion in a given time, and described a table thereof; as required. -

19th PROPOSITION.

To find, by means of empirical ephemerides, Saturn’s motion on its epicycle -
in a given time, and to describe a table thereof.

~ WHAT IS REQUIRED 1). Let Saturn’s motion on its epicycle in one day have
to be found. ,

NOTE.

After I had described the procedure of this proposition in the usual manner,
subtracting Saturn’s mean motion from the Sun’s mean motion, as will appear
below, for a more thorough knowledge of the causes (both of the other —
following — Planets, where a similar operation will be carried out, and of this
one) His PRINCELY GRACE required in addition and added a method based
on data from Saturn’s tables alone, as follows.

1st METHOD.

To this end he sought in the ephemerides two of Saturn’s oppositions to the
Sun, which had occurred a long time apart, nearly at the same place of the
ecliptic, for therewith its revolutions on the epicycle as well as the Sun’s
revolutions must be complete, without being disturbed by any eccentricities,
and it also being unnecessary to take account of the Mean Sun, for known
reasons. For the first of these two oppositions he took the one that fell
on 10th June 1576, for the other 4th.June 1605, between which there
are nearly 29 years, making 10,586 days, in which Saturn has performed so many
revolutions on the epicycle as there have been oppositions, which were found
to be 28, each of 360°, making 10,080°. Saying now: 10,586 days give 10,080°,
what does 1 day give? The value required is 57; 7, 55 minutes. which differs
little from Copernicus’ and Ptolemy's results in the following.

2nd METHOD.

When from the Sun’s mean motion in one day, making

by the 3rd proposition 0°;59, 8,17,13,12,31
there be subtracted Saturn’s mean motion in one day,

making by the 18th proposition 2) 0°; 2, 0,33,31,28,51
there remains for Saturn’s required motion on its epicycle

in one day 0°;57, 7,43,41,43,40

PROOF.

Since Saturn by the above is always at the epicycle’s perigee in its opposition
to the Mean Sun, this epicyclic motion must necessarily be equal to the mean
motion of the Sun, minus the amount of the motion of the epicycle’s centre.

1) Evident mistake in the Dutch text. Instead of Tghegheven read Tbhegheerde.
2) In the Dutch text, read 18 instead of 17.
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Om hier af met breeder reden te verclaren, ick fegh aldus: Seo by voorbeelt
hetinronts middelpunt gheenloopen hadde ;maex vaft bleve, en dat Saturnus
in faming dan evewel altijt in fijn inronts verfiepunt waer, t'is kennelick dat
Saturnusioop in fijn inront dan even foude moeten fijn ande Sonnens middel-
loop : Maer het inronts middelpunt hecft daerentufichen een loop gedaen,
dacrom foo veel dieis, foo veel mocet Saturnus inrontloop corter dueren dan
de middelloop der Son ,en vervolghens treckende Saturnus inronts middel-
punts loop,vande Sonnens middelloop, dereft is de beghcerde loop van Sa-
turnusin fijn inront.

VERVOLGH

Deloop cens dachs wefende alsboven, t'is kennelick hocmen daer me fal
maken,ghelijck vande Sonloop int 3 voorftel ghedacn is, tafelen als de navol-
ghende , om daer me metlichticheyt Saturnusloopin fijn inront te vinden op
alle ghegheven tijtinde * daet ghemeenclick te vooren commende. Prav,

Merckt noch datmen tot prouf der voorfchreven werckinghen mach fien
foo dickwils alfment oirboir verftacet, of het laeft ghevonden ghetal even is
mettet ghetal daer me overcommende : Als by voorbeeltvan t'ghetal des Son-
loops eens jaers,ghetrocken t'ghetal van Saturnus inrontloop eensjaers, of i
1eft overcomt met foodanich ghetal anders ghevonden deur ervaring.

F3 TAFEL
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To set this forth more fully, I say as follows: If, for example, the epicycle’s
centre did not move, but remained fixed, and Saturn in conjunction were yet
always in its epicycle’s apogee, it is evident that Saturn’s motion on its epicycle
would then have to be equal to the Sun’s mean motion. But the epicycle’s centre
has meanwhile moved on; therefore, as much as that is, by so much must the
motion of Saturn’s epicycle be less than the mean motion of the Sun1), and
consequently, when the motion of Saturn’s epicycle’s centre is subtracted from the
Sun’s mean motion, the remainder is the required motion of Saturn on its
epicycle.

SEQUEL.

The motion in one day being as above, it is evident how tables such as the
following will be made therewith — as was done for the Sun’s motion in the
3rd proposition — by means of which to find easily Saturn’s motion on its
epicycle as it usually appears in practice in any given time.

Note also that, to test the aforesaid methods, we may ascertain as often as we
deem suitable whether the value last found is equal to the value corresponding
thereto. Thus, for example, when from the value of the Sun’s motion in one
year there is subtracted the value of Saturn’s motion on its epicycle in one year,
whether the remainder corresponds to a similar value found in another manner,
by experience.

1) The words corter dueren in the Dutch text should be corter sijn, which means just the
reverse.
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68 SATVRNVSLOOPS VINDING DEVR&cC

T BE sL VY T. Wy hebben dan deur ervarings dachtafels gevonden Satur-
nus loopin fijn inront op een gheghen tijt , en dacraf cen tafel befchreven, na
den eyfch.

MERCKT.

By aldien defe dachtafels van Stadius foo lang duerden, en foo veel Saturnus
keeren hadden, datmen daerin mocht vinden twee fijnder tegheftanden mette
Son ondereen felve duyfteraerlangde,wy fouden dan hier meughen een voor-
fte] befchrijven,gelijck inde Sonloop en Maenloop gedaenis, te weten : Deur
ervarings dachtafels te maken betekende dachtafels van Saturnusloop op toe-
commende tijden : Maer angefien hy dacrin alleenelick een volcommenkeer
ghedaen heeft, foo en wil fulcke vinding hier niet vallen : Doch hoemen deur
wifconftige rekeningen vindt van hoe langen tijt dedachtafelsfouden mocten
befchreven fijn om fulcken felfheyt te crijgen,dat fal elders verclaert worden.

20 VOORSTEL

Deur etvarings dachtafels den loop van Saturnusin-
ront vvechsverftepunt tevinden.

Angefien dedachtafels van Szadius (die wy nemen al offe deur ervaringhen
bevonden waren , om deredenen verclaert int 1 voorftel) te cort fijn om daer
deur bequamelickt'begheerde te vinden, foo falick tot hulp nemen de ervarin-
ghen van Prolemens , welckeint s hooftftick fijns 11 boucx Saturnus inrondt
wechs verftepunt bevondé heeft onderdes duyfteraers233 tr.maerint 16 voor-
ftel bevintment onder den 268 tr. 20 ®, T'welck 35 tr. 20 @ voorder fijnde,
het verftepunt is na defe rekening foo veel verloopen op dien tijt,bedraghende
ontrent 1450jaren, te weten vant jacr 127 tottet jacr defer ervaring 1576, En
hier me wort bekent des verftepunts loop op alle ghegheventtijt : Als by voor-
beelt,om die te hebben op een jaer,ick fegh 1450 jaren gheven 35 tr.20 ®,wat
1jaeriComt 1 ® 28 @. TBESLVYT. Wy hebben dandeur ervaringsdach-
tafels gevonden den loop van Saturnus inront wechs verfiepunt, naden eyfch.

21 VOORSTEL.

Deur ervarings dachtafels Saturnus inronts middel-
puntsloopin fijn vvech tevinden.

Denloop van Saturnus intontwechs verftepuntwortopeen

jaer bevondendeut het 18 voorftel van 10 280@.
Dieghetrocken van Saturnus middelloopoock opeenjacr,

te weten een Egips doende deur het 17 voorfiel o1t 13@®.
Blijft voor begheerde loop des inronts middelpuntsin fijn

wech op een Egips jaer ‘ 12tr. 12 ®.

Enisopenbaer datalfoo ghevonden fal wotden den loop van alle voorghe.
frelde tijt:Waeraf tbewijsdeur fwerck openbaeris. TBEsLv Y T. Wy heb-
ben dan deur ervarings dachtafels Saturnusintonts middclpunts loop in fijn
wech ghevonden, na dencyfchs

VIERDE
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CONCLUSION. We have thus found, by means of empirical ephemerides,
Saturn’s motion on its epicycle in a given time, and described a table thereof;
as required.

NOTE.

If these ephemerides of Stadius covered so long a time and contained so many
revolutions of Saturn that we might find therein two of its oppositions to the
Sun at identical ecliptical longitude, we could here describe a proposition as has
been done in the Sun’s motion and the Moon’s motion, to wit: To make, by
means of empirical ephemerides, calculated ephemerides of Saturn’s motion in
future times. But since it has performed only one complete revolution therein,
such finding cannot here take place. But it will be set forth elsewhere how it is
found by mathematical calculations what length of time the ephemerides would
have to cover in order to obtain such identity.

20th PROPOSITION.

To find, by means of empirical ephemerides, the motion of the apogee of
Saturn’s deferent.

Since the ephemerides of Stadius (which we use as if they had been found by
experience, for the reasons set forth in the 1st proposition) cover too short a
petiod to find therewith easily what is required, I will have recourse to the
experiences of Prolemy, who in the Sth chapter of his 11th book has found the
apogee of Saturn’s deferent at 233° of the ecliptic; but in the 16th proposition
we find it at 268°20’. This being 35°20’ ahead, according to this calculation
the apogee has moved this amount in that time, being about 1,450 years, to wit,
from the year 127 to the year of the present observation, 1576. And in this
way the motion of the apogee in any given time becomes known. Thus, for
example, to have it in one year, I say: 1,450 years give 35°20’, what does one
year give? This gives 1/28”. CONCLUSION. We have thus found, by means of
empirical ephemerides, the motion of the apogee of Saturn’s deferent; as required.

21st PROPOSITION.

To find, by means of empirical ephemerides, the motion of the centre of
Saturn’s epicycle on its deferent.
The motion of the apogee of Saturn’s deferent is found, by the

18th proposition, to be in one year 1/28"
This being subtracted from Saturn’s mean motion in one year,

to wit, an Egyptian year, making by the 17th proposition 12013’
there remains for the required motion of the epicycle’s centre on

its deferent in an Egyptian year 12012’

And it is evident that thus the motion in any suggested time can be found,
the proof of which is evident from the procedure. CONCLUSION. We have
thus found, by means of empirical ephemerides, the motion of the centre of
Saturn’s epicycle on its deferent; as required.

[Chapters 4 up to and including 7, dealing with [upiter, Mars, Venus, and Mercury,
have not been reproduced bere)
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ACHTSTE

ONDERSCHEYT

DES EERSTEN

BOVCX,VANDE VIN-
ding des loops der

vafte Sterren.

o VOORSTEL.

Teverclaren hoemen deur ervarings dachtafels merct
devafte Sterrenin haer hemel vaft te vvefen,en den he-
mel tedrayen op denas desduyfteraers.

Angheficn dit roerfel foo traech is, datmen daer afweynich befcheyts can
mercken op den tijt defer dachtafels van Szadius geduerende 52 jaren,foo fullen
wy hieren int volgende s 1 voorftel tot hulp gebruycken Prolemens nagelaten
fchriften vande plactfen der vafte fterren , nemende voorbeeltfche wijfe al of
dic met defe ¢ famen ons ervarings dachtafels maeckten.

Dit foo wefende, angefien de vafte fterren nu in Szadins dachtafels met fulc-
ken vetheyt van malcander ghevonden worden als ten tijde van Prolemens ,na
luytdes 5 hoofifticx {ijns 7 boucx,en datdie doenin rechtelinien ftonden, nu
daer in noch fijn, niet teghenftaende vfelve over de 1400 jaren gheledenis, foo
befluytmen dacr uyt haer vafticheyt. —

Maer want haer duyfteracrbreeden de felve blijven ,en haer evenaerbreeden
met duyfieraerlangden veranderen,{co befluytmen den heelen hemel te moe-
tendracyen op den asdes duyfteraers. Als by voorbeelt de * are des Maechts Spica irgi~
diens Zuyderfche duyfteraerbreede Prolemens fielt op 2 tr. 10 O , wort alfco .
oock in Szadiws dachrafels befchreven : Maer de duyfteraerlangde die Pzolemens
fteldeop 176tr. 40 ® , isby Szadims van 197 1r.38 @ : En haer evenaerbreede
welcke Prolemens int 3 hooftftick fijns 7 boucx felt op 30 ® na het Zuyden,die
comt,volghende Sz4dins befchrijving 8 tr. 56 @ Zuytwaert , want hoewelte in
fijn dachrafels niet en ftact,, foo volght fulex uyt de bovefchreven duyfteraer-
langde en breede deur het ¢ wercftuck der Hemelclootfche werckftucken: En
wantdit roerfel ghefchiet na t'vervolgh der trappen ,foo moetet fijn van We-
ftenna Ooften. TBESLVYT. Wyhebben dan verclaerthoemen deurer-
varings dachtafels merckt de vafte Sterren in haer hemel vaft te welen ,en den
hemel te drayen op den asdes duyfteracts, na den eylch.

st YOOR-



105

EIGHTH CHAPTER

OF THE FIRST BOOK,
Of the Finding of the Motion of the Fixed Stars')

50th PROPOSITION.

To explain how it is found by means of empirical ephemerides that the
fixed Stars are fixed in their heaven and that this heaven rotates on the axis
of the ecliptic.

Since this motion is so slow that little information can be obtained about it in
the time of these ephemerides of Stadius, which cover 52 years, here and in the
subsequent 51st proposition we will use as aids the writings left by Ptolemy
on the positions of the fixed stars, assuming by way of example that those
together with these constitute empirical ephemerides to us.

This being so, since now in Stadius’ ephemerides the fixed stars are found to
be at the same distances from one another as at the time of P:olemy, according
to the 5th chapter of his 7th book, and that those which then were in straight
lines now still are, notwithstanding the fact that this was more than 1400 years
ago, it is concluded from this that they are fixed.

But because their ecliptical latitudes remain the same and their equatorial
latitudes vary with the ecliptical longitudes, it is concluded that the whole heaven
must rotate on the axis of the ecliptic. Thus, for example, Spica Virginis, whose
Southerly ecliptical latitude Polemy2) puts at 2°10/, is also described thus in
Stadius’ ephemerides. But the ecliptical longitude, which Pzolemy put at 176°40/,
is 197°38’ in Stadius. And its equatorial latitude, which Ptolemny in the 3rd
chapter of his 7th book puts at 30’ to the South, according to Stadius’ description
comes at 8°56’ to the South, for though it does not occur in his ephemerides,
this follows from the above-mentioned ecliptical longitude and latitude by the
9th problem of the problems on Heavenly Spheres. And because this motion
takes place in the order of the degrees, it must be from West to East.
CONCLUSION. We have thus explained how it is found by means of
empirical ephemerides that the fixed Stars are fixed in their heaven and that
this heaven rotates on the axis of the ecliptic; as required.

1) By a printing error in the original text the preceding page 114 has been called 104.
2) Syntaxis VII, 5 (Manitius II, p. 48).



116 VASTE STERRENS LOOPS vm’nmc.’
51 VOORSTEL.

Deur ervarings dachtafels te vinden den eyghenloop
dervafte Sterren. B '

Anghefien de Are des Maechts ten tijde van Prolemens int jaer 139 was in
des duyfteraers 176 tr. 40 @) , maer ten tijde van Sradius int jaer 1554 inden
1971tr. 38 @, dats 20 tr. 58 @ voorder, foo heefife de felve booch geloopen op
dentijt tufichen beyden bedraghende 1415 jaren,dacrom feghick, 1415 jaren
gheven 20tr. 58 ® ,wat 1cojaren :Comt 1 tr, 290 ®. Enfghelijcxcan open-
bacrlick ghevonden worden den Joop op alleghegheven tijt, wacr af rbewijs
openbacris. T'BESLvYT. Wyhebbendan deur etvarings dachtafels ghe-
vonden den eyghen loop der vafte Sterren, na den eyfch,

DES EERSTEN BOVCX
EINDE,
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51st PROPOSITION

To find, by means of empirical ephemerides, the proper motion of the
fixed Stars.

Since at the time of Ptolemy in the year 139 Spica Virginis was at 176°40’
of the ecliptic, but at the time of Stadius in the year 1554 at 197°38/, i.e. 20°58’
farther, it has passed over this arc in the time between these two, which is 1415
years. I therefore say: 1415 years give 20°58’; what do 100 years give? This gives
1°29’. And in the same way the motion in any given time can clearly be found,
the proof of which is clear, CONCLUSION. We have thus found, by means of
empirical ephemerides, the proper motion of the fixed Stars; as required.

END OF THE FIRST BOOK.
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SECOND BOOK
OF THE HEAVENLY MOTIONS

OF THE MOTIONS OF THE PLANETS

by Means of Mathematical Operations,
Based on the Untrue Theory') of a Fixed Earth

1) The word stelling, as used by Stevin, corresponds literally to supposition, assumption.
In the following we have translated it by theory, because of the vast scope of the Ptolemaic
or Copernican conceptions, their numerous consequences, and the great amount of work
which has been devoted to their development. In treatises on the history of Astronomy,
the expression ‘“planetary theories” is commonly used.



CORTBEGRYP

defes tvveeden Boucx.

Nz cerSte bouck des Hewielloops denr ervaringhen wyt den
s\ rowwen bemercks [nde,de Dwaelders in wyzmiddelpuntighe ron-

| den eninvonden e lospen , met ander omstandighen dies angaen.
de, Wacr me onsghedachs een gront beeft, om denr Wiftonitighe
|| Werckinghen weel nauwer enfekerder ¥ onderfoncken oft bet oock
£ | volcommen yonden [ifn , enof e daer in altije eenvaerdich ever s
looopen , voort Wat reden haer halfmiddcllnen en nytmiadelpunticheytlijnen tor
malcander hebben, tot Wat plactfen [y intcecommende 1sjden [yn (ullen,boven dien
om te_ gheraken tot kennis der oneven daghen , der [iilstanden en deyfinghen , der
grootheyt vande verduySierde deelen die Son en Maenin haer du]ﬁeringlzm crg-
ghen, der verheden daer(e vanden Eertclootinfyn, der grootheden diefe hebten
seghen den Eerscloos verleken,met meer ander dierghelficke daer an devende_, fo0
[allen Yy nu tottes rweede bouck comme, inhoudende dey felve wifconflige Werckip-
ghen, en dat noch alop de ghemiste flelling eens vafien Ecriclooss,geliick de befihrg.
ving van dien Prolemeus eerf? ter hands quam ,1evcten [onder dacr in vermenge
te Wefen [ifn verdochte vonden der onbekende yoerfels (als de tweede oncventheyt
der AMaen, mette derde oneventheden van Saturnus, inpiter, Mars,Venus en Mer-
curius, meifQaders het onbekent breedeyoerfel der vif laetste, Welcke men int ghe-
meen der Dwaelders onbekende loop noemt) die ick daer uys (cheyden (al | en daer na
befonderlick befchriven,op dar elck alfoo claerlicker fiende Watter deur Stelling eens
vasten Eertcloots ghebreeckt , te bequamelicker na ander beter vonden trachien
mach. En fal hier af [even onder[cheyt(els maken.

Hez 1 vande “Wifionitighe uytmiddelpunticheyts handelint ghemeen,

Het tweede vande Sonloop.

Her 3 vande Maen loop.

Her 4 van Saturnms, lupiters, Mars, Venus en < Mercurius logp,

Het 5 van der DWvaelders aminghen, teghensianden, en duysieringhen,

Het 6 van Prolemeus verdochte tweede oneventhed? der Maen, en derde onevent-
heden van Saturnus, Iupiter, Mars, Venus en Mercurins.

Hes 7 vanProlemeus verdochte breedeloop der vijf Dwaelders, Saturnus, Inpiter,
Mars, Venus en Mercuriss,

MERCKT.

Ick noem defe wercking wifconftich, tot onderfcheyt der wercking ghetroc-
ken uyt ervaringhen int ecrfte bouck, en hoewelfe dickwils deur rekeningen
met tafels in geen heele volcommenheyt der getalen en beftaet, gelijck in vol-
commen wifconftighe wercking vercy{cht wort,, nochtansanghefien daer in
iseen voct van oncindelicke naerdering , mettet wifconftich groote ghemeen-
{chap hebbende, en de bewijfen oock wifconftich fijnde, foo fchijnet datmente
om rbovefchreven ondetfcheyts wille wifconftich noemen mach.

1 ONDER.
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SUMMARY OF THE SECOND BOOK

As it has been roughly perceived in the first book of the Heavenly Motions
by experience that the Planets move in eccentric citcles and epicycles, with other
citcumstances relating thereto, so that our thoughts have a basis on which to
examine much more accurately and surely, by means of mathematical operations,
whether the circles are perfect circles and whether they always move therein with
uniform velocity, further what proportion their semi-diameters and lines of
eccentricity have to one another, in what places they will be in future times,
and further to acquire knowledge of the unequal days, of the stations and
retrogradations, of the magnitude of the eclipsed parts of Sun and Moon during
their eclipses, of their distances from the Earth, of their magnitudes as compared
with the Earth, with more such related phenomena, we shall now come to the
second book, containing their mathematical treatment, such all on the incorrect
theory of a fixed Earth, as the description thereof first came into the hands
of Ptolemy, to wit, without being mingled with his supposed discoveries of the
unknown motions (such as the second inequality of the Moon, with the third
inequalities of Satutn, Jupiter, Mars, Venus, and Mercury, as also the unknown
motion in latitude of the five last-mentioned planets, which in general is called
the unknown motion of the Planets), which I will remove therefrom and describe
thereafter separately, so that everybody, thus seeing all the more clearly what
defect is involved in the theory of a fixed Earth, may strive the more easily
to make other and better discoveries. And I will make thereof seven chapters.

The first of the mathematical treatment of eccentricity in general.

The second of the Sun’s motion.

The third of the Moon’s motion.

The fourth of the motions of Saturn, Jupiter, Mars, Venus, and Mercury.

The fifth of the Planets’ conjunctions, oppositions, and eclipses.

The sixth of Prolemy’s supposed second inequalities of the Moon, and third
inequalities of Saturn, Jupiter, Mars, Venus, and Mercury.

The seventh of Prolemy’s devised motion in latitude of the five Planets Saturn,
Jupiter, Mars, Venus, and Mercury.

NOTE.

I call this operation mathematical to distinguish it from the procedure based
on experiences, in the first book; although it often operates, through computations
with tables, with numbers which are lacking the perfect accuracy required in
perfect mathematical operations; nevertheless, since there is in it a basis of infinite
approximation, having great similarity to the mathematical, and since the proofs
are also mathematical, it seems that because of the above distinction it may be
called mathematical.

[For reasons, set forth in the Introduction, the Second Book has not been reproduced,
with the exception. of the last paragraph only)
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feytis , foude connen verftrecken tot ghemeene reghel vanal d’ander, over-
midts men mette bekende winft van d'een Dwacelder boven d'ander foo foude
wercken,als vooren gedaen is : Sulcx dattér niet en gebreeckt dan fekerderken-
nis van der Dwacelders loop in langde én breede.

2 MERCK

Mijn voornemen was int befchrijven des Cortbegrijps defes 2 boucx als
blijcks,hier noch by te voughen een fefte Onderfcheyt van Prolemesns verdoch-
te tweede oneventheden der Maen , en derde oneventheden van Saturnus, Iu-
piter, Mars, Venus,en Mercurius in langdeloop : Metfgaders cen fevende On-
derfcheyt van Prolemens verdochte breedeloop der vijf Dwaelders, Saturnus,
Tupiter, Mars, Venus, en Mercurius:Maer nadien ick volghens mijn voorsie-
men, int eerfie en tweede bouck befchreven hadde den Hemelloop met ftel-
ling eens vaften Eertcloots , fonder daerin te vermenghen Peolemens vonden
der bovefchreven onbekende roerfels, die ick befonderlick alleen gheftelt had-
de: Sghelijex oock gedaen hebbende met Copermicws befchrijving eens roeren.
den Eertcloots , die ijn eyghen vonden der felve onbekende roerfels daer oock
in vermengde welcke ick mede daer uyt liet,en alleen befchreef, om daer deur
de foucking des onbekenden handels voor yghelickeclacrder en verftaenlicker
te maken,en na beter fpiegeling te meugen trachten: Soo ift gebeurt dat tighe-
neick aldus voor ander€ bereyt hadde , my felftot inleyding verftre&te ,om tot
fpiegeling te geraken die my beter docht , wantalfoo ick eensquam te ovetfien
mijn gefchreven derde bouck na Copermicus wijfe (dat een tijtlang flil gelegen
hadde) omdat inden druck te brengen , ick quam totander kennis des breede-
loops der Dwaelders,Saturnus, Iupiter,Mars, Venus,en Mercurius,fulcx dat my
docht de felve gheen onbekende roerfels meer en behooren te heeten , en ver-
volghensoock onnoodich te wefen het voornoemde fevende Onderfcheyt te
befchrijven,wantalle ramingen der men{ch&int foucken der Dwaclders loop,
feernauwe te willen deurgronden , het fchijnt datmé den tijt beter foude con-
nen befteden met ghewifle dinghen te leeren, Nudan angefien de breede loop
om de voorgaende reden comen falint derde bouck met ftelling eensroeren-
den Eertcloots, fooiis dit d’oirfaeck waer deur ick het bovefchreven fevende
Onderfcheyt hier uytlaet. Angaende het 6 Onderfcheyt , dat heb ick oirboir
verftaen inden Anhang des Hemelloops te brengen,om de redenen welcke al-
daer van dies fullen verclaert worden.

Nochiste ghedencken , dat foo ymant int voorgaende of volghende defee
wifconftige ghedachteniffe, quacm t'ontmocten woorden of redenenin welc-
ke de bovefchreve roerfelsder breede onbekentgenoemt worden, die ick noch
tans nufegh bekent te fijn, d'oirfacck daer af te wefen dat het volghendederde
bouck t'lactfte was, datter gedruckt wiert, hoewel ander ftoffen t’'bouck gebon-
den fijnde daer achter volghen , en datick alsghefeyt is, int overfien des felven
derden boucx eerft tot breeder kennis gherocht.

DEs TWEEDEN Bovcex
EYNDE.
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FIFTH CHAPTER
OF THE SECOND BOOK

63rd PROPOSITION 2nd NOTE

When writing the Summary of this 2nd book, I meant to add — as appears —
a sixth Chapter on Prolemy’s devised second inequalities of the Moon and third
inequalities of Saturn, Jupiter, Mars, Venus, and Mercury in the motion in
longitude; as also a seventh Chapter on Prolemy’s imagined motion in latitude
of the five Planets Saturn, Jupiter, Mars, Venus, and Mercury. But after,
according to my intention, in the first and the second book I had described the
Heavenly Motions on the theory of a fixed Earth, without including therein
Ptolemy's discoveries of the above-mentioned unknown motions, which I had
placed apart, while I had also done similarly with Copernicus’ description of
a moving Earth, who also included therein his own findings of the said unknown
motions, which I also left out and described separately, in order thus to make
the search for the unknown phenomena clearer and more intelligible for everyone
and to be able to strive after a better theory, it so happened that what I had
thus prepared for others, served as a preliminary for myself to arrive at a theory
which seemed better to me. For when I went through my third book as written
after the manner of Copernicus (which had been laid aside for some time) in
order to prepare it for publication, I arrived at other knowledge of the motion
in latitude of the Planets Saturn, Jupiter, Mars, Venus, and Mercury, so that
it appeared to me that they ought no longer to be called unknown motions, and
that consequently it was also unnecessary to describe the aforesaid seventh Chapter,
because it seems that we might spend our time better teaching things that are
certain rather than wish to fathom exactly all men’s estimates in the search
after the Planets” motions. Since therefore the motion in latitude for the aforesaid
reason is to come in the third book, on the theory of a moving Earth, this is
the cause why I here omit the above-mentioned seventh Chapter. As to the
6th Chapter, I thought it appropriate to put this in the Supplement of the
Heavenly Motions, for the reasons that will there be given for it.

It is further to be borne in mind that if in the preceding or following parts
of these mathematical memoirs anyone should come across words or arguments
in which the above-mentioned motions in latitude are called unknown, which
nevertheless I now say to be known, the cause of this is that the subsequent third
book was the last to be printed, though, after the book was bound, other
subjects follow thereafter, and that, as has been said, I arrived at greater
knowledge while going through the said third book.

END OF THE SECOND BOOK.
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g M de [ornme vandefen teverclaren, (oo
7 flact te ghedencken dat de Duvaelders
a\ L zvweederley loop bebben,d eeninlangde, de
\ | ander inbreede : Angaendede lang deloop,

] fo dre (al hier wvifconstelick bevye[en vwor-
M (\8/ L denmet fLelling eens roerenden Eertcloots

N 7 felve befluyt tecrijgen , dat e met felling

WEESANEZ eonsvasien beeft ,alleenclick daer in ver-
[chillende, dat £'ghene mette fielling cens vastenvoor vreems en
met vervyondering angkefien vvort , denr dander fonder vvon-
der és , alsgegront [ynde op ¢ gene-vwefentlick inde natwer bestaer.
Vyt bet voornomde bevwis , te wyetendat deen en d'ander fiel-
ling een felve befluyt voortbrengs , (aldefe befchriiving feer cort
valle, vwant ick op defe roerende [t elling geen niewvwe wwercstuc-
ken maken en [alvan £ vinden der Hemelloop(che dinghen , maer
voor gemeene regel nemen, dat algene ons vande langdeloopinde
dact voorvalt te berekenen ,gedaen [al vvorden dewr de vwerch-
Stuckengegront op  [telling eens vasten Eertcloots, en befchreven
inde voorgaende svvee cer e boucken : Ick fal oockin een befonder
voorstelverclaren mijn gevoelen , vvaerom ick filcke vyercking
gediaen op cenoneygen  ftelling, voor bequamer houde dan die op de
eygen vvaregegront 5. Nadelangdeloop (alde breedeloop volgen,
dieick oockmet d’een endander Jeelling een felve befluyzvoort-
brenghende befchrijven fal.

Dt inhouds inz gemee (oodanich ynde (al vif onder(cheyt [els
hebben. Het eerste van der Douyaelders Elemelz gedaente, foveel
noodich [chijnt tot <verclaring haers loops met [telling eensroeren-
den Eertcloots. Daer na fullen-volgen drie onder (cheys (els vande
langdeloop der Dvwaelders mer  [telling eens roerende Eericloots:
Tevvetenbet tupeede vande Fertcloot: Het derde vande M iz
Het vierdevan Satwrnns Inpiter , Mars ,Venns, en Mercu-
rins. Daernafalvolgen laetste onder(cheyt des brecdeloops met
Jtelling eensroerenden Eertcloots.

EER-
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SUMMARY OF THIS THIRD BOOK

To expound all this, it should be borne in mind that the Planets have two
kinds of motion, one in longitude and the other in latitude. As regards the
motion in longitude, this will here be proved mathematically to lead to the same
conclusion on the theory of a moving Earth as on the theory of a fixed Earth,
with the only difference that what is considered strange and gives rise to
astonishment in the theory of a fixed Earth does not give rise to astonishment
in the other theory, because it is based on what actually happens in nature.
On account of the aforesaid proof, to wit, that the one as well as the other
theory leads to the same conclusion, this description will be very shott, for on this
theory of a moving Earth I will not make any new problems of the finding of
things connected with the Heavenly Motions, but I will make it a general rule
that all that we have to compute in practice with regard to the motion in
longitude must be done by means of the propositions based on the theory of a
fixed Earth and described in the preceding first two books. In a special proposition
I will also set forth my opinion why I regard such a procedure based on an
untrue theory as more convenient than that which is based on the true theory.
The motion in longitude is to be followed by the motion in latitude, which
I will also describe as leading to the same conclusion with one theory and with
the other.

The contents of this book, which are in general as given above, are divided
into five chapters. The first of the figure of the Planets’ Heavens, as much
as seems necessary to explain their motion on the theory of a moving Earth.
This is to be followed by three chapters on the motion in longitude of the Planets,
on the theory of a moving Earth: to wit, the second of the Earth, the third of
the Moon, the fourth of Saturn, Jupiter, Mats, Venus, and Mercury. This is to
be followed by the last chapter, of the motion in latitude on the theory of a
moving Earth.
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der Dvvaclders Hemelen gedaente,
foo veel noodich fehijnt tot vercla-

1ing haers loops met ftelling cens
rocrenden Eertcloots,

CORTBEGRYP DESES
EERSTEN ONDERSCHEYTS.,

VEsD) eAdien ¢evoornemen ss hier te befchripven der “Dyvaelders
\CAWR loop met flelling ecns roerenden Eerscloots , foo [chijnet oirboir
NN vant covefenen gedaente des verelzssals gront daer ¢evoor-
=ASTS gaende op ghebout cuvort, foo cveelte cverclarenals cuvy daer
af coveten of cvermoeden , entotte kennss des voorghenomen loops bebul-
pich # : Tot diencinde [al ickjn dit eerste Onderfcheyt [es cvoorstellen be-
ﬁbﬁj@gn; . . o o s
Het eerste cvan doirden der hemelen cuande “Dvvaclders; met felling
eens roerenden Eertcloots.
Het tvveede cvan des Eertcloots voerfel inplacts , en haer [eylSteenighe
Seilftand:.
Het derde cvande [ylSieenighe ftil§tant der Dvvacldervveghen en baer
bemelen.
Het cvierde cvande placts des crachts die den Eertcloot enuveghen der
Dvvacldersin baer [eylsteenighe ffilStandt houds,
Het cusjfde dastet niet nootfakelicken blsjcks de Son middelpunt te <ove-
Jen cvanden vasieSterrens hemel ; maer met goede reden dacr toe cverco-
rencuvort.
Het [&§te cvande cveryvonderingben [onder cvvonder der ghene die een
vasten Eertcloot fiellen,

1t VOORSTEL

Te befchrijven doirden der hemelen vande Dvvael-
ders met ftelling eens rocrenden Eertcloots.

De Menfchen eertijts deur fielling cens vaften Eertcloots gecommen fijn-

detot ficlling van fommigheinronden , wacrin der Dwacld;xs keering i:ﬁgijt
en
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FIRST CHAPTER

OF THE THIRD BOOK

of the Figure of the Planets’ Heavens,
as Much as Seems Necessary to Expound Their
Motion on the Theory of a Moving Earth

SUMMARY OF THIS FIRST CHAPTER

Since the object is here to describe the Planets’ motions on the theory of a
moving Earth, it seems appropriate to set forth as much about the nature
and figure of the world — being the basis on which the foregoing is built —
as we know or surmise and is conducive to the knowledge of the motion in view.
To this end I will describe six propositions in this first Chapter.

The first of the arrangement of the Heavens of the Planets, on the theory of
a moving Earth.

The second of the motion of the Earth in its place and its magnetic rest.

The third of the magnetic rest of the Planets’ orbits and their Heavens.

The fourth of the place of the force keeping the Earth and the orbits of the
Planets in their magnetic rest.

The fifth that it appears not to be necessary that the Sun should be the centre
of the Heaven of the fixed stars, but that it is chosen for this with good reason.

The sixth of the wondering at what is no wonder, of those who assume a
fixed Earth.

1st PROPOSITION.

To describe the arrangement of the Heavens of the Planets on the theory of
a moving Earth.

Whereas formerly, on the theory of a fixed Earth, man came to assume some
epicycles on which the revolution of the Planets corresponded exactly in time
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effen over quam mettet overfchot des Sonloops boven den loop vartinronts
middelpuntin haerwegen, als van Saturnus,lupiteren Mars : Voortander in.
rond :ndiens middelpuntens loop effen mette Sonloop overquam,ghelijck int
cerfte bouck ghefeytis, fulcx en docht ander menfchen die defe faken gronde-
licker begoften onderfoucken , alfoo inde natuer nict te beftacn : Overdenc-
kende daer na ofmen die inronden met haer verfierde roerfels niet en foude
meugen weeren, ftellende den Eertcloot in een rondtteJoopen , bevonden dat
ja,ghelijck by cttelicke ouden betuycht wort ecrtijtsfmenfchen ghevoelen van
ecn loopenden Eertcloot gheweeft te hebben , maer de eyghentlicke form en
ghedaente van hun befchrijving enis na den onderganck des Wijfentijts tet
handt van Psolesmens noch ymanntanders ghecommen, datmen weet, dan met
veel ander dinghcen vetloren bleven. Doch isten laetften Nicolans Copernicus
verfchenen,welcke de felve fielling, of een ander die groote gemeenfchap daer
me fchijnt te hebben, weerom intlicht gebrocht heeft, welcke ick in dit voors
ftel befchrijven fal, en tot dien eindealdusfegghen : Binnen den Hemel der
vafte fterren by Copernicss onbeweeghlick geftelt, fijn oirdentlick vervolghen-
dede hemelen van Saturnus, Iupiter, en Mars, daerna des Eertcloots opt na-
tueslick jacr een keer volbrenghende, met noch twee rocrfelsin plaets, waeraf

de verclaring int 2 Hooftftick ghedaen fal worden wefende de middellijn defes
bhemelsfonder gevoelelicke reden tegen de halfimiddellijn des Hemels der vafie
fietzen
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to the surplus of the Sun’s motion over the motion of the epicycle’s centre in
their orbits, as of Saturn, Jupiter, and Mars — while further the motion of the
centres of other epicycles (Venus, Mercury) corresponded exactly to the Sun’s
motion, as has been said in the first book — it appeared to other men, who began
to inquire into these matters more thoroughly, that this did not exist in nature.
Considering thereafter whether those epicycles with their imagined motions could
not be eliminated, assuming the Earth to move in a circle, they found that
indeed, as is stated by several ancient writers, man formerly held the opinion
that the Earth moved; but the true form and appearance of their description did
not, after the end of the Age of the Sages, come into the hands of either Prolemy
or anyone else, as far as we know, but they were lost together with many other
things. But at last Nicolaus Copernicus appeared, who has brought to light again
this theory, or one that seems to resemble it closely, which I shall describe
in this proposition, and to this end I say: Inside the Heaven of the fixed stars,
assumed by Copernicus to be immovable, there are arranged in due order the
Heavens of Saturn, Jupiter, and Mars, thereafter that of the Earth, performing
one revolution in the natural year, with two more motions in its place, the
exposition of which will be given in the 2nd Chapter, the diameter of this
Heaven having no perceptible ratio to the semi-diameter of the Heaven of the fixed
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fterren: Rontom den Eertcloot dracyt de Maen in een uytmiddelpuntichront,
daer na volghen'Venus en Mercurius,Joopende in uyimiddepuntighe ronden
om de Son, die alsweerelts middelpunt onbeweeghlick blijft. De loopen der

. bovefchrevé fes Dwaclders ende des Eertcloots fijn altemacl nat'vervolgh der

. trappen, datis van Weflenint Ooften. «

- Om vbovefchreven deur een form opentlicker te verclaren, laet den tip A de
vaftftaende Son beteyckenen, rontom welcke befchreven fijn fes uytmiddel-
puatighe ronden: Int eerfie van dien gact Mercuriusan B:Int tweede Venus
an C: Intderde den Eertclootan D, en daerom in een nytmiddelpuntichront
de Maenan E : Int vierde vijfde en fefte volghen oirdentlick Mars, lupiter, Sa-
turnusgheteyckentF, G, H, altemael fonder inront, 1 beduyt den Hemel der
vafte fterfen befchreven opt middelpunt A, 'welck als vooren de Son is. -

" De bovefchreven oirden aldus eenvoudelick int corte ghefeyt fijnde fonder
cenich bewijs, foo fullen wy nudaer af wat breeder verclaring doen. De reden
waer uyt men merckt Venus en Mercurius binnen den Eertclootwech teloo-

- pen, is, datfc nummermeer tot tegheftant der Son en gheraken:Macr Mercu.

- 1ius loop binnen Venuswech begrepen te wefen, blijckt an fijn cleender af- -
wijckinghen dacr vfijnder plactsint ecrfte bouck deur ervaringen afghefeyt is,

 Belanghende dat ymant iwijffelen mocht en fegghen , Venusen Mercurius

- wegen binnenden Eertcloot te connen wefen, fondérnochtansde Son te ver-
vanghen,dat en mach (oo niet {ijn,omdat haer meefte verheden vanden Eert-
cloot veel langher bevonden worden dan des Eertclootwechs halfmiddellijn,
nat'inhoudt der rekening die dacrafint volghende ghedaen fal worden. An-
gacnde Saturnus, lupiteren Mars, ghemercktdie tot tegheftant der Son gera-
ken, foo moeten haer weghen den Eertclootwech vervanghen , anders waert
onmeunghelick. Dereden waer uyt men mercke Saturnus de verfte te wefen,
daer na lupiter, en Marsde naefte , can tweederley fijn : Ten eerften datden
Dwaclder der twee die in faming bedeckt wort | de verfte moet fijn, doch dat
ghebeurt fecr felden,o00ck fijnder inde werelt te luttel gaflaghers dieder op pat-
fen. Tenanderen dat fulcx deur fielling eens loopenden Eertcloots(anders dan
deur ftelling eens vatten Eertcloots, waer me dit onbekent blijft) dadelick ghe-
meten can worden , ghelijckmen optlandt meet welcke fichtbaer torre wijtft
van onsis,want de verheyt van twee ftanden die den Eertcloot tot verfcheyden
plactfen haers wechs heeft, verftreckt ons voor drichoucx * gront,hebbende te- Bafis.
ghen haerfijden feerghevoelelicke reden , ghelijck daer af tfijnder plaets ey-
ghentlicker ghefeyt fal worden. Angaendedereden waer uyt men befluyt de
Maenloop te moeten wefen ghelijck de voorgaende form anwijft , is dufda-
nich : By aldienfelicpe ghelijck een van d'ander Dwaclders, dat foude mocten
fijn buyten den Eertclootwech,ghelijck Saturnus, Iupiter en Mars, of daer bin.
nen ghelijck Venus en Mercurius. Buyten en cant niet wefen ,om datter alf-
dan nummermeer Sonduyftering vallen en foude. Binnen en machtoock
niet fijn om tweederley reden : Ten eerften datfe nummermeer ghelijck Ve- -
nus en Mercurius, in tegheftandt derSon en foude gheraken. Ten anderen
datfe foude connen commen achter dé Son , fulcxdat al waren dan haer beyder
middelpunten en het oogh des fienders,alle drie in een rechte lini, foo en fou-
der nochtans gheen Sonduyftering wefen, firijdende teghen d’ervaring.

De redenen waerem ghelooft wort de ftelling des loopenden Eertcloots
lijckformich te wefen mettet ghene inde natuere beftaet, en niet de ftelling des
vaften Eertcloots,fijndufdanich : Ten cerften datmen daerdeur befluyt, ghe-
Jijck int volghende breeder blijcken fal , de Dwaelders eenvoudelick te drayen

Yz in ron-
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stars. Round the Earth moves the Moon in an eccentric circle; after this follow
Venus and Mercury, moving in eccentric circles round the Sun, which remains
immobile, as being the centre of the world. The motions of the above-mentioned
six Planets and of the Earth are all in the order of the degrees, i.e. from West
to East.

To explain the above more clearly by means of a figure, let the dot A denote
the fixed Sun, about which have been described six eccentric circles. In the first
of these moves Mercury at B, in the second Venus at C, in the third the Earth
at D, and round this in an eccentric circle the Moon at E. In the fourth, fifth,
and sixth follow successively Mars, Jupiter, Saturn, drawn at F, G, H, all without
any epicycle; I denotes the Heaven of the fixed stars, described about the centre
A, which, as said above, is the Sun.

After the above-mentioned arrangement has thus been simply stated in brief,
without any proof, we shall now give a more detailed exposition of it. The
reason from which it is perceived that Venus and Mercury move within the
Earth’s orbit is that they never come in opposition to the Sun. But the fact
that Mercury’s motion is contained within Venus’ orbit becomes apparent from
its smaller deviations, which have been referred to in their place in the first
book by means of experiences.

As for the case that someone should doubt and say that Venus’ and Mercury’s
orbits may be within that of the Earth, but without containing the Sun, this
cannot be so because their greatest distances from the Earth are found to be ‘much
greater than the semi-diameter of the Earth’s orbit, according to the contents
of the computation that is to be made thereof in the following. As to Saturn,
Jupiter, and Mars, since they come in opposition to the Sun, their orbits must
contain the Earth’s orbit, otherwise it would be impossible. The reason from
which it is perceived that Saturn is the most distant, then Jupiter, and Mars the
nearest may be twofold. Firstly, that that Planet of the two that is covered in
conjunction must be the most distant, but this happens very seldom, and there are
also too few observers in the world who attend to it. Secondly, that on the theory
of a moving Earth (unlike on the theory of a fixed Earth, when this rémains
unknown) this can be measured in practice, as we measure on the land which
visible tower is most distant from us, for the distance of two positions which
the Earth has in different places of its orbit serves us as base of a triangle, whose
ratio to the sides is very perceptible, as will be described more truly in its place.
As for the reason from which it is concluded that the Moon’s motion must be as
denoted in the foregoing figure, this is as follows. If it moved like one of
the other Planets, this would have to be outside the Earth’s orbit, like Saturn,
Jupiter, and Mars, or within it, like Venus and Mercury. It cannot be outside,
because there would then never occur a Solar Eclipse. It cannot be within either, for
two reasons. Firstly, that it would never, like Venus and Mercury, come in
opposition to the Sun. Secondly, that it might come behind the Sun, so that, even
if the centres of both and the eye of the obsetver were all three in a straight
line, there would yet be no Solar Eclipse, which is contrary to experience.

The reasons why it is believed that the theory of the moving Earth is in
accordance with what happens in nature, and not the theoty of the fixed Earth,
are as follows. Firstly, that it is concluded therefrom, as will become more fully
apparent in the following, that the Planets simply revolve in citcles, without
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in ronden, fonder ftelling vaninronden met haer verfierde loopen inde fef-
ve, welcke daer deur al verlaten worden.

Ten tweeden,angefi€ het inde natuer foo veroirdent is,dat de Dwaeldersdie
indegrootite ronden of hemels dracyen, flappelicxt ommeloopen, {oo firijdet
tegen defe gemeencoirden alfmen den aldergrootfien Hemelder vafte fterren
felt alderfnelft te dracyen, te weten alledaghe een keer: Ende isdacrom de na-
tuerlicke reden lijckformigerte gelooven en teftellen fulck alderfnelite rocrfel
het cleenfte rondt toe te commen,te weten t'rondt des Eertclootsin fijn placts,

Ten derden,na dient intwefen foo vervought is,datal deloop€ der Dwacl.
ders {ijn van Weften in Ooften,foo firijdet tegen defe gemeene oirden datmen
dé loop der vafte fterren verkeerdelick ftelt van Oofté in Weften, en isdacrom
de natuerlicke reden lijckformiger te ghelooven en te ftellen fulcke’loopden
Eertcloot toe te commen,oock van Ooften na Weften, gelijck van al d’ander.

Angaende mé de fwaerheyt des Eertcloots houdt voor oirfaeck van haer on.
beweeghlicheyt, men mocht daer op aldusantwoordé: Angefien dé Eertcloot
openbaetlick e€ Hemels licht is, ontfangende vande Son hacr claerheyt gelijck
de Maen,ten is niet buyten natuerlicke reden , toe te ftaen dat de ftof defer twee
lichten, en oock van al d’ander fterren, deur gelijcke genegentheyt by malcan-
der gehouden worden , te weten ghelijck de ftoffen daer den Eertcloot uyt be-
ftact,gheneycht fijn na heur middelpunt te firecken, en derwaertte vallen foo
lange tot datfe niet voorderen conné, en da geduerlick derwaert drucké, dattet
alfoo oock toegact mette ftoffen daer d’ander voor{chrevé lichten uyt beftaen,
welcke ghemeene ghenegentheyt om natuerlicke redenen oock nootfakelicle
{chijnt, want by aldient foo niet en waer, het fandr, water, en ander Eertfche
ftoffen, foudé van malcander fcheyden fondereen clootfche form te blijve,ge-
nouchfaem als e fichtbaer hoop afich€ die deur de wint int wilde wechvlieght,
verfpreyt en onfichibaer wort : Nu dan de natuerlicke reden willende datmen
toclate, foodanighe ghelijcke lichten ghelijcke eyghenfchappen te hebben, en
datmen voor feker houdt de fwaricheyt der Dwaclders hemlien gheen onbe-
weeglickheytte veroirfaken , men behoort derghelijcke vande fwaricheyt des
Eernicloots oock te oirdeelen, en fulex {chijnt oock t'ghevoelen van Copernicus
int 9 Hoofiftick fijns cerften boucx : Maerom hier af by voorbeelt noch wat
claerder te fpreken , ghenomen dat eenighe menfchen verre vanden Eertcloot
waren, en fiendedie blincken als een Dwaclder tufichen d’ander hemelfche
lichten (welcke clactheyt voornamelick fijn moet ter plaets daer t'water vande
Son befchenen is) dat ymant van hemlien feyde die fterre boven d’ander wons
derlick fwaer te wefen , t'iskennelick dat d’ander menfchen (fulcx fonder be«
wijs ghefeyt wefende, en gheen teycken van meerder {waricheyt int een liche
dan intander fiende) dien eenen niet ghelooven en fouden: Endealfoo en be.
hooren wy die op den Eertcloot fiyn , hem noch al de ghene die hier alfoo fon-
der bewijs fpreken, oock niet te ghelooven.

Belangende t'ghene Prolemens teghende fielling eensroerenden Eertcloots
voorwent, te weten by aldien {y draeyde dat torren en gheftichten fouden ome
vallen, van weghen de gheweldighe ftrijcking dicfe teghen de locht fouden
doen : Voort dat yet opfpringhende, nict ter felve plactsneer en foude vallen,
maer {00 verre van dacrals den Eertcloot daerentufichen verloopen waer : Al
diten mach nict beftacn uyt oirfaeck dat na fulck gheftelde de felve ongevallen
fouden moeten volgen met fielling eens vaften Eertcloots,want nadié mé hier

neemtdatde locht of den hemel die dé Eertcloot vervangt, niet en dracyt met-
ten Eertcloot, maer d’een alleen fonder d’ander, (oo fal delocht om den vaften
Eert~
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the assumption of epicycles with their imagined motions therein, which are thus
all eliminated.

Secondly, since it is so arranged in nature that the Planets revolvmg in the
largest circles or heavens revolve slowest, it is contrary to this general arrangement
if the greatest Heaven of all, that of the fixed stars, is assumed to move fastest
of all, to wit, every day one revolution. And therefore it is more in accordance with
natural reason to believe and to assume that this fastest motion of all is to
be assigned to the smallest circle, to wit, the circle of the Earth in its place.

Thirdly, since matters are so arraﬁged that all the motions of the Planets
are from West to East, it is contraty to this general arrangement that the motion
of the fixed stars should inversely be assumed to be from East to West, and
therefore it is more in accordance with natural reason to believe and to assume
that this motion is to be assxgned to the Barth, also from West to East 1), like all
the others. ‘

If the heaviness of the Earth is held to be the cause of its immobility, to this
the following answer may be given: Since the Earth is evidently a Heavenly
luminary, receiving from the Sun its light, like the Moon, it is not beyond natural
reason to admit that the matter of these two luminaries, and also of all the
other stars, is kept together by a similar affinity, to wit, as the substances of which
the Earth consists tend towards its centre and to fall in that direction until they
cannot get any further and then continually press in that direction; and that it also
happens thus with the substances of which the other aforesaid luminaries consist,
which general affinity also seems necessary for natural reasons; for if it were not
so, the sand, water, and other Earthy substances would fall apart without the
spherical form being preserved, somewhat like a visible heap of ashes which
tlies away at random on the wind, is dispersed, and becomes invisible. Natural
reason therefore requiring it to be admitted that such similar luminaries have
similar properties, and it being considered certain that the heaviness of the
Planets does not cause their immobility, it should also be judged similarly of
the heaviness of the Earth, and this also seems to be the opinion of Copernicus
in the 9th Chapter of his first book. But to speak a little more clearly about
this by means of an example: let us assume that some people were far from
the Earth, and saw it shine like a Planet among the other heavenly luminaries
(which brightness must be mainly in the places where the water is lit up by the
Sun), and that one among them should say that this star was singularly heavy, more
so than the others, it is evident that the other people (since this was said without
any proof and they saw no sign of greater heaviness in one luminary than in
another) would not believe that one man. And in the same way, we who are
on the Earth ought not to believe him nor all those who here thus speak without
any proof.

As to what Ptolemy 2) advances against the theory ofa moving Earth, to wit, that
if it moved, towers and buildings would collapse, on account of their enormous
friction against the air; further, that something which leaps up would not fall
down in the same place, but so far thence as the Earth had meanwhile moved —
all this cannot be so, because on this supposition the same accidents would have
to happen on the theory of a fixed Earth; for since it is here assumed that the

1) For van Qosten na Westen in the Dutch text read van Westen na Oosten.
2) Syntaxis I, 7 (Manitius p. 19).
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Eertcloot vlieghende even foo ftijf teghen de geftichten ftrijcken , als den loo-
penden Eertcloot teghen de flilftaende locht,, want ghenomen dat een flock
overeinde ghefteken fy in cen loopende rivier,en een ander ftock deur een ftil-
ftaende water over cinde voortghedronghen worde , fooras als twater vande
rivier loopt, tistoe telaten dattet water teghen d’een en d'ander ftock eveftijf
fal drucken : Enalfoo foudet cock openbaerlick toegacn mette locht teghen
de gheflichten, of de gheflichten teghen delocht. Vythetghene voorfeyt is
foude volghen, dat yet op cen vaften Eertcloot opfpringhende, nict ter felvet
placts wecrom necr en foude vallen , maet {00 verre van daer als hem de locht
dacrentufichen wechdronghe. Doch fulcx niet ghebeurende, foo it nootfa-
kelick datde Jochtcloot en den Eertcloot van hem vervanghen ,’'famen ecn
cloot maken, die mette ftelling eens vaften Eertclootsint gheheel il ftaet , of
mette felling. cens dracyenden Eertcloots int gheheel draeyt : En wijder die
folcke vereeningdes cloots uyt aerde en locht, feggen foo te wefen al(men van
ecn vaften Eertcloot fpreet , macr foo niet te fijn als t'verfchil van cen loopen-
deis; met hemliendie alfoo haer felven tegenfpreken , foudet ander fivaer vale
fen te overcommen. TBE sLvyT. Wyhebben dan befchreven d'oirden dex
hemelen vande Dwaclders met ftelling eens roerende Eertcloots, na déeyfch.

» VOORSTEL

Te verclaren des Eertcloots roerfel in plaets, en haer
feylfteenighe ftilftandt. |

Benevens den loop des Eertcloots van placts tot plaets in haet wech,doende
allejarc een keer uyt Weften naOoften , daerint 3 voarfiel afghefeytis, foo
heefulernoch twee in placts : D'ecn loop is den daghelickfchen keer op haeras
van Weften in Ooften , macrom dit roesfelin placts by voorbeelt wat breeder
te verclaren, men mocht fegghen dattetisghelijck een dracyenden flijpfteen in
cen varendc {chip, welcke deur t'fchip een roerfel ontfangt van plaetstot plaets,
macr heur dracying op den as blijft daerentufichen int fchip op een felve plaets,
en alfoo metten Eertcloot nieuwelini. D'ander loop (na dé fin van Copernicus
int 11 Hooftick fijns 1 boucx) isdufdanich : Te wijle den Eertcloot haer jaes-
lickfchen keer doet van Weften na Ooften daer int 1 Hoofiftick af ghefeytis,
foodoctfe dacrentufichen op de felve tijt teghen den voorfchreven loop een
keerin placts van Ooften na Weften, fulcx dat hier deur den as gheduerlick na
ecn {clven oirtfireckt. Maer om dit roerfel en firecking vanden asgheduerlick
na ccn felven oirt,te verclaren mette bequaemfte gelijckenis die my nute vooe
xcn comt, ick fegh aldus: Ghenomen dat ymant opt middelpunt des ront pa-
piers van een feecompas flack een firoyken , fireckende evewijdich metten as
des Eertcloots , dat feccompas ftacnde ineen (chip, varende neem ick in een
ronde gracht van cen Slot of Schans, t'is kennelick dattet felve fchip een keex
ghedaen hebbende van plaets tot placets na d’een fijde, foo fal daerentufichen
t'compas in fijn plaets oock cens ghekeert fijn na d'ander fijde,dats teghen den
kecr vant {chip , en fulckenghedeclte eens keers t'felve (chip ghedaen heefi na
dreen (ijde, foodanich ghedeelte fal oock het feecompas ghedacn hebben nade
ander fijde, blijvende het bovefchreven ftroyken gheduerlick evewijdichmet.
ten as des Eertcloots : Enalfoo falmen derghelijcke oock verftacn vanden loop
des Eertclootsin haer wech , welcke te wijle fy daereen keer doet, foodracytie
ecn keerin hacr plaets teghen den voorgaenden keer, en blijvende den as altijt

Y3 naeen
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air or the heaven that contains the Earth does not move with the Earth, but
the one alone without the other, the air flying about the fixed Earth will press
just as closely against the buildings as the moving Earth against the stationary
air; for if we assume that a stick be put up vertically in a flowing river, and
another stick be drawn vertically through stagnant water as fast as the water of the
river flows, it must be admitted that the water will press equally against one
stick and the other. And the same would evidently happen with the air against
the buildings or the buildings against the air. From what has been said before
it would follow that something leaping up on a fixed Earth would not fall
down again in the same place, but so far thence as the air drew it away meanwhile.
But since this does not happen, it is necessary that the sphere of air and the
Earth contained by it together form one sphere which on the theory of a fixed
Earth stands still in its entirety or on the theory of a rotating Earth rotates in its
entirety. And further, as for those who say that this composition of the sphere
of earth and air is thus when a fixed Earth is spoken of, but not when there
is the difference that it moves, it would be difficult for others to agree with
those who thus contradict themselves. CONCLUSION. We have thus described
the arrangement of the Heavens of the Planets on the theory of a moving Earth;
as required.

- 2nd PROPOSITION.
To expound the motion of the Earth in its place, and its magnetic rest.

In addition to the motion of the Earth from place to place in its orbit, performing
every year one revolution from West to East, as has been desctibed in the 1st
proposition, it has two more motions in its place: one motion is the daily
rotation on its axis from West to East, but to explain this motion in ms place
somewhat more fully by means of an example, it might be said to be like a
turning grindstone in a vessel sailing, which from the ship receives a motion
from place to place, but its rotation on the axis meanwhile remains in the shlp
in the same place; and the same is the case with the Earth. The other motion
(according to Copernmicus in the 11th Chapter of his 1st book) is as follows:
While the Earth performs its annual revolution from West to East, which has
been described in the 1st Chapter, in the same time it meanwhile performs,
against the aforesaid motion, a rotation in its place from East to West, in such
a way that the axis constantly tends in the same direction. But to explain this
motion and constant tendency of the axis in the same direction by means of the
most convenient comparison that now occurs to me, I say as follows; if a man
were to put in the centre of the round paper of a mariner’s compass a straw
parallel to the axis of the Earth, this compass standing in a ship sailing, I assume.
in a circular moat of a Castle or Entrenchment, it is evident that when this ship
has made one turning from place to place towards one side, in the mean time
the compass in its place will also have made one turning towards the other side,
i.e. against the turning of the ship; and such part of a turning as the ship shall have
made towards one side, the same part the compass will also have made towards the
other side, the aforesaid straw constantly remaining parallel to the axis of the Earth.
And it must be similarly understood also with regard to the motion of the Earth in its
orbit: while it performs one revolution, it rotates once in its place against the former
revolution, the axis always tending in the same direction. This is, I think,
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na een {elven oirt fireckende, Dit meynick te wefen den rechté fin vant roer-
fel des Eertclootsdeur Copernicns befchreven , en metern figuere verclaertint
11 Hoofiftick {ijns eerften boucx. Maer want dit roerfel van hem aldus een-
voudelick ghefeyt wort fonder eenighe natuerlicke reden of bewijs , foo heeft
my defe ftelling langhen tijt int ghedacht ghequollen , overmidts alle Hemel-
{che roerfelsdiemen everas verfiert en op malcander doet paffen, ghelijckmen
de rayers van een uyrwerck doet over een commen , my niet en bevallen , als
niet fchijnende inde natuer te beftacn : Nochtans moeft dit roerfel foo toeghe-
laign fijn, om al d'ander natuerlicke overcencomminghen dic uyt ftellingdes
roerenden Eertcloots volghen cen fekergront te gheven : Doch isdaer naint
licht ghecommen het bouck vanden grooten * Eertclootfchen feylfteen , be-
fchreven deur Guilielmms Gilbertus ,waer inde natuerlicke oirfaeck defes rocr-
fels, mijns bedunckens ghetroften en gheopenbaert is, waer af ick hier de fom-
me int corte ftellen fal : Men bevintinden Eertcloot foo groote menichte van
feylfteen , en ander floffen met feyl@teenfche cracht (als yfergheberchten die
overal feer menichvuldich fijn,en aliemacl dien aert hebbg) datfe als een groo-
ten feylficen in heurde eyghenfchappen heeft diemen vint inde cleene cloot-
kens van feylftcen gemaeckt, want fulck een met cerck clootiche wijfe foo be-
fet wefende, dattet int water hangt gelijck dé Eertclootinde locht, alfdan en fal
den noortfchen afpunt niet alleen na’Noorden wijfen , gelijckt mette beftre.
ken feylnaeldé toegaet , maer den heelen as ftelt heur evewijdich mer des Eert-
cloots as, te weten den Noorder{chen afpunt des fleens na ' Noordé , den Zuy.
derichen na Zuyden : Voort foomen opt feylfteenclootken fi¢lt feylnaelde.
kens, ghelijck ghemeenelick inde dragelicke Sonwijferkens fijn,men bevintfe
daer op fulckerijlinghen,afwijckinghen,beweginghen, en eyghenfchappente
hebben , als op den grooten Eertcloot. Noch heeft defe groote gemeenfchap
gheleert doirfaeck vande ongeregelde wijckinghen der fcylnaclde vant Noox-
den , daer veel menfchen al verwonderende hun gedachten dus langhe me be-
commert hebben , want alfinen neemt een cloot van feylfteen met putten
dacr in, en datmen cen feylnacldeken ftele niet boven middel des puts daert
rechte Noortwijfing hebben can, maer byde kantnat’Ooften , het fal Oofte-
licken , maer gheftelt fijnde by de cant na Weften, fal Weftelicken , nu want
den Fertcloot oock fulcken feylfteencloot is metdiepe puti& der zeen,in wiens

~ beweghende water de bovefchreven feylfteenfchenaert niet fijn cacan, foo

bevintmenwel rechie Noortwijfing ontrent her middel der groote zeen, alsin
de Oceanc tufichen Americaen Eurcpa,maer op de ooftfijde na Europa com-
mende de naclde ooftelickt ,en weftwacert na America fy weftelicke : De felve
reden is oock voor groote uytftekende punten van Landen, als Cabo de Bena
Efperanca en meer ander,, waer af den Schnjver inde lactfte Hoofifticken fijns
vierden boucx verfcheyden voorbeclden flelt,

Nudan den Eertcloot in heur hebbende defen feylfteenfchen aert,foo moe-
tet bovefchreven roerfel (1e weten eens jaerlickfch€ kecrsin plaets van Ooften
naWeften, fulcx dat den asgheduerlick naeen felven oirt fireckt) alfoo noot
fakelick wefen.

Tot hier toe is defe feylfteenigen aert des Eertcloots genoemt een dracyena
de roerfel,om mijn voornemen beter te verclaren,maer acht nemende optge-
ne ick voorder fegghen wil , vinde bequamer dat t¢ heeten feylficenighe ftil-
ftandt,om defe reden : Ick heb hier vooren ghefeyt dat hemelfche roerfels dic-
Inen everas verfiert, en op malcander doerpafien, my niet en gevallen, als niet
fhijnendeinde natucr te beftacn , nochtans ; mocht ymantfegghen , fulcx nu

te blijc-
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the correct meaning of the motion of the Earth described by Copernicus and
explained by means of a drawing in the 11th Chapter of his first book. But
since this motion is thus simply described by him, without any natural argument
or proof, this supposition long troubled me in my mind, since the notion that
all the Heavenly motions are imagined equally fast and made to fit into one
another, as the wheels of a timepiece are made to fit together, does not satisfy
me, as not seeming to happen in nature. Nevertheless this motion had to be
admitted in order to give a sure basis forall the other natural correspondences
that follow from the theory of a moving Earth. But thereafter there was published
the book about the great terrestrial magnet, described by Guilelmus Gilbertus 1),
in which the natural cause of this motion in my opinion is hit off and revealed,
which I will here summarize as follows. In the Earth there is found such a large
amount of loadstone and other substances with magnetic force (such as mountains
containing iron, which are of frequent occurrence everywhere and all have that
property) that, like a big loadstone, it has in itself the properties that are found
in small spheres made of loadstone: for if such a small sphete is covered with
cork in the form of a sphere, so that it hangs in the water like the Earth in the air,
not only will the northerly pole point towards the North, as happens with magnetized
needles, but the whole of the axis takes up a position parallel to the axis of the
Earth, to wit, the Northerly pole of the stone pointing towards the North, the
Southerly towards the South. Further, if on the sphere of loadstone we put
magnetic needles, as they are generally present in portable Sun-dials, they ate
there found to have the same elevations, deviations, movements, and properties
as on the big Earth. This great similarity has also taught the cause of the irregular
deflections of magnetic needles from the North, about which people have
wondered and puzzled so long. For if we take a sphere of loadstone with pits
therein and we put a magnetic needle, not over the centre of the pit, where
it can point straight towards the North, but sideways towatds the East, it will
deviate towards the East, but if it is put sideways towards the West, it will deviate
towards the West. Now since the Earth is also such a sphere of loadstone with
deep pits, namely, the seas, in whose moving water the above-mentioned magnetic
character cannot be present, straight Northward pointing indeed is found about
the middle of the great seas, such as in the Ocean between America and Europe,
but when we get to the East, towards Europe, the needle deviates towards the East,
and when we get to the West, towards America, it deviates towards the West. The
same reason also holds for large protruding points of land, such as Cabo de Bona
Esperanca, and others, of which the Author gives several examples in the last
Chapters of his fourth book 2).

The Earth therefore having this magnetic character, the motion described above
(to wit, that of an annual rotation in its place from East to West, such that
the axis constantly tends in the same direction) must be necessaty.

Up to this point this magnetic character of the Earth has been called a rotary
motion, in order to set forth my intention the better, but with a view to what
I further intend to say, I find it more suitable to call it magnetic rest, for the
following reason. Above I have said that the notion that heavenly motions are

1) William Gilbert (Colchester 1544—London 1603), physician to Queen Elizabeth
in London, author of De Magnete, Magneticisque Corporibus, et de Magno Magnete Tellure ;
Physiologia Nova (London, 1600).

2) This refers probably to The Haven-Finding Art (Work X1, i 25).
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e blijcken metdes Eertcloots bovefchreven foodanige twee even roerfels. Ick
antwoorde hicr op datmen dit twee even roerfels noemen mach die op mal.
cander paffen, om, als voorfeytis , de voorgheftelde faeck bequamelicker me
te verclaren , maerom eyghentlicker te fpreken foo foudement beter des Eert-
cloots feylfteenighe tiltant heeten, fulcx datfe heur de keering haers wechs
nietan en trecke: Als by voorbeelt, de caffe daer ecn feylnaclde in ftact, een
keer omghedracyt ijnde nade rechterfijde , darmen foude feggen de feylnael-
de dacrentufichen een keer gedaen te hebben na de flijncker fijde, ten wacr niet
foo eyghentlick ghefproken als te fegghen datfe flil ftaet , fonder heur de kee-
ring der cafle an te treck€ : En alfoo oock metten Eertcloot in haer wech:Sulcx
dat r'gene ick tot hier toe genoemt hebbe des Eertcloots-tweede loop in placts,
datheet ick na hetinhoudt vant opfchrift defes voorftels feylfteenige ftilftant,
alswelende een woort dat ghenouch fcHijnt uyt te beclden de manier van ftil-
ftant diedér int voorgaende ghcmeent is, cn int volghende ghemerckt fal
worden. Merckt noch datalfinen defe feylfteenighe ftilftandt roerfel noem-
de, foo foudet cen roerfel fijnteghen t'vervolgh dertrappen , t'welck deur fich
felfs beftaende ick niet en fic in cenighe hemelen te ghebeuren.

T BEsLVYT. Wyhebben dan verclaert des Eertcloots roexfel in plaets,en
haex feylfteenighe tilftant, naden eyfch.

3 VOORSTE L.

Teverclaren defeylftecnighe ftilftant der Dvvaelders
vveghen en haerhemelen.

Defe eyghenfchap van feylficenighe flilftandt enis nietalleen inden Eert-
clootals vooren, maer oock (dienende r'een tot breeder bevefting vant ander)
in haer wech,alsopentlick blijckt deur C’'verftepunt des felfden, ' welck om d&
loop van Mars hemels wille daer den Eertcloot af vervangenis, enin gediegen
wort, te twee jaren een keerfoude moeten doen , dat nochtans niet en ghe-
beurt foo de ervaring lcert , deur welcke men bevint datter veeljaren verloo.
penceert 1 tr. voordert, en is bycans al oft ftil ftonde , waer uyrmen befluyten
mach pict alleen den Eertcloot , maer oock haer heelen wech den feylfteen-
fchen aert te hebben: la dattet om derghelijcke reden alfoo toegaet met elcken
wech van d'ander Dwaclders, diens veiftepunten geen roerfel en crijgen van-
de hemelen hacr omvangende,fo merckelicxt blijckt in Mercurius wech, diens
verflepuntuyt oirfaeck van Venus wechs keering feer fnellick foude moeten
ommedraeyen, te 225 daghen een keer 